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FORWARD

This report ccvers a study of helicopter transmission
development tmzsting conducted for the U,S. Army Aviation
Materiel Command (AVCOM) under contract DAA J01-68-C-1395(C).

USA AVCOM technical direction was provided by Mr. L.E. Follis
and Mr, H. Schuetz of the Directorate of Research, Development
and Zngineering. Contracting Officer was Mr. V. Murphy.

The principal investigators for Sikorsky Aircraft were
L.R. Burroughs, Assistant Supervisor of the Mechanical Design
and Development Section, W.K., Morrissey, Assi.stant Supervisor
of “he Aircraft and Armament Test Section, E.I. Gismondi,
Supervisor of the Propulsion Systems Test Group, R.W. Caseria,
Supervisor of the Statistics and Mathematical Modeling Group

and R, Allen of the Transmission Group.
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SUMMARY
This report presents the results of a six months study of test
service and overhaul experience on the transmission system ccmponents of
H~3, H=53, and H=54 helicopters. The study was conducted to determine the
relative effactivensss of bench tie-down and flight tosting in ravealing

transmission syatem modes of malfunction or failure.

Failure data for transmissions of all three aircr-ft were made to
determine failure trends and rates of failure, An analysis of these data
overhaul information and component costs was conducted to determine the
effectiveness of current overhaul practices and recommendations for trans-

mission operating intervals are offered.

An investigation of the relative costs spent on testing, pro-
duction ard spare transmissions overhaul, and modifications (ECP's) has
been rade for the H~3 and H~53 which undergone full military qualification

test programs.

A discussion of the goals of tiransmission development is included

along with a sugpested transmission test program.
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STUDY OF HELICOPTER TRANSMISSION SYSTEW
DEVELOPMENT TESTING

DUCTICH

Theve is considerable evidence available to indicate that helicopter
transmission system reliability and aircraft availsbility in operational service
could be significantly imppoved by adequate and timely development testing, which
mst include not only testing but alsc development and incorporation of design
improvements. Since low relinbility resulte in large logistic and maintainability

expenditures, it appears that more extensive development testing would be cost,
effective, not only in decreasing spares requiraments but also increasing air-
craft avilabiiity early in the operational phese and reducing overall life cycle

costs of helicopter systems,

This study was conducted for the U.S. Army Aviation Materiel Command
(USAAVOCM) to evaluate the extent to which the types and amount of developmert
testing determines (or regulates) the level of transmission reliability amd

T

overall operational effectiveness in the field., The analyses included herein
were conducted with actual tsst and service data to establish the value of each
type of testing, to permit meaningful conclusions o be drawn and to provide a
aocund hasis for the recommendation of a better development testing criteria,
Reagonably “hese data and recommendations will be incorporated in 4 new test

specification for helicopter transmission system development.

In addition an evaluation of current service interval (TBO) practices
hae been made with recommendations for establishing a more logical and cost

affactive approach.




To determine the relative effectivencss of pest and present transmission
test program, Sikorsky Aircraft has selectedlthree production aircraft models,
the H-3, H~53, and H=S) for which there is considerable test, production, and
field service data aveilable. A bris’ sumpary of technical data and the type
of testing conducted on each aijcraft is presented in Table I, The data
included in Tabls I is applicable as of June 1968,

Schematic drawings of the transmission system arrangements and crosge
sactional drawings of the main gearboxes for each aircraft are included in
Appendix I.
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CONCIUSIONS AND RECOMMERDATIONS

Discussion
The (initial) teat program(s) for helicopter (and other V/STOL aircraft)
power transmission systems should have three (3) primary objectives,
1., To (reasonably) demonstrate that the trans-
mission system components meet their design
requirements as established in the aircraft
detail spscification and applicaﬁle military
specifications.,

NOTE: These tests are the qualification
substantiation tests (or praproduction
tests) currently required by military
specifications such as MIL~T-5955B and
MII~T-8679.

Yore importantly, however, the transmission test program should provide
sufficient test effort to:
2. Thoroughly develop and "debug" the transmission
componsnts.,
3. Determine the modes of failure of the transmission
system components ard demcnstrate that all "catastrophic"
modes are well out of the planned operating ranges. 1In
ronlunction with testing demonstrate that all non-
cataetrophic modes of failure are detectabla.
These latter ¢wo objectives require test philcsophies that depart from

the "must-pass" tests that have (at least in the past) baen associated with

h
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the qualirication/subatanti&bion tests of the current military test

specifications for helicopter transmission.

On the basis of the investigations and analysis conducted during this
study, a number of specific conclusions have been drawn. In addition, these
corpclusions and recormendations can be divided into two basic areus:

development and qualification teating and service interval (TBO) practices:

Develomment. Testing

1. The regensrative bench test is the most effective means
of developing helicopter transmission components on the
basis of the number of problems uncovered (modes of

failure) and cost per hour of teating.

2, The tie~-down and dynamic test facilities may be very
offective and necessary tools in determining the dynamic
response snd interface probleme between tranmmission and
other helicopter aystems (i.s., control, rotor, engine,
air{rame, etc.), but neither ars as effective in develop-
ing the power train components as the regenerative bench

test,

. Hellcophter transmigsion development test programs should
be designed to wncover prouv’em areas. As such the loading
(povwer, thrust, etc.) should be considerably accelerated
over ncrmal mission requirements and not besed on arbitrary

requirements. (Ses paragraph ).)

- - e . e —————py < i e & i s e o e e
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4. The load acceleration used in transmission development tests
should be kept within practical limits of deflection and stresa.
From the test experisence on the three models reviewed, the
following appear to be the practical maxirmum limits,

Power 110% to 120% of take-off or
nadmun rating
Speed 110% of maxiwwua spssd

Thrust, Load 120% of maximus anticipated
conditions

Loads beyond these limits may (will) produce excessive
deflections beyond the point where the anticipated 1life=-
load relationships apply thereby producing test results

that are no longer meaningful,

S+ To obtain sufficient statistical information, the initial
bench tests should include several test specimens. While
reliability studies indicate an apprecisbla quantity of
gearboxes is required to cover the possible tolerance var-
iations, scatter in strength of components, etc., threes or
four gearboxes are considered desirable and two units (not

including the Dummy or slave) mandatory.

6. The duratiop of the bench tests is not as important as the
approachs It is considerably more effective to conduct two
foverstress™ development tests introducing the necessary fixes
for the test units (and production tranamissions) as mal-
functions occur rather than conduct a single “must-pass® test

at a low mil-spsc test requirement.
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8.

Follow-on development programs for helicopter transmission

systen components should be included in the original contract

or negotiated during the initial prototype program (or

contract period) to maintain continuity in the testing and to

provide the necessary program to develop "fixes" for the
sarlieat possible incorporation in new production and

delivered gearboxes.

