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ABSTRACT

This document defines the maintainability block diagrams and
math models and reliability block diagrams for the externally
mounted, automatically expelled/inflated multiplace life raft
for heliccpters (automated life raft (ALR)). These diagrams
and models serve as a basis for estimating the effectiveness
of the life raft as a survival system and will be used in
allocation, prediction and failure modes and effects analysis.
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Planned Maintenance
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Maintenance Downtime

Turnaround Inspection

Flight Safety Reliability

Mission Reliability

Maintenance Malfunction Reliability

—— e
P ORAL 46 5

SHEET 5




ST e wmme vy e

THE £ as b o a7 0

‘f cy—

o G

NUMBER D210~11163-1

COMPaNY REV LTR

ALR

WRA

BCM

BCM1-3

MH/FH
A
ET

CREW

TURNAROUND

SPECIAL

PHASE

ABBREVIATIONS

Automated Life Raft

Weapons Replaceable Assembly

Beyond Capability of Intermediate Maintenance
(Item Condemned)

Beyond Capability of Intermediate Maintenance
(Item Shipped to Depot Level)

Man-hour per Flight Hour
Maintenance Action Rate per 1000 Flight Hours
Elapsed Time in Minutes

Average Number of Men Required for the
Maintenance Action

Performed Every Two Flight Hours and
A = 500/1000 Frii

Performed Cvery 28 Days or 38.4 Flight Hours
and A = 26.042 per 1000 Flight Hours

Performed Everv 400 Flight Hours and
A = 2.5 per 1000 Flight Hours
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4. PLANNED MAINTENADE

The Planned Maintenanc: Block of the diagram refers to the planned
maintenance requirementc of The Naval Aviation Maintenance Program
(NAMP) as defined in Ch.pter 11, Volume II of OPNAVINST 4790.2A.
The ALR installation sug-ort is based on the requirements of the
ALR with their rationale are defined in the following paragraphs.

4.1 TURNAROUND INSPECTION

This inspection is conducte' prior to the first flight of each day
and each subsequent flight t» ensure the integrity of the ALR
installation. Since the ALR system has a built in test capability
which is exercised as part of the pilot's preflight check list,

the maintenance turnaround is "imited to a visual inspection of the
Life Raft Container for securit:’ and obvious damage.

4.2 SPECIAL INSPECTION

A special inspection is an inspection with a prescribed interval
other than preflight, post £flight, <daily, turnaround, calendar/
phased or SDLM (Standard Depot Leve Maintenance). This inspection
may or may not be required for the AR, however it shall be con-
sidered when analyzing the final des: ' n configuration of the ALR
installation. The driving considerat.-n necessitating this inspec-
tion is the probability that the insta 'ation does not unacceptably
degrade with time between complete func "ional checkcuts. Complete
functional checkout is planned during ti.= H-46 Phase Inspection
which equates to a 400 flight hour inter =1 between -heckouts.
Dependent on aircraft utilization the cal ndar time i =-ween check-
outs will be from 5 to 20 months with 10 t: 12 most r —-able.

Current ALR concepts may use water sensing :<witches z. ~t of the
automatic actuation. These switches do not nhave a ver ~liable
performance history and, should they be used, ' Special 1. action at

28 day intervals would be established to test these switcaes for
proper operation. Hence the need for, and the .nterval of, this

Special Inspection, shall be dependent on fina ALR design configuras

tion.
4.3 PHASED INSPECTION

The H-46 helicopter phased inspection is a series .f four related
inspections that are performed sequentially at 100 .aour intervals.
One of these phases shall include a comprchensive : spection of the
ALR installation. The life raft container will e¢iti .r be replaced
or removed, inspected,and tested at the intermediate 'evel of
maintenance and re-installed on the aircraft. This a‘'tion will
ensure that the GFE container will be maintained in ac .ordance with
NAVAIR 13-1-6.1, "Aviation-Crew Systems Manual, Inflat ole Survival
Equipment". While the container is removed all ALR air '‘raft wiring
will be inspected and checked out. The intermazdiate let 1 require-
ments shall be per the NAVAIR Manual.

