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DISCLAIMERS

The findings in this report are not to be construed as an official Depart-
ment of the Army position unless so designated bv other authorized
documents,

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government pro-
curement operation, the U.S. Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Government may have
formulated, furnished, or in any way supplied the said drawinys, specifi-
cations, or other data is not to be regarded by implication or otherwise

as in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission, to manufacture, use, or sell auy
patented invention that may in any way be related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of the use of such commmercial hardware or software.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the
originator.
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DEPARTMENT OF THE ARMY
U. 8. ARMY AIR MOBILITY RESEARCH & DEVELOPMENT LABORATORY
EUSTIS DIRECTORATE
FORT EUBTIS, VIRGINIA 23604

This report was prepared by Bell liclicopter Company, bivision
of Bell Aerospace Corporation, under the terms of Contract
DAAJO2-70-C-0053, 1t presents the results of a design trade-
of f study conducted to determine the opcrational cost impact
of substantially cxtending the overhaul life of hclicopter
main transmissions,

The purposc of this contractual effort was to conduct a general
tradc-off study to cvaluste the direct operational costs associ-
ated with increasing heljcopter transmission time-hetween-overhaul
(TBO) levels into the 3000- to 6000-hour range., 71his cvaluation
was accomplished through determination of the cost, avallability,
and performanco for thrse distinct sizes of hclicopter power
transmissiun featuring twin-cngine inputs of 500, 1500 and 48UV
horsepower per cngine.

On the basis of overhaul and transportation costs as well as fucl
cost in the VN theatcr, this study showed that both the 3UU0-hour
and 6000-hour TBO design transmissions are cost effective, Tlhese
increascd TBO transmission designs were shown to be feasible
basically through changes in component materials and through com-
ponent design and integratiun techniques.

The technical managers for this contract were Mesri:'s, James Gomel
and hayne A. lludgins of the Technology Applications bivisson,
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SUMMARY

This report presents the results of a design tradeoff study

conducted to determine the operational cost impact of extend-
I ing the overhaul life of the drive train components from 1200
{ hours to 3000 and 6000 hours on future Army helicopters.

|

Pertinent Army and BHC publications were reviewed to determine
Time Between Overhauls (TBO) limiting factors.

R e, ¥ OO

An analytical review was also made of a mission profile study

[ conducted on monitored AH-1G, UH-ll, and UH-1C helicopters in
2 Viet Nam to determine an appropriate usage rate, power spec-

trum, and flight length spectrum for this study. From this 4

review, a cubic mean power requirement of 65% takeoff power

i was established, and a vehicle utilization rate of 50 hours

per month was justified.

The design tradeoff study was implemented through the design,
1 *, and analysis of three power level transmissions each
ac 2e TBO levels. The transmissions featured twin-engine
direct-drive configurations of two 500-hp, two 1500-hp, and
two 4800-hp power level engines. Each transmission was ini-
tially designed for a 1200-hour TBO and was then modified as
required to attain a 3000-hour TBO and again for a 6000-hour
TBO.

The relative effective costs of the three transmissions as
affected by TBO requirements were found to be:

RELATIVE COST
12C0-Hour 3000-lour 6000 -Hour

THO TBO TBO 1
} Twin 500-IP Design 1.0 .788 450
' Twin 1500-HP Design 1.0 .875 .653

F Twin 4800-HP Design 1.0 771 . 509

{ii
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FOREWORD

This report presents the results of a tradeoff study conducted
by Bell Helicopter Company (BHC) for the Eustis Directorate,

U. S. Army Air Mobility Research and Development Laboratory
(USAAMRDL) during the period 1 July 1970 to 16 April 1971.
Study results were attained through the design and analysis of
nine transmissions - three power levels and three TBO levels at
each power. Design tradeoffs in weight, efficiency, and cost
were determined and equated to vehicle performance in the form
of cost per operational hour.

The program was performed under USAAMRDL Contract DAAJ02-70-C-
0053.

