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The work on this report has progressed hand-in-hand

with the design effort on the Console Systenm.

This caused an inevitable delay in completing the
report, but on the other hand, it proved beneficial in
introducing corrective actions, resulting from this

Analysis,

in parallel with the Design.

The author wishes to acknowledge significant coantribu-

tions provided by his KETRON, INC. collegues:
G. S. Farber and W.

Melman;

the PGI Supervisor, HMr.
and particularly, Mr. John Glenn, NAEC 91133 Section.
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I. INTRODUCTION

This report presents the resul:zs of the Hazards/Failure
Modes and Effects Analysis (H/FMEA) for the NAVAIRENGCEN designed
MK 1 MOD O LSO Heads-Up Display (HUD) Console System.

II. PURPOSE OF THE ANALYSIS

A. The analysis of the MK 1 MOD O LSO HUD Comsole System was
performed primarily to disclose potentially critical and catastrophic
safety-related functional failure modes of components and sub-
assemblies comprising the System.

B. Efforts were directed toward identifiying single-point failure
modes that could result in:

1. personnel hazards leading to injury or death; and %
2. loss of equipment and mission capability.
c. A major objective of the analysis was to provide design
improvement recoumendations to preclude or circumvent idencified

failure possibilities, so that the resulting hazard risks would either
be eliminated or greatly reduced.

D. The scope and methodology of the H/FMEA are discussed in
detail in Section VI of this report.

[IT. SYSTEM DESCRIPTION

A. The LSO HUD Console System is located at the LSO's (Landing Signal
Officer) .Work Station on the aircraft carrier.

B. The mission of the LSO Work Statiom Facility is to serve

as a focal point for recovery information display and communications

required for flight path guidance control coordination between the LSO

and pilot of the landing aircraft. The MK 1 MOD O LSO HUD Console System

has been developed as part of an effort to increase the accessibility

and visibility of information displays and communications facilities in

the LSO Work Station to permit more rapid perception and response by

the LSO to flight path deviations under all weather conditions to

improve the safety of recovery operations. !
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c. The LSO HUD Console System consists of a display subsystem and
a hydraulic lifting unit subsystem.

1. THE DISPLAY SUBSYSTEM receives data signals from various existing
shipboard systems for processing and display in the LSO HUD comsole.
Calibration, testing, and troubleshooting of display circuits is
facilitated with a piece of portable special purpose test equipment.

Those systems providing inputs to the HUD console include:

a. SPN-42 Radar (automatic carrier landing system)

b.  SPN-44 Radar ]

c. ILARTS (Integrated Launch and Recovery Television A
Surveillance) or PLAT (Pilot Landing Aid Television) 1
system

d. FLOLS (Fresnel Lens Optical Landing System)/Arresting
gear cross-check system

e. Landing area status system

f. Ship's wind measuring system

g. Ship's 2IMC intercom system

h. MOVLAS (Manually Operated Visual Landing Aid System)
MK 1, MOD 2

i. FLOLS MK 6 MOD 3 or MK 6 MOD 2 with Trim/Harmonization
computer

3. FLOLS Wave-0Off subsystem

2. THE HYDRAULIC LIFTING UNIT SUBSYSTEM provides a means for raising
the HUD console to an adjustable height to accommodate viewing by an LSO
standing on the LSO Platform. It also provides for lowering the HUD . 4
console to an unobstructing level below the flight deck into a storage
enclosure. Raising and lowering control is accomplished within the LSO |
work station, and control circuit interlocks guard against retracting the ‘4
conscle when it is misaligned with its storage enclosure and raising the
console when the storage enclosure lid is down.

D. MKl MOD O LSO HUD Consocle System components (Units 1 through 5)
are identified in the table of contents of this report (page 3)and
individually described in the work sheets in Appendix A.
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E. The LSO HUD console will be complemented in an improved LSO

Work Station with side mounted LSO and assistant LSO communications
attachments, an LSO "Base console", and provisions to hydraulically
operate the LSO platform windscreen from a central control using the
LSO HUD Console System Hydraulic power package. The communications
attachments to the HUD console and the base console are the result of a
repackaging of existing communications and display facilities in the
LSO Work Station to eliminate redundant displays and provide for more
accessible communications facilities with more efficient utilizatiom

of space.