B o i
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4.4 CORRECTIVE (UNSCHEDULED) MAINTENANCE

Corrective maintenance is a result of discrepancies noted during

planned maintenance or reported by pilots after unsuccessful pre-
flight test. The latter represent an impact on overall 11-46 heli-
copter availability and hence maintainability features of ALR design
shall receive special attention in this area.

5. MAINTAINABILITY MATHEMATICAL MODEL
Figure 3 is a flow chart of the math model used to drive maintain-

ability quantitative parameters. Abbreviations, constants and
variables are defined as follows:

WRA Weapons Replaceable Assembly

BCM9 Beyond Capability of Intermediate Maintenance
(Item condemned)

BCM1-8 Beyond Capability of Intermediate Maintenance
(Item shipped to Depot level)

MH/FH - Manhours per Flight Hour

A Maintenance Action Rate per 1000 Flight Hours

ET Elapsed Time in Minutes

CREW Average number of men required for the maintenance
action

TURNAROUND Per formed every two flight hours and A\ = 500 per
1000 flight hours

SPECIAL Performed every 28 days or 38.4 flight hours and
A = 26.042 per 1000 flight hours
PHASE Performed every 400 flight hours and A = 2.5 per

flight hours
5.1 MAINTENANCE DOWNTIME

ALR preventive maintenance is performed concurrent with existing i
H-46 preventive maintenance requirements and hence has no effoect on
aircraft downtime. ALR Mean Maintenance Downtime (MMDT) and Main-
tenance Downtime per Flight Hour (DT/FH) are computed as follows:

MMDT = ((Repair A * Repair ET) + (Replace ) * Replace ET))
((Repair \ + Replace )\)*00)
DT/FH = (Repair \ * Repair ET) + (Replace A * Replace ET))

(1000*60)
5.2 ORGANIZATIONAL MAINTENANCE MANIQURS PER FLIGHT HOUR (ORG MH/FH)

ORG. MH/FH is a summation of preventive (PREV ORG MIL'FH) and
corrective (CORR ORG MH,FH) times, and is computed as follows:

s

LTI ——
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i

PREV ORG MH,'FH ({TURNAROUND \ * TURNAROUND ET * TURNAROUND
CREW) + (SPECIAL )\ * SPECIAL ET * SPECIAL
CREW) + (PHASE ) * PHASE ET * PHASE CREW))/

(L000*60)

((REPAIR A * REPAIR ET * REPAIR CREW) +
(REPTACE X * REPLACE ET * REPLACE CREW))/
L000*60)

i

CORR ORG MH/FH

ORG MH/FH = PREV ORG MH/FH + CORR ORG MH/FH
5.3 INTERMEDIATE MAINTENANCE MANHOURS PER FLIGHT HOUR (INT MH/FH)

INT MH/FH is also a summation of preventive and corrective time, and
is computed as follows:

INT MH/FH = ((PREV )\ * PREV ET * PREV CREW) + (RI .. 'R WRA )
* REPAIR WRA ET * REPAIR WRA CREW))/QA00U*60)

6. SUMMARY OF RELIABILITY ANALYSIS

The system was analyzed for flight safety, mission, and maintenance
malfunction Reliabilities. This analysis included predictions,
allocations, Failure Mode and Effects Analysis, and test program
design. All numerical reliability requirements were met, and no
verifiable single failure points were found.

6.1 GENERAL DISCUSSION
Three types of Reliability have been analyzed:
a. Flight Safety Reliability s

b. Mission Reliability
c. Maintenance Malfunction Reliability

e e Sl b i b St it s

Flight Safety Reliability is the probability that no hardware failure,
will cause a catastrophic accident. For this system, this is I
essentially equivalent to deployment of the raft(s) while flying. i

i

For this system, Mission Reliability is defined as the probability
that the rafts would successfully deploy whenever the system was
actived.

Maintenance Malfunction Reliability is the probability of no hard- |
ware malfunction requiring maintenance action. |

The simultaneous analysis of all three types of recliability is
essential to truly optimize the system. For example, additional
levels of redundancy tend to improve the first two types of relia-
bility but maintenance malfunction reliability is degraded.

