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w4 A% pET TABTLITY OF NAVAL RADAR SYSTEMS

(Unclassified Title)
- INTROTUCTION

(U) Existing naval radar systems exhibit low mean time between
failures (MTBF) and poor operational availability. Typically, opera-
tional MTBF's may range from 5 to 200 hours, and operational availabil-
ities may range from 10 to 60%. (See Appendix A for definitions of
acronyms and special terms.) As a consequence of such performance, in
an age when satellites have electronics systems which operate with life
times measured in years, and when space probes travel interplanetary
distances to perform sophisticated experiments, questions are increas-
ingly raised about the poor reliability of military electronic systems.

(U) This report provides a basis for relating operational reli-
ability of naval radar systems to the reliability achieved by other
electronics systems, Current naval radar systems are examined for cheir
reliability, design concepts, stress levels, and modes of operation.
Additionally, this repezt presents a brief consideration of reliability-
growth procedures and projects the operational reliability achievable
with present day technology.

OBJECTIVES

(U) The primary objective of this report is to document the opera-
tional reliability of representative radar systems, Additional objectives
include:

(1) To document the growing complexity of military electronic
systems and compare them with their approximate non-mile
itary ecuivalents,

(2) To indicate the design and development impact of such
factors as: parts count, component quality, screening,
de-rating, burn~in and redundance on the reliability of
an electronic system,

(3) To document the growth in radar systems reliability
achieved through reliability growth programs. '

Note: Manuseript submitted August 28, 1978.
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I, MAGNITUDE OF THE NAVY'S PROBLEM

1)

A. General Factors

(U) Operational naval radars were chosen, representative of specific
important functional categories. Examples are the selection of the
AN/SPS-10 and the AN/SPS-55 as a representatives of shipboard, surface-
surveillance radars, and the AN/SPN-43 as a representative of an aircraft
approach control radar. ' '

{U) For a variety of reasons, the compilation of credible data on
the reliability of radar systems has been a difficult task. On some
systems, the need for, and the value of, such data has been barely
recognized; on other systems, financial and manpower constraints have
precluded the adequate reporting of data; on still other syatems the data
may be extensive but of questionable value. An example is the reporting
of a system MIBF for an aircraft approach control radar based on the
number of hours the carrier is at sea, 'steaming time," rather than on
the number of hours the radar actually operating during this time.

(U) The sources of radar systems documentation data used in this
report are varied. An effort has been made to incorporate only the most
current data available and to credit the source. In some instances
Yofficial"” Navy or company data is either unavailable or non-releaseable.
When possible and appropriate, "official" sources are used. The several
references to non-military electronics systems in this report are examples
where "company"” policy prohibits the release of MIBF data and a company
authorized "parts count" is not published, yet credible information was
available through personal communication and reference to schematics and
service publications. ‘

(U) The radar systems selected for documentation are shown in
.Table I, The non-military systems are included for purposes of reference
and comparison. Each of the system listed in Table I is referred to in
subsequent parts of this report. Photographs of systems and major sub-
assemblies (hardware), block diagrams, tabular listing of system para-
meters and discussion is provided for each of the systems.

2 CONFIDENTIAL
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(U) TABLE I
Radar Systems Selected for Documentation (U)
m‘ e of Radar Nomenclature
Shipboard Surf:.e Search AN/SPS=10 .
' AN/SPS=55
2-D Air Search AN/SPS=40
. AN/SPS=49
Point Defense ~ AN/SPS-65
: TAS
3<D Air Search AN/SPS-48
Missile Track/Illuminator AN/SPG=51D
Fire Control MK86 |
Search AN/SPQ-9A
Track AN/SPG-60
Alr Traffi_.cv Control h
Carrier AN/SPN-43
Land (Navy/FAA) * AN/FPN-59 (FAA ASR-8)
Airborne Early Warning AN/APS-96
- AN/APS~120
AN/APS-125
NASA Satellite Altimeter GEOS=C
3 CONFIDENTIAL
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(U) The magnitude of the Navy's problem is not completely con-
veyed through the reference to any single statistical parameter such as
. the system MTBF. Important elements of the total problem include such
factors as the stress levels, system complexity (or parts count),operat-
ing environment, operating modes, and mission requirements. In turn,
each of these factors may be sub~divided intc one or more categoriss.

As an example, MIL-HDBK~217B identifies and describes ¢ nominal eaviron=-
mental conditions, each of which results in a unique modifier to be
applied in the determination of part failure rates.

) Table II lists these envirenmental conditions in increasing
order of severity, with the least severe being '"Ground, Benign" and the
most severe being '"Missile, Launch." '

(U) Indicative of the impact of environmental conditions on a
system, operational MTBF data can be cited for approximately the same
system used in two different environmental situations. Technical Report
ASD-TR-73-22%indicates' that the AN/APQ-120 developed for Air Force use
in F-4E aircraft had a predicted MTBF of 45 hours and .a reliability
demonstraticn of 4.3 hours, Essentially the same system with a more
complex antenna pedestal and external cabinets to house the hardware
instead of the F-4E fuselage is manufactured by Westinghouse Electric as
the W-120, a shipboard radar currently rated at a 200 hour MTBF.

(U) Table II explaing, in part, the difference between the reli-
ability problems for naval radars and "long=lived" satellites.
The respective modification factors are 4.0 and 0.2. Thus, in the
abgsence of other considerations, a space radar has a 20 to 1 advantage
in MTBF over a naval radar. The envirc.mental factor, hcwever, is only
one of the reasons for the differsnces in system MTBF's. Other factors
which will be developed are the differences.in mission, power levels,
stress, and costs allowed for the development and assurance of reliability.

w Table III provides further information which will help to .
develop appreciation for the interrelationships between system use or
‘mission (including the environment), complexity (parts count), -and stress
(power, voltage, heat, shock and vibration).

(U) As indicated earlier, one of the objectives of this report is
to document the zomplexity of military systems and to compare them with
non-military systems, The "parts count” of an electronic system is a
sommon measure of system complexity. 1In its simplest form it is a
count of the total number of discrete components which are connected
together to form an operating system. Such parts are the resistors,
capacitors, tubes, solid-state devices, coils, transformers, and other
items typically in a schematic diagram of the system. - In a real system,
the parts count should include much more than the basic electronic com-
ponents; i,e., the electrical, electromechanical, and machanical hardware

4 CONFIDENTIAL
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Environment

Ground, Benign

Space Flight
Ground, Fixed

Ground, Mobile
(and Portable)

Naval Sheltered

Naval, Un-
sheltered

Airborne,

Airborne,
Uninhabited

Missile
Launch

st Aaie Selho o WLt -t Mg o Lgan Tl

(U) TABLE II
Environmental Classifications (U)

Nominal Environmental Conditions Factor
Nearly zero environmental stress with . 0.2
optimum engineering operations and
maintenance.

Earth orbital, Approaches Ground, Benign 0.2

conditions without access for maintenance.
Vehicle neither under powered flight nor
in atmospheric re-entry.

Conditiuns less than ideal to include install~ 1.0
ation in permanent racks with adequate cooling
air, maintenance by military personnel and
possible installation in unheated buildings.

Conditions more severe than those for Ground, 4.0
Fixed mostly for vibration and shock. Cooling

.air supply may also be more limited, and

maintenance less uniform,

Surface ship conditions similar to Ground, 4.0
Fixed but subject to occasional high shock

‘and vibration.

Nominal surface shipboard conditions but with 5.0
repetitive high levels of shock and vibration.

Typical cockpit conditions without environ- 4,0
mental extremes of pressure, temperature, shock
and vibrationm.

Bomb-bay, tail, or wing installations where 6.0
extreme pressure, temperature, and vibration
cycling may be aggravated by contauination

from oil, hydraulic fluid, and engine exhanust.
Classes I and Ia equipment of MIL-E-5400 should
not be used in this environaent,

Severe conditions of noise, vibration, and 10.0
other environments related to missile launch,

and space vehicle boost into orbit, vehicle re-
entry and landing by parachute, Conditisns may
apply to installation ncar main rocket engines
during launch operations.

. * Table II is taken from MIL-ADBK-217B, (1)
wh After a system failure rate has been ealculated, it should be ml-
tiplied by the appropriate factor-value to reflect impact of environ-

L unt.

3 CONFIDENTIAL
(THIS PAGE IS UNCLASSIFIED)




CONFIDENTIAL

(U) TABLE III

Reliability as a Function of Complexity and Stress (U)

System

B&WTV
Receiver

Marine
Radar

FAA Radar

Naval
Radar

" No, of
Parts Power
1297 23 W
764 10 kW
18,700 1,600 kW
10,000 1,000 kW

Al e ———

MTBF

Voltage Hours
0.7 kv 2,500
6.2 kv 1,000
80 kv 365
30 kv 50
CONFIDENTIAL
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necessary for the normal operation of an electronic system,

(U) The first system listed in Table III, i3 a foreign made,
black-and-white solid state television receiver., The receiver is iden-
tified as having 297 series active elements (parts count), and an
observed MTBF of approximately 2,500 hours. Stress factors are in-
dicated by the input power to the receiver of 23 watts, and the peak
operating voltage of 700 volts dc.

(U) The second systen is a commercial marinc radar with 764 parts
and an MTBF of approximately 1,000 hours, Stress for this system is
indicated by the peak pulse output power of the transmitter, 10 kW
(6 watts average power output), and a peak pulse voltage of 6.2 kV,

(U) The third system is the Federal Aviation Agency's ASR-8. The
ASR-8 has a parts count of approximately 18,000 elements, and an
observed MTBF of approximately 300 hours., Peak powar output for the
tran:mitter is 1,000 kW (720 W average power oucput), and the peak
system voltage is 80 kV,

(C) The fourth system ic a naval radar, the AN/SPS-39A with a
perts count of approximately 10,000 and an observed MTBF of about 50 hours.
Power stress is indicated by the peak pulse output power of 1,000 kW
(2 kY average power output). Peak voltage stress for this radar is 30 kv,

(U) The four data points from Table III are plotted as circles in
Fig. 1. Note that a line can be drawn through three of the data points
almest parallel to the 1lines identified for 1950 and 1960 systems.
The latter lines are based on a General Electric Co., report and reflect
the relationship_ between MTBF and system complexity for airborne elec-
tronic systems. The slope of the line connecting the three data
points, and the proximity of these points to the 1960 systems-line offers
a degree of assurance that the first three systems of Table III are re-
prrnsentative of the state of technology and engineering practice for this
period,

7 . CONFIDENTIAL
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108 T T T T T
167 .

109~ ' B8W TV RECEIVER

/ MARINE RADAR

ME AN TIME BETWEEN FAILURES, HOURS

1034 -
102 .
o] -
e, 1 ] 1 1 1
! 0 102 03 104 103 10¢

ELECTRONIC SYSTEMS PARTS COUNT
Fig. 1 (U) - Trends fu systems complexity and MIBF (U)

(U) Several additional characteristics can be inferred from the
curves shown {2 Fig., 1. First, there is an approximste log-log linear
relationship between the MTBF and the parts count (complexity) of the
electronics systems represented. Second, there is an indication that
the type of electronics system is not critical sc far as the relation-
gt.ipe shown 1o Fig. 1 are concerned. In the exaaple shown, a television
receiver, 8 low-power marine radsr, and a high-power naval redar, all
exhibit the same parts count ve, MTBY relationship appropriate for 1960
era technolegy and engineering practice.
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, B. Reliability Growth

(U) - The exception in Fig., 1, is the data point plotted for the
FAA radar, the ASR-8., The ASR-8 is not representative of conveational -
radar engineering development for either the 1960's or the 1970's. The
MTBF achieved, and indicated in Fig, 1, is the result of a significant
and determined effort to achieve high availability. The ASR-8 data
point serves to document that a determined reliability growth and dzvel-
opment program can lead to an MTI3F which is an order ~i magnitude or
more above the MIBF achieved with system developed in a conventional
manner, A similar superior MTBF resulting from determined reliability
growth programs is documented in an Alr Force study which compares a
conventionally developed airhorne radar with an approximately com;arable
system developed under a contract that stressed high reliability.’ The
two systems are the AN/APQ-120 with an MTBF, at the time of the study
of approximately 4 hours, and an AN/APQ-IB wvith an MTBF of approximately

- 150 hours.

(U) Determined radar reliability growth programs have not been
commonplace, but other examples are to be found in the AN/APQ-148 an
air-to-grouad attack radar the AN/APG-63, and the AN/A2S-125.

(U) 1In Fig. 2, another important aspect of reliability growth is

- developed showing the relationship betwean MIBF and time for reliabili:y
test, analysis, and redeslgn.

INTRINSIC

100 T - ' :

- e - o o <OPERATIONALLY ACHIEVABLE

° -— eEms e o

£ ool

=

« -

=

$ 6o

E -

5 o

3 8

w

»

o] A 1 1 A
. ° o r 2 3 -
TIME (YEARS)

Mg. 2 (U) - The growth of reliadility as & function of a time
. extended design and developmant process (V)
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N ,

{U) I~ Fig. 2, the line at the top of the figure represents the .
operationally achievable system MTBF. Point B, represents the system
MTBF achieved on initial operation. Typically, for large complex
radars, the initial observed MTBF's are on the order of 1 to 107 of the
intrinsic system value., The different values of the MIBF from 1 to 10%
referred to above is indicative of "corporate memory” or design team
experience. A company building a radar similar to one that it has man-

" ufactured recently with the same design team can reasonably expect to

achieve the larger initial value, 107 of the system intrinsic MTBF,

(U) 1In contrast with the above, a company building a new radar
with a new design team, does not have the same degree of "corporate
memory.” With less experience, this company would probably achieve
the lesser value of 17 upon initial operation. Note, the reference
to a new design team does not imply inexperience or incompetence. The
point 1is that the reliability of a complex system is alsc to some
degree the ptoduct of design team educational process.

(U) 1In Fig. 2, the curve plotted between points B-C represents
grovth in reliability as the first system constructed is tested, analyzed,
" and improved. The first system might be representative of a preoproduc-
tion prototype. The system represented by the curve D-E might represent
the first production run, and F-G a still further improved second year
production run. The total growth in MTBF, from B to G represents the
reliability improvement as & system matures. Page 13 of the Reliability
Design Handbook, (Reference 4) has a brief description of a similar
figure.)

C. Considerations for Achieving Bigh Reliability in Electronics
Systems

1. Ceneral

) (U) The achievemant of high reliability in electronics systems
{nvolver many diverse factcra including: design; "corporate memory';
iterar‘on or maturation; "screening”; "de-rating"; "burn-in"; together
with & dedication of manpower, materials, and tire, to a sustained
effort for system reliability development. Systems reliadbility can be
developed either before or after system production is initiated., 1t {s
to be emphasized that after the fact corrective action is much more
costly, and generslly much less effective than the reliability improve-
ments that precede the release to production., These general ideas will
be expanded upon briefly in the sections that follow.

10 CONFIDENTIAL
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2. Reliability Design

(U) There are numerous excellent texts and articles on the
general topic of reliability and the interested reader is referred to
these for more details and specifics (References 1, 4, 5, 6, and 7)

V) General .reliability theory introduces the concept of
failure rate (x). The time-history failure rate for a system is often
represented by a characteristic curve similar to that shown in Fig. 3.

INFANT | USEFUL | Eewno
MORTALITY LIFE oF
’ | ure
= |
= l
[- 4
w ' )
« |
poe ,
3 \ y
L 4
“ .
- |
| | [
TIME

rig. 3 (U) - Time-history failure characteristics (U)

(U) The initial high and decreasing failure rate is referred

to as the "infant mortality” period.

The operationally "useful life"

period is characterized by the relativcly constant failure rate shown

. in the center portion of the curve.

The end-or-life period {s char-

acterized by an tncrea-ing failure ratc as components fail from age and

. wearout.

(U) The faflure rate of a co-ponont or a system is defined as
the number of failures per unit time. The faflure rate, as indicated
in Pig. 3, 1s not constant for the entire life of the component or
system, During that period of time incicated as useful 1ife in Fig. 3,
the faflure rate is approximetely constant. The approximately conuant
failure tate in the useful 1ife period {s the reciprocsl of the MTBF,

Alternatively, the MTBF of a component is the recip.~~al of the constaat

failure rate for that item.

1

cen e e - C————
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(U) As an example, from MIL-HDBK-217B a fixed composition
tesistor, type MIL-R-39008 operating at rated wattage, and a temperatgre
of 20°C (68°F) has a base failure rate, xb of 0,0007 (failures per 10

hours). The MTIBF of the item is then:
MTBF = 1/3,
= 1/(0.0007/:0% | i
= 1,43 x 109 hours
{(C) An example of a radar system, one which will be referred
to later in the report would he the AN/APS-96, currently exhibiting a

Mean Flight Hours Between Failures (MFHBF) of approximately 12.0 hours.
The failure rzte for the airborne AN/APS-96 radar system is then:

A = 1/MFHBP
= 1/12
= 0.083 failures per flight hour

(C) Reliability, R(t), is the probability that an item will

coatinue to perform its specified functions up to and including time ¢,

e —— ——

the equipment havinrg been operable at time t = 0, For the AN/APS-96 in ;‘

an E-2 aircraft with a § hour endurance, the probsbility of completing
the mission is: .

R(e) = ‘-clm'nt
- ‘-5112

R = .66

(5
(C) There 1is, thercfore, a 66% probability of an E-2 aircraft

completing its 5 hour mission with its AN/APS-96 radar still operating.
3. Redundancy Considerations

(U) One commnn method of obtaining high reliability is the
use of various forms of redundancy. The simplest form employs two

identical components, modules or even wvhole systems in parallel (Fig. 4),

There are two general operating modes: stand-by redundancy (Pig. 4a) and
active redundancy (Fig. 4d).

12 CONFIDENTIAL
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(a) STAND-BY

(b) ACTIVE
rig. 4 (U) - Two basic parallel redundancy configurations (U)

—— e it
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(U) In the stand-by mode, if one -nit fails, the failure is

" sensed and a replacement unit is energized; in the active redundancy

mode both units operate simultaneously, although only one of the pair
need be "good" for successful circuit operation. ' The problems associated

with fault sensing or switching will not be considered in the subsequent
. discussions.

(U) A redundant system in either of these modes exhibits an
MTBEF greater than that of the corresponding non-redundant system. For
a system with a constant failure rate the improvement factor in the
-active redundancy mode is 1.5 and in the stand-by mode the factor is 2.