IV. RESULTS AND RECOMMENDATIONS

A. RESULTS

The tabulated determinations of the H/FMEA of the HUD Comsole
System are presented in Appendix A of this report.

The evaluation of the subsystems is included in Section V of
this report.

Basically, the System was found well designed, with appropriately ° °
ugsed redundancies and fail safe principles.

The few possible hazards found were immediately brought to the
attention of the Program Management (NAEC), which provided the needed
corrective actioms.

8. RECOMMENDATIONS

Design improvement recommendations, resulting from the analysis,
are presented in Appendix B of this report.

Each recommendation is numbered related to the H/FMEA table
and item.

In the matrix, there are indications whether the recommended
improvement is for:

a == General Reliability, Simplification, Design Improvement
b == Avoiding, Eliminating & Reducing Potential Hazards

¢ =— Controlling & Minimizing Potential Hazards

d — Incorporation of Fail-Safe Principles

There 1is also an indication, whether the respective recommended .
design improvement should be used for: {

e -~ Existing Design
f -~ Future Design
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V. SUBSYSTEM CONSIDERATIONS

Analysis of this System's components and functions suggests that
.even though the possibility of failure modes of critical or catastrophic
nature (category II or I) does exist, the corresponding probabilities
are reasonably low.

| By identifying these particular hazards, the corresponding

3 corrective actions will eliminate them from operating times, or will
reduce the probabilities of their occurrences to much lower figures,
reducing the risks to acceptable levels.

The review of the categories I and II in each subsystem follows:
UNIT 1: Category I: Nome found.
Category II: a) See Nos. 1 and 2 in Appendix B.
b) The loss of Console and HUD control due
to discontinuity in the Cable's
connector is expected to be corrected
in a routine check-out of the System.
(See Item No. 18.0 of the Unit 1
work sheets.)

i UNIT 2: Category I: None found.

k. | | Category II: See Nos. 6, 7, 8 and 9 of Appendix B for
T the recommended corrective actioms.
: _

UNIT 3: Category I: None found.

! Category II: See Nos. 11, 18, 19, 26, 28, 30, 31 and
32 for the recommended corrective actioms.
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CABLES:

UNIT 5:

Category I-II:

Category I(-II):

Category I:

Category II:
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An interesting problem was found in
specification, testing and requirements
for operation of the Relays 518915-1,
that provided a high probability,

in fact a certainty, that the Relays
would not allow low current signals
(below 40 m amp) to pass through.

The Program Management was apprised
of the problem as soon as it was
discovered, and immediately provided
a corrective action: to form two
groups of these Relays -- one for the
high current uses to be tested with
10 Amp current through the contacts,
and one for the low current Signals,
to be tested with appropriately low
currents.

However, even with a good marking
applied to distinguish these two kinds
of Relays, there will exist a probabil-
ity of a human error and, therefore, the
corrective actions, as suggested in
Appendix B, Nos. 33 and 34, would seem
more appropriate.

The Wave-off Signals and the Deck

Status warning were found with redundant
wiring going through the same Cable

(W~0 Signals), or there is no redundancy
for the Foul Deck warming.

See Nos. 36 and 38 of Appendix B for
recommendations.

None found.

See Nos. 39, 40, 41 and 43 of Appvendix B
for identification and recommendatious.
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VI. SCOPE AND METHODOLOGY OF ANALYSIS

A. SCOPE

The Hazards/Failure Modes and Effects Analysis (H/FMEA) was
performed on the MK 1 MOD O Heads-Up Display (HUD) Console System in
accordance with the Work Statement of the Purchase Order 2288 of Power
Generators, Inc., dated 5 June 1978.

The "Unit" Cables, even though not included in the Work Statement,
was included by the Analyst because of the logical need for the
completeness of the System.

The list of all the Subsystems ("Units") appears in the Table
of Contents, page 3, under Appendix A,

The Analysis was performed at the levels of assembly consistent
with available design definition and criticality of the various System
functions.

The lowest level to which the Analysis was carried out was the
component; i.e., Switches, Relays, Valves, etc. Failure modes associated
with these elements were identified and related to their effect on the
performance of higher assemblies or functions up to and including the
System.
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8. METHODOLOGY

1. DESCRIPTION OF THE H/FMEA FORMAT

Documentation structure of the H/FMEA is in general
accordance with accepted industry standards, namely the Society of
Autowotive Engineers publication, Design Analysis Procedures for Failure

Mode, Effects and Criticality Analysis (SAE ARP 926), and MIL-STD-1629,

| Procedures for Performing a Failure Mode and Effect Analysis. The FMEA
' was performed utilizing the System's related drawings and schematics

provided by PGI/NAEC.