FORN aplne (0 e

SHEET 15




$
bl
|

o mpergheny

NUMBER D210-11163-1

il I ,ﬁ COMPANY REV LTR

THE ‘-“-.Ja—otﬁ wr

6.2 The following ground rules were used for design evaluation:
a. No single failure shall cause a flight safety loss.
b. No single failure shall cause a mission loss.

c. The probability of flight safety loss shall be in the
"remote" category (Rfs greater than .9999999 or about 10
million hours between safety-affecting hardware failures).

d. Mission Reliability shall egual or exceed .90 for 439.65
flight hours (18 calendar months) under field conditions.

e. Mission Reliability shall equal or exceed .98 for one
hour bench tests.

f. The system shall have a 90% probability of passing tests
designed to demonstrate the requirements of ground rules
4 and 5 at the 90% confidence level.

g. Subject to the above constraints, Maintenance Malfunction
Reliability shall be maximized.

h. The rafts themselves are considered Government Furnished
Equipment (GFE) and are not subject to the above ground
rules.

6.3 DESIGN CHANGE RATIONALE

Preliminary Reliability analysis indicated that the sy-+*~n as define
in D210-11002-1 was not capable of meeting the above o rules.
Accordingly, the design was modified to that shown in - chematic
of Figure 4. The following are the rationale for thesc -.anges:

(1) The preliminary Failure Mode and Effects Analvsis i1dentirfied
several wiring single failure points for both flight safety and
mission reliability (e.g. opvens, shorts to power, and shorts to

zero speed sensor, but the cabin switch was not. The preliminaryr>
ability prediction indicated that single squibs even "Hi-Red" squibs
could not meet the "bench" Mission Reliability requirement. Althoug!
the water sensing switches were capable of meeting all requirements,
a significant improvement in both redundancy level and all numerical
reliabilities could be realized by utilizing switching logic already
on board the helicopter.

SHEET 16
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7. RELIABILITY BLOCK DIAGRAMS

Figures 5, 6, 7, and 8 are the reliability block diagraas for
Maintenance Malfunction, "bench" Mission, "field" Mission, and
Flight Safety Reliabilities respectively. Unless otherwise noted,
all numbers are "effective" or "average" failure rates in failures
per million hours. Numbers such as .0(8)123 are a short form for
.00000000123 (likewise .9(5)123 = .,99999123). MIL-STD-756 conven-
tions are applicable.

8. RELIABILITY PREDICTIONS

Figure 9 is a computerized reliability prediction for the four
different types of reliability. These predictions utilize the
logical relationships (redundancies) shown in the Reliability

Block Diagrams. All numbers are failure rates in failure per

million hours. Converted to reliabilities, the system values

arec as follows:

Failure Time Predicted ‘quired
Rate (Hrs) Reliabilit: "iability
1
Maintenance Malfunction| 632.380 1 .9(3)367
“"bench" Mission 24.009 I .9(4)759 .98 i
"field" Mission 061 | 439.65 .9(7)390 .90
Flight Safetv .0(8)175 | 439.65 | .9(12)226 ' ___ .9(7) ‘

The Maintenance Malfunction value indicates an average time of
1581 flight hours between maintenance-requiring malfunctions.
The remaining reliabilities exceed their requirements by a mar-
gin big enough to assure 90% probability of passing a 0% con=
fidence test. These margins are also large enough to assure
that a worst case (-3 sigma) deviation would still meet the
requirements.

9. RELIABILITY ALLOCATIONS

Figure 10 is a computerired reliability allocation for the four
different types of reliability. These allocations utilize the
logical relationships (redundancies) shown in the Reliability
Block Diagrams. All numbers are failure rates in failures per
million hours. If the syvstem level predicted failure rate 1is
less than the requirements, the proaram allocates the predicted
values to the components. If the system level predicted failure
rate is greater than the requircment, the program allocates the
required value to the components in proportion to their relative
contribution to the system level prediction (proportioned burden
apportionment) .
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10. FAILURE MODE AND EFFECTS ANALYSIS (FMEA)

Figure 1l is a computerized Failure Mode and Effects Analysis
(FMEA) . "Opens", "shorts", "shorts to power"”, and "shorts to
ground" were analyzed. Since both inputs and outputs were
analyzed, wiring failures are also covered. After redesign, no
mission single failure points were identified. Auto-ignition

of the squibs would be a flight safety single failure point,

but we were unable to identify any recorded instance of this
mode. The basic technique for protection against shorts to
power and shorts to ground is switch disconnection of both
power and ground connections. The technique-in conjunction with
twisted pair power/ground wiring-gives better protection against
EMI induced firing that is possible with shielded wiring.