(U) This does not indicate the full extra advantage of redun-
dancy. When a system contains considerable redundancy, the overall MTBF,
by itself, is not sufficient to characterize its reliability. Two
systems with the same MIBF could have different reliabilities; one could
have a greater MTBF than that of a second, yet its reliability could
actually be less, Other seeming anomalies could be cited.

(U) The following example illustrates the principle involved:

(U) Let there be a requirement that a function be performed
with a reliability of 0.9 for a 30 day (720 hours) period. Suppose a
module, version A, has been manufactured to perform this function, After
infant mortality failures have Leen eliminated, it is established that
.its MTBF is 1895 hours. This translates into a 30 day reliability of
exp [ -720/18957 = 0.68. Thus, the module is unacceptable and must be
rejected. The designer has at least two choices:

a. He could try to design a more reliable module, say
version B,with an MTBF of 6,834 hours. This would satisfy the rellability
requirement. I1If however, the original module were designed near the
1imit of present day technology, the 3.6 improvement factor in MIBF
might be either unattainable or excessively costly.

b. Alternatively, a pair of the original, A version,
modules could be connected in the active redundancy mode, The reli-
ability of this package would be [2 exp (~720/1895)-exp(-1440/1895)]=0.9
wvhich would also meet the specifications. ‘In this case the MTBF would
be only 2843 hours (1.5 X 1895),

_ (U) Thus, two different systems have been exhibited with
different HT}F': (6834 and 2843) but with the same reliability (0.9).

(V) 1f, further, a new module, ssy version C, with constant
failure rate and MTBF of 2843 hours were constructed, itn reliabiliity
for 90 days would be only 0.75., Howaver,version C and the aforementioned
pair of version A modules are two systems with the same MTBF (2843) but
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(U) different reliabilities (0.75 and 0.9).

(U) There are two obvious conclusions from the foregoing
argument:

a. A system specification should include both the reli~.
ability and the mission period for which it applies rather than simply
the MTBF alone.

b. When the system design incorporates a degree of redun-
dancy, using the MIBF alone, and incorrectly assuming a constant failure
rate for the system, leads to a pessimistic assessment of the system's
reliability.

D, Quality of Components

(U) In the design of a modern radar, there is a trade-off between
the quality of parts used and the overall system procurement cost. For
the Navy, this has meant specifying for example: Established Reliability
(ER) level P for resistors and capacitors, JANTX level for transistors,
and MIL-M-38510 Level B for Integrated Circuits, The present section
considers the theoretical improvement attainable in system relfability
if still higher quality components were used.

(U) To perform the analysis in a meaningful way, it seemed best
*0 chovse a particular representative radar and to perform detailed
reliability prediction calculations based on this radar for each of two
levels of component quality. The radar selected was the ASR-8, the FAA
air terminal radar, which is being procured by the Navy in essentially
the sam~ rersion, designated as the AN/FPN-59. A particular advantage
of thia choice {s that the detailed part-by-part system reliability data
assembled by the manufacturer, Texas Instruments, was provided by the
FAA. :

(U) Although the radar was not procured under Navy specifications,
the resistors and capacitors approximate N or P level Established (ER)
components, the transistors are JANTX or even in some cases JANTXV and
the manufacturer screens and "burn-in" IC's to a level equivalent to
MIL-M 38510 Level B-2, or B«l, Thus, the ASR-8 is an example of a
system with good quality parts, similar in quality to that recommended
for present naval radars. - '

(U) Aside from the antenna and the central/data link subsystems
the ASR-8 is capable of operating as a dual channel system (Fig. 5).
The systez includes two waveguide-~transmitter-receiver-processor chains
of equipment, operated in parallel, Even in those subsystems which are
not paralleled (antenna assembly and controls) there is considerable
internal redundancy. Moreover, the system is capable of performing its
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mission with only one channel functioning (Fig. 6). In this mode its
theoretical MTBF is approximately 635 hours. This is near the limits
attainable from conventional design and manufacturing prccesses. A more
detailed description of the system and its reliability implications
appear in NRL Memorandum Report 3719. 8

(U) A second reliability calculatior was nade for the ASR-8
assuming NASA-like components. Specifically, all resistors and
capacitors were assumed to be S-Level, all transistors JANIXV quality
and all IC's specified as belonging to MIL-M3510 Level A, DIP (dual-
in-line package) switches, waveguide components, connectors and electro-
mechanical devices such as motors, and fans were not changed. Whether
these extremely high quality parts are commercially available, whether
a manufacturer would be willing to produce the required quantity and
what the price might be was not considered. Nor was the cost of the
manufacturer's buying moderate level parts and screening to obtain the
highest quality estimated.

(U) Wwith these higher quality components, an ASR-8 in the single
series chain (single thread) mode of operation would have a projected
MTBF of 1319 hours if superior quality electronic parts were used
(Table IV). In other words, the intrinsic MTBF of the present system
can be improved by at most a factor of about 2, by resorting to NASA-
like specifications. The failure rates and MIBF s for the basic « sub-
systems are shown in Table V.

(U) There are additional but minor improvements possible, If all
potentiometers were eliminated and replaced by fixed resistors, the MIBF
would theoretically improve to about 1485 hours., Elimination of the PIP
switches in the processor would raise the MTBF to a projected 1604 hours.
Any further increase with the same design would require improved :
connectors, RF plumbing and electromechanical device in general. The
results are summarized in Table IV, :

(U) 1In its single channel mode of operation the ASR-8 is not a
truly single thread system. There are two antenna drive motors where
one would be sufficient and the control/power assembly has redundant
pulse shapers, line compensators and DC power supplies, By removing
these last vestiges of redundancy, a completely single thread "Reference
radar" can be derived. The failure rates for the major subsystems are
shown in Table V. It can be seen in Table IV that there is little
difference between the MIBF's of the original ASR-8 siangle channel radar
and the Reference radar. Subsequent analysis in this report will be
based upon the latter radar, although data for the actual ASR-8 will be
presented when appropriate, -
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(L) TABLE 1Iv
IMPACT OF'¢0MPONENT
QUALITY ON SYSTEM MTBF (U)
, - SYSTEM MIEBF
. o (HOURS)
_ . Singlé Channel Single Thread
Comporent Quali;y' . ASR-8 Reference Radar -
Average Quality S ' . 635 . : 609
High Quality 4 1319 1259
High Quality Without Potent, 1485 ' 1409
High Quality Without Potent. S '
and DIP Switches R 1604 1516
(U) TABLIE V

MTBF and Failure Rate for Each of the Major
Sub-Units of the Single Chain Reference Radar (U)

Radar
Sub-Units

Antenna

Wave Guide
Installation

Transmitter
Receiver
Processor

Controls/Power/
Data Link

TOTAL SYSTEM

Fajlure Rate(per hr)(X 106) MTBF {Hrs)

Standard High Quality  Standard High Quality
Components Comporients ° Components Components

92 92 10, 870 10,870
1 o1n 90,909 90,909
277 181 3,610 5,525
200 120 5,000 8,333
905 322 1,105 . 3,106
156 .68 6,410 14,706
609 1,259
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E. Maintenance Free (Unattended) Radar

({U) The MTBF of a system is merely one of a number of system
parameters related to its average availability, i.e., the percentage of
the time that a system is capable of performing its major functions.

(U) For a system that is fully uperational at the start of a
mission, the MIBF ig the mean time to first failure. There is a statis-
tical distribution of first failure times, however., During its useful
life time, the probability of a system failing before a time equal to
its MITF is 0.632, There is as much as a 107 chance it will fail before
it has operated 107 of its MTBF.

(U) The availability of a system A(t), is the probability that it
is capable of being fully operational. Availability thus depends on both
the maintainability (ease of repair and adequacy of logistics) as well:
as the reliability. As time increases from the initial installation of
the systam, the availability, A(t), tends toward a limiting value, A,
independent of the time,

A = MTBF/MDT
or A= MTBF/MTTR + MLT
where MDT = mean down time

MTTR = mean time to repair

MLT = mean logistics time (mean trime awaiting
spares)

(U) It follows that system availability can be improved either by
increasing the reliabtlity (MTBF) or decreasing the down time (MDT). The
Navy has struggled for years with the problem of maintaining increasingly
complex equipment with less than adequately prepared personnel; the
achievement of satisfactory logistics is an on-going and ever mnre

- difficult problem,

U) Present and emerging technology in solid state transmitters,
digital circuitry and fault-tolerant architectures suggest consideration
of the concept of a maintenance free radar., Under this concept, there
would be no maintenance for the duration of a prescribed mission.
Although the initial acquisition system cost would increase, the total
11fe cycle cost could be less and the system availability could increase
dramatically,

(U) Mission periods of 30 days to a year have been suggested for
the radar to operate with a reliability of 0.9, A 30 day missiun would
require an MTBF of 6834 hours, a 90 day mission an MTBF of 20,501 hours
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and a one year mission an MTBF of 83,143 hours—all for single thread
systems, It should be noted that an unattended radar with a reliability
of 0.9 for a given period of time, actually has an average availability

- of 0,95, '

(U) Several studies have been made to study the feasibility of this
concept, It appears that there is a potential for achieving a 90 day
system (References 8, 9, 10, 11, 12, 13)with available technology.

(U) It is instructive to consider the actual probabilities for the
Reference radar to survive 30 or 90 days. These are shown in Table VI;
they vary from 0.31 to 0.63 for 30 days and 0.03 to 0,25 for 90 days.
Clearly, surviving 30 days is urnlikely and surviving 90 days is extremely
unlikely. : :

(U) Finally, again assuming that a reliability of 0.9 is a goal
for maintenance frece operation, the maximum mission time for which this
goal can be achieved is shown in Table VII., Thus, the present ASR-8 will
b~ expected to omerate failure-free for 2.8 days and even with the best
of ccmponents could be expected to last no more than 7 days.

(U) It is evident from tie preceding analysis that even one of the
best of todays radars cannot become a maintenance free radar solely by
replacing svey component with a much higher quality equivalent, For a
radar to have a 0.9 reliability of surviving 30 days without a failure,
its MTBF must be 6834 hours and for 90 days its MTBF must be 20,501
hours. These are each far greater than the 1604 hours, the best extrapo~-
lated value for the present system.

(U) TABLE VI

Effect of Component Quality and System
Reliability (Single Channel Operation) (U)

System Reliability

30 Day Mission 90 Day Mission
Present Reference Reference
Component Quality ASR-8 System ASR-8 System
Standard Component - 0,32 0.31 0.03 0.03
High Quality 0.58 0.57 0.19 0.18
High Quality-No Potent. 0.62 0.60 0.23 0.22
High Quali:y-No Potent,~
No DIP Switches 0.64 0.63 0.26 0.25
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(U) TABLE VII

Maximum Mission Time (Days) for which Reliability of
System is 0.9 (Single Channel Operation) (U)

Present Reference

Coupone#t Quality ASR-8 System
Standard Cemponent 2.8 2.7
High Quality 5.8 5.5
High Quality-No Potent, - 6.5 , 6.2
High Quality-No Pofent. ‘ . E

No DIP Switches 7.0 : 6.7

F; Redundancy

{U) The present section considers the increased reliability a
system can attain through redundancy. Again the reference radar derived
from the ASR-8 will be considered. The approach will be based on the
maintenance free concept; if one module of a redundant pair fails, it is
not repaired during the mission of interest.

(U) Before proceeding, it is of interest to contrast this approach
with that of the actual ASR-8 philosophy. When one of the two redundant
channels does fail the operator tskes it off-line, lesaving the other
channel to perform most of the relevant radar functions, Highly skilled
maintenance technicians then work to repair the fault and return the
subsystem to operation, with a MTTR of 1 hour., This redundancy-with-repair
concept requires extremely good logistics and highly trained personnel,

It has produced an avaflabilfity for the ASR-8 of 0.999; the radar i{s off
the air less than 1 hour in a whole ycrar. The effective MTBF for the
system {s in excess of 440,000 hours.

(U) The Reference radar configured as a dual channel, system _
(Fig. 5), has a maintenance free relisbility of 0.54 for a 30 day mission
and 8 reliability of only 0.07 for a 90 day mission. Use of the High
Quality components would increase the first figure to 0,80 and the secord
figure to 0.35 (Table VII1),

(U) In the present system, failure of a subsystem in one chain,
e.§., the receiver means the whole vaveguide-transaitter-receiver-pro-
cessor chain sust be replaced. A more efficient use of the rame subsystem
(in fact, with one less waveguide assemdly s shown {n Fig. 7. Here the
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- tWo tiap#mikters, the two receivers, the two processors are each con~

nected .in parallel to each other. This permits replacement of a single

. sub-assembly instead of a chain of four sub-assemblies. The reliability

increases to 0.62 for a 30 day mission and to 0.11 for a 90 day mission.
Further improvement is possible with the use of high quality components.
The 30 day mission would have a relisbility of 0.84 and the 90 day a
reliability of 0.46 (Table VIII),

(u) TABLE VI1I

e heliability for the Dual Channel Reference Radar
with Various Degrees of Redundancy (U)

" 30 Day Mission 90 Day Mission

Standard  High Standard  High

Radar B Components  Quality Components  Quality
Configuration ' Components , Components
“Dual Channel" but with ‘ : : ,
1 Waveguide Assembly 0.54 0.80 0.07 0.35
Redundancy at Sub-Systei )
Level 3 0.62 0.84 o.11 0.46
Rédundlncy at SubeSube . ‘ . :
System Level (1 Antenna) 0.89 0.90 . 0.62 0.70

" Redundancy at Sub-Sub-

System Level = ,
(2 Antennas Active) . 0,93 0.95 . 0.72 0.73

(U) Stifl further reliability can be achieved by the incorporation
of redundancy at a lower level, i.e., dualization of circuits within the
major subsystems., It should be emphasired that it is not proposed that
the following changes should be made in the present system; the analysis
is made merely to indaicate. the credibility of a redundant approach to

. system reliability. Moreover there are other redundancy techniques

applicable to a more modular radar that do not require 1002 replication,
Navertheless, the calculations that follow are considered to lead to a
Tessonable bench mark.

_ (U) The relisbility model of the ASR-8 consists of a serial chain
of six basic subsystems, antenna, waveguide installation, transmitter,
receiver, processor and controls/power including data link. 1In tura each
of these fs divided further into sub-subsystems. In all,there are 103 of

24 CONPIDENTIAL
(THIS PAGR 1S UNCLASSIFIED)

.
b - - e dAmaned. WS



4]

Y i ad

CONFIDENTIAL

these sub-subsystems. Some of .these are already fully or partially
dualized with provision for repairing a failed unit while the good unit
is «till operational. For the reference radar, no repair is permitted.
Other assemblies can clearly be dualized, e.g., power supplies, RF
drivers, PRF generators. Still other assemblies such as the duplexers,

"TR limiters, panel assemblies haVe been left as single threads.

(C) An example of a group of sub-subassemblies is shown in Fig. 8,
Here the receiver is decomposed into its basic sub-subassemblies together
vith their failure rates. The redundancy model assumes active redundancy
for 12 of the 18 shown. Only the Module Rack Assy.,the COHO Crystal Assy,
the TR Limiter, the Isolator, the Atteauator and the RF Switch remain as
single thread items.

(U) Altogether in the anlysis 78 "units" were dualized (operating
redun.ancy) and 25 "units" were left unchanged. Again, the reliability
for two different mission periods, 30 days and 90 days and for the two
quality levelsof components previously defined were calculated. .These
results are also listed in Table VIII, Failure rates tor the major sub-
systems ars shown in Table IX and the correspording reliabilities for'
30 and 90 day missions are shown in Table XIII.

(U) For the 30 day nissioh, the reliability for the system with
standard parts is 0.8. Use of highest quality parts would only increase
the reliability to 9.90. For the 90 day mission the reliability using
standard parts is 0.62 and is lncreased to 0. 70 vhen high quality parts

. are used.

(U) This is in contrast to the results for single channel operation .
(Table VI) where the effect of high quality parts is to double the 30 day
reliability (0.32 to about 0.6) and to increase the 90 day teliablli:y
sevenfold (0.03 to 0,20).

(U) It appears that a radar can be constructed to operate main-
tenance free for 30 days. A 90 day mission seems marginally achievable,

. using the preceding analysis.

(U) 1t should be recalled that the ASR-8 {s, in fact, a dual channel
system with approximately twice the number of parts of the single channel
version., Thus the preceding hypothetical redundancy design would not
lead to an unrettonably sized radar, '

-(U) Purther, the results are consistent with thc results of the
“unsttended” radar study by Raytheon. 3 ta that study the base line lin;lc
thread system hss a theoretical MTBF of 1050 hours. It i{s a much more" :
modular radar with 44 major functional ftems. The 90 day reliability model
proposed does not have complete redundancy but does have redundant units
for each functional ftem, 1Its probadility of surviving 90 days without a
failure 1{s 0,096 a9 compared with 0,62 for the Reference radar. Thias {s
consistent with the difference in the two baseline MTBF's, {.e., the
dufcnnco batween 1050 hours and 609 hours.
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(U) TABLE IX

Failure Ratres for each of the Major Sub-Units
of the Completely Redundant Reference Radar (U)

Failure Rate Per Hr (X 106) of Fquivalent
Single Chain System

30 Day Mission 90 Day Mission
Standard High Standard High
Components: Quality Components  Quality
Components Components
Antenna " 69 69 69 69
Wave Guide : )
Installation 11 S n 11 11
Transmitter 31 23 ' 40 28
Receiver 21 19 26 21
Processor 23 9 54 13
Controls/Power/
Datas Link 12 7 17 8
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RADAR
SUB=-UNITS

Antenna

Wave Guide
Installation

Trangsmitter .
Receiver
Processor

Controls/Power
Data Link

(U) TABLE X

Reliability for each of the Major Sub-Units

of the Completely Redundant Reference Radar (U)

30 Day Mission

Standard
Components

.9515
9921
.9783

.9850

,9833

.9913

B et

RELIABILITY : '
90 Ddy Mission
'High ~ Standard High
Quality Components Quality
Components ' Components
©.9515 .8615 .8615
.9921 .9765 .9765
.9836 .9181 .9412
.9862 .9449 .9553
.9935 .8895 .9729
.9947 9649 .9821
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II. RADAR SYSTEMS

(U) General. In this section of the report, more detailed information
will be presented on specific radars. The emphasis is on operational
naval systems. For purposes of comparison, however, data is also
provided for several nonmilitary systems. - A total of sixteen radars
are considered with at least one representative selected from each of
the functional categories: Airborne Early Warning, Surface Search,

Two Dimensional Air Search, Three Dimensional Air Search, Missile and
Fire Control. 1In addition,one satellite radar altimeter is considered.