Requirements for sub5tantiation/qualification "must«passgh

tests (if considersd mandatory by the procuring agency for
granting the authority to initiate production fabrication

or deliveries) should be conducted in addition to, but not
in place, of properly designed developmental tests.

Sarvice Intervals

1.

2.

Conatant failure vates observed in a coisplex component,
such ag a helicopter transmission, are mads up of many
faiiure modes, each of which can have a failure raté other
than constant, Debugging or wear-cut phenomenon occurs at
the component level when ons mede of failure, having a de-
bugging or wear-out characteristic, dominates the failure
rate of the complex component or when several lesser
fallare medee with eimilar failure patterns combine to

control the complex componant'!s fai'ure pattern.

Low service intervals dc not necessarily assure flight
safety or aircraft availability. On the contrary, low

service intervels necesaitszte more units per given number
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3.

L.

5e

of flignt hours, thereby statistically increasing the exposure
to railure. In addition, low service intervals result in un-

eccnomicsl operation and increased maintenance burdens,

Current service intervals(TBO*s) are arbitrarily established by

"mat-pass" qualification tests and have little relationship to
1)

helicopter transmission "wear outS phenomenon or to component re-

tirement intervals,

Service intervals for helicopter transmissions should approach
the removal "on-condition" concept providing the transmission
development programs have established the modes of failure and
demonsatrated that these modes are noncatastrophic and detectable,
There may be some practical upper limit (calendar or flight hours)

for this interval - say 2000 hours c¢r 3 years for military aircraft.

This practice, or an actuarial practice such as is sometimes used for

aircraft engines, will resuli in considerably reduced maintenance,

overhaul, and spares costs.,

Spares provisioning for an "on-condition" or high service interval
can be established on MTBR or MIBF data.(z)

METAY »

"2, Cen defin'tion on vage 32,

(2)

One method is suggested in RELIABILITY DISCIPLINES -~ DETERMINE
the OPTIMUM REPLACEMENT TIMES for MAJOR MECHANICAL COMPONENTS of
HELICOPTERS ~ R.W, Caserla, Sikorsky Aircraft SAE Technical Paper
2558  April 1964.



CURRENT . TEST REQUIREMENTS

The design and test requirements for military helicopter power trans-
mission systems components are for the most part set forth in {wo general military
specifications, MIL~T-5955R and MIL-T-8679.

MIL-~T-5955B

This document outlines the "general requirements for transmission systems
used in applying primary power." In this Specification, the power transmission
system is defined as all part "between the engine(s) and the main or auxiliary
rotor hubs. This will be interpreted to include gearboxes, shafting, universal
Joints, coupling, rotor brake assembly, cverrunning . . . clutches, supporting
bearings for shafting and any attendant accessory pads or drives."

This specification sets forth the general design requirements for power
train components and covers the acceptance (Quality Control) test requirements.
Acceptance tests are defined by the specification as "that group of tests conducted
e o« o b0 demonetrate end item Quality Control, correct assembly and performance,"
In addition it specified (in paragraph 4.2.2) that preproduction testing be
conducted in accordance with MIL-T-8679,

A suggested revision to MIL-T-5955 (designated "C"), which is currently
heing reviewed by contractor and Government personnel proposes 4o incorporate
~avelopmen‘n’. "nd orenroduction teat requirements into the specification. In
thic veviaion, deveclopmental test requirement.s are to be prepared by the

contractor and approved by the procuring activity,

The preproduction tests as proposec require the testing of a minimum of

two samvlea for 200 hours at the following conditions:

[ e A, E e s A et e emmea A e e . e e




PREPRODUCTION TEST

(MIL-T-5955C)
TIME POWER INPUT SPEEDS
10 hours Min, input Normal rated RPM
90 hours Max, input Maximum rated RPM
15 hours Min. input | Normal rated RPM
85 hours Mex, input Maximum rated RPM

The "C" revision would consider that satisfactory completion of the
preprodﬁction test would occur when a helicopter transmission component had

completed "200 consecutive hours of testing . . . without failure, excessive

wear or other damage . « "

M 1-T-8679

This specification covers the ground testing of helicopters and the
components peculiar to helicepters including the development and production
acceptance tests for the power transmission system, The specific test. require-
ments for the trahsmission system are outlined in paragraph 3.7. While the
specification states that "the Contractor shall have satisfactorily conducted a
transmission bench test . . ." ne test requirements are included, Those devel-

opment “ests outlined in this document in some detall are tie-down tests and include:

.50 hour Preliminary Flight Approval
«150 hour Preproduction Test

«250 hour Ground Test (when required by the
procuring activity)

10
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MIL-T-8579 specifiasd a power loading schedule, based on reciprocating
engine ratings, for the above tie-down tests, Each of the tests are to be
conducted in 10 hour cycles as follows:

10 HOUR_TEST CYCLE

TINE POWER TEVEL_ SPEED

hrs.)

0.5 Take-of ¥ T.0.

0.5 Idie* Idle

0.5 Military % Military

3,0 Normsl Rated *# Normal Rated

1.0 90% NRP Normal Rated

1.0 80% NRP Normal Rated

2.5 60% NRP Min, Cruise Speed
or 90% N.R. Speed

1.0 Normal Rated 110€ N.R. Speed or
Max, Permissible
Engine Speed

#*Cycle 5 min, at T.0. powss/speed-
5 min, at idle power/speed

¥#Cycle 30 min, at Military power/spesd -
30 min, at 60% NRP/speed

The tests outlined in both specifications are those specified for the

substantiation or qualificatiocn of the transmission system, In other words, the

punimm raquircments thet must be passed, Idttle reference is made to programs

PR U



Neither Specification covers bench testing, bench tests, when conducted,

have alwaya been covered in tha aircraft detail specification or contract,

Too often in the past, the procuring agency (and sometimea the Contractor)
h&s considered the preproduction and tie down test programe (perhaps because of the
tight funding or scheduling) the only necessary transaission development program,
Emphasis is pleced on passing the test within a fixed calendar time or mumber
of test hours, thus discouraging proper development of the power train components,
This approach can result in a major field logistic problem with the helicopter

transmission components in twe ways,

----- IZ the level of the test spectrum is
too low, & low transmission reliability
too often results - the testing then occurs
in the field and serious logistic and retrofit

problems ars experisnced,

------ If too severe & test is conducted and fajilures
occur, the "must-pass" approach ofien results
in holding down the service interval TBO

thersby requiring more spares overhauls, etc,

Tho analysis of the teat programs on tha three Sikoirsky helicopter transmission

systems will demonstrate these observations.