Reference is made to Figure 1 at the end of this section
illustrating the H/FMEA form utilized for compiling the analysis.

The form heading informatiom is used as follows:

a) The TABLE denotes the major system and subsystem
("Unit") 1indexes.

b) NAME presents the major system and subsystem titles.

c) The system document where the treated components
are defined is entered on the DWG. NO./REV. line.

d) The page and total pages of a given subsystem table
is at the upper right of the heading.
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Column 1 numerically codes the component analyzed with
respect to the subsystem indexes. The complete component/table item index
is, for instance: Unit 1.7.0. for reference use.

Column 2 indicates the system, subsystem and component
titles and includes brief descriptions of the functions at each level so
the reader may gain insight into the significance of the component
analyzed. Sketches, Schematics and other useful information have been
entered when of importance or interest.

Column 3 lists the hazardous-functional failure modes of
the component being treated and examples of causes where necessary.

Columns 4 through 9 are utilized to describe the effects of
each assumed component failure mode upon the personnel, system and mission.
These effects were determined based on a detailed amalysis of the
component functional relation to each system level.

Column 10 entries indicate if the considered failure would
be detectable by the operator.

Column 11 classifies failure effects on a scale of I to IV
in decreasing severity in accordance with Military Standard 882A, System
Safety Program Requirements. A detailed explanation of the classifications
is included on the next page. The numerical system of failure criticality
codes is intended to quickly highlight for the reader those areas of the
analysis where serious problems have been identified.

Column 12 is reserved for the Probability of Occurrence of
the identified Failure Mode, in accordance with MIL-STD-882A.

Column 13 presents commentary the analyst may provide in the
form of pertinent information which will clarify the results of the partic-
ular failure mode considered. These remarks include statements describing
inherent compensating provisions of the design, and/or recommended design
or procedures improvements.

At the bottom of the form there is the "NOTE", which explains
in detail Column 11 ("Hazard Level") and Columm 12 ("Hazard Probability")
headings.
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2. FATILURE/HAZARD CLASSIFICATION CRITERIA
Potential failures were classified relative to their critical-
ity in accordance with the following criteria (per MIL-STD-882A,
paragraph 5.4.3.1: Hazard level):
| a) Category I =~ Catastrophic

- Will cause death or severe injury to personnel
or system loss

b) Category II - Critical !
- Will cauge personnel injury or major system
damage, or will require immediate corrective

action for personnel or system survival.

¢) Category III - Marginal

- Can be counteracted or controlled without
injury to personnel or major system damage.

d) Category IV - Negligible ' 1

ki

- Will oot result in personnel injury or
system damage.

| i
L .

The probabilities of the potential failures~hazards were
‘ selected according to the following criteria (per MIL-STD-882A, paragraph
5.4.3.2):

Frequent

Reasonably Probable
Occasional

Remote

Extremely Improbable
Impossible.

Oy
. .

MmO oW
Pt

! : NOTE: In classifying the Failure/Hazards, the worst case
; effects on operating personnel or equipment were considered.
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APPENDIX A

HAZARDS/FAILURE MODES AND EFFECTS ANALYSIS
MK 1 MOD 0 LSO HUD CONSOLE SYSTEM
WORK SHEETS
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SUMMARY, SYSTEM SAFETY ANALYSIS
MK1 MOD O LSO~HUD CONSOLE SYSTEM

NAEC-91-7958

NO.

SSA

RELATED TO:

RECOMMENTATION

UNIT

ITEM 10|

b

- €

d

It is recommended that the CRT and Yoke
be enclosed by a protective cover if the
only removal path is through the console
front. The cover should be secured to th
CRT envelope and provide access for the
removal of the high voltage lead and
connections to the CRT and yoke.

Place a wide wire mesh screen over the
front face of the projection lamp to
preclude accident during maintenance.

Create a sandwich of the combiner glass
and a plastic neutral density filter on
the observer side of the combiner glass.