Q) Specific MIBF's are assigned to each radar together with the
source of the estimate. It is difficult, however, to obtain a
universally agreed upon definition of how to collect data for this
parameter.

(U) Many radars do not have elapsed time meters throughout the
system. It is difficult, in these cases, to determine the number of
hours a radar has been operating. Even if there are meters, all are
not always read. Further, not a.l parts of a complex system will
operate at the same time.

(U) The usual MTBF for a system is calculated by assuming the
system is “up" not only during the time it is energized, but also
during the time it is in "stand-by". In this mode, it is only par-
tially energized but believed capable of being placed in operation with
little or no delay, 1f there are extended periods of stand-by, this
method of calculation for the MTBF can lead to an overly optimistic
value. Certainly, for example, the relatively failure prone high
power sections of the transmitter are not stressed in this mode.

(U) Again, the definition of what constitutes a failure is a
serious problem. Should all corvective maintenance actions be
considered failures? If a limited life component fails after the
contractor's recomm:nded replacement time, is it a "failure"?

(U) It i3 not proposed to study the problems associated with
data collection in this report. Where available, the reliability
figures for shipboard radars have been obtained from FLTAC (Fleet
Analysis Center) or NSWES (Naval Ship Weapon Systems Engineering
Station) reports. The MTBF cited is the "mean time" between failure
under continuous demand. "Continuous demand" assumes that all sub-
systems of an equipment operate with a 100X duty factor, normalized
to the same time base as necessary. It does not necessarily repre-

. sent the way the system operates in practice; it is, however, both
useful in comparing systems and is believed enpecially relevant in
determining equipment readiness,
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(U) For airborne radars, 3-M (Maintenance and Material Management)
and RISE (Readiness Improvement Status Evaluation) data are used,
These sources are believed of comparable credibility to the afore-
mentioned sources for ship radars.

. (U) Finally, in a few cases, for either old or very new radaré,
estimates by project engineers have been included. These are educated
Judgments but of lesser credibility than that of,;he other sources.
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A. Airborne Early Warning (AEW)

(U) The first systems to be presented are z series of Airborne

. Early Warning (AEW) radars. The radars are the AN/APS-96, the AN/APS-
120, and the AN/APS-125. These radars are particularly appropriate
for this report in that they demonstrate the advances that can be

made in operational capability, reliability, and maintainability.

'The advances stem from a combination of factors including: years of
reliability and waintainability (R&M) improvement programs; iterative
and evolutionary design reinforced by a continuity within the radar

design team that dates from approximately 1957 to the present date;
and the incorporation of new technology.

(U) The oldest radar in the series, the AN/APS-96, with approx-
imately 7,000 serial parts, evidenced MIBF's of 3.0 hours and less
during Board of Inspection and Survey (BIS) trials. The system has
been the subject of numerous R&M Improvement programs, the first
really major program being the Operational Improvement Program of
1964-1965. Current operational experience with the AN/APS-96 indi~
cates MIBF's of approximately 12 hours are being experienced.

(U) The newer AN/APS-120, which has grown considerably in
complexity, i8 currently evidencing MIBF's on the order of 18 hours.

(U) The newest radar in the series, the AN/APS-125 is not yet
operational. The APS-125 is even more complex than the APS-120, with
a serial parts count of approximately 25,000. The APS-125 in Corpora-
tion flight operations (not Navy operational use) is reported as
indicating MTBF's in excess of 100 hours.

1. The AN/APS-96 Radar

(C) The AN/APS-96 is a search and height finding airborne early
wvarning radar. The AN/APS-96 was developed for use in the E-2A (old
W2F-1) twin engine, turbo-prop, carrier based aircraft. The aircraft
carries a 5 man crew, two pilots, and three men in the Airborne
Tactical Data System compartment., The aircraft typically operates at
altitudes of 6.1 to 9.1 km (20,000 to 30,000 ft.) and has an approx-
imate "on station" endurance capability of 5.0 hours.

) The AN/APS-96 radar together with the AN/APS-143 rotodome
antenna were first flown on the aircraft as an operating weapons
system in April 1961, In-flight the rotodome structure rotates at
6 rpm, For stowage on board carrier: 4n the aircraft wings fold back
and the rotodome structure retracts 0.¢ = (2 ft.).

k) " CONFIDENTIAL
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(U) During BIS trials conducted in 1963-4, unofficial records
cited a radar system MIBF of 3.0 hours or less. More recent records
covering the 1976 and 1977 operational experience are contained in the
Alrborne Section of the 3-M Program reports (3-M from Maintenance and
Material Management) as well as Naval Air Systems Command RISE (Readi-.
ness Improvement Summary Evaluation) reports. Table XI contains
1cr.esentative data from the. 3M and RISE reports.

(U) TABLE XI
AN/APS-96 RELIABILITY AND MAINTAINABILITY (U)

‘Source Time Period MFHBF* MMH/MA**
3-M Jan 76 - Jun 77 12.8 8.1
RISE _ Mar 77 9.9 9.8
RISE . Aug 77 12.9 7.7

* MFHBF - Mean Flight Hours Before Failure

**MMH/MA -~ Maintenance Man Hours per Maintenance Action

(U) Table X1 data indicates that the system reliability as rep-
resented by the MFHBF data, and the majntainability as represented by
the MMH/MA data varies, and is a function of the chronological date
of data acquisition and the time interval over which the data acquisi~
tion process takes place. In approximate terms, the AN/APS-9 evidences
a MFHBF of atout 12 hours and a MMH/MA of about 8 hours,

(U) There has been a continuing change in the types of mainten-
ance actions and in the types of failure as a result of varying
degrees of success in R&M improvement programs. In the 1961 to 1965
time period some of the major problems were:
(a) 1inoperative auto-tune mechanisms for the final power amplifier
(b) pulse compression circuit stability
(¢) antenna sidelobe clutter response
(d) arcing and breakdown in final output cavity
(e) failures of the cutput power meter
Most of the citedbptoblems have been eliminated by redesign and new .

technology. Major antenna sidelobe problems were initially relieved
by the combination of raising the rotodome antenna to a more elevated
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(U) position relative to the fuselage of the aircraft and by replacing
the metal (upper-half) vertical stabilizers of the aircraft tail with
fiberglass-plastic material. The auto-tune problem was relieved
through incorporation of broad-band input circuitry for the final
power amplifier,

U) In 1977 AN/APS-96 problems for which improvements are being .
evaluated or implemented are:

(a) trigger pulse amplifier

(b) a modulator and set controls

(c¢) matched filter iﬁprovement

(d) provision of a solid state synchronizer and trigger beam

(U) Table XIa is a general listing of the AN/APS-96 operating
parameters, characteristics, and general information.

(U) A block diagram of the radar is shown in Fig. 9, and the
external appearance of the aircraft is shown in Fig. 10.

2. The AN/APS-120 Radar

(¢) The AN/APS-120 is a search and height finding airborne early
warning radar. The AN/APS-120 was developed by essentially the same
General Electric design team responsible for the predecessor AN/APS-96
and AN/APS-111 (XN-1) AEW radar systems. The AN/APS-120 incorporates
many of the techniques and features demonstrated in the experimental
AN/APS-111(XN-1) flight test program. Differences between the AN/APS~
120 and the older, operational AN/APS-96 are: incorporation of a
coaxitron power amplifier for stability, reliability and elimination
of the electro-mechanical tuning actuators; and AN/APS-171 Antenna
Croup with sum and difference channels; and a linear, quartz, dis-
persive delay line for matched filter pulse expansion and compression.

(C) The advanced design reatures incorporated in the AN/APS-120
permit the detection of targets at longer ranges and in more severe
clutter, In spite of the greatly increased system complexity, 19,000
parts vs, 7000 for the AN/APS~96, the reliability and maintainability
of the AN/APS-120 has been improved significantly over that of the
AN/APS-96. Recent RISE data indicates that in operational service the
AN/APS-120 18 averaging MFHBF's of about 18 hours, and MMH/MA's of
about 7 hours. .

(U) Table XII lists major operating parameters, performance data,
and other technical information of the AN/APS-120.
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(C) TABLE XIe -

AN/APS~96 Radar Parameters (n

FUNCTION: search and height finding " ANGLE COVERAGE (deg): HORZ. 360

vfor airborne garlly warning, VERT, 20
SCAN RATE: HORZ, 6 rpm

FREQUENCY RANGE (MHz): 406 « 450 VERT. N/A

PEAK POWER (WW): 1090 ‘ SECTOR SCAN RATE: N/A

AVERASEZ POWER (W): 3840 AMTENNA WETGET (k3): 1044 (2300 1bs,)

HORZ. mechanical

COMPRESSED PULSE u:xc‘m (us): 0,2 VERT. fixed

PULSE RATE (pps): 309 LOBING TYPE: N/a

TRANSMITTER 1YPE: coherent master LOBING RATE (Hz): N/A

osillator, pover amplifier 2

CALCULATED DETECTION RANGE ON 1-to

: TARGET (omi): 85 (157km)
OUTPUT TUBE: 6952 (4605V2), coaxial )
beam pover tetrode ANGULAR ACCURACY: N/A

EMISSION BANDWIDTH (kHz): 6000 .

GROSS WEIGHT (kg): 1701 (3750 1b)
MANUFACTURER: General Electric
NMBER (mfg/oper): 60/60

NAVY COGNIZANT CODE: NAVAIR 5333D3

TECHNICAL MANUALS: NAVAIR ~ -85,

WAVEFORM: pulsed, linesr M(stepped)
IF FREQUENCY (MHz): 122.5, 30

IF BANIWIDTH (kHz): 5000

" SENSITIVITY (dBm): .115

NOISE FIGURE (dB): & WBA-76.1 '
OUTPUT DATA: PPI, Heedset | MOMENCLATURE ASSIGRMENT DATE: 1957
SPECTAL SIGNAL PROCESSING: pulse WUMBER OF ELECTRONIC PARTS USED: 7000(1)

compression, AMTI :
’ MIBF (theo/oper): /12.8(2).

¥rR:  8,12)

HIGH FAILURE RATE ITEMS: recelver,
signal comparator, delay line, trigger

ANTENNA GAIN (dB): 21.% pulee amplifier
POLARIZATION: horizontal MAXIMUM VOLTAGE: 30kv
A.C, POWER CONSUMPTION: 19kvVA

ANTENNA TYPE: yetarded vave andfire
ANTENNA SIZE: ©.76M x 79M (2.5'x 26')

BEAMVIDTH (deg): WORZ. 7
VERT. 20

(1) Genaral Electric estimete
(2) 3-M data for Jan 76 through June 76
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3. The AN/APS-125 Radar

(C) The AN/APS~125 is the third and latest in a s-riles of General
. Electric Company radars developed for use in the Grumman Aerospace
Corporation E-2 carrier based aircraft. The AN/APS-125 is not yet
operational, and reliability data is based on General Electric and
Grumman operatiag experience. The AN/APS-125 incorporates recent
‘advanced technology features such as an improved pulse compression
device, auxiliary sidelobe cancelling antennas and receivers, and
significantly improved reliability and maintainability. The AN/APS-
125 is the first in this series of Naval AEW radars to include a
contractural requiiement for a minimum 100 hour MTBF capability.

The AN/APS-125 is also the first of the series for which each produc-
tion system must pass a 100 hour system burn-in under cycled vibra-
tion, temperature, and operate periods.'

(') The MIBF and maintainability data shown in Table XIII are
not of the same category as cited for the AN/APS-96 and AN/APS-120.
The AN/APS-125-data is based on three systems, only one of which is
operating in an E-~2 aiicraft, and in each case the systems are
operated and maintained by contractor personnel.

1
(¢) The block diagrams for the AN/APS-]20 and the AN/APS~125 are
essentially identical with that for the AN/APS-96, There is also no
difference in external appearance of the aircraft fitted with the
three radars. A photograph of the APS-125 in its factory test posi~
tion is shown in Fig. 11,
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(C) TABIT X1t

AN/APS-120 Radar Parameters (U)

FUNCTION: search and heigat finding
for airborne early warning

FREQUENCY RABGE (MHzZ): 406450
PEAK POWER (WW): 1000

AVERACE POWER (W): 3840

TRANSMIT FULSE LENGTH (us): 12.8
COMPRESSED PULSE LENGTH (us): 0.2
PULSE RATE (pps): 298-303.5

" TRANSMITTER TYPE: coherent master
oscillator, pover amplifier

OUTPUT TUBE: coaxitron

. EMISSION BANDWIDTY (wHz): 6250
‘WAVEFORM: pulsed, linesr M
IF FREQUENCY (@z): 30
IF BANINIDTR (kHz): 6250
SENSITIVITY (dBm): <121 (manual mode)
NOISE FICUREZ (dB): &
OUTPUT DATA: video for PPI display,
sutomatic detection
SPECIAL SIGNAL PROCESSING: pulee

compression, AMTI, displaced phase
center sntenns, staggered PRF

ANTENNA TYPE: VYagi array

ANTENNA SIZE: 0,76M x 73N (2.3'x 24°)
ANTENSA CAIN (d8): 22 '
POLARIZATION: hortszontsi

BEAMIIOTN (deg): NORZ. 6.6
VERT. 20

ANGLE COVERAGE (deg): EORZ. 360

VERT, ° 20
SCAN RATE: HORZ. 6 rpa

VERT.. N/A :
SECTOR SCAN RATE: N/ .

ANTENYA WEIGHT (kg): 1044 (2300 Ihs.)

BEAM POSITIONING TECHNIQUES: -
HORZ. mechanical scan
VERT. fixed
LOBING TYPE: N/A
LOBING RATE (Hz): N/A .
CALCULATED DETECTION RANGE ON 1-#°
TARGET (mmi): 120 (222km)
ANGULAR ACCURACY: N/A
GROSS WEIGKT (kg): 1952 (4300 lbs.)
MANUFACTURER: General Electric

NUMBER (mfg/oper): 34/34

RAVY COGNIZANT CODE: PMA 231

TECHNICAL MANUALS: GAC .

NOMENCLATURE ASSIGNMENT DATE: 1969

MUMBER OF ELECTRONIC PARTS USED: 19;000¢1)
MTBT (theo/oper): 77/17,5()

wm: g0

WIGH FATLURE RATE 1TEMS: signal
comparator, receiver, pulse generator
MAXTIUM VOLTAGE:  2kV

A.C, POWER CONSUMPTION: 23kvA

(1) Conersl 2lectric astimate

(2) )M data for Jan 76 through June 76
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(C) TABLE XIII
AN/APS-125 Radar Parameirers (U)

FUNCTION: overland and overwater search
ané height findiug for airborne early
wvarning

FREQUENCY <ANCE (MHz): 406 - 450
PEAK POWER (kW): 1000

AVERAGE POWER (W): 3840
TRANSMIT PULSE LENCTH (us): 12,8
COMPRESSED PULSE LENGTH (us): 0.2
PULSE RATE (pps): 298 - 303.5

TRANSMITTER TYPE: coherent master
oscillator, power amplifiar

OUTPUT TUBE: coaxitron
EMISSTON BANTWIDTH (kHz): 6250
WAVEFORM: pulsed, linear P
IF FREQLENCY (MHz): 30

IF BANIWIDTH (kHz): 6250
SENSITIVITY (dBm): -121

WOISEZ FICURE (d8): 4

OUTPUT DATA: wideo for PP1, autometic

detection

SPECIAL SICNAL PROCEZSSING: side lode
cancellation, coherent ) pulse digital
AMTI, 16 pulse FFT, scan to scan target

&’!!:“:Au‘?’ﬂ Yagi array

ANTENKA ST22: 0.76a x 7)@ (2,.5'x 24°)
ANTZIMA GAIN (d8): 22

POLARIZATION: horisortal

BLANIOTR (deg): WMORZ. 6.6
VERT. 20

ANGLE COVERAGE (deg): HORZ. 360
‘VERT. 20

SCAN RATE: HORZ, 6 rpm
VERT. N/A
SECTOR SCAN RATE: W/A
ANTENNA WEIGHT “%‘) 1058 (2331 1bs.)

excluding pedestal
BEAM POSITIONLNG TECHNIQUES:

HORZ. mechanical scan
VERT. W/A -
LOBING TYPE: N/A
LOBING RATE (Hz): MW/A
CALCULATED DETECTICN RANGE ON 1-wZ
TARCET (rmt): i35
ANGULAR ACCURACY: 0.38° to'1°
GROSS WEIGHT (kg): 2022 (4454 1bs.)
MANUFACTURER: Ceneral Electric
NMBER (mfg/oper): 10/
NAVY COCNIZANT CODE: PMA 231
TECHNICAL MANUALS:
NOMENCLATURE ASSIGMMENT DATE:
NUMBER OF ELECTRONIC PARTS USED: u,&u
HTSP (theo/oper): 109/22.61

wrme: 12,2
RICR PAILURE RATE ITINS: no pattern

MAXTMN VOLTACE: 25kV

A.C. POVMER CONSIMPTION: 25kVA

(1) Antenns pedestal weighte 508kg (1113 1bs,)
(2) WRESA Report = May=Jume 1977. (Mess Flight Nours !omon

Msintensace Action)
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B. Surface Search

(U) The surface search function of the Navy is handled princi-
pally by the SPS-10 and the SPS-55. The SPS-10 is a conventional C
band magnetron radar of a type that has been on many naval ships
throughout the world since the 1940's. The SPS-55 is an outgrowth of
civilian and coast guard radars built within a weight constraint and
with a low level of complexity. Transmitters of this group are
generally based on a magnetron tube since good MTI performance is
usually not required to distinguish large ships from the sea, and
since a magnetron design minimizes cost, weight, and the required
peak pulse voltage. The radars of the SPS-55 type have traditionally
been quite reliable, because they are of modest power, low complexity
and of a well proven design. The more recent versions such as the Decca
commercial radar are virtually all solid-state, the magnetron itself
being the principle exception,

1. AN/SPS-10

(U) The AN/SPS-10 is a surface search radar that operates over
the C-band frequencies of 5450 to 5825 MHz. The antenna is an open
mesh truncated parabolic reflector illuminated by a feed horn sup-
ported by a boom that extends from beneath the lower edge of the
reflector, see Fig. 12, Typically, the transmitter and receiver for
the system are mounted below decks, so that the weight of equipment
mounted at the top of the mast is minimized.