ANALYSIS OF TEST FROGRAMS

DISCUSSION
As indicated in Table I, the transmission systems of the three

Sikorsky production helicopters selected for this stuw have been subjected
%0 nltilavell* cf testing. For all three aircraft, dynemic system tests
were conducted on an integrated propulsion/trangmission system test facility,
which included the engines. Photos of these facilities are included in

Appendix A.

The transmission components of two of ths airoraft (the H-3 and
the H=53) wers subjected to extensive tie-down and bench tests as well.
duration of each type of qualification/development testing for sach of the
power transmission systems is given in Tabls II below,

The

TABLE 1I

TOTAL TEST DURATION

Model Bench Test Tie~Down Test Dyramic System Tast Flight Test

(Hours) (Hours) (Hours) (Hours)
He3 3920 1376 LhS 4000
H=53 555 500 35h 1400
Ha=5h 0 0 624 Q00

* Multilevels of Testing: i.e., System, Subsystem Component Tests
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GROUND TEST PROGRAMS

The ground test programs for each aircraft transmission system are
sumarized in Table III., Included in this summary are the type of test,
duration and test loading. For simplicity in presentation, only the formal
bench test programs conducted on the main transmissions are presented. The
data is essentially in chronological order and shows the changing philosophy
at Sikorsky Alrcraft in utilizing the regenerative bench test for the trans~
mission development, Representative test spectra for tie-down, dynamic
system and bench tests are included in Appendix A.

Bench Tests

The transmission bench test programs conducted under the initial H-3
and H-53 contracts basically followed the same gensral pattern and in-
cluded the following test phases,

Phase I No Load Lubricaticn Tilt Tests
The test tranamission was mounted on a tiltable
stand and run at full speed and no load to de-
termine the proper {flow of lubricant to each
portion of the geartox under flight attitudes.

Phage Il Bevel Gear Pattern Tests
The test and dummy gearboxes were installed in
the regenerative %“est loop and operated at various
levels of torqus, from O to maximm, at a conatant
low speed to determine propsr bevel gear losd patterns,
The bevel gear teeth were painted with white lead to
gshow load contact.




Phase JII '"Breck-in" Tests

The test and durmy gearboxes werso subjected to a break~in

in accordance with the production acceptance test pro-

E cednres (similar o MIL-T-8679, paragraph 3.7.4).

Phase IV 50-Hour Qualification Tests
A 50-hour quelification (or preliminary flight approval
test) was conducted on the gearboxes at the endurance

test spectrum,

Phase V Endurance Tests

Outlined in Table III.

For the H=-54 transmission system, the bench test program was primarily
limited to no-load lubrication tests for each gearbox and a 25-hour four-
square regenerative bench test cn the first stage input section for the main

{ gearbox. No major provlem areas were urcovered during these tests,

Tie-Down and Dynamic Systems Teats

t Extensive dynamic systems (propulsion, drive train, rotors and controls)
3 tasts were conducted for all thres aircraft reviewed in this report. For the
’ H~54, the dynamic systems test was the primary dovelopment and qualification
vehicle for that aircraft's dynamic components,

Both the H-? and H~53 were subjected to tis-down tests conducted

essentially in accordance with the requirements of MIL-T-8679.

20
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FLIGHT TESTIHG

A review of the tranamission malfunctione occurring during the
flight test program was also conducted. Particular attention was given
to the information available for the H-3 and H=53 aircraft where the tie-

down and bench test data were also avallable,

While the flight test prcgrams more nearly approximate actual
service use of a helicopter tranemission system, the number of flight
hours per month early in a program is necessarily low due to instrumentation
requirements, weather, etc. The mumber of problem areas uncovered in any
given calendar period, therefore, is considerably lower than thoss foumd in
the other tests, Another factor for limiting the effectiveness of flight
test ( and tie-down and dynamic systems testing as well) is that the initial
production engines oftsn do not deliver as mch power as later versions,

In addition, the cost of flight is considerably higher than those of hench
or tie-down testing.

Flight testing is a definite asset in thes development of helicopter
transmission systems., The investigators do not believe, however, that a

flight test program specifically for transmission development is cost
effective,

16
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For ths main gearboxes of both aireraft, the tests of Phases II
thru IV were conducted on & "back-to-back" regenerative test stand using
a "Test" Gearbox and & "Duwamy" (or slave) Box, The intermediate and Tail
Rotor Gearboxes for both helicopters were tested in "four square" regenerative

test stands, Appendix A includes photographs of these test facilities,

Test Results
A thorough review of all the test programs of Table III was made
to determine:
(1) The relative effectiveness of each type of testing and (2) The relative
cost of each type of testing.
(a) A comparison was made of tie-down and bench testing,

Figure 1 shows the rate of accumulation of modes and

total failures verses test hours, These curves are

based on the test malfunctions/failures for the main

transmission of the H.3 and the H-53. One important

fact is to be noted; that is the importance of

multiple sample testing., The bench test emplored

two aircraft transmissione to form the regenerative

loop, and as a result more different modes of failures

were uncovered faster than the single sample used on

tie~dovn test, although acceleration factors were about

aqual.

{b) The coincidence of the maximum failure rate both

occuring at 100 hours msy be explained by the fact

19




(¢)

that for both models the two tests started and

completed the first 100 hours in the same time span,

To establish an overall cost effectiveness for each
typs of testing an analysis of the actual costs of

the bench, tie~down and dynamic systems test for

each aircraft was also made, Since the latter two
tests are used to substantiate/develop other aireraft
components, the tctal costs of these programs cannot

be reasonably charged against the transmission system.
The test costs assigned to transmission testing was
astablished by proportioning the number of transmission
failure/malfunctions experienced during the test to the
to%al number of malfuncticng experienced on all components
during the test, Figure 2 shows the relative costs of

three types of groun: testing, bench,tie~down, and

dynamic system,
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4n analysis of the failure and cost data of Figures 1 and 2 was mads
to establish a relative factor of cost effectiveness for each type of trans-

missior developmert testing.