Incorporate a compression pin locking
device on the side of the mirror and
support assembly base to lock and maintainﬂ
the support arm in the vertical attitude
regardless of knurled knob tension.

Incorporate a compression pin locking
device on the spherical mirror hold-down
latch.

Provide a warning circuit within the LSO
Console (aural & visual) to warn the user
that an excursion has occurred which may,
or may not, have caused damage that
requires the attention of maintenance
personnel.

Provide individual indicators on the LSO
console for each voltage as a confidence
indicator ("GO"/"NO-GO").

Provide overvoltage protection for each
power supply output to bar against
damaging transients.

Replace the dependency of the main power
control bus on the airflow switch - let
loss of cooling airflow energize a warning
ndicator which coordinates with items

1

6_and 7 above.

15.0.H

23.0.a

24.0.a

24.0.a

24.0.a

1.0.a

1.0.a

X

X

LEGEND:

g =
b e
C ==
d =
Q e
{ =

General Rellability, Simpitllcation, Design Improvement
Avoiding, Ellmtinating & Reducing Potential Hazards
Controlling & Miaimizing Poteatial Hazarsds
{ncorpération of Fall-Safe Principles

Ixisting Design

Puture Dasign
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SUMMARY, SYSTEM SAFETY ANALYSIS
MKl MOD O LSO-HUD CONSOLE SYSTEM

, NO.

SSA

FOR:

RECOMMENTATION

UNIT

ITEM ND.

b

e-

d

el!

10

11

12

13

Arrange with the vendor (Galland Henning
Nopak, Inc. 1025 S. 4th St., Milwaukee,
Wisc. 53215) to provide round and smooth
corners and edges to avoid personal
injury, on their dwg. C-22026CY.

Arrange with the same vendor to provide
ample raddi to form round fillets between
the attaching feet and the body of this
part:

(Vendor's dwg. D-417SK; applies to Nos.

10, 11, 12)
Arrange with the same vendor to incor-
porate an air purging or other means to
get rid of the upper air bubble, to
assure the gland to be always bathed in
the hydraulic liquid.

Arrange with the vendor (G.H. Nopak, Inc.)
to specify ample raddi in all fillets,
especially those that could cause stress
concentration, and to premachine the
Round Stock to prepare it better for the
welding to the tubing. See sketch below
(Piston Rod, item 4 of Cylinder 620728-4)

3al

3al

3a1

3al

1.1.2.
l.a

1.1.
1.

-

X

X

X

8 =
b=
e =
4 =
Qe o

{ o=

LEGEND:

General Reliability, Simplification, Design lmprovemant
Avoiding, Eliminating & Reducing Potential Hazards
Controlling & Minimizing Potential Hazards
Incorpécation of Fail-Safe Principles

Existing Design

Future Design
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MKl MOD O LSO~HUD CONSOLE SYSTEM NAEC-91-7958
L SSA RELATED TO: FOR:
NO. RECOMMENTATION UNIT IDEM O] a |b |c | a | e}
14 Arrange with the vendor to drill the 331 f1.1.2.) x| x x Ix
perpendicular hole first and the axial 2.
hold second. See sketch:
(Piston Rod, item 4 of Cylinder 620728-4)
15 Arrange with the vendor to provide an 3al1 l.1.2 ) x 1 x x |x
assured "soft touch" for the upper limit 4
of the stroke, and the hydraulic pressure
release under the PISTON at reaching the
upper limit of the stroke, derived from
the movement of the PISTON.
16 Arrange with the vendor to provide round/ {3Al l.1.2.}x | x |x X |x
smooth corners and edges that can be 5.a
expected to be handled/touched by the
Navy personnel.
17 Arrange with the vendor to specify radii {[3Al l.1.2.jx |x |x X Ix
: for the important fillets! See sketch: 5.b
|
LR —
/ -t-. . !
| e g | | et
‘ i dedy ) )
) R B § s s
R
Hudhm ) P
] - [t S |
N '- . ol - - v - K l.
~ P RO -;!i
L Lo
18 For the Limit Switches LS1 & LS2 3a1 j1.1.3.§x }|x ix x [x
(620728~5) : b
LEGEND:
4 = General Rellability, Simplification, Desiga Improvement
b = Avoiding, Ellminating & Reducing Potential Hazards
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d = [Incorpocation of Fail-Safe Principles
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SUMMARY, SYSTEM SAFETY ANALYSIS

4 NAEC-91~7958 MKl MOD O LSO-HUD CONSOLE SYSTEM
, SSA RELATED TO: FOR:
NO. RECOMMENCATION ONIT ImmemM o) a (B Je el el
18 i) Introduce the necessary pre-opera-
(cont) tional checks of the System to be

performed before the intended use.

ii) Provide a protection arrangement
to keep the debris from falling
between the Roller and the Cam.