(U) Fig. 13 is a block diagram of the radar, and Table XIV
lists pgrtinent operating parameters and performance data.

(U) It is difficult to get current reliability data on the SPS-10.
FLTAC (Fleet Analysis Center) does not follow the system and the
3-M data, developed for logistics purposes, is not ideally structured
for reliability analyses, Informal conversation with the program
managers, reveals that reasonable radar reliability has been obtained
considering the age of its design and the length of time the systems
have been operational. Curreatly, there {8 a problem obtaining
replaccment transmitting tubes since the original tube type is no
longer in production.

(V) High falilure rate items for the SPS-10 have included the
pulse forming network, the pulse transformer, the AFC, and the problens
associated with the aging of system components, The system reliability
in terms of operational MTEF is estimated to be 180 hours. The same
source, (NAVSEA 65242) estimates current MTIR as between 5 and 6 hours.
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U) In 1977 a program was initiated to build a modern version of
the SPS~10, the SPS-XX. This is the so-called "solid state" version,
although it should be understood that the output device is still a
tube, a magnetron. The magnetron is of the coaxial type, and not
‘similar to the types originally used with the SPS~10. One of the
principal objectives of the program is to develop a radar making -
maximum use of the Standard Electronic Modules (SEM) develcped by
the Naval Avionics Facility, Indianapolis (NAFI). Since these conform
to a form, fit, and function concept, an individual chassis can
generally be replaced by a more modern design as new components become
available.

2. AN/APS-55

(C) The SPS-55 is a moderrn surface search and navigation radar -
developed as a replacement for the SPS-10 radar, The antenna is a
slotted waveguide. With the exception of the transmitter magnetron,
the SPS-55 is a solid-state radar. The system operates in X~band,
9.05 to 10 GHz. The original system was developed by Raytheon, and
a subsequent production contract was awarded to Cardion Electronics.
A total of 36 systems have been manufactured, To date only 18 of
these systems are in operation in the fleet. Even though the radars
are =quipped with elapsed time meters, gross MTBF data is not readily
available. The most readily zvailable reliazbility data om this radar
is that compiled on a system at the Cardion plant. The Cardion oper-
ating data seems to confirm the 700 hour MTBF predicted for the radar
by MIL-HDBK-217B computations. The factory environment is, of course,
benign, and the radar is maintained by Cardion engineers and tech-
nicians. The best estimate by the NAVSEA project office is for an
MTBF of 600 hours with the operational radars but there is still
l{ttle analysis of the data. ‘

' (U) A block diagram of the SPS-55 is shown in Fig. 14, Fig. 15
is a photograph of the various SPS-55 sub-system units, Table XV is

a listing of operating and performance parameters, together with other
_pertinent and appropriate information.
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Fig. 12 (U) - AN/SPS-10 radar (U)
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(U) TABLE XIV
AN/SPS«10 Radar Parameters (U)

FUNCTION: surface 'surch rad_nr
FREQUENCY RANGE ‘(MHz): 5450 - 5825
PEAX POWER (kW): 285 '
AVERACE POWER (¥): 5O - 241 -
TRANSMIT PULSE' LENGTH (us): 0.25 = 1.3
COMPRESSED PULSE LENGTH (us): n/A
PULSE RATE (pps): - 625 = 650

TRANSMITTER TYPE: magnetron

OUTPUT TUBE: QK 235

EMISSION BANDWIDTH (kHz): 5000
WAVEFORM: pulsed carrier

IF FREQUENCY (MHz): 30

IF BANDWIDTH (kHz): 1000, 5000
SEMSITIVITY (dBe)- =96, -103
NOISZ FIGURE (dB): 14 .
OUTPUT DATA: video to f?!

SPECTAL SIGNAL PROCESSING:

ANTENNA TYPZ: truncated parabolic
reflector . . '
ANTENNA SIZE: 0.8 x 3.2m (2.5': 10°)
ANTENNA GAIN (dB): 32

POLARIZATION: horisontal

BZAMJIDTH (deg): HORZ. 1.3
. VERT. 8

ANGLE COVERAGE (deg): HORZ, 360
VERT. S

SCAN RATE: HORZ. 15
VERT. N/A
SECTOR SCAN RATE: N/A
ANTENNA WEIGHT (kg): 190 (420 1bs.)

BEAM POSITIONING TECHNIQUES:
HORZ., mechanical
VERT. N/A

. LOBING rm; N/A

LOBING RATE (Hz); N/A

CALCULATED DETECTION RANGE ON l-mz
TARGET (nmi): 19.2 Swerling O

ANGULAR ACCURACY: N/A

GROSS WEIGHT (kg): 624 (1375 1bs.)

MANUFACTURER: Sylvanis, Weston(})

NUMBER (mfg/oper): 600/400(2)

NAVY CCGNIZANT CODE: NAVSEA - 65242
RCMICAL MANUALS:

NOMENCLATURE ASSIGNMENT DATE: 1960
NUMBER OF ZLECTRONIC PARTS USED: 21061

MTBF  (theo/oper): /80 @)

‘MrTR: -5.5(D)

HICH FAILURE RATE ITEMS: pulse forming
network, pulse transformer, AFC, and
accumulated aging of system components

MAXIMUM VOLTAGE: <20kV
A.C. POVER CONSUMPTION: 3500 W

(1) There are about 175 of the B version manufactured by Sylvanis,
175 of the 7 version manufactured by Weston, and the rest of by

various manufacturers.
(2) MAVSEZA estimate.
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Fig. 14 (U) - AN/SPS-55 block diagram (U)
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ECHO BOX MICROWAVE PACKAGE
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MICROWAVE COMPONENT ASSEMBLY ANTENNA

RADAR SET CONTROL

TRANSMITTER AND RECEIVER

Pig. 15 (U) - AN/SPS-55 radar (U)
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(C) TABLE XV
AN/SPS-55 Radar Parameters (U)

FUNCTION: gsurface search radar

FREQUENCY RANGE (MHz): 9050 - 10,000
PEAK POWER (kW): 130

AVERAGE MR M): 67/225

TRANSMIT PULSE LENGTH (us): 0.1, 1
COMPRESSED PULSE LENGTH (us): N/A
PULSE RATE (pps): 2250/750

TRANSMITTER TYPE: tuneable magnetron

OUTPUT TUBE: QKM 1792

EMISSION BANDWIDTH (kHz): 12,000
WAVEFORM: pulsed carrier

IF FREQUENCY (MHz): 60

IF BANDWIDTH (kHz): 12,000
SENSITIVITY (dBm): -102, ~93
'NOISE FIGURE (dB): 10

OUTPUT DATA: video

SPECTAL SIGNAL PROCESSING: STC, FIC,
10G, LIN 1L0G

ANTENNA TYPE: back-to-back, end-fed,
linesr arrays

ANTENNA SIZE: 1.9m x 0.2m (6' x 0.5')
ANTENNA GAIN (dB): 31

POLARIZATION: horizontal, circular

BEAMVIDTH (deg): HORZ. 1.2 to 1.5°
VERT. 20°

ANGLE COVERAGE (deg): HORZ. 360

VERT. 20

VERT. N(A

SECTOR SCAN RATE: /A .
ANTENNA VEIGHT (kg): 27.2 (60 1ba.)()

BEAM 'POSITIONING TECHNIQUES:
HORZ. N/A
VERT. N/A

LOBING TYPE: N/A
LOBING RATE (Hz): N/A

CALCULATED DETECTION RANGE ON l-mz

TARGET (nui): 8.3 (15.4 km) swerling .
type 1
ANGULAR ACCURACY: 1°
GROSS WEIGHT (kg): S26 (1134 lbs.)
MANUFACTURER: Cardion Electronics
MMBER (nfg/oper): 36/18 as of Jun 77
NAVY COGNTZANT CODE: NAVSEA - 652642
TECHNICAL MANUALS: NAVSEA 0967-LP-531-
VENCLATURE ASSIGRMENT DATE: 1967
NUMBER OF ELECTRONIC PARTS USED: 27172
MTBF (theo/oper): 71:./500(2)

MITR: 0,33

HIGH FAILURE RATE ITEMS: TR tube,
thyratron

MAXIMUM VOLTAGF: 20kV
A.C. POWER CONSUMPTION: 2,875%kVA

(1) With pedestal antenna weight = 88.5kg (195 1bs.)
(2) Estimate of project engineer.
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C. . 2D Radars

(C) The two dimensional (range and bearing), 2D radars are the
primary systems for air target acquisition by the Navy. They were
among the earliest radars developed for use at sea, and still the
first line of defense against attacking aircraft. . The SPS-40, in its
various versions, is being used on a great majority of the larger
naval ships. It is a 400 MHz radar using tetrodes to generate its
microwave power. Originally it did not have an MTI capability but
throughout a long series of modifications by many different vendors,
has progressed to a coherent canceller with 30 dB of cancellation,
Even though the radar is a relatively simple one it has not had a
history of being reliable. Part of the problem was caused by the use
of a considerable number of vacuum tubes and devices such as mechanical
relays, that may have relatively short lives. The original design was
performed in a very different climate with respect to reliability,
than prevails today. Nc reliability proiections were made and
apparently little was done to assure that-either the MTBF was large
or the MTTR small., The principle factors that the radar has in its
favor are a relatively straightforward design, a moderate level of
complexity, and a long history of modifications that have tended to
remove many of the more troublesome circuits and. components.

(C) The replacement for many of the SP$-40's will be the SPS-49,
This is a radar that uses the high UHF band frequencies, 850 to 942 MHz,
The development of this radar started in the early 1960's but the
commitment and funding were uneven. In the early 1970's after two
or three years of being somewhat ignored, the development cycle was
accelerated. An almost completely new design evolved in which many
of the analog circuits were replaced by digital circuits, and sub-
stantial changes were made in the antenna, pedestal, etc.

1. AN/SPS-40

(C) The AN/SPS-40 series radars (40, 40A, 40B, 40C, 40D) are
designed as lightweight, high power, early warning, two-dimensional,
air search radars for use on n~ral vessels varying in size from
destroyer escorts to the s3maller aircraft carriers, The system
operates in the UHF frequency region (400-450 MHz) with a peak power
of 200 KW and an average power of 3600 W, Fig. 16 is a photograph
of the subsystems of the SPS-40; a block diagram is shown in Fig. 17;
Table XVI lists pertinent operating parameters and performance data.
These radars are capable of free space ranges up to 90 nmi, have 10
operational channels, and MTI (moving target information). Target
range Information is displayed on an A-scope, and video signals are
provided for presentation of target range and bearing on associated
PPI units,
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(V) The AN/SPS-40B, 40C, and 40D radars have a LFDM (low flying
" detection mode) that uses an uncompressed short pulse as an alternate
.mode of operation to the compressed pulse LRM (long range mode). The

. ,LFOM is designed to provide a close-in detection capability against

fast, small, iow altitude air targets in a heavy clutter environment.
The AN/SPS~40C radar is a field change conversion of the AN/SPS-40
radar to the AW/SPS-40B configuration; the AN/SPS-40D radar is a
field change conversion of che AN-SPS~40A radat to the AN/SPS-40B

. ucnfiguration.

'(U) Ihe radar is normally operated from a control and range
indicator located in the CIC (combat-information-center). In addition,
remote~local switching permits operation of the radar set from the
equipnent.toon.

() A common IFF and radar feed illuminates an antenra reflector,

thereby eliminating the requireaent for the attachment of a separate
IFF antenna.

(C) The pulse compression is by analog techniques and uses a
steel line.

() The AN/SPS-40B, 40C and 40D sets will contain a digital MTI
thus providing izmproved target discrimination against clutter from sea
or shore returns,

() In its early years the AN/SPS-40 had s poor reliability
record. The cost of maintaining this equipment to achieve an accept-
able availability level was high, and the down time was excessive,
Four basic causes for the various failures of the AN/SPS-40 were:

1) Inadequate heat dissipation
2) Part overstress
33 Inadequate personnel training
4) Inadequate equlpicnt design
(U)tlThe system has been the subtect of numerous and extensive

"get well”™ and Isprovesent programs. The present AN/SPS-408 version
has an fsproved MTBF of 200 hours,
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2. AN/SPS-49

(U) The first production model of the AN/SPS-49 program is just
being completed (Mar, 1978). It will be put through temperature
cycling and a one'g sinusoidal vibration. This radar differs from
the ones tested in Tech. Eval. and OP Eval. by the incorporatior of
15 to 20 ECP's that were the result of a major improvement program,
There has also been a large number of minor changes, e.g., a larger
resistor to reduce a stress level, or a better cable combined ‘with a
rounding of a chassis so that it uill not fray.

(C) The system operates in the high UHF-band (850-942 MHz) with a
peak power of 280 KW and an average power of 10,000 W. Fig. 18 is a
photograph of its various subsystems; a block diagram is shown in
Fig. 19; Table XVII lists pertinent operating parameters and perfor-
mance data. ‘ .

(U) There hai been a reliability demonstration, where three to
five relevant failures were experienced. All but one were the result
" of a design or manufacturing deficiency. All the problems have been
corrected with ECP's. Only one failure could have been .considered
to come under the randoa failure designation. In addition to the 3
to 5 relevant fallures, other faflures occurred that were in areas
where improvements had already been initiated. These were scored as
non-reievant since, in each case, an ETP had been initiated but had
not yet been implemented.

U) The -njo: area attacked by the improvement program, and the
one in which a majority of the costs were occurring, was the antenna,
The jack screw mechanism in the stabilization platforms was changed
froma parsllel set of jack screws to a single larger screwv,

(U) Earlier in the program twenty critical chasses were examined
to see 1f any component exceeded 50 of the maximum allowadble stress
levei.. A fewv did and ECP's were initiated to replace those com-
ponents with ones of higher ratings. This program has continued
and other areas have been designated, from time to time, for such a
stress level study. These areas are chosen by the reliability
engineer fn the Navy's AN/SPS-49 program office. It is not planned
to encompass all of the electronics in such studies, but the mech-
anism exists for doing an additional study just as soon as & chassis
or board becowmes suspect,

Q') Reliadility data, in this system, is limited to that
acquired on the land based test siie and that acquired during Tech.
Eval,, OP Eval, end sudsequent experience on the U.5.8 PILE. The
radar has deen used on the DALE for 5,000 radiating houre and an
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" (U) additional 8,000 stand-by hours. All of the radiating hours have been
with the one transmitter tube of the prototype design. Just as in
"the reliability test, failures are ruled relevant conly if both of
the following conditions hold: »

1) They prevent the radar from acquiring data.
2) They are not in an area in which an ECP is pending.

(v) - For this limited data sample, the MIBF appears to lie between

- 350 and 600 hours; the former figure is exact in that it includes all
"events", i.e., both relevant and non-relevant failures. It is to be
ermphasized that this figure has been corputed by lumping together

the data from both radiation and stand-by modes, because the project
office feels that the stand-by mode, in some sense, produces as much
stress as the radiation mode. The high-power modulator and, to some
extent, the transmitter tube are clearly exceptions to this position.

(U) As noted above, a prototype tube was used in the develop-
ment program. A slightly modified version of it was used in the
Tech. Eval., Op. Eval and all subsequent tests conducted on the
U.S.S. DALE. Varian has now been given substantial funding to improve
the tube, make it rcady for production, and to build the required
test equipment for a production line. Six or eight tubes of this

latest version have now been built and tested. They appear to be
satisfactory.
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(C) TABLE yvi

AN/SPS-40B Radar Parameters (U)

FUNCTION: atr search, early warning with
range up to 200 nautical miles :

FREQUENCY RANGE (MMz): 400450
PEAK POVER (i¥): 200

AVERAGE POWER (W): 13600
TRANSMIT PULSE LENGTH (us): o
COMPRESSED PULSE. LENGTH (us): 0.6
300

TRANSMITTER TYPZ: master oscilator,
pover amplifier

PULSE RATE (pps):

OUTPUT TUBE: 8932

EMISSION BANIWIDTH (kRz): 1670

WAVE FORM : frequency coded rectangular
pulse ’
1IF FREQUEYCY (Hz): 1S

1P BANIWIDTN (XRz): 1670
SENSITIVITY (dbm):
WOISE FICURE (dB): s.2

OUTPUT DATA: l1inesr video, MI1 video,
composite video

SPECIAL SICNAL PROCESSIS™: pulse

compression, digical MTI, coherent
cenceller

120

ANTENNA TYPE: trumcated paraboloid
ANTENNA SI2EZ: 3.42e x 3. 56a(17°9y"x 11'8")
ANTENRA GAIN (d8): 1

ANCLE COVERACE (deg): MORZ. 360

VERT. N/A
SCAX BATE: HORZ. 7.5, 1Srpm
VERT, N/a

SECTOR SCAN RATE: N/A

" ANTRIOW VEICHT (kg): 783(1725 1b.)