For thia study, the measure of effectivensss of testing was taken as

v o

vwhere m modes of failure
C = cost of test
= test hours x cost/hour

t = test duration (months)

From Figures 1 and 2 and the data of Appeiviix (1) the average

measure of effectiveness of each type of testing is

Tie~down Test 07 = 0,6

Dynamic System Test 07
Back~to-Back Test 02 = 2,6

0.8

fl

If the “effectiveness" nf tie-down testing for main transmission

development is set oruel to one ( TD = 1.C) then:

Tie=down Test '72 = ],0

Cynam’e System Test ’7! = 1.3

i

Fack=to~1ask Tost 02 L3

It is therefore apparent on the basis of these data that extensive
and early bench tests will "pay their way" in reducing the rnumber of failures

‘n the tie-down test and early flight test programs,

3




ANALYSIS OF SERVICE DATA

INTRODUCTION '

A review of the service history of each of the three aircraft has
been made to determine the mean~time-between failure (MIBF), mean-time-be-~
tween removal (MTBR), modes of fajlure, and/or reason for removal of trans-
mission system components. This review was based on the following data:

(2) Sikorsky Aircraft Field Discrepancy Reporta

(b) Sikorsky Aircraft Field Service Reports

(c) Overhaul Inspection Reports

(d) U.S, Navy Failure/Unsatisfactory Reports

(e) U.S. Air Force Maintenance Management 66-1 Reports

(£) Aircraft Log Records

For each major subsystem in tha transmission system (i.e., gearboxss,
drive shefting), the modes of failure and quantity of removals due to each mode
were analyzed, and where aufficient‘data exlsts, a faiiure trend analysia was
prepared for each mode of failure,

Since the main gearbox is the most complex assembly in the trans-
mission system, most of the service problems are usually asscciated with it,
Its costs and lead time (both production and overhaul) make it the primary
lopgistics problem as well, A review of the H-3, H~-53 and H-5} service history
indicate this trend. Therefore, the primary effort in the service history

review was concentrated on the main transmiasicn.

Figures (3) througn (10) give tho failure/malfunction trends for



e

the H~3, H~53 and H-5l main gearboxas respectively. These curves include
all gearbox premature removels for the period reviswed including pilot-and
maintenancs~induced failures or malfunctions. These data indicate thst

the main transmissions of thess aircraft havs essentially conctant removal/
failurs rates, There is strong evidence to indicate other helicopter manu-
facturers' gearboxss show the same trends after thase units have bsen
sufficiently developed.” '

Figures (3) through (7) reflect the individual histories of pro-
gressive design modifications in the SH-3A, H-3 family of main ¢tranemissions.
The development of this gearbox can be traced through the increasing MIBFs.

- Figure (3) shows the initial SH-3A production main
transmission design to have a constant failure rahe
with no single dominating mode of failure.

(MIBF = 502 hours)

- Mgare (L) shows the failure trend of a modified version
of this gearbox. The failure trond for this unit exceeds
the upper ststistical limit of the normally-expscted
variation abont the constant rate. This validates the
conclusion that for this gearbtc.. the rate is not constant
but is gzoverned by an unusually high eariy failure rate
occurring in the initial hours after installation on the
aircraft. Improper preloading of a bearing and failure
of a sasp-ring were found t¢o be the causas of this

* Bell Helicopter Company Report Number 205-099-168, dated June 17, 1967
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failure rate. Tims historiss of these two failures are
shown in the upper two diagrams of Figure (ha). Tha
first curve illustrates that the preload problem was
essentially a zero-time failure. The sscond shows that
the snap-ring melfunction was an "infant mortality"

(usually cccurring within the first sixty hours of gearbox
operation).

The lowsr dlagrsm shows that the remaining failures of
the gearbox exhibit a constant failure rate pattermn.
(MIBF = 321 hours)

~ Mgure (5) shows the failure data for the transmission
incorporation lmprovements for the above problems,
demonstrating that the unit again operstex in the
conatant failure rate region.
(MIBF = 510 hours)

- Figure (6) covers data on the S6135=21.000-5 gearbox
which was the next preduction version of the He3
gearbox. This unit incorporated further design
improvements lowering the failure rate (still constant).
(MIBF = £46 hours)

Unfortunately, the service interval (TBO) of all the above gearboxss
was held at 500 hours., Even though all but the S&L35-20600~5 gearbox
(Figure (L)) operated at constant failure rate and none experienced any
catastrophic failures.
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P

- Mgure (7) shows failure trond data on & gearbox
with a higher servios interval and reflects a
substantial amount of high time gearbox operation.
This curve shows a "year-out" pattern" or trend
assoclated with an increasing failure rate of the
driven bevel gear. The dagree to which the driven
bevel failure dominates the MIBF of this geartox
is shown in Figure {7a).

Thera were essentiaily no driven bevsl gear failurss

in the first 125 hours of operation since nsw or over-~
haul, some failures before 00 hours and a rash of fail-
ures after 40O hours. Other less significant modes of
failure slso influenced this "wear-out™ pattern.

Figure (7b) shows the slight tut noticeable influence

of failvres of the planetary pinion,

(MIBF = 724 hours)

A similar review of the fajlure trends of the CH~-3C, CH-53A
and CH-5LA wag also made. It is significant to note that in the analysis
of the service data accumulated on the main transmissions of these aircraft,
no predominant modes of failure have been found.

ot 2pvaam—n

* The use of the term "wear-out" is that of the reliability engineer
meaning region of increasing failure rate.
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« Figure (8) shows the failure rate (constant) for the

U.S. Air Force CH-3C main gearbox,
(MTBF = 810 hours)

~ Figure (9) is the failure trend of the CH-53A mein gearbox.

While some failures of the first stage planetary pinions have
occurrod recantly, there have not been a sufficient number to
indicste a trend for this component.

(MIBF = 945 hours)

Pigure (10) shows the failure rate of the main gearbox of
the U.S. Army CH-S54LA, Most of the early removals were due
to overtemperature problems amd lubrication pump seizures,
Improved gear shislding and the use of a higher viscosity oil
(SATO 35) eliminated these problems.

{MTBF = 734 hours)

Figures (11) and (12) give a chronological history of the MIBFs

and MTBRs for two models of the H=3 aircraft. 1n these curves,
pilot- and many msintenance~induced problems have been eliminated.
Ths resulting MIBFs and MIBRa sre therefore somewhat higher than pre-
sented in the previous curves in that they reflect only the material

fracture, wear, spalling, etc,, type of failure,

Firure {11) shows the failure and removal history of the SH-34
anc. SH-3D main transmissions obtained from data gathered,
averaged and plotted quarterly. The MIBF improvement

noted at the end of 1963 was the result of successive

gearbox refinements, The MIBF degradation

36
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during 1964 was dus to failures of the planetary pinion
gesr testh caused primarily by the introduction of an
engine with increassd power capability, With the incor-
poration of further refinemsnts and tho incorporation of
the "besfed-up" SH-3D transmission (lLarger bevel gears

and planetary), the MIBF has improvsd and remained
relatively stable,

- Figure (12) shows the chronological history of the CE=-3C
main gesrbox MIBFs, Ths large degradation of the MIEF
in 1966 and 1967 was due primarily to stripped thresis
in gearbox housings at lubricatios fittings. The in-
corporition of steel irserts at all fitting locations
(Late 1967 - early 1968) has improved this situation.
Several of the removale of this unit were based on
exceading arditrarily established SOAP (Spectrographic
011 Analysie Program) levels. In nearly ewry cass, no
discrepancy was fourd in the gearbox ocan disaczemdbly., A
further diascussion of Spectrographic Analysis is included
in a later seotion.