19 Provide the two existing rubber inner pad$ 3al { 1.1.4] x| x{x x | x
518987-2 to "overhang" .the length of the
Half Clamps; also, provide a 45° chamfer
| or round the inner edges of the Half

‘ Clamps.

20 It is always recommended (particularly 3a2 n.2.1.8 x| x}|x x | x
for the new designs) to place .the pump :
under the tank so that the Pump's suction
column will be filled with a positive
pressure.

The need for priming will be avoided and
the efficiency of the Pumps will increase.

21 Provide two gussets welded inside the - 3A2 ﬁ.z.l.b x|xix x |x
: Tank against the outside gussets 620579-
ll, to strengthen the support of the Air

Motor/Pump Assembly. '

22 Re-evaluate the filtering arrangement and}] 3A2 [l.2.2 {x }{x |x x |x
- specify the correct filter element for
u 620582-6. _
};j 23 For the Air Motor 518913-1: 3A2 J1.2.3a x | x |x x Ix

a) Mention in the Operation and Mainte-
nance Manual the need to provide load
; to the Air Motor or otherwise limit
-y its speed to 10% above that at
' maximum power.

b) Provide an overspeed governor or shut-
off arrangement.

24 Evaluate the test results in cold, humid 3A2 11.2.3bx | x |x X Ix
weather and introduce the corrective
action as necessary, to avoid the air
exhaust to get clogged by frozen, con-
densed moisture.

LEGEND:

Genenal Rellability, Simplification, Design Improvement
Avoiding, Eliminating & Reducing Potential Hazards
Controiling & Minimizing Potential Hazards
Incerpération of Fail-Safe Pringiples

Ixisting Design

Future Design
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SUMMARY, SYSTEM SAFETY ANALYSIS

MKl MOD O LSO-HUD CONSOLE SYSTEM NAEC=-91-7958
‘ SSA RELATED TO: FOR:
RO, RECOMMENTATION UNIT M a b le |l d ) el

25 | Provide filtration of the Hydraulic Fluid| 3a2 1.2.5.4 x{ x| x x| x
to 25 micron or better, as required (to

avoid contamination of the Hydraulic

Fluid and the Relief Valve 517792-1).

One possible way could be by changing the
connection as shown in the following
HYDRAULIC schematic:

FROM:
S
e <p {OMICRON
30 P INCRRASING|
¥ -
100 P8I 5
’
e e
' B

:L.__ET

@rs

136Pm

[ 149 murl

26 Re: Schematic Diagram 620580: Provide 32 1.2.7. x x| x x |x
the connections in such a way that there
will be an automatic interlocking, or an
autcomatic return of Azimuth and Elevation
to their aligned positions upon activatin&
the HUD-Down switch(es) before the HUD
would start moving down, or keep the
LS2-B contacts always open(!)

NOTES : @ There should be no connection
between pins LS4-2 and LSS5-2!

@ For better reliability of the
obgervation light to be "on",
eliminate the LS1-B! (Leave
only LS1-A to switch the
obgervation light "on".)

LIGEIND:

4 = General Rellability, Simplification, Desiga Improvemant
b = Avolding, Eliminating & Reducing Potential Hazards

¢ = Controlling & Miaumizing Potential Hazards

d = lacorpération of Fall-Safe Priaciples

e = [Existing Design

f = Future Design
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SUMMARY, SYSTEM SAFETY ANALYSIS

MK]l MOD O LSO-HUD CONSOLE SYSTEM

NO.

SSA

RECOMMENTATION

UNIT

ITEM ND.

27

For the Filter 518897-1:

a) Provide also electrical Dirt aAlarm
(available in this line of filters).

b) Provide enough room for easy/quick
replacement of the Filter Element.

¢) Show the Dirt Alarm pointer and scale
of this Filter on the assembly
drawings:

620582~1 (Piping Assy) &
620578-1 (Hydraulic Power Package).