11. RELIABILITY TEST PROGRAM

The requirements for this program do not specifically call for
a Reliability Demonstration Test. However, they do say that:

a. Fach system shall be designed for a probability of success
(reliability) of .98 at the 90% confidence level for bench
testing.

b. Each helicopter system shall be capable of demonstrating a
reliability of .90 at the 90% confidence level when com-
pletely installed in the subject helicopter.

These require that a test program be designed so that the system
would be capable of passing such a test if it were run. MIL-STD-
781 gives test plans which demonstrate at 903 (and other) levels
of confidence, but this, by itself, is insufficient to respond to
the above requirements! The reason is that high confidence tests
(such as MIL-STD-78l) are so powerful in rejecting bad equipment
(less than the reguirement) that it also has a high probability

of rejecting good equipment! For example, take reguirement a. l
above (R of .98 at 90% confidence). Figure 12 shows that if you
were to conduct a test of 114 components (or systems) with no
failures, you would demonstrate a reliability of .98 at the 90%
confidence level. Now suppose you entered this test with 114 com-
ponents with a true reliability of exactly .982? You would find
that you have only a 10% chance of passing the test.* 1In other
words, if you repeated this test a number of times, an average of
9 out of 10 tests would "flunk" (have one or more failures). It
turns out that just to have a 50-50 chance of passing the test,
you must go into the test with a true reliability of .99394, even
though the requirement was only .98. In fact, in order to have a

*The theoretical e ror in this statement is recoanized but is
not significant to the conclusions developed.
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good (e.g., 90%) probability of passing the test, you must go into I
the test with a true reliability of .999075! In order to better |
understand what this means, consider the "mean time between failurel
or MTBF. A reliability ot 198 for a one hour mission 1is equivalent |
to an MTBF of 50 hours. A reliability of .99394 1s equivalent to |
an MTBR of lod hours! A rveliability of .999070 1s equivalent to
an MTBF of 1,081 hours! Thus, the true MI'BF must be 22 times
greater than the required - just to have a reasonably good prob-
ability of passing the test! The probability of not passing the
test 1s usually referred to as "producer's risk" (although it
should be realized that i1n the long run, the consumer actually
pays for it). Thus, producer's risk 1s the probability of reject-
ing good equipment. One minus the confidence (as a decimal) 1s
equivalent to "consumer's risk" (risk of accepting bad equipnent).
The convention is to set up a “fair” testing program (consumer's ,
risk equals producer's risk or probability of passing equals con-
fidence), and Figure 12 shows the results for requirement a. Note
that by 1increasing the number of allowable failures (and the number
of tests!) the "true" or desianed reliability can be lowered. Ob-
viously there is a practical limit to this approach. Even if we
were to increase the number of allowable failures to 52, the desion
reliability would still have to be .9859 or an MTBF of 70 hours
which 1s still 142% of the required MTBF of 50 hours. Further-
more, the destructive testing of 3,121 systems is probably im-
practical from both the time and cost standpoint. Thus a balance
must be struck between the designed (true) reliability and the
number of tests. 1f we use the reliability prediction as an
estimate of the true reliability, the bench mission prediction of

R = .9999759 allows selection of the "zero failure in 114 tests"
test prooram. If we allow for an "order of maanitude" error in

the prediction: R =.999759, the test program can still be zero
failures in 114 tests" because this is the smallest program with

a 90% probability of passing. It should be noted that this 1s the
primary reason why the desian was not frozen when the pred:iction
first reached R = ,98. Figure 13 is an equivalent table for the
"field" mission and the predicted value of R = .999090039 allows
the selection of the "zero failure in 22 tests" test program. The
time value of 439.65 flight hours was based on 18 months on each

of 275 aircraft - the test being an actual firing of the system
just prior to refurbishment. This approach would assure testing
under true field conditions and avoid the cost of special purchasoes|
and flights strictly for test purposes.

|
l
|
|
|
I
|
|

11.1 DEVELOPMENT (PROBLEM IDENTIFICATION) TESTING

The primary reliability testing program will be problem identifi-
cation testing. The purpose of this type of testing is confirma-
tion of failure effects as identified by the FMEA. Specifically,
each FMEA failure mode is artificially induced into the system
and the resultinag system effect 18 noted. In addition, system
level interface failures are induceda to confirm the loaic of the
Reliability Block Diaarams, ue to the artificial creation of

failure modes, no attempt will be made to calculate failure rates
based on this data.