REVIEW OF OVERHAUL EXPERIENCE

To avaluate the service interval (TBO) practices currently exsployed

(1) (2)
by the U.S. military organisstions, a review of 324 DIR™ ', DIS" ', and

(1) pR: Disssseably Inspection Reports, U.S. Navy

(2) DiS: Disassembly Inspection Summary, U.S. Aray

L1
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(1)
and TIR was mads. All of these overhsuls were psrformed at Sikorsky

Adroraft under ths asupsrvision of Enginsering perscznel from the Traammission
Design Group.

(2)
Of the 109 high time gearboxes reviswed, less than ten hed
discrepancies that warranted removal from service., For the most part, the
transmission could have remained in service for oonsiderably longer intervals,

It is also :Interesting to note that on ths CH-5UA there have been
several U.S. Army requests to extend the service interval of the main gearbox
from the approved 500-hour TBO to 600 hours. None of thess units were removed

prior to resching the extended service interval. Currently, there is &
program to extend the transmission service interval io 800 hours. Of the
five gearboxes being monitored, ops wes removed st 615 hours due to the lack

of & xepair part locally. Two units will be inspeoted at 700 hours and two
at 8000

Thas U.S. Navy also extonded the TBO for the SH-3A nmain transmission
during & period of sorious logistic problems with that unit due to tooth
fractures of the driven bawel gear. Recognizing that the failures rers
dotectable (chip detector) and noncatastrophic (prior to improved chip de-
tector incorporation geveral were foumd at overhaul). The TBO'Ss were
extended from the recommendsd 500 hours to as high as 1,000 hours, In all,
29 units achieved the extended intervals without discrepancy. In no case
did any of ths units sxtended boyond the normal TBO experience a oatastrophic
failure,

(1) TpR: Tear-Down Report, U.S. Air Force
(2) Completing approved overhavl interval
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The approach to cervice intervals (TBC's) for helicopter
tranemission differs greatly betwsen the individual military organisations
and the commercial operator. Tabls IV below presents the user- (military
end commercial) approved service intervals TEO(s) for the 4ransmission
system ccxponents for three versions of one Sikorsky helicopter. Also given
are actual MIBR figures for each service. While thors are some differences
between the main gearboxes used for each user, the tail and intermedists
gearboxes are substantially the sems for all three applications.

TABLE IV

COMPARISON OF
SERVICK INTERVALS AND MIBRs

USER A USER B USER C
TBO MIBR TBO MTER TBO MR
Main Gearbc : 500 519 750  STh 1200 885
Intermediate Gearbox 1000 1167 2000 2095 3000 H/A
Tail Gaarbux 1000 1550 2000 2230 3000 N/A

A1l the gearboxes of Table IV were qualified/substantisted ia the
same (or similar) test programs. While admitiedly there may be soms differences
in operating conditions, it is apparent that one of ihe oporators is extremely
conservative (and not cost effective) in his TBO practices.
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While only a liaited nusher cf examples have bsen presented in
thiz report (and considerably mors are availabls), it is obvious that pro-
viding there are no kmown parts with replacement intervala (life-limited),
if the component is operating satisfactorily - leave 1% alome.

Analysis
The relationship betwsen MIBF, MIBR, 120 and Percent Scheduled

Removals is shown ia Table V for a transmission with & constant failure rate.
It ie hoped this presentation will clarify as well as provide a better unger-
standing of these terms. This table shows how in the long run the MIBR and
Percent Scheduled Removals is influsnced by the reliability of the transmis-
aion (i.e., its MIBF) and by the usually soxmswhat arbitrary selection of TBO.
It also demonstrates the effect on spares requirements of the TBO interval,

- ——— 1 A Ka————— — - o1 . M . ———— e~ %% % = - -

TABLE V

MTBR AND PERCENT SCHEDULED REMOVALS

i
{ vs
{
!l TBO AND MTBF
! 11 coTt o
i TIME BETWEEN ‘ MTBF
' SCHED. O'HAULS fe— -
- TBO : 500 HRS 800 HRS 1200 HRS
|m:. - L - T Tl S IR 1
: MIBR = 225 HRS MIBR = 250 HRS MIBR = 267 HRS
. 300 HRS % SCHED REM « 55 | % SCHED REM = 69 | % SCHED REM o 78
—— S i
‘ MIBR = 337 HRS MIER = 466 HRS ! MIER = 530 HRS
) 700 HRS ; % SCHED REM = 2% | % SCHED REM = 42 ' % SCHERD REM = 56
&-... — § U '
MIBR = 455 KRS MIBR = 662 HRS ~ MIBR = 760 HRS
1200 HRS % SCHED REM = 9 | % SCHED REM = 22 & SCHED REM = 37
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Exanple: A transaission with & high relisbility, MIBF = 1200 hours
and a low survice interval TBO = 300 hours has & high per-
centage of scheduled removals (76%) but a MIER of 267 hours.

A transmission with « marginally acceptable reliability,
MIBF = 500 hours and a 700-hour T80 has a considsrably
lower s:heduled removal rate {(258) but & MiBR of 337 hours
and will actually require less sparese.

This analysis clearly demonstrates that achiewing a high Percent Scheduled
Removal is not necessarily a measure of transmission relisbility. If a
helicopter transmission has failure modes that are dstectadble (i.e., chip
dstector, pressure, tempsraturs indications) and noncatastrophbic in nature,
"on condition® opsration ¢r a high TBO with only a small percentage of the
units achieving a "high time removal” will reswlt in the minimum nmmber of
spare transmissions for the program. Again, if the transmission component

is operating satisfactorily - leave it alone.

OTHER AIRCRAFT

An earlier study,®* conducted on other Sikorsky models including the
H-34 and H=37 indicated similar advantages for {on-condition" operation of
helicopter dynamic components. This investigation concluded that "....
With reliable in-fligh. detection devices and proper inspesction techniques

the "overhaul on condition" philosophy can be achieved with ne increasze in

* OVERHAUL ON CONDITION -~ ELIMINATE TIME BETWEEN OVERHAUL, by A. A, Coronato,
Sikorsky Aircraft, American Helicopter Soclety Forum Proceedings, May 1961
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risk to the operator. As a matter of fact, the reliability of the aircraft
will be inc: .ased since it msans less "tinkeritus” and reduces the hazard
of improper installation or adjustments. In addition the integrity of

1 components will Le greater since they will be subject to less overhaul
abuse and damsge. The overall cost and the cost to the operator will be
substantially reduced and greater availability of aircraft to perform
mission requirements will bs realized,”

L7




COMPARISON OF SERVICE AND TEST DATA

A conparison of the test data and service sxperience for the
transmission components of ths H-3 and H-53 was made to determine which of
the initial test programs uncovered the ssrvice problems experienced on the
early production transmissions, It is apparent from this review that in-
dications of later service problems were nsarly divided evenly between back-
to-back and tie-down tests., Table VI shows the comparison. Data for CH-54A,
although available, was omitted from this comparison since the only type of
grouad testing to the date of this report has besn conducted on the H~5
Dynamic System Teat Facility.*

* Production acceptance testing on a U.S. Army-funded regenerative bench
test stand was initiated in July 1968, This facility will be used for

the development program on a growth H-54 transmission in early 1969.
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ooSTS

The lead time from initisd design ‘to service use often necessitates
overlzyping test and prodaction fabrication phasss resulting in components
not thoroughly "debugged.* ¥hile it is inevitable that ihis practice will of
necessity continue, the rost eflentive use of test funding should provids

scas improvement.