USAAMRDL technical direction was provided by Mr. Wayne A.
Hudgins and Mr, James Gomez. Principal investigators were
Messrs. R. D. Walker and C. W. Bowen. Acknowledgement for
technical contributions is due Messrs. D. Bowers, D. Cleveland,
H. Dover, H. Selden, C. N. Warren, and J. Young, all of the
BHC Transmission Design Group.
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inrrovcion

lellcopter power train (ospotienta Its today o allitary invens
tory wete dealgtied for Tlime HBelween Overhaul (THO) levelo of
approwisately 1200 hours, Butl oftenn exhiibit Meath Time Melucen
fiesovala (MTHR) of 0% toe 90" of this THU objective he (2=
prov:d operational capabitlitica of thecac lucli(oplcrn ovet
prior rodela It uac werte in pert Ismplemented through the uae
of lovw-welght cosponentas Its achieving reduced weighta, it
would appear That the dealghers have «loaen !igh operat{ng
atreas Jlimita and have selecte! low-dencity materiale shiich
ate {#mpaleing tranamisalon durability and reliability to the
catent of {ncgreaaing 'he taintetatice bLugdet,

The putrpoac of thia report fa to present the teoults of a
tradeof ! atudy 1o evaluate the operational coal of infeaning
belicopter traneminnjon ayaten THO levels (nto the YOX0- to
000 -tour range Thia evaluation was accompliabed through de-
tepmination of the overhaul life effect ot coat, availability
atd performatce for three distinct sizes of helicopler powver
tranemieslone featuring 'winsengine {nputes of total fnatalled
rtoresepovetr valuea of 1000, ICCO, and 9600,

fhe Lasic parameters influencing desip for increased THO
levela were (dentified for these ayalema from HHC and Arey cx-
pmerietice with atialyaia of fallure wodeo Of exiating tratia-
afaniona, Conventionral deaipgn atecan-life relationabips anu
thoae d=sotislrated "y field opetration resultls were correlated,
and suftadle deafign techniqgue., material apecifications, and
satresn allovablea wvere detemm ned for uyse i thie atudy, HEach
of theac thrce BOracpover level aystema wan llen deafgned wmith
objective TBO levels of 1700, 1000, and 6000 ltours, For pur-
poacas 0! (omparatlive (osl analysiae, the aasusplion was =made
thatl theae ayaleoemas arfe Uperaled (h the RVW theatler, This aa-
suaption, (5. turn, eotablished the turnatround shipping coata,
flignt wisniotr apectira, and onti-site fuel cosla used i calcu-
lalilg the tranemianion overbaul dollar <oat et !lighl bour -
the Laals 0f the (val=-clfci Livenean deteramination,
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DESIGN PARAMET K 33

The propoasc! Uratiowlsalon configuraticths for the eatended THO
study wete predicated on Ligh reliabiility reqguirescnto wthilch
dictate the uvae of a tvitecengine inatallation, Kacbh Ugatie-
wisalon fa drlven divectly from tuin enginea of the fequired
hutectpvetr for cach alce level., The configurations were fur
thet tealticted to belicoplera will one Bain rotor atnd an
attitorque (tail) rotor, The acope of the etudy {ncluded auf-
ficlenl horacpover fatige lo cticompaas Light, aciive and heawy
belicopltera;  tuin ctigine tnpat at SO0 Ly per engine, 1500 g
pret etigitic, atid @800 hp per engine The apeecd fatige was also
thosety to brovadly ehcospass preaecntl turbine ahallt outpul apecds
and anticipated advatced ‘ecbnology engine (ATE) apecds: 6000
tpm to 24,000 rpm, The following paraseters were vaed {n the
three borascfpover level deaipgnhag

| Parascler lot 2 Jre
nginea 2 a $00 nhp 2 @ 1500 hp 7 3 4800 hp
I @ G000 g @ 4, CO00 riwe @ 9000 ¢
Trans, Ratio 17.8:1 961} t0:1
Trata, ealgn HP 667 2000 6400
Maln Hotor O™ 340 2%0 15¢
fail Rotor HP 108 215 880
Tail Rotor RIM 1600 1100 65
Grosa Meigat %400 l6,000 50,000
Ant {torque 13149 19:7) 21:0)