BEAM POSITIONING TECHNTQUES:
" BORZ, mechantcet

VERT, W/A
LOBINC TYPE: N/a

LOSIEG RATE (Hz): w/a

CALCULATED DETECTION RANCZ ON 1-w®
TARCEY (mal): 200 (wieh resolution of
100 yards)

ANGULAR ACCURACY:

CROSS VEIGHT (kg): 1589 (3500 1bs.)
MANUFACTURER: Dynel Electronics Corp.
WMBER (nfg/oper): 150/90

BAVY COCNIZANT CGDE: NAVSEA 6524
TZCROACAL MAMIALS: MAVSHT PS 0967-441-90:0

NOMENCLATURE ASSICENT DATE: 1971

MMBER OF EZLZCTRONTC mTS USED: 10,000(”
MTB? (theo/oper): 20071932

a: 0.15(2) 4y(2)

NICH FATLURE RATE ITEMS: transmitter
antenna, WY poweT supply tank

MAXIMN VOLTACE: 1Ay

A.C. PONER CONSUMPTION: 30, 000xw

POLARIZATION: horizontsl; IFF vertical
BEAMITIDTN (deg): MORZ. 10,3

vene, 20

(1) Puentohed by nanufacturer,

)
Nonber 841.02.77,
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(C) TABLE XVII
AN/SPS-49 Radar Parameters (U)

FUNCTION: long range air search

FREQUENCY RANGE (MHz): 850-942

PEAK POWER (ki): 280

AVERAGE POWER (W): 10,000

TRANSIT PULSE LENGTH (us): 125 or 2¢V
COMPRESSED PULSE LENGTH (us): 1.6¢2
PULSE RATE (pps): 270/285 or 833/100¢%

TRANSMITTER TYPE: klystron
OUTPUT TUBE: VA 389A
EMISSION BANDWIDTH (kHz): 1000

WAVEPORM: pulsed linear coded PM
or pulsed uncoded

IF PREQUENCY (MHz): 601, 42,.4
IP BANDWIDTH (kHz): 380 or 800
SENSITIVITY (dBe): -115
NOISE FIGURE (dB): 4.5
OUTPUT DATA: visual

SPECIAL SIGNAL PROCESSING: pulse .
compression, adaptive digital MTII,
coherent side lobe canceller,
digital CPAR

ANTENNA TYPE: parabolic
ANTENNA SIZE: (25') redius
ANTENNA GAIN (dB): 28.4
POLARIZATION: horisontal
BEAMWIDTH (deg): HORZ. 3.5
VERT. 11

ANGLE COVERAGE (deg): HORZ. 360
VERT. ¢:s¢:2 to 20

SCAN RATE: HORZ. 6 or 12 rpm
VERT. N/A
SECTOR SCAN RATE: N/A
ANTENNA WEIGHT (kg): 1611 (3,550 Ibs)
BEAN PwSITIONING TZCHNIQUES:
HORZ. wechanical scan
VERT. line-of-sight stabiiization
LOBING TYPE: N/A
LOBING RATE (Hz): N/A
CALCULATED DETECTION RANGE ON l-m’
TARGET (nmi): 219®) (Sverling 0)
ANGULAR ACCURACY: N/A

GROSS WEIGHT (kg): 7823 (17,232 lbs)
MANUPACTURER: Raytheon

NUMBER (mfg/oper): /2

NAVY COGNIZANT CODE: NAVSEA 65241
TECHNICAL MANUALS: NAVSEA 0967-LP-584-8010
NOMENCLATURE ASSIGNMENT DATE: 1960
NUMBER OF ELECTRONIC PARTS WSED: 1,300
MIBF (theo/oper): 300/600(5)

MTTR: 1.5/

HIGH FAILURE RATE ITEMS:

MAXIMIM VOLTAGE: 50 kV
A.C. POWER CONSUMPTION:

85 kVA, 3 phase @ 440 Hs

10 kVA, single phase @ 115 Hz

(1) There sre three operational modes: two long range and one short range
a. the long range modes interlace long snd short pulses
b. the short range mode uses only uncoded short pulses

(2) Only the .long pulse is compressed

(3) The symbol "/ {ndicstes that pulse rates can alternste on successive scans

-
(4) ’b = 0,5, ".'A =10

(5) Primarily s count of system modules rather than individusl components
(6) Since data has deen accumulated on only 1 ship, this figure is influenced

by judgment of relevent failures
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D, Point Defense

(C) The need to extend 2D radar technology to a role in the
point defense against cruise missiles and low flying aircraft became
apparent after the sinking of the Israeli destroyer ELAT. The first
radar, developed for this role was the AN/SPS~58. This is an L-band
radar with 250 watts of average power, and some of the first fielded .
digital signal processing. A few coples of an alternate version of .
the radar were built with a different antenna (AN/SPS5-62). At
present the program has been directed toward the AN/SPS-65 version,
one that shares the AN/SPS-10 antenna. It is planned to modify all
the earlier versions to the AN/SPS-65 configuration. All future
radars will probably be of this type.

(U) The development cycle has allowed adequate time for a
thorough reliability prediction study. The output tube iz a par-
ticularly well proven design, since it was used in great quantities
on the DEW LINE. The same tube was used as the driver, but that
design yielded a cumbersome and inefficient package that required
considerable time to tune when changing channels. A cost effective-
ness study initiated by Dr. Waterman, formerly ASNRD, pinpointed the driver
as the first item to be considered for improvement and a new design
for an all solid-state driver is now under contract.

(C) The newersz radar developed for point defense is the TAS.
It is an L band r<dar with a uniform antenna coverage up to nearly 75
degrees. The or.ginal impetus was to aid in the defense against
cruise missilesr, but the requirements were extended, during the ;
design phase. to include high elevation missiles as well. The radar has
been thro-.i: Tech, Eval, and Op. Eval, and at present is being pre- .
pared for production. Some redesign is being done in the modulator,
but the principle change is to remove a special purpose computer,
built by the radar developer, and to substitute one of the standard
AN/UYK-20. The output tube is a slight modification of a design that
was produced in large quantities by Raytheon for the Bell Telephone
Laboratories and under their guidance, It had a very good reliability
history in the criginal Bell version.

1. AN/SPS-65

(c) The AN/SPS-58, 63, 65 radars are all basically of the same
family with different antennas. The radar operates in the L band of
frequencies (1215-1365 MHz) with a peak power of 12 kW and an average
power of 250 W, Fig. 20 is a photograph of the subsystems of the
SPS-65, a block diagram is shown in Fig, 21, Table XVIII lists per-
tinent operating parameters and performance data.
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(U)  As noted, the transmitter is a solid state STAMO amplified
first by a driver klystron and then by a final klystron. 'The two
klystrons are identical, but the driver uses as much prime power to
produce a few watts as the output tube does to produce several kilo-
watts, Large klystrons, such as the ones used, have a lower effi- -
ciency with a lower drive level since more of the input beam power
has to show up as heat. Originally it was a slow procedure to tune
each of the klystrons because tuning screws, on a total of six
cavities, had to be individually adjusted. Moreover, the process was
iterative in that the final tune on the driver could not be accom-
plished until the first-cut tune on the output had been completed.
This has been changed to a micrometer tuning arrangement on the screws

"with a calibrated dial, marked in channels. Only a final "tweeking"
-~ against the power meter is now required. The replacement of the
klystron driver by a wideband solid state driver, as previously men-
tioned, will simplify the process even further, since only *he output
will have to be tuned and there will be no iteration. In addition,
the demand on the high voltage power supply will be halved. This
derating should greatly improve its reliability; at present it is one
of the more failure prone items,

(1)) The receiver for the AN/SPS-58 family grev out of IR&D work
accomplished at Westinghouse in the early 1960's. They were one of
the first companies to demonstrate a successful digital MTI, and
this work was extended in the building of the first AN/SPS~58s. An
elliptic filter, at the I.F. frequency, shapes the samples so that
there is essentially only one filter in each range bin. After transfer
to base band, the filter output is read by the A/D converter for the
MTI processing which is accomplished by a recursive five-pulse design.
The recursive design permits much sharper filter slopes for the same
number of delays at the cost of a poorer transient response. This is
acceptable in the AN/SPS-58 since the PRF's are relatively low and

when switched, second time around clutter is not usually present to
cause transients,

{C) The receiver has the reliability expected from a first, and
in some portions, second generation digital design. A principle
problem is logistics, which has kept many radars inoperative for an
extended period of time. This was aggravated by an overly optimistic
approach to the allotment of spares, and by an inaccurate estimate of
the types of spares that would be required. Since the radar was
represented as one with a 600 hour MIBF, the spares were ,roportioned
accordingly. When it turned out that the MIBF was closer to 123 hours,
the logistic system virtually collapsed. A new table of spares has
now been prepared, but it will be several more months before the stock
is bought and delivered. In the meantime the radar is acquiring a
very bad reputation. When the part must be secured from external
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sources, the average logistic delay is 840 hours, Unfortunately, it is
the design of the radar that is being taken as the culprit.

2. 1§

{C) The TAS radar is a recent radar developed for the Navy and as
such has the advantage of the newest solid state technology. The devel-
opment was directed by a group of Navy radar eangineers assembled from
the staffs of NOSC, NEWSES, China Lake, Dahlgren, etc. The present
system has 200 kW peak power and an average power of either 2400 or
5600 W, depending on the mode of operation. The frequency range is also
in the L band, from 1268 to 1400 MHz. Fig. 22 is a photograph of the
system. A block diagram is shown in Fig. 23, Table XIX lists pertinent
operating parameters and performance data. '

(C) The tube chosen was a Bell Laboratory-Raytheon TWT that orig-
inally had a 175 kW peak. The decision was made to try to increase this
to 300 kW. The attempt was not successful. A three dB improvement
could have been achieved in this area by other techniques with far less
rigk than was taken by altering the design of an eminently successful
TWT, '

(C) The demand of power was pressed because of the added require-
ment to see the high elevation missile., This implied not only high
angle coverage but such coverage without any cosecant shaping. The
result was an extremely low antenna gain 21 dB, with a requirement to
see & missile with a small radar cross section. It appears that the
added requirement has now been met ~ but the whole system can stand
very little derating. This always has an impact on reliability.

. (U) Por reason of logistics, and perhaps cost, the successful
special purpose computer, built by the radar's manufacturer and tested
during the Tech. Eval. and Op. Eval. phase, is to be replaced by a
Univac, These general purpose computers have not shown the reliability
that is predicted by a pr-jection from Mil, Stand. 217B. There 1is no
way of knowing whether the special purpose computer might have been
more reliable, since the statistics on it during Tech. Eval, and Op.
Eval. are not extensive enough to be conclusive. All that can be
stated is that reliability is seldom improved by testing one device
and deployiirg another.

(U) The only substantial reliability problem that showed up
cCuring the limited testing of Tech. Eval. and Op. Eval. was. as might
have been anticipated, in the power supplies of the transmitter, They
are currently being redesigned and there is always hope that they will be
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(U) better. Since the TWT is gridded, the design of the pulse waveform
should not present the problems it does for an ungridded klystron or
amplitron. There is every reason to expect that the receiver design
will cause only those problems associated with the relatively high
complexity of pulse doppler circuitry. Since integrdated components
are used extensively and since they normally exceed the figures given
for them in Mil. Stand. 217B by substantial matzins, the receiver
circuitry should have a high MTBF in spite of its relative complexity.
Moreover, the use of BITE is extensive and this should reduce sub-
stantially rhe MITR. :
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(C) TABLE XVIII

AN/5PS-6S5 Radar Parameters (U)

FUNCTION: acquisition radar for point
defense

FREQUENCY LAMCE (Hz): 1215 - 1365

PEAK POMNER (W): 12
AVERAGE POWER (W): 250

TRANSYIT PULSE LENGTR (.s8): 7
COMPRESSED PULSE LENCTH (us): ;\'/A
PULSE RATE (pps): 2238 to 3049

TRANSMITTER TYPZ: klystronm

OUTPUT TUBE: SALOS9)
EMISSTON BANDWIOTH (kHz)
WAVEFORM: rectangular pr.1sed carrier
IF FRECVEXCY (WHz):
IF BANIMIDTN (kHz): 130
SEXSITIVITY (dBm): <118

M1SE NAAL (48): &

OUTPUT DATA: ramge, asimmth, doppler

SPECTAL SICRAL PROCASSING: digital gated
"1, 7 pulse conceller, log FIC
ANTENNA TYPE: ohsres antemns with $PS-10

1)

ANTIWNA SIZ2: 3M = IM (12t = 3ft)

ANTENNA CALY (48): 23
POLARIZATION: verticel

EANTOTH (deg): MORZ,
nar.

3.6
19

ANGLE “OVERACE (deg): HORZ. 360°
VERT. % 9.5

SCAN RATE: RORZ. 15 rpm
© YERT. NAA
SECTOR SCAN RATE: N/A

ANTENSA VEIGHT (kg):

BEAM POSITIONING TECHNIOUES:
RORZ. mechanical
VERT. fixed

LOSING TYPE: N/A

LOBING RATE (Rz): n/A

CALCUTATED DETECTION RAXGE OK 1-m®
TARGET (nmi): 22.5

ANGITAR ACCURACY: ¥/A

CROSS WEICHT (kg): 639 (1400 1ds.)

KANUFACTURER: Westiaghouse

WAGER (afg/oper): '

RAVY COCNIZANT CODE: pwS 40430

TECNNICAL MANUALS:

NRENCL AL ASSIG@INT DATE: '

WUNBEZR C} ELICTRONIC PARTS USED: $100

NTB? (theo/oper): 4007123

TTR:

RICH FAILLIRZ RATE TTEMS: transsitter
pover supplies, teceiver STC amplifier

RAXIMS YOLTACE: 14,000 ¥
A.C. POMRE CONSIMPTION: 8 RVA

(1) Useo AN/290e=10 antesns with medified L/C bend feed,
(1) MLTAC neport Mo, 0412476, Thie i9 FLYIAC'e fifet report on this oysten,

5
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Fig. 22 (1) - TAS redsr (M 23 point defense/target scquisition systen (V)
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(C) TABLE XIX

1FD/TAS MARK 23 Radar Parameters (1)

FUNCTION: automatic target acquisicion,
trackin% and designation to point defense
veapons(1)

FREQUENCY RANCE (Wiz): 1268 - 1400
PEAX POWMER (kW): 200

AVERAGE POWER (W): 2400 or 56002
TRANSMIT PULSE LENGTH (us): 3.8 or 42

COMPRESSED PULSE LENGTH (us): 3.8

. r's
PULSE RATE (pps): 2660/3570 or 635/750%°)

TRANSMITTER TVPE: high power grid
pulsed VT

OUTPUT TUBE: oxw 17071

EMISSION BANIWIDTH (kHz):

WAVEFORM: pulsed uncoded (normal), pulsed -

linear ™ (long range)
IF FREQUENCY (MM2): 1gt: 270, 2nd: 30

IF BANDWIDIH (kHz): 220

| SENSITIVITY (d8a): 117, =122, -125¢%)

. WOISE FIGURE (dB3): 2.9

OUTPLT DATA: range, szimuth, doppler,
‘snd video

SPECIAL SICRAL PROCESSING: digital,
double MTT 1o cescade with 8 range-gated
doppler filters, two~guise nonecoherent

ftegretor
ANTENXA TYPE: 16 element lfaear srtay

ANTENXA SIZL: 4.27a X 0,61im (14°'x 2°)
ANTENXA GALIY (dB): 21.8
POLARIZATION: wvertical

BEAWIDTH (deg): WORZ. 1.4
VERT. 1%

ANGLE COVERAGE (deg): HORZ. 366
VERT. 90

SCAN RATE: HORZ. 30 (normsl, mixed),
15 long nn&e:
RT. N/A

SECTOR SCAN RATE: up to eight 10%sectors
per scan

ANTENNA WEIGKT (kg):
including pedascal
BEAM POSITIONING TECHNIQUES:

RORZ. ‘roll stabilization (up to 30%)
VERT.. N/A ‘

906 (1995 1ba.)

LOBING TYPE: N/A

LOBING RATE (Hz): w/A

CALCULATED DETECTION RANGE ON l—-z
TARGET (rmi): 21.3, 59.3

ANGULAR ACCURACY: N/A

GROSS WEIGHT (kg): 4°20 (9075 1bs.)

MANUCACTURER: hugh;n Aircrafe Co.

FUMRER (mfg/oper): 43/2

WA7Y COGNIZANT LODE: pPhs 40450

TRCHNICAL MANUALS: MAVSEA OF 4199 (PMS/SMS)

NOMENCLATURE ASSICNENT DATE:

WMBER OF ELXCTROWIC PARTS USED: 19 369

WIBY (theo/oper): 2007363

nTTR: 1.6

NIGH FAILURE RATE ITEMS: power supplies
transmitter deck, C's. transistors,
aluminue oxide capacities

MAXIMUN VOLTAGE: 38 KV

A.C. POVER CONSUMPTION: $3KW o 60Ms
2000 2 400Ma

(1) Three operating modes exist - a normsl sode fnstrumented to 25nmi, a long
tonge mpde ingtrumental teo 110nmi and & woized mode which 1s 4 sequential
combination of twe shert range and ene loeng renge.

(1) For ewy paremete: im which two numhers are given separated by "or™ the first
monber applies te the nermal mode or shert renge scene of sized mode and the )
second mmber applies te the long renge mnde or long renge scsne of ained wede.

(3) ™e pulse rote in eseh asde siternates frem scan te sceos,

- - b
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E. Air Traffic Control

(U) The Navy air traffic control function is performed on
carriers by the AN/SPN-37 and the AN/SPN-43 and will be done at many of
the naval airfields by the newly acquired AN/FPN-59. Tnese radars
differ from the 2D search radars in two particulars: they have a
considerably less stringent long range requirement, and skin track of
targets is not of prime importance since most of the tracked planes
respond via beacon. '

(U) This report concentrates on the AN/SPN-43 rather than the

- AN/SPN-37 since it is the newer version of the Gilfillan technology.

(U) The F®°N-59 is not a Navy development but a radar bought by
the Navy to an FAA Specification. It has been the subject of an
extensive report just published, NRL Memorandum Report 3719. Docu-~
mentation of the reliability of the equipment is particularly complete
since each copy of the radar is bought by the FAA with a one year
warranty a process that keceps the developer and the project office
highly aware of the performance of the fielded radars. Moreover,
the radzr runs 24 hours a day at each site and some of the sites have
been in operation over two years so the data is extensive.

1. SPN-43

(C) The AN/SPN-43 was a replacement for the Raytheon-built AN/SPN-
6 and was first delivered in 1969. A newer version with a new pedestal
and antenna appeared in 1972. The radar has a peak power of 850 kW
and aa average power of 861 ¥W. It operates in the S-band of fre-
quencies (3590-3700 MHz). Fig. 24 is a photograph of the system
antenna; a block diagram of the radar is shown in Fig. 25, a listing
of the pertinent operating parameters and performance data appears
in Table XX.

(U) There are fifteen radars at sea, all on carriers, plus two
on shcre: one at the training school and the other at NESTEF (Naval
Electronics Systems Test and Evaluation Facility).

(U) The original stabilization brakes were mezhanically unaccept=-
ahble and the redesign for new brakes proved satisfactory when tested
at NESTEF, Tre only pair of these that have actually been replaced on
8 carrier were those on the Forrestal's radar, She, however, has
been laid up and the project office is unwilling to modify the brakes
on all the other ships until at least ona set has been tested at sea.
There ara also servo motor prodblems, especially on those carriers
where the servos operate in a stack gas environment.

6 CONYIDENTIAL
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(y) The only major electronic problem has been with the magnetrons.

There has been an operatioral proBlem with the capture of the flag
halliards by the rotating antenna. One suggested solution has been to
shut down rapidly whenever this occurs. An alternative approach,
suggested by NESTEF, is to design the halliards so they will not
interfere., A restraining loop or a spring loaded continuous loop
similar to one used on a draw drape should suffice.