TEST 00STS

To provide zome measure of the valus of additicnal testing, the
total program costs of the H-3 and H~53 helicopters were exmmined to determine
the ralative expenditures for transu:luio_n testing, prodoecticn components,
overhauls and modifications (BCP's). Figures (11) snd (12) show these data.

It is interesting to ne's that for both programs only 6 to 7 per oent
has been spent on all forms of main tranmission development testing while
ECP costs are estimated as 11 to 17 per cont of the overall tranemisslion costs.

Thege comparative cost figurss were established by taking the
total number and cost of:
- production and spsre main transmissions
- mein tranmmission overhauls
- all approved main tranemission ECP's
-~ main transmission test programs: tie-downs, dynamic

ke oo s / Sevs Ao A
Fystam, and bench \ vributabls o Wi

A
VLU R vV ALY

main gearbox wers ertablished as for Figurs (2).)

The cost data does not include ths initial engincering design effort
nor the cost of production tooling,
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EXFRC? OF SERVICR I#TERVAL ON FROGRAM CO3TS

A recext study wes oconducted to detormine the elfect of pervice
intervols (TBO'@) on the oversll program costs of the H-53 helicopter. The
study considered the gparss and maintenance support foxr the dynmic oompenonts
of 120 aircrefy over & seven-~year (7) period.

This .. lysis indicated that the costs of spares, maintenance and
overhaul for the %ransmission syscem componenis for TBO's of 800 hours and
2000 hours were approximately as follcws. In ths presentatlon of this
analysis, tha total costs of axintensnoa, spares and overhaul are given in
thousands of dollars,

[___” : N -
: TABIE VII
TBO vs. MAINTEMANCEZ, OVERHAUL AND SPARES COSTS

H~53 TRANSMISSION SYSTEM

el o "~ B00 HOTRS 2000 WOWS
| oovomn | et [ S [z | dne | S oy
‘uun Gearbox | (] 5,300 ! 12,500 | 30 i{ 2,100 : 5,700
Nose Gearboxes i 26 | 1,720 i 3,400 ; 11 | 680 ' 1,500
‘Accessory Gearbox 6 470 ; 1,050 | 3 | 260 | 700
Intermediste Gearbox | 2 1 190 350 ! 1 i 10 : 200
Tail Gewbox 10 | 5% 950 N 6 | 310 ° 600
‘_  SUBTOTALS _ 120 8,210 '18,725 | 51 ! 3,460 ! 6,729-
| mmm | 26,570 h 12,230

I PER CENT 100,0 FER cm L “ 6.5 PER CENT

4 Thousands of dollars

oh




An increase in service interval from 800 hours to 2000 hours
resuliad in batter than a {0 percent reduction in the spare components

necessar: at the same failure rate.

To demonstrate the capability of all of these H-53 drive train
componsnte®* to operste for service intervals up to 2000 hours and at a
highor power level, a 500-hour overstrsss bench test was proposed for each
component, It is interesting to note that the cost of this program i -
cluding all design effort, product improvem?nt items, test gearboxes, spares,
gz well as all testing, is being conduvcted for less than 3 percent of the
program support costs for the 800-hour components.

% Main, left-<hand and right-hand nose, accessory. intermsdiate and tail

gesrboxes
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_PROPOSED TRANSMISSION DEVELOPMENT PHOGRAM

ANTRODUCTION

For any new helicopter, the test program should be designed to
provide for adequate devslopment of the aircraftis dynamic components as
well as to damonstrate that the design requirements (derived from the
aircraft mission requiremsnts) for safety, reliability, and maintainability
have been met, The evaluation of the first two factors - safety and re=-

liability - are of course the primary objectives of the test program.

DISCUSSION

To achieve a high degree of cumponent reliability, the program
must include provisions for making expeditious modifications to the test
components as well as the initial production units (if productiocn must be
concurrent with prototype development - as it so often is). The ability to
make modifications early in the program without lengthy evaluation and
approval cycles (such is common with many of the current Engineering Change
Proposal procedures) is as important to the overall goal - improved heli-
copter transwmission relisbility - as a properly designed and executed test

progran,

The early phases of transmission development testing should be
directed toward uncovering the majlor mciles of failure and demonstrating that
the faflures/malfunctions are non-catastrophic anc fail safe and can be de-
tected by the inspection and detection techmniques to be used in
This objective can be best accomplished by an "over-stress' bench 4Lest on
the initial transmission(s), running the gearbox at the upper level of its
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proposed Sperating spectrun (1.e. take-olf ratins or slightly above). It should
be recognized that some portion of this test should be conducted at lower power
levels to check lubrication, vibratica, etc. as well as aveid scuffing and scoring
of helical and bevel goaring. The cpsration of the gearbox{es) at powers well in
excess of the norms. opera.ing schedule can produce results that are not meaning-
ful, The load acceleration used in development (and qualification) tests should
be kept within practical limits of deflection amd stress, From past Sikorsky
Aircraft sxperisnce, the practical maximm limits for acceleration of power, spsed,
thrust and load are approximately as follows:

Power 110% to 120% of take-off or maximum rating

Speed 110% of maximum speed

Thrust, Load 1208 of maximum anticipated conditions
The operation of gearboxes at loads beyond these limits may produce excessive de-
flections. These components, therefore, may bo operating beyond the point whers
the anticipated life~load relationshipe apply.