LU )

SHEET 3




L=

_?
7

-~
-
- ————

r,

(

e..
N4

LY R P S e LSO

R S I SRCHR ST S A SR XL

1 )
i
:
b
s -
i -
‘
4 -
f v
b s
¥
iy
‘\
o s

e e ——— e

D210-11163-1

BEMCA TEST TEAIELTF FACTERS (7‘:1 ;,.,...)

-

———— - ———

- Ld g
K s 907 [[_)__!

R e

OO R CONFIATMCE
IV & I SRR Ny

” .'P:

-— e

q WY A

-l"“ ] » ".

\ M B ) 3

'q' FDS £ &

&« - -

T SRR S Y )
P PR b
‘ fw? /&

; -~ )

")~\~.,.._‘_*
O oA ” N

Y EIIE S
¢ Dl 4
enl 43858 8
» A K
w2813
R e BN
A A P B A ~
& L5 -
DaaQ s 2/
QR v €

9
D

-

2

sl
"1l 242
\' =3

D /

5 13138

oy O
v \

7 2R
. P 4
N
as A A
"“"L""r'\/e
R R L SR S
.-S’/A"f‘f\,\—""»

: THIS

L Lee 202

.

Q_‘ ,l A~ T4

N 2R
S

g
T

NIN) O
Oq\b‘i»‘

JEST QUALETY

151
pass RO

SURY FURNL oL

.
[e) /
~ T’/‘ (;“ .
R — ¥
' ) ) ‘.‘
| i ) s
-y ‘.
' £ o )
‘ Vo
&5 X
‘ S &4 N
y v i
“ . .‘
| Ll Al »
! WS .Ad
5 9
| -~

. ; .
; Lebd
i

. Fedl
7 U

\ LrO77
Py
f eb Y

Y

F
VX S
;o
”ﬁv “




D210-11163-1

FLELD TEST TADE-05F KLrQuuilrcnis

v
L4
e i o il

N TC.‘\!‘ | R1_dan = Lisk

QIS AL DT e e 22 SRSN

s\
~

. / '_;';‘,3 206 77 ’
/ A
&6 ALY i 551 7 -

he B Y

IO AR
~N QO 2
< L5
° <5 ? 2

g MOS0
o 1
Calg
b L

F
0
/
e
o+ 7 / ; b |
5 9 hde ] 57//) i-;'.x‘j) 23 —\'},/7 |
i /0% 38216 W3 NI & !
2 | 44 dedgiiee st
Z /A/.:' "("‘_"_' /"':(j‘ AN ?‘_‘/
g /7:5:’ f.‘/’_’.\,/g,:/;:) e 1931 D 275, \,/;’/
/0 159 L2035 45+ FESIUS Y3 2
/i /,’. T ‘,'71 ey 7"‘/;-__-' . }.OY? YOS o :‘C—'
/< /75 o 920SE 523/ ST /54D
I3 e s S h o (L
/7 45/ e INST T R adi LD B
49 R Al pl i i5CT, e ol SRS 3
3 | 223 i iy e
% | Zag Creiee BB L S P
/ 4 ' o o‘i.\c..j ekl -7 AR YA
/ } ’.\/:c: "4-/4;.'. - NPT R ALY A :_
gl (2T i S e
~ R 4 #P0R LA s a s E Dy
23 s N Bt oSSl e
JEER L s et | el)oeg T
3 5 e e Ll e
Ce - P L/ 40 ©a0 /. e Tt b R, ‘
. ST WA S WP R
i ES52 L7csrdee il P NSEY T3
o7 k4 2206557 R
i S W20l l 3, LSS TIS TS :
o/ S0 L70C668 7 WIS T 77 757
;
.
‘
e FRACTICABLE
THIS PAGE 1S BEST QUALTTY
FROM COP'Y FUnivkoi1ED 40 Dbbe e
| |
'
i
H

EeURE 13