Provide a tie between the upper end (the
Filter 516965-1) and the Support Frame
620581-1 to eliminate or greatly reduce
the vibration of the Filter.

To assure an increased reliability of the-
Switch~-Inidcator A620741-4 (L8~S6) "HUD-
DOWN" against short between contacts 7-8,
provide a redundancy by connecting the
contacts: '

s B 9 g

3a2

.2.8.2

4

12.8.3%x

LIGEND:

General Rellability, Simpiification, Design Improvemant
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. MKl MOD O LSO-HUD CONSOLE SYSTEM NAEC-91-7958
SSa RELATED TO: FOR: i
NO, RECOMMENDATION oNIT IoeM o) aib lel al et
30 To increase the reliability in the K2 344 }1.4.1.| x{ x} x x| x
Relay 518915-1 against the NC contacts A b.ii

failure to close, wire the K2 Relay ! 4
according to the circuit diagram:

31 To increase the reliability in the K1 384 R.4.1.fxfxix X |x
Relay 518915-1 against the NQ conatcts B e.i
_failure to close, wire the Kl Relay
according to the diagram below:

FROM;: (<) T0: (k) -
03 } " - D .
Dt ——aT>02 o a2
E3—=io 2 3 .

- AP———
»
-

LEGIND:

& = General Rellabillty, Simpliflcation, Desiga Ilmprovement
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SUMMARY, SYSTEM SAFETY ANALYSIS

MKl MOD O LSO-EUD CONSOLE SYSTEM

RECOMMENTATION

SSA

RELATED 70:

UNIT IITEM D) a (b | ¢

32

33

34

35

Wire the K2 Relay as shown to increase
reliability against the short of the NO
contacts B:

Relay 518915-1, maximum current through
contacts: 10 Amp, minimum current
through contacts: 40 milli-amp (!)

Considering that very low current signals
(38 micro/Amp!) will be handied in the
System, the following is recommended:

Change the circuitry to assure passage
of low current signals!!!
(Current amplification?, so0lid state?)

Relay 518915-1, maximum current through
contacts: 10 Amp, minimum current
through contacts: 40 milli-Amp (!)

Considering that very low current signals
(38 micro/amp!) will be handled in the
System, the following is recommended:

IChange the circuitry to assure passage
of low current signals!!!
(current amplification? solid state?)

Include the necessary instruction (to
observe the Power Monitor Light and
switch off the Power Switch) for
Maintenance personnel before they
start working on the Unit 4A3.

4al

422

423

e
[SIU I SO N B
. e

334 R.4.1. )} x]1 x}1x
j.ii

.id
i3

Lid

[l O
P: He M P

& o=
H =
¢ ==
d o=
Q| o=
{ =

LEGEND:
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MK1 MOD O LSO=-HUD CONSOLE SYSTEM NAEC-91-7958
. SSA RELATED T0: FOR: 3
NO. RECOMMENTATION UNIT |TEM MO} a | b |e | d | e | ¢
36 Route the two pair of Wave-off Signals |CABLES] 1.2 |x |x |x x| x

through two different Cables.

37 Evaluate a possible fedundant provision EMHES‘ 1.1l x {x |x x | x
of power and provide such design change
if found viable and advantageous.

38 Provide redundancy in the warning FNKES l.16]x |x |x X | x
arrangement of the Deck Status (Cable 1.11
W235 and W231l).

39 Provide overvoltage protection for three 5 l.1la ® X | x
power supplies in the test simulator.

40 Install power supply indicator lamps to 5 l.1a |x x|x

show power supply status. (Suggest usage
with No. 39) Expediting fault isolation. P

41 Utilize three additional positions on
meter switch S8 to check power supply
output on the DVM.

42 Install ah indicator lamp to show AC to
the switching relays.

43 Consider a two-handled simulator enclosur
as the present one-handled enclosure is ]
somewhat bulky. (11.5" x 16" x 10", 251b

44 Recommend the DVM be externally tested as
the first step in fault isolation (where

the DVM is utilized) :

45 Recommend the drawing package be inspec-
ted for consistency.

LEGEIND:

8 = Ceneral Rellability, Simplification, Design Improvement
b = Avolding, Eliminating & Reducing Potential Hazards

e = Coatrolling & Minimizing Potential Hazards
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