Trat.a, Ratio

e tail rotor horsepover listed above wans derived tros Figure
1, vifen presumes a atraighteline relationahip betveen @ain
totor horacpover and required tall rotor horacpover., Two
pointa, OH-%8A and AM=1G, were vacd to getierale the line, %Yo
antalyafs wae @ade of the relative rotor solidity, eain rotor
pover tequired, or antitorque rotor power required aa {nflu-
enced by afze and power range, This {dealization in no way
detroctas from the reoulta of the atudy; the tail rotor arive
ayatem caf be aficed for any powetr level to seet actual require-

sentls,
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rolpgn pover condit ious for the extended-life tranomianfona
ate fugrtber detrived from tecotded flight load apectra oblained
ot Al=1G, UM-1C¢, andd UH=1H hellcoaptera i the RVYE theater,

e data acquiaition and geduction ayalewa are dedribed in o
BUC report (Reference V), The feaul’o of this progras were
preacnted it Liatograms of tlight wmancuver loade, ehgine powver,
®aitn rotor e, altitude, atd Flight apeecda for the theee
aodels acnt joned, 1o otder of severity, it was delinftely
ahovti that the AN-1G ranked bigheatl in power reoquireaenta, g-
loads, and flight apeed. Cubic sean pover requiresentla were
derfved from the AMeli power Lialogram atid ysed ae a baae line
for catabliahing the extended THO tranamission deaigh power,
e AH-1G vae eppecifiielly chosen sitce (U produced conaceva-
tive (more atringent) desipgn requiresents on the extended THO
transwisaion, A comparison of the operational power data of
the AM-1G, UNH-1C, and Ul {a tabulated below:

Norwal
Average Engine Power Military
Pove ¢ Power Available G.M,
Mode | (ip) (i) () (L)
All=1i 79% 1250 1400 9500
un-1¢ 662 1100 1100 6500
-1 6l 12%0 1400 9500

As a reault of “nte cubic mean power exhiibited Ly the AH-1G
(Flgure ) compared to the normal rated power (827,12%0 e
2/3), a deaipgn factor of 65 wan entablished for bLearing de-

sfign.

Since the {nput acctiona of cacl: transminnion may be required
to traneait fLll engine powver in the event of single-engine
operation, the design powver is full engine power available,
Tus, {1 the event of an engine failure, the remaining engine
vould austain adequate powver to the =main rotor @ast, The nor-
aal operating condition, lLowever, wherein both engines are
functional, would not require the full power available from
cach engine; nor would this be des{rable. The helicopter de-
sign grows welght msust be within the capability of a single
engine to sustain fiight, This would preclude the use of an
engine/gross weight cosbination that would reault in exceasive
loss of flight capability {n the event of 4 uingle-engine
faflure, aince 9%07% powver {s generally not asufficient to climd
al full gross weight, Therefore, thte actual main rotor Jesign
powver {8 catablished an twvo-thirds of twin-engine power, thus
providing 79% of this power to the main rotor {n the event of
single-engine failure. This {s4 adequate to sustain flight
vithin a restricted butl safe maneuver envelope.

b
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The following deaipn parameters were establ ished;
1, Gear Desfign

A, Input gears are designed with 997, contidence of
99.5% reliability {n bending fatigue and 5% proba-
bility of pitting for sfngle-cngine - ower.