Gearboxes containing two primary drive svstems, such as the rotor and propellor
drive trains on compound helicopters, should be subjected to accelerated or '"ovar-
stress" testing in each onerational mode. Each test phase should include operation
at or above the meximum rated power for each drive system. The duration of each
test phase should be proportioned to anticipated ratio of service operation in
each flight mode,

“he use of several specimens to account for the many varliables asscciated with
part interfaces, strength, manufacturing tolsrances etc. is very desirable, It is
recognized that limitations in cost, lead time, scheduling and test facilities will
not permit a sufficient number apscimen to satisfy all reliability engineers, but
the inclusion of several specimens in the davelopmont test phase will aid greatly
in uncovering the major problem areas, The development testing of two to four
transmigsion units is recommended. While it may bs impractical to conduct
devslopment tests on more than one or two units prior to field deployment,
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irmediate follow-on product ieprovement programs on updated transmissions
can result in appreciable savings in overall progrim coats if inftiated early
enough in the program. Such follow~on transmissin programs can, for the most
part, be corducted on banch test rigs without the nced for additional tie=iown
or flight tests,

While ruch attention has beusn given tn the regenerative test as
a transmission devalopment tool, it is not the intent of this report to
belittle the sdvantages or nucessity for dymamic systems, tie-down or
flight testing. These test programs are often essential in examining the
imterface problems bstween engines, transmiseions, rotors controls and
aivframe system, Many vibration, cooling, lubrication and operaticnal

problems cannot be solved without one or more of these other tests,

Summary

In summary, for any helicopter model, the initial and follow-on
test programs should be prepared with the objective being to demonstrate
that the design requirements for safety, reliability, and maintainability
are met,

The essential methods to be employed in the test program to meet
this objective are:

1., The use of the multi-level ccncept and the use of

viple specimens to account for the variabilities

associated with interfaces, strength, manufacturing,

.
and environmanta,
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2. The use of overstrsss mode-of-failure testing to:
a, Uncover modes of failure esrly and to de-
monstrats that they sr non-catestrophic

and fail~-safe by the inspectlion and de-

tection techniques used in service,
b, Verify "fixes" quickly

3, The conduction of accelerated qualification test(s) to
reasonsbly verify that the design objectives are met,

L, The establishment of logical test scheduling such that
there is a high probability that the transmission(s)
vwill be free of major problems before entering subse-
quent, higher levels of tesiing with the ultimate goal
of reasonatly verifying that the design requirements for
reliability and maintainability have been achieved by the
time aircraft are deployed,

SUGGESTED TEST PROGRAM

The following paragrsphs ovtline a sugg;sted development {and
qualification) test program for helicopter tranemission system components,
This program may be somewhst idealized and may require "tailoring" to suit

the requirements of a particular helicopter program. It will, however, pro-
vide a guide for establishing developmental and qualification requirements

for transmisaions for future U.S5. Army helicopters as well as provide adequate

demonstration of proposed modifications to current aircraft.
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Transmission Banch Teats

A ninimum of two (2) test gearboxes should be subjected to the
bench tests guonerally described in the follewing paragraphs, A tast time
accumulation of 50 hours on one gearbox sheuid be completed prior to start

of a Propulsion System Test (or Tie-Down Tesi ),

1. A 200 hour overstrass devslopment test with 75% of the
test time baing at Take-off Power* or equivalent, 15%
of the time at 110% of Take~off Power and the remaining
108 at normal cruise power. All othar test time ab
powers required for cooling, etc. between take-3ff or
bett,or povwer incerements should not be credited toward
the total 200 hou:s,

The test objective is to determine the modes of failure,
detectability of failures, extent of fail-sale features.
In addition ths program should be ussd for the incorpora-
tion and evaluation fixes and in general to "de~bug" the
transmission, The requirement is not to "pass" this test
but to evaluste the design and compare its perfcrmance to

the design requirements,

% The power levels irdicated for the bench tests refer to transmissicn

ratings. These ratings ars not nscessarily the same as the angine

ratings for the aircraft,
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2, Upon completion of tha initial 200 hour overstress
development test (or major melfunction of the test box)
another 200 hour overstress bench test should be con=-
ducted on a second gearbox which incorporates all medi-
fications suggested by the initial test, (The fabrica-
tiocn of "fixes" and improved items should be initiated
while the first test program is in progress,

The test spsctrum for the secoidd gearbox test should be
esgentially the same as the initial test,

3. A 500 hour endurance test with a minimm of 25% of the
test tims at take off power with the remaining 75¢ at
the most severe mission spsctrum with an accelesration
factor of 1.25 minimm on all loads i.e. input shaft,
take-off shafts, thrust, stc. The test objactive is to
demonstrate thet the design objectives of reliability

are met.

Many of the component parts of the initial test yearbox

could be utilized for the 500 hour endurance testa, New
gears, bearings and the latest design of improved parts

should be installed however.

Propulsion Syatem/Tie-Down Test

The total propulsion system including sll gearboxse, engins(s),
shafting, rotor brake, clutches, accessories and coentrols should be sub-
Jacted to the following tests as a minimm using either a test bed or the
complete tied down helicopter, A test tims acoumdation of 20 hours should
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be required prior to first flight of tha aircraft and a test time/flight
time ratio established at 2/1 for the test program to ensure an adequate
test mnergin of time accumilstion on comporents end systems,

1, A shake down test of 50 hours with 50% of the test time
al take-off power, 1Uf of the time at 110% of take off
power and the remaining 40F at normal rated power. The
test would be divided into 5 ten hour cycles with one
cycle being at 120F of normal rated speesd ard four cycles
at normal speed ranges,

The cbjective of this test is to demonstrate that the
helicopter propulsicn ﬁr;y’st:eml is safe for flight. The
requirement is not to pass this test but to demwonstrate
lack of catastrophic failure modes and the fail-safe
features of the dynamic componsnts, to sstisfactorily
demonstrate fixes fcr each mode of fajlure or major mal-
function,

2, A 100 hour qualification test at the same spectrum as
the 50 hour shake down test consisting of ten, 10 hour
cycles with two cycles at i20f of normal rated spesd and
elght cycles at normal speed ranges,

The objective of this test is *o demvnstrate the adequacy
of the modificatione developed for eariier protlems en-
courtored during the 50 hour shaks down test and flight
tost and to assure rL;aonable operating intervals without
failures. The requirement is not to "pass" this teet, but
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to obtain a minimum of {ifty test houra without fallure
or major malfwmction on all parts scheduled for production.