2, FPN-59

(U) The FPN-59 . is identical to the FAA's airport terminal radar,
the ASR-8.and is just being procured by the Navy. It is land based,
operating in the S-band of frequencies (2700-2900 MHz) with a range
up to 70 nautical .miles. Its peak power is .1 Megawatt with an average
power of 720 watts. ‘ : ' -

(U) The antenna is an open ﬁesh parabola sixteen feet wide and
nine feet high. (See Fig. 26.) Fig. 27 is a block diagram of the radar
and Table XXV lists pertinent operating parameters and performance data.

(U) The ASR-8& radar is a dual system with two transmitters, two
receivers and two synchronizer/processors, feeding and fed by a large,
cormon, continuously- rotating antenna. There are two separate and
independent drive motors on the bull ring gear either of which is
capable of maintaining the rotation. Normally, both radar chains
operate in the so-called "frequency diversity" mode. One of the
synchronizers is designated ‘as master and the other becomes the slave.
The second radar channel pulses about 1.5 microseconds after the first
‘and on a different microwave frequency. ‘

(U) The two returns to the two channels are realigned by the
processor to bring them into synchronization. The resulting signals
are summed in the various modes and are passed via cabling to the
switchboard that feeds the displays. Should one channel fail or be
under “est or maintenance such that it 1s inoperable, then the data
to t*. interface is provided solely by the other channel. This leads
to some loss in the ability to detect aircraft, due both to the 3 dB
loss in average power and a target fluctuation described by a less
favorable Swerling model.

(U) Since the radar is bought with a warranty cla.se, failed
parts are returned to the contractor for repair and failure analysis.
There is, thus, extensive data availasble on single thread reliability
{i{.e., the reliability of the individusl channels). These data have
been compiled by counting total returned parts under the warranty
ard sssuming that the channels have been operazing coatinuously.
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(U) This . 1s a reasonable assumption since the frequency diversity mode is
eMployed 24 hours a day except during repair or mzintenance actions.

'(U) These data have been reduced to arrive at two different MTBF
figures for.the individual channels. One figure, the "gross" MTBF, was
‘obtained by dividing the total number of operating hours by the total
number of returned parts.’ The only exceptions are those parts known
40 have failed in secondary modes. This "gross" value, cumulated
aver all the field experience to Spring 1977, is 365 hours. A
second value, the "refined"” MIBF, is also calculated. This figure,
_cumulative as well, is 650 hours. In the "refined" value both secondary
.failures and failures that the manufacturer has been unable to dupli-
cate are removed from the data.

{U) Originally the returned circuit boards were tested only in
a.circuit tester, but more recently, boards that pass the tester
have been further tested in whatever radar is undergoing checkout
tests on the factory floor. The "refined" data tends to lag the
"gross" data by some two months since it takes longer tce prepare,
The real cumulative MTBF would be somewhere between the two figures,
probably closer to the "refined". 1In all of this, it is to be
emphasized that only failures are considered in the MIBF data. Ad-
justments, and the FAA's technicians make them frequently, are not
charged against MTBF.

f‘ (U) The FAA 1s little concerned with single thread reliability,
Ac long as one channel is operating, the system is available so far
as they are concerned. Careful records are kept,however, of the
total time any installation has both channels down. This has been
less than one hour per year per installation.

(U) The extremely high availability of the ASR-8 is achievable
by the FAA, not only through radar redundancy, but also because of
their particular site, logistics and personnel policies. The radars
are located at commercial airports, readily accessible to the main
supply base at Oklahoma City. The radars are maintained by GS-12,
GS-13 technicians, who work on this equipment exclusively. When one
channel fails, repair starts 1mnediate1y. There is no waiting for out-
-side technical assistance.

(U) The original radar installation contains an extensive srct of
spare parts almost equivalent to that nexded for an additional channel.
Should there be parts needed that are not available on the site, they

‘can be flown in directly from the central spare partl depot at
Ok lahoma City. :
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24 (U) - AN/SPN-43 radar 0

Fig.

~

\
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(U) TABLE XX
AN/SPN-43A Radar Parameters )

FUNCTION: air traffic control radars ANGLE COVERAGE (deg): HORZ, 360
for aircraft carriers . 4,2
! VERT,
SCAN RATE: HORZ. 15 rpm

FREQUENCY RANGE (MHz): 3599-3700 © VERT, N/A
PEAK POWER (k): 85 . SECTOR SCAN RATE: W/A }
AVERAGE POWER (W): 861 " ANTENNA WEIGHT (kg): 1543 (3400)
TRANSMIT PULSE LENGTH (us): 0.9 BEAM POSITIONING TECHNIQUES:

] . HORZ., N/A ' '
COMPRESSED PULSE Lzucm (us): N(A VERT. N/A
PULSE RATE (pps): 1125 LOBING TYPE: N/A
TRANSMITTER TYPE: magnetron LOBING RATE (Hz): N/A

CALCULATED DETECTION RANGE ON l-nz‘
TARGET (nmai): 55 (100km)
OUTPUT TUBE: 125132

ANGULAR ACCURACY: 1,5 deg.
EMIUSION BANDWIDTH (kiHz):

GROSS WEIGHT (kg): 2719 (5990 1bs.)
WAVEFORM: pulsed carrier
MANUFACTURER: ITT-Gilfillan
NMBER (mfg/oper): 19/15

BAVY COGNIZANT CODE: NAVELEX-52011B

IF FREQUENCY (@z): 30

IP BANIWIDTH (kHz): 2500

SENSITIVITY (dBm): -100, -109(1)
TECHNICAL MAMUALS:  NAVELEX- 0967-436-3010

WOISE FIGURE (dB): 3.5

OUTPUT DATA: radar and IFF video NOMENCLATURE ASSIGNMENT DATE:

SPECIAL SIGNAL PROCESSING: STC, FIC, ' MUMBER OF ELECTRONIC PARTS USED: 4323(2)

LIN-LOG receiver . .
MIBF (theo/oper): 83/77(3)

P . ()

NMA TYPE: fo,1-fiberglass reflector WITR: 3
CSC” elevation shape control NICH FAILURE RATE T : stebilizarion

WA SIZE: 2.1m x 3m (7"x10%) brake, stabilization servo motor,
ANTENNA GAIN (dB): 132 ' azimuth bull gear bearing, magnetrons
POLARIZATION: horizontal MAXIMUM VOLTAGE: -50kvV
BEAMVIDTH (deg): WORZ. 1,5 A.C. POWER CONSUMPTION: 21kvA

vER?, 4,2 csc?
to 45

(1) Seasitivity with parsmetric amplifier
"off" = 2100 dBm, "on" = «109dBa.

(2) 1TT-Cilfillan,
(3) ITT-C{1fi1lan estimate as of 1976.
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. DISPLAY SITE UNIT RADAR CABLE JUNCTION de

Fig. 26 (U) - AN/FPN-59 radar (U)
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(U) TABLE XXI

AN/FPN-59 Radar Parameteraa)_(U)

FUNCTION: air traffic control in
terminal area

FREQUENCY RANGE (MHz): 2700 - 2900
PEAK POWER (kW): 1000
AVERAGE FOWER (W): 720

TRANSMIT PULSE LENGTH (us): 0.6
COMPRESSED PULSE. LENGTR (us): N/A

'PULSE RATE (pps): 1040

" TRANSMITTER TYPE: Kklvstron

OUTPUT TUBE: VA 87E

EMISSIOM BANDWIDTH (kHz): 2000
WAVEFORM: pulsed carrier
I}‘ FREQUENC‘L” (MHz): 30
IF BANDWIDTH (kHz): 2000
SENSITIVITY (dBa): 110 (-108 MTI mode) -
NOISE FIGURE (dB): 4

OUTPUT DATA; to «j!iaplayl

SPECIAL SIGNA. PROCESSING: digital
. MTI, log FIC, 2 or 3 pulse canceler

ANTENNA TYPE: c;pen mesh parabolic
reflector )
ANTENNA STIZE: 2.7m x 4.9m (9' x 1¢')

ANTZNNA GAIN (dB): 33.5

PbIARIZATION: 1inear vertical or
remotely selectable
BEAMVINTH (deg): HORZ,

VERT.

{rcular,

1.4
3¢

ANTENNA WEIGHT (kg):

ANGLE COVERAGE (deg): HORZ. 360
VERT. ‘modified CSC
SCAN RATE: HORZ, 12,5 rpm.
VERT. N/A

SECTOR SCAN RATE: N/A

908 (2000 1bs.) -
without pedestal
BEAM POSITIONING TECHNIQUES:

HORZ. N/A

VERT. slight mechanical adjustment
LOBING TYPE: N/A'

LOBING RATE (Hz): 'N/A

CALCULATED DETECTION RANGE ON I-mz

TARGET (nmi): 75
ANGULAR ACCURACY: N/A'

GROSS WEIGHT (kg): 9080 (20,030 1lbs.}
per channel
MANUFACTURER: Taxas In-t;umentp

NUMBER (mfg/oper): 8 to be delivered in

late 1977
NAVY COGNIZANT CODE:

NAVELEX 520
TECHNICAL MANUALS:
NMENCLATURE ASSIGRMENT DATE: 1976

NUMBER OF ELECTRONIC PARTS USED: 18,7003

. MTBF (theo/oper): 663/300%)

MITR: 0.5 hour

HICR FAILURE PATE ITEMS: paramp, modulator,
klystron assembly

MAXIMUM VOLTAGE: 80 kv
A.C. POWER CONSUMPTION: 10 kW per channe?

(1) Pivst radars of series are identical to FAA's ASR-8.
(2) Veight includes shelter delivered for FAA type inatallation.

(3) NRL parts count.

{4) Single channel, manufacturer's data as October 1976.
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F. 3-D

U} Most of the three dirmensicnal (range, height, and bearing)
radars in the fleet are an outgrowth of the frequency scan radars
developed by Hughes Aircraf: ia the 1950's.* The Hughes models, cur-
rently ‘at sea, are the AN/SPS-39 and the AN/SPS-52. They employ a
single pencil bdean that is scanned in elevation by frequency changes
of the transzirter, and in bearing by mechanical rotation of the
«ntenna. Under tne instigation of che ...s7al Research Laboratory, ITT
Gilfillan developed a variant of the basic design, the AN/SPS-48, which
radiates nine elevation beams by use of a long pulse containing nine
difieren: frecuency segzents.

() in this study we have concentrated on the SPS-48 and the later
SPS-48A since these radars are receat representative of the class, and
the reliability data on them has been particularly extensive.

SPS-48

(C) The AN/S?S-48, an S-band radar (2%00-3100 MHz), can operate in
any one of three power modes, low, nedium and high power. These
correspond, respectively, to transmissfons through the second (IWT),
driver (first amplitron), or final stage (secend amplitron) of the
Tadar transmitter. In the hizh power mode, the peak power is 2,200 kW, -
with an average power of 15,000 W. Fig. 28 is a photozraph of the
major subsystems; a block diagram is shown in Fig. 29, A listing of
pertinent operating p.rameters and performance data appears in Table
XX1I.

(C) As fndfcated above, the radiated signal {s coded with 9 dis-
tinct carrier frequency segments. The return signal fs sorted by nine
filters, one sround each carrier, and given to nine different receivers.
Thus, at the cost of 3 ninefold Increase {n receiver complexity, there
are effectively nire times as many radiated julses as in the SPS-52.
Tiis overoomes one of the tasic probiema of a 3D radar having only a
s.ngle bean, t.e., h~w to lorate leng range targets unazbiguously and
atill get enough hits tc asgure detection and perhaps even MII proc-
cazxfng, In eseence, the AN/SPS-48 has nine times as =any beams to
process d4uring each revolution ag the AN/SPS-39 or AN/SPS-52. All
thtee radara stadbilise the heam with respect te sqhip roll and pitch by
electrrnis mears. The trananmitted frequency is mrditic? to change the
elevatinn skew angle nf the beam relative t the antenna faze.

® {(U) There ar> & few AN/3FS-30 stacked beam vadars still on carriers
but they are slated for repiac.aent, There are also two or three pro-

totype phese-ecan tsdars, but nothing exiats in quantity using this
technique. :
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() The SPS~48 radar has a verv high parts count fcr several
reasons: (l) it was designed in an cia when there were not many inte-
grated circuits -- so that a siz=ple device like a flip-flcp will have
a high parts count; (2) there are nine totally distinct receiver chains
bel.ind the wideband circuitry; () there is an etaborate piot extractor
in the newest version; (4) the recuirement for electronic stabili:ation
of the beam adds a comput:r parts count burden to the syszam; (5) a
cot:plex synchronizer is tequired to program the large number of fre-
quencies for the electroric scan.

(C) There are, however, some basic design advantages in frequency
scan that reduce the sensitivity of adiustments and matching require-
ments. For example, one widehand STC can be used in either the micro-
wave chain or the first i.F. amplifier. This makes the charnnels track
in amplitude with STC - something that is difficult, if not impossitle,
to achieve in a stacked team 3D radar. In the AN/SPS-48A the MTI is
achieved in the wideband circuitry for all nine beams simultaneously.
Again, this aids in zmatching but this time at a considerable reliability
price in using quartz lines. The match is needed for interpolation
between beams by some form of amplitude comparison. In the AN/SPS-48A
this process {s made easier by the closc spacing of the beams. Since
the AN/SPS~48 werks with 9 beams at a time, one can afford to space
them close together. A stacked beam radar is severely liamited in the
number nf beams and in wminimum beam spacing; it would be difficult
~hysically to place the horns close enough together to get an overlap
greater than the 3 dB points of the beams.

(c) Partially due to the relaxed tolerances of the frequency scan
desigr and partfally due to the better reliability of low power solid-
state circuftry (even {f not highly integrated), tie nine complex
receivers are reasonably relfadle. There are problems, however, in the
high power portions of the transmitter. The reported dita clearly
demonatrate this. The relfadbfility of the radar decreases as the
radiated power increases. The MTAF for low power radiation funder
condition cf continuous demand) §s 84 hours, while the MIBF for high
power radifatisn s only 31 hours.
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ANTENNA (ARRAY; FREQUENTY CONTROL  ELECTRONKC COMMAND SIGNALS  DATA STABILIZATION
GROUP ’ PROGRAMMER COMPUTER
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VOLTAGE s ¥
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PCWER D85 TRISLUTION ‘CONVERTER POWER
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Fig. 28 (U) =~ A'i/SPS-48 radar (U)
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(€) TABLE XXI1

AN/SPS~48 RADAR PARAMETERS (U)

FUNCTION: lomg range height finding '
air search .

" FREQUENCY uﬁcs (MHz): 2900-3100
PEAK . POWER (k’if;: -2200 ‘
AVERACE POWER (W): 15,600
TRANSMIT PULSE LENCTH (us): 26.5
COMPRESSED PULSE LENGTH (us):
PULSE RATE (pps): 161 to 1318

TRANSMITTER TYPE: frequency synthestzer
powe. amplifier .

OLTPUT TUBE: aemplitron OKS-1541
EMISSION wm:wfn (xHz): 150
WAVEFORN: .pulsed csrrier

TF FREQUENCY (MH2): multiple s

frequenciea’™
IF BANDNID

we): 350
SENSITIVITY (ddm): 3102

NOISE FIURE (d3): .S

OUTPUT DATA: wideo to PPl and range-
hetht tndicstor

SPECTAL SICNAL PROCESSINC: wTI,
automatic ecquisition

ANTUWXA TYPE: phased errsy

ANTENNA SIZE: &.%w x 4.5@ (16°x I3')
ANTE A GATY (48): 38,5

POLARIZATION: horizowtal

BEAMIIDTN (deg): WORZ. 1.3
vIsr. 1.6

" NTBF (theo/oper): /84, 58, 32

ANGLE COVERAGE (deg): WORZ. 360
VERT. 045
SCAN RATE: HORZ., 7.5, 15 cpm
VERT. coapute'r programmed
SEZTOR SCAN RATE: N/A
ANTENNA WEIGHT (kg): 2038 (4495 lbs.)
BEAM POSTTIONING TECHNIQUES:

RORZ. mechanical

VERT. progrssmed incremental
. frequ .ncy change
LOBING TYPE: N/A
LOBING RATE (H:): N/A

CALCULATED DETECTION RANCE ON l--z
TARCET (omi): 220

ANGULAR ACCURACY: 1/15°

GROSS WEIGHT (kg): 9189 (20.259 lbs.)
MANUPACTURER: ITT Cilfillianm

WOGER (afg/oper): 62162

BAVY COGNIZANT CODE: RAVSEA 65231
TECHNICAL MAMUALS: NAVSHIPS 6967-186-1010
NOMNCLATURE ASSIGNMENT DATE:

MABER OF ELSCTRONIC PARTS USED:230.000
)

wrre: 2. .

WICH PAILURE RATE ITEMS: Duplexer ATR Tube
(W60621B), Dry Ale, Thyvratron (V-75903),
(V=19502), & (V~793501), Second Stage Amplitroa,
400 M2 Fine Synchro Frequency Synthesiser

WT (v-63401) -

MANLEY VOLTACE: 60-70 kv

A.C. PFONER CORSUMPTION: 111.4 kVA

(1) Multiple 17 frequencies: 303324, 23, 26.3, 28, 29.5. 31, 32.3. 34, 3.8,

&I, :

(2) Pleot Analyeis Repprt B041-152., WIBF wadar eonditine of continucus dewand

for low, asdiun, and high power,
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‘U) The original sewmi-active missile system was the Sparrow,
developed by the Navy's Bureau of Aeronautics. The Army, under the
Hawk program, developed a missile system with greater detection and
acquisition range. The Navy in turn built on the Hawk technology to.
produce a version of the Terrier which had the first semi-active
guidance fcr use in a ship~to-air version.

(c) 1The tracking and illuminating radars used for the modern
Tartar, Terrier and Standard Missiles are of the AN/SPG-51 and the
AN/SPG-55 families. Each contains two radar transmitters, a .pulse
transmitter used in conjunction with a conical scan or monopulse
receiver for target tracking and a CW transmitter for target illumina-
tion. This report has chosen the AN/SPG-S1D as typical of the family,
since it is the newest of these radars and the only one tuilt in a
reliability conscious era. '

AN/SPG-51D

(C) The AN/SPG-5iD is an update of the AN/SPG~51C. The principal
change is in the pulse transmitter. The kiystron was replaced by a
TWT to permit the transmission to be chosen from a much wider bandwidth.
The new system is [requency agile over § channels chosen from 32. 1In
addition, the mre recent design has peraitted the incorporation of a
much larger per.entage of integrated circuits and of moderrn digital
circuitry. '

"(¢) Data on the radar have been gather principally from three
ships (a total of 10 radar sets - 4 each on two ships and 2 on the third).
Supposedly, the data is not typical of what the future reliability will
be since there has been an extensive reliability improvement program
conducted by the manufacturer under the direction of NAVSEA. For
example, between 1 July 76 and 30 June 77, the pulse transmitter failed
87 times for an MTBP of 71.6 hours. The CWI transmitter (which 1is
used much less) failed 26 times for a MTBF of 46.6 hours. The mean
repair times were exceptionally loag because of the relative inexperience
of the crew with the new equipment, the incompleteness of the manuals,
and the large proportiun of transmitter failures. Transmitter failures
usually take longer to repair than faflures in the receiver or processor.