B, Planectary gears are desfigned for the same ntatin-
tical reliabilitien at two-thirds twin-engine
rated power,

2. Bearing Deufgn

Input bearings are designed for a B0 lite:

A. 2700 hours at 657 takeoft! (T.0,) power for a 1200-
bour TBO transmission,

R. 5000 hourws at 657 T.,0, power tor a 3000-hour TBO
transmission,

7500 hours at 657 T.0. power for a 6OOC-hour TBO
transminsfon,

&

All other bearings must have similar lives, but at
657 x two-thirds twin-engine power,

A 127 overpower requirement is imposed for design of !
gears and bearings in the 3000- and 6000=hour gear- 4
boxes in excess of power required on the 1200-hour TBO 1
tranemission. This additional power requirement is

derived from the power spectrum exhibited by the AH-1G

nelicopter (Reference 1) in the RVN theater, wherein

operation at powers above T.0. rating was recorded.

Rated engire power for the AH-1G is 1400 hp maximum

and 1250 normal rated power with a transmission rating

of 1100 hp., The AH-1G actually attained some flight

time at power up to LLOO hp,

Since the power available for twin-engine design is 1
above normal T.0. ratings, as with the AH-1G, it is

anticipated that a portion of that power will occasion-

ally be used, The proportionality factor, 1.12, is 1
derived from the normal rated engine power and avail-

able power of the AH-L1G:

Power Available . 1400 |

Normal Rated Power - 1250 ° L12%




3. utilization rate of 50 flight hours per month was
chosen.

4, The design of bearings to withstand 3000 and 6000
hours of operation at a preset power level must en-
tail a statistical rate of failure, which results iun
“premature" removal due to fatigue failure in less
than the TBO period. 1In order to reduce the numbe) of
predicted failures, the life requirement, and hence
size and/or complexity of the bearing (and gear), is i
increased above the TBO. llence, a reasonable statit-
tical failure rate with adequate confidence level mus~ 4
be chosen that will not overly burden the transmission
with weight or cost. For this reason, suitable fail- ?
ure rates were chosen as 3% of the 1200-hour TBO
transmission, 5% for the 3000-hour TBO transmission,
and 8% for the 6000-hour TBO transmission. These
choices of statistical percentage of failures result
in required design B1o lives of 2720 hours for the
1200~hour TBO transmission, 5000 hours for the 3000-
hour TBO transmisgssion, and 7500 hours for the 6000-
hour TBO transmission. The target design lives thus
established afford reasonable statistical reliability
while preventing excessively difficult design specifi-
cations.

Urder identical power conditions, the probability of a
bearing's attaining a low predicted life is much less
than the probability of attaining a high predicted
life. This is shown subsequently where the generic
failure rate drops for increasing TBO, but the basic
Blo life requirements are higher for extended TBO.

GEAR DESIGN

In general, there are fcur fundamental failure modes for gear
teeth. These are considered to be mechanical wear, breakage
3 (impact or bending fatigue), pitting or spalling, and scoring
or scuffing.

The first, simple wear, is generally abrasive in nature and,
under conditions of proper protective environment, exists only
in relatively soft materials and very low pitch-line veloci-
ties. For helicopter transmission system design, the use of
hardened (Rc 58 min) gears and pitch-line velocities in excess
of 1000 ft/min completely eliminates failure from simple me-
chanical wear.

Tooth breakage., the second mode of failure, is most generally
related to the basic material endurance strength; impact

7
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sufficient to produce brittle failure i1s not generally found
in relatively high-compliance mechanical drives such as found
in helicopter systems. 1In praetlce, today's limiting -« sign
loads tend to be fixed by pitting and seorlng phenomena. At
such load levels, helicopter transmissicn =our and helical
spur gears can be designed and manufactured with .:h accuracy
and control that bending failure rarely, if ever, uccurs. As
an example of this fact, over 12,000 UH-Ll transmissiorn £;.t~ms
have been built, contﬂlnLng well over 200,000 spur grars, .nid

in all units returned for overhaul, not one jnstac.e oF Looth
breakage has been observed (Reference 2). However, tnis is not
entirely the case with regard to spirsl n2vel gears, Spiral

bevel gears, as manufactured oun current machine tools, have inher-
ently inferior root fillet meousntry, resulting in higher stress
concentration and greauect tolerance variation in root fillet
radii when comnmarced with conventional spur and helical gears.