Flight Test

The helicopter flight teat program should be designed to complets
the contractore and contractural aircraft handling quslities, performance
and structural buildup programs in a minimum number of flight hours and in
the shortest possible calendar time., In addition tc the necessary survey
test flights (stress, vibration, etc,) training am classical procedures of
flying at incremental changes in air speed, CGs, & portion of the flight
test program should be deveted to flying simulated missions,

Data obtained from thess tests can bs used to verify the design
nmission spectrum and to verify the operation and maintainability of the
dynamic and airframe components under conditions apprecaching actual service

operation,

Follow-on Product Improvement Tests

Upon completion of the ground test program, including the davelop-
ment and endurances bench tests, tie-down or dynamic aystems tests, a pro-
duct improvement plan for the transmissioc.a system components should be made,
Follow-on bench testing to cover the evaluation of componsnts manufactured
by alternate fabrication sources,* additional improvements indicated by fisld
expaFience, and planned transmission growth (power capadility) should be
initiated as soon as posaible.
% Soms evaluation of alternate sources can be accomplished (if sources

available) in the second development or endurance test.
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In (a) follow on program(s) a new transmission incorporating
E the latest design features should be utilized for this test. A 2C0 hour
test similar to the overstress development bench test should be conducted,
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INTRODUCTION

APPENDIX I

DEFINITION OF TERMINOLOGY

Thore have often been major semantic problsms in both industry

and govermsent with the termimology usad in the desoription of life,

operation, and reliability of airoraft dynamic components. The following

definitions are proposed for many of these terms, Alsc includsd are comssnts
on the terns snd their definitions.

DEFINITIONS
SAFETY

Definitions

Safety refera to prevention of loss of life; serious
injury or ioss of airecraft.

The apscifiesd lsvel of safety determines relisbility
requiremsnts from which other disciplines of desigm,
toet, produce, operats and maintain are cerived.
Arbitrary spocification requiremsnts for partioulser
"service lives" or "must pass® tests prohibit the
designer from selecting the best method he chooses to
satisfy ths prises requiremsnt: safety. For exsmple,

a designsr axy chocss %o dosi@ & particular component
for a high relisbility. in which case tha probability
of failure is remote, or he may provide detection

dovices that give adequate warning time which achieves

a batter lovel of religbility,
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DEFINITIONS
FATLURE
Zefinitions

Comments:

FAIL SAFE
Definition:

Comments:

SAFE LIFE
Definitions

Fallure in the nomperformance of a requirement
oxpectad of a component or sgystam.

Ths requirement for a structure is that it performs
the funotion of carrying loads. Therefcrs, if a
structure has failad, it can no lenger carry a load,
Note that fracture, cracking, deterioration or dsmsage
does not necessarily constitute a failurs.

A fail safe devios or structure has characteristiocs
such that in the presence of abnoraalities, such as
fatigue cracking and/or physical dasags or dsterio-
ration, the probability of a csatastrophic fallurs
prior to dastection of the ibnormality is oxtrsmely
remcte,.

The term "fail safe" 1s an unfortunate cholce of

words, Only whsn a portion of a structure has "failed"

and the remaining structurse withstands the loading
without fallure can we havs a "fail sate" structure.

A finite life assigned to components subjected to
fatigus or wear-out damage wherein the population
of components presumably operatss in servlce up to
this established "life" without exhibiting evidexnoce
of fallure.
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DEFINITIONS
Comments:

This concept has one fallacy: The procsdv.re suppesss
a finite life, ignoring the statistical nature of
thinges and is akin to pradicting the life of &
particular human being.

ON=CONDITION CPERATION

Commenta:

Definitions Removal of & component from ssrvice for overhaul

daependent only on the component's seivicesbility,

as dstermined by inspection,

Requirenants for overhaul on-condition:

1.) The oomponent is fail-safe.

2.) Abnormalities are detected in sufficisnt timwe to
remove the component before internsl damsge cauvses
high overhaul costs,

3.) Detection systeis are such that compsnents are not

pramaturely removed from servioe.

TIME BETWEEN OVERHAUL -~ TBO

Coument.s:

Definitions TBO is the authorized time interval during which a

component is allowsd %6 operate in asrvice prior to
overbaul,
The establishment of a TBO places unrecessary hardshins

on the operator Irom the stendpoint of aircraft availe
ebility and high cost of owerhaul. A system composed
of many ocomponents, such a8 & complex transmisaion,
denonstrates a oonstent hasard fallure rate. The ast

€8
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PREMATURE REMOVAL

Definttions

Comaents:
FATIGUE LIFR

Definition:

Comasnts?

ISOTATED CASE
Definition:

of overhsuling lowers reliebility by reintroducing
the ommponent to the infant mortality cycls. ZThs
problea ie much like that associatsd with any
equimeent: If it works, leave it alcne.

Removal of & compament at lesz than the prescribed
TBO for causes suchk as failure, suspicion of failure,
or an incipient failurs.

Is usual and normal,

Commonnly a calculated life below which no part will
fail,
Same comments as “Safe Life "

The first instance of failure ol a compouent is
gensrally rogarded as an “isolated caso® (in asoms
cases the second and *hird tims).

Human beings consider a mistaks in analysis or
calonlations as an affront, If scmething doss happen
and no action is taken, it is an even bet that it will

happsn again,
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DEFIIITIONS
MIBF - MEAN TIME BETWEEN FATLURES

Definitions The total muber of operating hours for & given
component or system divided by ths nuxber of unschsduled
removals of that compmment or systen.

Comnamtss  The word "failure* is mot used in the trus sense as
defined herein. In practice, "failures" consist of
unschedulad removals becsuss of datection of incipient
failures, an indication of failure, right or wrong,
und actual failures,

MIER « MEAN TIME DETWEIM REMOVALS
Definition: The total number of oparating hours for a given
camponsnt cr system divided by the number of un-
scheduled plus scheduled removals (TBO) of that
coaponsnt, or system.
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APPENDIX II °

H-3, H=53, and H=54 Transmission System Drawings
Main Transmissions and Drive-Train Arrangsment
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TEST FPACILITIES

The H-3, H=53 and H=54 Transmission System components reviewed in
this report were tested on the Sikorsky Aircraft test facilities shown in

the naxt few pages,

The bench test racilitiga are used for R & D testing and pmduction
acceptance testing. Flight power and loading paramsters are simulated in
the test box by means of regenerative loop arrangements, which require only
a fraction of the normal input horsepower,

For the main transmission rigs, the installation consists of the
tost box, a dummy box and surdry commsrcial conmnecting gearboxes, with
shefting and couplings to link like power input shafts, main rotor shafts,
and power take=off shafts into continuous loops. Torques ars applied to
the loops by one of severagl methods, as folliows:

« Through the shaft couplings during installation.
« By rotating the stationary ring gear in the dumy box.

. By rotating the entirs dummny gearbox, or commercial
reduction gearbox.

« By hydraulic pressure displscing helical gearing in
the axial direction,
The latter three methods permit change of torque while the rig is
in operation. In addition, flight magnitude thrust loads and moments are
applied to the main rotor shaft of the test box, The entire system is

rotated at normal operating speed by means of an electric motor {or motors).
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Intsrmediste and tail transmissions are integrated in & common
rig with a single loop. The principle is the same as above (utilising
test and dummy boxes),

General specifications covering power, gearbox, and cooling
limitations are tsbulated for sach of ths facilities on the following
pagoes. Many of these facilities are shown in Figures 21 through 23.
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