{(¢) 1In addition to the poor reliability of the cutput sections of
the transmitters there has been a low MIBF {a the STAMO that drives
the CWI (627 hours). A STAMO should not constitute this much of a
problem and asnother vendor for this cosponent might be indicated.
Problems have shown up in the cooling systewm, particularly, in the
hoses and in their connectors. There is some redesign required to

KT CONFIDENTIAL
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(C) improve the monitoring of a TWT driver power supply. At present,

excessive repair time is spent in determining whether it is the TWT
or its power supply that is faulty.

(U) Reading the problem status report on the radar confirms that
the reliability improvement program was urgently required. Every
newly fielded system has its share of problems unless it has been
through a test procedure similar to the one described for the airborne
radars above. The AN/SPG-51D should have been more reliable since it
is only a minor modification of the AN/SPG-51C. Reliability was not -
stressed appropriately in the initial phases of the design. '

(U) A photograph of the major subsystems appears in Fig. 30; a
block diagram is shown in Fig. 31. Pertinent operating parameters
and performance data appears in Table XXI1I and XXIV.
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READY SERVICE SPARES
- CABINET
)

DATA CONVERTER GAOUP

rig. 30 (U) - AN/SPG-51 radar (U)
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(C) TABLE XXIII

AN/S¥G-51D Radar Paranel;.en (89)]
(Target I1luminator) '

FUNCTION: an X-band target illuminator

combined with an S-band acquistion,
tracking radar

FREQUENCY RANGE (MHz): 10250-10500
PEAX POWER (kW): &

AVERAGE POWER (W): 4000

TRANSMIT PULSE LENGTH (us): N/A
COP(PRESSED PULSE LENGTH (us): N/A
PULSE RATE (pps): N/A

TRANSMITTER TYPE: master oscillator,
powver amplifier

OUTPUT TUBE: kiystron - VAB28
EMISSTON BANDWIDTH (kHz):
WAVEFORM: €W or modulated CW
IF FREQUENCY (Miz): w/A

IF BANDWIDTH (kl!z?: N/A
SENSIﬂﬁﬂ-(dh): w/A
NOISE FIGURE (dB): w/A
OUTPUT DATA: N/A

SPECIAL SIGMAL PROCESSING: N/A

ANTENNA TYPE: dual purpose parsbolic
reflector

ANTENNA SIZE: 2 sq diam (7.7%)
ANTENNA CAIN (d8): 4%
POLARIZATION: vertical

BEAMVIDTH (deg): HORZ. 0.9
vERT. 0.9

ANGLE COVERAGE (deg): HORZ. 0.9
VERT. 0.9_

SCAN RATE: HORZ.
) VERT.

SECTOR SCAN RATE: N/A
ANTENNA WEIGHT (kg): 254 (560 1bs.)

BEAM POSITIONING TECHNIQUES:

HORZ ., ﬁl S-band radar
VERT. function

LOBING TYPE: N/

LOBING RATE (Hz): N/A

CALCULATED DETECTION RANGE ON 1-al
TARGET (ami): N/A

ANGULAR ACCURACY: N/A

GROSS WEICKT (kg): 10,670 (23,500 1bs.)

MANUFACTURER: Raytheon

WUMBER (mfg/oper): 3/5

XAVY COGNTZAMT CODE: NAVSEA 6242

TECHNICAL MANUALS: NAVSEA OP 3541

(MS/SHS) Vol 1.3

NOMENCLATURE ASSICNMENT DATE:

MIMBER OF ELECTRONIC PARTS USED: 31,000¢1?

NTBF (theo/oper): 7520/ 90

wrme: §(3)

HICH FATLURE RATEZ ITEMS: CWI transsitter,
CW1 power supply, director control

MAXTMUM VOLTAGE:  15kvV
A.C. POWER CONSUMPTICN: 340kVA

(1) Reytheon estimate tncludes tracking reder,

(2) Design specification,

(3) WSUSES Prelisinary Report, 14 Dec 1977,
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(C) TABLE XXIV

AN/SPG-51D Radar Parameters (U)
(Tracking Radar)

SUNCTION: target acquisition and tracking
radar function combined with a CW target

illuminator.

FREQUENCY RANGE (MHz): 5450-5825

PEAK POWER (kW): 81

AVERAGE POWER (W): 1600

TRANSMIT PULSE LENGTH (us): 2.1 = 3.2

COMPRESSED PULSE LENGTH (us): N/A

PULSE RATE (pps): 4100 (surface)
9600 - 16700 (air)

TRANSMITTER TYPE: master oscillator,
pover amplifier

OUTPUT TUBE: 1TWT 608H

EMISSION BANDWIDTR (kHz): 20,000 at
«65dB point

WAVEFORM: pulsed carrtier

IF FREQUENCY (MHz): 660, 30

IF BANDWIDTH (kHz): 1200

SENSITIVITY (dBm): =115

NOISE FIGURE (dB): 8

OUTPUT DATA: tracking error signals in

bearing. elevation, and range

SPECIAL SIGNAL PROCESSING: CrAR in
doppler domain with 15 filters, STC

ANTENNA TYPE: dual purpose parsbolic
reflector
ANTENNA SIZEZ: 2.5a diem (7.7')
ANTENNA GAIN (dB): 39.5

[ ]
POLARIZATION: horisontal

BEAMVIDTH (deg): HORZ. 1.6
vERT. 1.6

(1) Angle coverage ‘th 13D dul;nuio'n, beam spirale out to 1.8%1¢h

2D designation.

ANGLE COVERAGE (deg): HORz, (V)
: VERT.

SCAN RATE: HORZ.
VERT.

SECTOR SCAN RATE: N/A .
ANTENNA WEIGHT (kg): 254 (560 1bs.)

BEAM POSITIONING TECHNIQUES:

HORZ. gero error tracking, closed loop -
VERT.

LOBING TYPE: conical scan or receive only
LOBING RATE (Hz): 16 to 110

CALCULATED DETECTION RANGE ON Ionz

TARGET (nmi): 100 (185km)

ANGULAR ACCURACY: N/A

CROSS WEIGHT (kg): 10,670 (23,500 1bs.)
MANUFACTURER: Raytheon

NMBER (afg/oper): 10/10

NAVY COGNTZANT CODE: NAVSEA 6242
TECHNICAL MANUALS: NAVSEA OP 3541
(PMS/SMS) Vol 1-3

NOMENCLATURE ASSIGNMENT DATE:

MUMBER OF ELECTRONIC PARTS USED: 31,000()
MTSF (chao/oper): 75307904

wrme: 8(4)

HICH FAILURE RATE ITIMS: pulse transmitter,
antenna

MAXIMUM VOLTAGE: 51kv
A.C. POVER CONSUMPTION: 340kVA

(2) Raytheon estimate (inehuh, {11iminater).

(3) Duesiga specificstion,

(4) WSS Preliminary Report, 14 Dec 1977,
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H. Fire Control

(C) The last group of shipboard radars considered in this report
are elements in the gun control systems. The newest are the radars for
the Mark 86 and the Mark 92 systems. The Mark 86 system was chosen
for this analysis because it has been in the fleet for some time and
it has been well documented. There are two radars used in the system,
an AP/SPQ-9A which performs the search function and an AN/SPC-60 which

performs the tracking function. Both are relatively low powered radars,

with the AN/SPQ-9A having an average power of 75 watts and the AN/SPG-
60 having an average power that varies, depending on the mode of
operation, between 30 and 900 watts.

(U) A photograph of the major subsystems of each radar in the Mark
86 configuration is shown in Fig. 32. A block diagram of the Mark 85
system appears as Fig. 33, A separate block diagram for the SPG-60
occurs as Fig. 34 and a block diagram for the SP(-9A radar occurs as
Fig. 35. Finally, pertinent operating parameters and performance
data for the SPG-69 and the SPQ-9A are listed in Tables XXV and XXVI
respectively. - )

(C) The AN/SPQ-9A is somewhat unusual in that it employs an
optical system to produce a nor-linear chirp waveform. Non-linear
chirps have the property that they do not have to be preceded by
weighting in order to have acceptable range sidelobes. (An unweighted
linear chirp has the usuzl 13 dB sinx/x sidelobes.) The elimination
of weighting 3aves 2-3 dB of S/N. Unfortunately, the full saving is
only realized on the slowest targets. The higher dopplers produced by
the faster (and the usually more important) targets are mismatched in
a non-linear dechirp process and this results in a loss of most of
vhat was gained by the elimination of weighting.

(C) The AN/SPG~60 is a conventional monopulse tracking radar. It
is coherent with a set of high prfs that individually have no blind
speeds for the targets of interest. In acquisition, the blind ranges
are avoided by the computer choosing from the set of prfs on the basis
of range information available either from the AN/SPQ-9A or from
another shipboard radar. 1In track che computer uses the information
coming from the AN/SPG-60 itself tn avoid the blind ranges. The whole
Mark 86 system, including the radars, the optical tracker for clear
weather, and the guns, 1s controlled by a UYK-7 master computer.

1. SPQ-9A

(U) The reliability of the AN/SPQ-9A has been improving rather
consistently over the past two years since the system was fielded.
The optical pulse comprcssion system depends on an arc lamp which has
8 limited life. The manufacturer originally promised 750 hours MIBF
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(U) and has exceeded this by 30-50%. Unfortunately, the crews are reluctant
to replace the lamp as long as it is working; thé replacement requires
somewhat elaborate refocusing adjustments, and since the logistic
system is seldom more than one arc lamp ahead of the demand on each
ship they hate to use the last spare. The result is the didentification
of a "low reliability" item when, in fact, a limited life item is
involved. It is like faulting a diesel engine for running out ¢f oi.i,

(U) In addition tc the arc lamp, the optical system has also had
problems with the ultra-sonic light modulator, with the photo tube, and
with the power supply for the lamp. The first problem appears to be
caused by human error since there is a suspicion that the technicians
‘do not replace the water as it evaporates. The second is again a lim-
ited life item. An ECP is now in on the lamp power supply. .

(U) Lockheed expects that eventually. an ECP will be generated to
replace the whole optical chirp system with a surface acoustic wave
line. (At the time the optical system was chosen, the SAW lines were
in a much earlier development phase.)

(U) The shaft encoders, on both the AN/SPO-9A and AN/SPG-60, are
supplled by the same vendor and reither meets its reliability specifi-
cations. They have been improving znd at present are at about 507 of
the required MTBF's i.e., they now last 6,000 and 12,000 hours. This
is certainly not ideal but cannct be considered a really critical item

since even the lowest figure is 10 times the theoretical MTBF of the
radar it serves,

(u) Finally, the AN/SPQ-9A has suffered from an output TWT that is
still at only 25Z of its theoretical MIBF. ‘Some of the TWT power
supplies and protective circuitry were also unsacis‘actory but ECPs
have corrected most of these problems. The driver TWT i3 also not
yet delivering the expected reliability.

2 SPG-60

(U) The AN/SPG-60, being more conventional, has had fewer unusual
problems. There has been an issue with the klystron's screen supply
‘but this has occurred only when the equipment was installed in a
particular ship yard - so operator error is suspected. There is lim-
ited life switch tube in the klystron modulator; it should be replaced
pericdically and probably is not. As mentioned above, the shaft
encoder still needs further improvement. -

"(U) Most of the other failures in both the AN/SPQ-9A and AN/SPG-60
are well within the levels derived from MIL Stand 217B projections.
In a few cases some component has failed more frequently than antic-~
ipated, but in this event an ECP? has been generated either to alter

90 CONFIDENTIAL
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(U)the circuit or to replace the unsatisfactory component. Generally the
majority of such failures occur in the solid state circuit boards
and the alteration or replacement of a board is accomnlished relatively
easily. It is only in the transmitters, in the optical chirp, or in’

the mechanical elements, that extensive redesign may be required to
implement an ECP. :
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COMPUTING SYSTEM

aRL 1§

Fig. 32 (U) - Mark 86 gun control system (AN/SPQ-9A
and AN/SPQ-60 radars) (U)
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RADAR
TRANSMITTER

POWER

1

POWER
CONTROL
UNIT -

'ANTENNA
RADAR
RECEIVER CONTROL
CUNIT -
‘ 1
y
SIGNAL
DATA
CONVERTER
TO G.P. DIGITAL
COMPUTER

Fig. 34 (U) - AN/SPQ-60 block diagram (U)
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RADAR

RECEIVER

ELECTRONIC

CONVERTER

o ‘ RADAR
je———>] TRANSMITTER

VIDEO

PROCESSOR

TO SIGNAL

TRANSLATOR

Fig. 35 (U) - SPQ-9A radar block‘ diagram (U)

95

CONFIDENTIAL
(THIS PAGE IS UNCLASSIFIED)

- . _i;.‘;l'l_, s



CONFIDZNTIAL

(C) TABLE xxv

AN/SPG-60 Radar Parameters (U)

FUNCTION: fire contvol

FREQUENCY RANGE (MHz): 8500-8709

PEAK POWER (cW): S

AVERAGE POWER (W): 1000

TRANSMIT PULSE LENGTH (us): 0,25, 1, 6
COMPRESSED PULSE iENGTH (us):

PULSE RATE (ppe): 25,000 to 35,000
TRANSMITTIER TYPE: klystron

OUTPUT TUBE: VA 956A
EMISSION BANDWIDTH (kHz): 9000
WAVEFORM: rectangular pulse
IF FREQUENCY (MHz): 60

IF BANIWIDTH (kHz): .01522
SENSITIVITY (dBm): =99

NOISE FIGURE (dB): 14,5
OUTPUT DATA: analog, digital

SPECIAL SIGNAL PROCESSING: analo
pulse doppler with 5 range gates(1)

ANTENNA TYPE: parabolic

ANTENNA SIZE: 2 diam (7')

- ANTENNA GAIN (dB): 41

- POLARIZATION: horizontal

BEAMWIDIH (deg): HORZ. 1.2
VERT, 1.2

SCAN RATE: HORZ, N/A

ANGLE COVERAGE (deg): HORZ, N/A .
VERT. .30 to +85

VEXT.
SECTOR SCAN RATE: N/A

ANTENNA WEIGHT (kg): 1823 (4015)

BEAM POSITIONING TECHNIQUES:
HORZ. 2-axis director

 VERT.

LOBING TYPE: N/A

LOBING RATE (Hz): N/A

CALCULATED DETECTION RANGE ON 1-a%
TARGET (nmi): N/A

ANGULAR ACCURACY: 0,3 milliradians
for 15dB S/N .
GROSS WEIGHT (kg)' 4030 (8875 1lbs.)
MANUFACTURER: Lockheed Electronics’
MER‘(mfgloper): 46/4 as Jun 1976
NAVY COGNIZANT CODE: NAVSEA 65322

TECHNICAL MANUALS: OP 3646

NOMENCLATURE ASSIGNMENT DATE: 1971
NUMBER OF ELECTRONIC PARTS USED: 13,1372
MIBP (theofoper): 325%2)/308(®)

MTIR:. 7.7(3)

HIGH FATLURE RATE ITEMS: transmitter
power resistors, sergo amplifiers,
encoder, klystron

MAXIMUM VOLTAGE: Skv
C. POWER CONSUMPTION: 30kvA

(1) And 8 doppler sub-filters in each gate, urly-hte gates plus

a monopulse track gate.
(2) Lockheed Electronics estimate,

(3) Fleet Anslysis Center Tech Memo 841-1471 of 16 Sep 1976.
(4) ECP's are being implemented for the power ruhtorn and the encoder,
(5) May temp vise {n transmitter cabinet is 22 C and 10°C elsevhere,
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(C) TABLE XXVI
AN/SPQ~9A Radar Parameters (U)
‘ .
FUNCTION: fire control search radar ~  ANGLE COVERAGE (deg): RORZ. 360
) ’ . VERT. <3 to +4
) SCAN RATE: BORZ, 60 rpm
FREQUEKCY RANGE (MHz): 8500 - 9600 : VERT. N/A

. PEAR POWER (KW): 1.6

AVERAGE POWER (W):

TRANSMST PULSE LENCTH (us): 16

SECTOR SCAN RATE: N/A

’ AMTENNA WEIGHT (kg): 533 (1175 1ba)

BEAM POSITIONING TECHNIQUES:

noRZ, N/A
COMPRESSED PULSE LENGTH (us): 0.112 VERT. N/A
PULSE RATE (pps): 3,000 " - LOBING TYPE: N/A
) . * TRANSMITTER TYPE: TWT LOBING RATZ (Hz): N/A -

i.-

OUTPUT TUBE: Licton 44382

CALCULATED DETECTION RANGE ON l-nz

TARGET (omi): 15
ANGULAR ACCURACY: N/A

EMISSION BANDWIDTH (kHz): 20,000

GROSS WEIGHT (kg): 1,067 (235! 1ds.)

WAVEFORM: rectangular pulse, linear FM

1r FREQUENCY (MHz):

MANUFACTURER: lockheed Electronics
1640, 193, 35 .
NMBER (-fg/opcr): 46/4 a8 of Jun, 1976

IF BANOWIDTH (kHz): 20,000

NAVY COGNIZANT CODE: NAVSEA 65322
SENSITIVITY (dBa): .119 )

TECHNICAL MAMUALS: OP 385S
WOISE FIGUXE (4B): 10.5 < ,
OUTPUT DATA: digital, and video . NOMERCLATURE ASSIGRMENT DATE: 1970
SPECTAL SIGNAL PROCESSING: non-linear ~  MMBER OF ELECTRONIC PARTS USED: 7969 (1)

optical pulse compression

ANTENNA TYPE: parabolic

ANTENWA STIZE: 2.1m x O.8a (6.7'x 2.5')
4 . ANTENYA GAIN (dB): 38

POLARIZATION: wvertical

BEAMVIDTR (deg): RORZ, 1.52

" MTBP (theofopar): 40073782
MITR: 3.9‘2)

HICH PATLURE RATE TTEMS: arc lamp(®)
b bly in the frequency

4oy

comrt;r, ™T(4)
MAXTMM VOLTAGE: 12kV
A.C. POWER CONSUMPTION: 7kVA

VERT. & 1f1ied for

)

" (2)
, *
| *)
: )

€SC* to 2000’
altitude

Lockheed Elsctronics,

Fleet Analysis Center Tech Ma o 841-1471 of 16 Sep 1976.
Failure to replsce is an operational prodblem for &
limited 11fc ites (are lamp 1life = 1,000 hrs.).