For thwza2 reasons, coupled with the observation that spiral
bevel y2ars will generally exhibit greater pitting life than
spur gears under equal load intensity, design loads are more
often than not limited by tootb breakage. The AGMA spur bend-
ing stress calculation method and the Gleuson Works hvpoid and
bevel stress method (both computerized at BUC) are adequate
design tocls to obtain wholly reliable service operaticn.

Pitting failure phenomena cannot be discussed apart from the
scoring and lubrication distress failure modes. In clia«sical
gear design practices, the pitting life of gear. is rel.ted t,
the Hertzian contact stress by the inverse nintr-nower Law
much as in antifriction bearing life the»ry. in this approach,
the basic material endurance or ¢2nacitv I; proportional to

its macroscopic hardness aud furtlier related to specific chem-
istry, nonmetalli. inclus <n size and frequency, grain orien-
tation, and resicva. strrss field (Reference 3).

In 3 is seus., the pitting defined is essentially pitch-Lline

nr rovling-contact fatigue. More often than not, however,
ocher pitting or spalling modes give more trouble in helicopter
transmissions. Scoring, discussed in depth later, can lead
directly to pitting if the severity is of sufficient magnitude.
The scored areas are surrounded with untempered, rehardened
(mass quenched) martensite, while the primary scored area may
be in a relatively soft tempered or annealed state. Repeated
stressings will lead to progressive crack propagation from the
rehardened interface until severe pitting occurs. The second
alternate mode is generally termed case crushing. The gear
face develops severe longitudinal and transverse cracks, which
yield to formation of large pits or spalls. This is simply
attributed to insufficient case depth to support the sub-
surface shear stress envelope beneath the Hertzian contact




band. The final pitting mode is usually the most frequent in
spur gears operating in synthetic lubricants such as MIL-L-
7808 o0il at relatively modest pitch-line velocities. It may
be treated as an interrelation between elastohydrodynamic
lubricant film thickness and tooth surface roughness. The
origin of such pits is on the surface at severe asperity con=-
tact locations, generally on the driver dedendum at the loca-
tion of the first point of single tooth contact. The exfolia-
tion progresses in a fan-like shape, broadening and deepening
in the direction of sliding (often undermining large sections
with subsurface cracks) until large pits or spalls are evi-
denced. This reduction in norm:1l pitting life due to thin-
film lubrication effects has been treated extensively in Ref-
erence 3. This type of pitting accounts for 90% of the pri-
mary failures observed in closed-circuit overhaul of UH-1
transmission systemns (Reference 2).

Successful operation of a properly designed set of gears is
finally dependent upon the uniform axial and controlled pro-
file distribution of normal tooth loads and the interdependent
conditions of lubrication. Assuming that proper alignment is
achieved at the design power deflection condition, the first
point of contact occurs at the tip (0.D.) of the driven gear,
and contact progresses down the profile until the tooth goes
out of action at the driven gear flank. The driven gear tooth
assumes a certain amount of the transmitted load immediately
upon contact. This load can range from near zero to several
times the single tooth transmitted load. Since the teeth are
cantilevered beams acting under an elastic loading condition,
there is a calculable amount of deflection present. The pair
of teeth just preceding the set that is about to contact at
the driven gear tip will be deflected such that the net effect
will be felt as an index error at the first point of contact.
If no attempt is made to relieve this index error, a direct
overload will occur. By proper analysis and design, this
"mis-indexing" can be eliminated. This generally is accom-
plished by modifying, or relieving, the tooth profile at the
driven gear tip an amount that will be equal to, or slightly
less than, the deflection of the pair of preceding teeth. A
similar condition of deflection and modification must also
exist at the last point of contact, to prevent an overload
condition as the teeth go out of action.