ZCP's sre being implemented for the shaft encoder and the
VT power amplifier. .

Max, tesmp rise under 10°C,
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I. The GEOS-C Radar

(U) The GE0S-C radar is a precisinn satellite radar altimeter
developed primarily to measure ocean surface topography and sea state.
Although it is a non-nilitary system, it is included in this section
to serve as a reference system.

(W) The GEOS-C was designed,.develnped, manufactured, tested, and

' qualified by the General Electric Aerospace Electronic Systems Depart-

ment, Utica, New York, under contract with the Applied Physics Labora-
tory, The Johns Hopkins University. The contract covered the period

September 1972 to November 1974. Three systems were produced: an

engineering model, a rototype model, and a flight model.

(U) It is a multimode radar system with two distinct operating
modes: the Global Mode and the Intensive Mode. The key performance
requirements are: in the Global Mode, to prouvide satellite-to-ocean
surfzce height measurements to a precision of 50 centimeters and in
the Intensive Mode, to provide satellite-to-ocean surface height
measurements to a precision of 20 centimeters. ’

(U) The GEOS-C was launched 9 April 1975, and as of 15 November
1977 was in earth orbit, functional, and had not sustained any failures.
The only failure experienced by the satellite system was the loss of a
single diode in the command chain. Normal operation was restored
through the use of an alternate command routine.

(U) The GEOS~C radar has two transmitters: the one for the Global
Mcde (a power conservation mode) uses a magnetron, L-5497; the other

for the Intencive Mode uses a traveling wave tube, 852HA.

(U) The major subsystems of the GEOS-C are: (1) the Intensive Mode

" transmitter (power supplies, chirp generator, up-converter, l-watt

driver TWT, and a 2-W output TWT); (2) the Global Mode transmitter
(power supply, modulator, and magnetron); (3) Microwave (RF switches,
waveguide, and calibration attenuators); (4) the receiver front-end
(down-converter and preamplifier); (5) the IF receiver (IF amplifiers,
pulse compressor and detectors); (6) the signal processor; (7) the
frequency synthesizer; (8) Mode control circuitry and (9) the calibrate-
test circuitry.

(U) As of 15 November 1977, the accumulated operating time was
approximately 60 hours in the Global Mode and 1,350 hours in the
Intensive Mode. The total "operate" time was 1,685 hcurs of which 335
hours was warm-up and calibration time,
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(U) Significant features of the GEOS-C which affect the reliability
of the system are:

(a) The parts count is 6,000 parts. This is modest and
is comparable to the parts count of the simpler 2-D naval
radars.

(b) The power radiated, the power consumed, aad the maximum
voltages are all significantly less than those of naval radars.
(Maximum average output power, Global Mode, is 0.78 watts and
maximum system power consumption is 126 watts.)

(c) Parts and systems are subjected to a degree of
rigorous and extensive "burn-in'" and acceptance testing, that
would be economicaliy unfeasible for a production naval radar
system.

(d) The system operates in a benign environment.

(e) The "{n-orbit-accumulated operate time' as of 15 November
1977 was 1,685 hours. This is approximately 6% of the 22,000
hours that the satellite has been in orbit.

(U) Photographs of the system appear in Figs. 36 and 37. A block
diagram is shown in Fig. 38 and pertinent operating parameters and

performance data are listed in Tables XXVII and XXVIII for the Intensive
and Global Modes, respectively.
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Fig. 36 (U) - GEOS-C satellite (§1)]
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Fig. 37 (U) - GEOS-C altimeter (0
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(U) WABLE XXVII
CEOS-C Raaar Parameters (U)
(Incensive Mode)

FUNCTION: earth satellite, radar
altimeter (Intensive Mode - for high
data rate and increased precision)

FREQUENCY RANGE (MHz): 13,900
EAC POVER (KW): 2.5
'AVERAGE POWER (W): 0.3
TRANSMIT PULSE LENGTH (us): 1.25
COMPRESSED PULSE LENGTH (ns): 0.0125
PL"LSE‘RATE (rps): 100

TRANSMITTER TYPE: coherent, frequency
su.nthesizer, power amplifier

O'"IPUT TUBE: TWT, 852HA

FVISSTON BANDWIDTH (kHz): 576,000
#»AVEFORM: pulsed, linear FM

I: FREQUENCY (WHz): 300

1° BWIDN (kHz): 100,000

SuNSITIVITY (dBm): =82

KIISE FICURE (dB): 7

CUTPUT DATA: digital - status and
altitude, analog scientific tnd engineer-

SPECIAL SIGNAL PROCESSING: 18 Pulse
pulse compression

ANTENNA TYPE: parabolic reflector
ANTENNA SIZE: 0.6m diam (24")
ANTENNA GAIN (;ﬂ): 36
?0LARIZATION: [{near

ZEAMAIDTH (deg): HORZ, 2.6
VERT. 2.6

ANGLE COVERAGE (deg): HORZ. 2.6
. VERT. 2.6

SCAN RATE: HORZ. orbital velocitw
VERT.

SECTOR SCAN RATE: N/A
ANTENNA WEIGHT (kg): 23 (5 1bs.)

BEAM POSITIONING TECHNIQUES:
HORZ. N/A '
VERT. W/A

LOBING TYPE: N/A
LOBING RATE {Hz): N/A

CALCULATED DETECTION RANGE ON l-mz
TARGET (nmi): NM
ANGULAR ACCURACY: N/A
GROSS WEIGHT (kg): 68 (150 1bs.)
mum:mu:a: General Electric
NUMBER (ufg/oper)’: n
NAVY CocNTZANT cope: N/A(Y
TECHNICAL MANUALS: N/A
NOMENCLATURE ASSIGNMENT DATE: N/A
NUMBER OF ELECTRONIC PARTS USED: 6000
MTBF (theo/oper): lk,937/(2)

MTIR: N/A
RICH FAILURE RATE ITEMS: N/A

MAXIMUM VOLTAGE: 12 kV

A.C. POWER CONSUMPTION: 126w

(1) NASA Project - RAS €-2619 and APL 37216S.
(2) Mo faflure has been reported in Space use as of 15 Nov 1977 except
" for 1 diode in the command system wvhich vas by-passed by an alternate

command routine,
1350 hours.

Total data transmtission time in Intensive Mode was
Total "on".ime was 1685 hours including 335 hours of

varmeup and calibration,(Source - General Zlectri:)
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(U) TABLE XXVIII

GEQS-C Radar Parameters (U)
(Global Mode)

FUNCTION: earth satellite, radar ANGLE -COVERAGE (deg): HORZ, 2.6

altimeter (Global Mode - power VERT. 2.6
conservation mode) . L.
FREQUENCY RANGE (MHz): 13,900 SCAN RATE: HORZ. orbital velocity
PEAK POWER (kW): 2.5 VERT.
AVERAGE POWER (W): 0,78 SECTOR SCAN RATE: N/A
TRANSMIT PULSE LENGTH (us): 1, 0,2 ANTENNA WEIGHT (kg): 23 (5 1bs.)
COMPRESSED PULSE LENGTH (us): N/A BEAM POSITIONING TECHNIQUES:

M HORZ. N/A
PULSE RATE (pps): 100 VERT. . m/A

TRANSMI‘I'I’ER TYPE: magnetron .LOBING TYPE: N/A

LOBING RATE (Hz): N/A
OUTPUT TUBE: 1, 5497

CALCULATED DETECTION RANGE ON lem
TARGET (nmi): N/A

. 2
EMISSION BANDWIDTH (kHz): est. 6000 '

WAVEFORM: pulsed carrier . ANGULAR ACCUKACY: N/

IF FREQUENCY (Hz): 300 GROSS WEIGHT (kg): 68 (150 1bs.)

IF BANIWIDTH (kHz): 40,000 MANUFACTURER: General Electric

SENSITIVITY (dBm): «90 NUMBER (mfg/oper): 3/1

NOISE FIGURE (dB): 6.5 NAVY COGNTZANT cODE: N/A(®)
OUTPUT DATA: digital - status and altitude
analog - “cientific and engineering
SPECIAL ._GNAL PROCESSING:

TECHNICAL MANUALS: N/A
NOMENCLATURE ASSIGNMENT DATE: N/A

NUMBER OF ELECTRONIC PARTS USED: 6000
ANTENNA TYPE: parabolic reflector

MTBF (theo/oper): 27,284/ £
ANTENNA SIZE: O0.6M diam (24")

MITR: N/A

ANTENNA GAIN (dB): 36 HIGH FATILURE RATE ITEMS: N/A

POLARIZATION: 1linear

BEAMWIDTH (deg): HORZ. 2.6 MAXIMUM VOLTAGE: 4kv
VERT. 2.6 A.C. POWER CONSUMPTION: 71W

(1) PRF = 100pps for 1.0us transmitted pulse and 100pps for pulse burst of
16 0.2us pulses.

(2) NASA Project - NAS 6-2619 and APL 372165,

(3) No failure has been reported in Space use as of 15 Nov 1977 except for
1 diode in command system which was by-passed by an alternate command
routine. Total data transmission time in Global Mode was 60 hours,
including warm-up and calibration times.
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III, SUMMARY

(C) This introduction to the magnitude of the Navy's radar reli-
ability problem 1s summarized in the following two tables. In Table XXIX
radar systems are ranked according to the parts count/complexity, and
in Table XXX the radar systems are ranked according to system MTBF's.

(C) TABLE XXIX

Rank by Complexity

Radar No. Parts ~ MTBF
AN/SPS-49 1,300 600
AN/SPS-10 2,106 180
AN/SPS-55 : 2,717 600
AN/SPN-43 4,323 77
GEOS-C 6,000 noxg 2
AN/SPS-65(VI) 5,100 123
AN/APS-96 | 7,000 12.8
AN/SPQ-9A 7,969 378
AN/SPS-40B 10, 000 195
AN/SPG-60 13,137 308
aN/FPN-59(3) 18,700 365
AN/APS-120 19,000 17.5
TAS 19,569 365
AN/APS-125 24,243 22.6
AN/SPG-51D 31,000 90
AN/SPS-48 250,000 75
(1) Primarily a count of system modules rather than individual

components

(2) Satellite Radar Altimiter, no failures in earth orbit
(3) A Navy version of the FAA's ASR-8 Radar
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(C) TABLE XXX

Rank by MTBF (U)

Rada'x" . l;lo. Parts MTBF
AN/APS-96 ' 7,000 12.8
AN/APS-120 19,000 o 17.5
AN/APS-125 | 24,243 - 22.6
AN/SPS-48 . 250,000 | - 75
AN/SPN-43 4,323 7
AN/SPG-51D 131,000 . 90

' AN/SPS-65(VI) 5,100 123
AN/SPS-10 2,100 180
AN/SPS-40B 10,000 195
| AN/SPG-60 13,137 308
AN/FPN-59 ' 18,700 365
TAS 19,569 365
AN/SPQ-9A | 7,569 378
AN/SPS-49 1,300 600
AN/SPS-55 2,717 - 600
GEOS=C : 6,000 . ' None
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(C) 1In Table XXXI the Referenced radars are ranked according to the
"systems average parts failure rate," with sub-divisions to distinguish
between shipboard, airborne and the miscellaneous systems,

(C) TABLE XXXI

SYSTEM a System Failure Average Systems
‘ Rate, X 103 hours Parts Faélure Rate,
X 10° hours

AN/SPS-48 4 13.3 0.05
TAS . 2.7 . 014
AN/SPG-60 ' ' 3.2 . . 0.25
AN/SPQ-9A 2.6 - 0.33
AN/SPS-51D 11.1 0.36
AN/SPS-40B o - 5.1 - 0,51
AN/SPS-55 " 1,7 0.61
AN/SPS-49 1.7 - 1.3
AN/SPS-65 (VI) 8.1 . ' 1.6
AN/SPS-10 ' 5.6 . 2.6

© AN/SPN-43 13.0 ' 3.0
ATIRBORNE SYSTEMS
AN/APS-125 44,2 1.8
AN/APS-120 .57.1 - 3.0
AN/APS-96 - 78.1 11.2
MISCELLANEOUS ,
GEOS-C | 0.06¢1) C 0.09

AN/FPN-59 2.7 0.15

(1) This is obtained from the theoretical design as the failure rate of .
the exponential system with the same reliability for the same mission
time. 1In actual operation, there were no failures and therefore,
the sample failure rate was O,
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10,000¢

1,000}~
SPS-55
SPS-10 -
100~

SPS- 49 SHIPBOARD RADARS
.SPQ-9A , ,‘ \
® @ as
o v
SPG-60
o
SPS-40

. -
\ SPN-43 SPG-5ID sp.s--w
AIRBORNE _

RADARS / ‘APS 125
‘ .APS-IZO

: / @~Ps-96 —
10 : 1 ~ )
1,000 10,000 100,000 1,000,000

PARTS COUNT

Fig. 39 (U) - MTBF vs parts count for selected naval radars (U)

(U) The graphical plot in Fig. 39 is based on the data presented in
Teules IV and V. The grouping of the AEW Radar Sub-set of data in Fig. 39
is indicative of severity of the airborne enviornment vs. the environment

for shipboard system,

The grouping of the shipboard sub-set of data

suggests a "rule of thumb” such as the following: "The probable upper
limit of shipboard radar system MTBF, based on 1970 technology, for a
"single thread" system is on the order of 1,000 hours." :
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(U) In tﬁe preceding tables it may be seen that fhe magnitude of
the Ndvy's radar reliability problem is considerable, The problem is

_ compounded by a variety of factors, such as multiple mission require-

ments, and stress levels that are infrequently experienced by commer-

" cial and nonemilitary electronic systems,

. (U) From Fig.39, it appears that an "average'" current Navy radar
would exhibit an MTBF of about 200 hours., This means there would be a
10% chance that the average radar would fail within 20 hours of “turn=~
on" and a 25% chance that it would fail within 58 hours. Conceivably,
-. the logistic delay and repair times were sufficiently small, the

- operational availability might still be acceptable.

©) This is not necessarily true, For example, according to FLTAC,
the MTBF (under continuous operation) for the SPS-40 geries radars was
195 hours in 1976. The operational availability, A \ 5 was only 0.64,
since the mean down time was 110 hours.

(U) An increase in availability to an interim goal of 0.75 could

" be achieved with the same hardware if the mean down time were decreased

to 65 hours; a goal of 0.95 could be reached with a system down time of

10 hours., These improvements imply major changes in training of main-

tenance personnel and logistics support programs,

(U) An alternative approach is to improve the hardware. Thus,
assuming the same down time of 110 hours, a 0,75 availability 1s achiev-

.able with an MTBF of 330 hours and 0,95 with an MTBF of 2,090 hours,

(U) A major redesign would be necessary to reach either of these
figures. Moreover, there would still remain the problems of personnel
performance and logistics support a maintenance free approach, if
feasible, would by-pass the maintenance problems.
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APPENDIX 4

List of Acronyms

acquiszition system
airborne early warning
automatic frequency control
automatic gain control

airborne moving target indicator

B & W: black and white

BITE:
CFAR:
A CIC:
coC:
CORO:
CoMO:

built in test equipment
constant false alarm rate
combat information centexr
control officer console
coherent oscillator

coherent master oscillator

COSRO: comical scan rotator

CSLC:
CWI:
DEW:
DIP:
ECP:
ER:
FAA:

coherent sidelobe canceller
continuous wave illuminator
distant early warning

dual in-line package
engineering change proposal
established reliability

Federal Aviation Administration

FLTAC: Fleet Analysis Center

FIC:
GFE:
GP:

fast time constant
government furnished equipment

general purpose

HSS & H: high speed sample and hold

HVPS:
’ IAGC:
IR:

high voltage power supply
instantaneous automatic gain control
infra-red
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"IRM: image rejection mixer

LFDM: 1low flying detection mode

LINLOG: linear-logarithmic

Lo: 1local oscillator

LRM: 1least replaceable module

LSS & H: low speed sample and hold

LVPS: 1low voltage power supply

MDT: mean down time .

MFHBF: mean flight hours between failure

MG: motor generator

MLT: mean logistics time’

MMH/MA: mean man hours per/maintenance action

MTBF: mean time between failure .

MT1: moving target indicator

MTTR: mean time to repair

NA: not applicable

N/A: not applicable

NAFI: Naval Avionics Facility Indianafolis

NASA: National Aeronautics and Space Administration
NAVELEX: Naval Electrbnics Systems Command Headquarters
NESTEF: Naval Electronics Test and Evaluation Facility
NOSC: Naval Ocean Systems Center

NRL: Naval Research Laboratory

NSWES: Naval Ship Weapon Systems Engineering Station
NIDS: Naval Tactical Data System

Op. Eval: Operational Evaluation

RAM: reliability, avallability and maintainability
RISE: Readiness Improvencut Status Evaluation

ROS: ' remote optical sight

SEM: standard electronic module.
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STALO: stabilized local oscillator
STAMO: stabilized master oscillator
STC: sensitivity time control ‘
SHM: = superheterodyne mixer
Tech.Evel: Technical Evaluation

TWT: traveling wave tube

VSI: video sweep integrator

WFS: wave form sample |

2-D Radar: two dimensional radar
3-D Radar: three dimensiona; ra.ar

3«M: Maintenaance and Material Management
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UNITED STATES GOVERNMENT

memorandum

DATE:  February 6, 1996
REPLY TO

ATTNOF: Code 5304

SUBJECT:  Revised Distribution Statement for NRL Memo Report 3867

To:  Code 1221 (Charles Rogers) ﬂ/ 270

1. NRL Memorandum Report 3867 “Reliability of Naval Radar Systems,” by D. F. Hemenway and B. N. Navid
was declassified December 31, 1984.

2. As the principal author of the subject NRL Memorandum Report, I see no reason why the previous limitation
on distribution should any longer apply. I recommend that the distribution statement be changed to “Approved for public

release; distribution is unlimited.”
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