There are several types of distress that can occur as an ul-
timate result of improper tip and flank relief in a bheavily
loaded set of gears. Generally, the initial distress is
scoring which may rapidly progress to destruction of the
critical profile shape, leading ultimately to premature pit-
ting. if the load, lubrication, and speed conditions are suf-
ficiently severe. Scoring may be evidenced as bright-polished
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radial grooves at the tips and flanks of the teeth, caused by
direct metal-to-metal contact in conjunction with the swiping
action present at the gear tooth extremities.

Although the exact physics of definition remain the source of
much debate, scoring may certainly be attributed to a pro-
gressively increasing contact temperature generated by high-
relative-sliding, high-unit-load, gear tooth geometry, and
constant metallic contact of sufficient energy density to
reach the surface liquification temperature of approximately
2900°F. The ability to transmit high torque loads is con-
tingent upon maintenance of a filn of lubricant within the
contact area that is of sufficient depth to prevent progres-
sive harsh asperity contact between the conjugate surfaces
and limit the surface energy density to less than critical
values. Providing there are no asperity contacts, or infre-
quent contacts, the lubricant temperature in the contact area
will stabilize and no distress will occur. However, if the
speed, lubricant type, and transmitted load are combined so
that incipient scoring occurs before temperature stability is
attained, then scoring distress is imminent. The design of a
successfully operable gear set would then dictate that an ade-
quate lubricant film relative to the surface roughness values
of the operating teeth be maintained under all conditions of
operation within the design power envelope.

Definition of adequate film thickness must, of course, con-
sider the fact that the total system of lubricant - gear metal
reaction in the so-called EP additives can grossly influence
apparent critical film thickness ratios. Lubricant film thick-
ness is interdependent with coefficient of friction; in the
thick film lubrication region, an increase in temperatur-: de-
creases coefficient of friction. Thus, the efficiency iun-
creases with lubricant temperature. However, an increase in
temperature is accomplished by a decrease in lubricant vis-
cosity and film thickness. 1If progressive asperity contacts
occur, the coefficient of friction will increase and the tem-
perature will not stabilize. Scoring will then result (Ref-
erence 4). Whether or not this metallic contact is an abrupt
result of collapse of the lubricant film at some intrinsic
"critical temperature' of the lubricant is an unsettled ques-
tion in today's gearing technology.

The analytical tools at hand, while not completely general in
nature, are quite adequate for engineering design work when
based upon extensive experience. For operation in mildly
reactive lubricants, such as MIL-L-7808 with the case carbur-
ized and nitrided gear steel used in this design, such exper-
ience is available. The stress levels to which such gear
teeth can be loaded and still successfully operate for
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requisite time intervals have been determined by extensive
testing of the UH-1 transmission. Based on the test results
and with an intimate knowledge of the operating louds and en-
vironment, a theoretical analysis has been devised that will
satisfactorily predict the instantancous stresses and loads of
a given gear set, With the theoretical analysis as a design
tool and with knowledge gained through experience as a guide,
a highly reliable transmission system can be designed and
manufactured, with a minimum development cycle. The cxtended-
lite transmissions have been designed to these known operating
limits and represent a reasonable approach to the existent
state of the art,

SPIRAL BEVEL GEAR DESIGN

p The input spiral bevel gears in each transmission were de-
signed with the aid of a Gleason Company computer program,
Three main design features were carefully considered 1n the
bevel gear analysis: safe gear operating stresses consistent
with the high-speed application, shaft mounting configuration,
and imposed bearing loads.

Safe operating stresses are essential to successful long-life
operation of the bevel teeth. It is recognized that the high
pitch line velocity (> 10,000 feet per minute) of the twin
1500 and twin 4800 transmission input pinions aggravates the
operating stresses due to any dynamic tooth loading condition
that exists in the teeth. In order to partially offset the
dynamic loading condition and to prevent overstressing, the
bevel gear teeth were designed with a high mismatch contact
ratio. This, coupled with relatively low calculated bending
stresses, assures safe operation (Reference 5).

The mounting system of both the pinion and the gear member
materially affects the operating stress conditions in the
teeth. All bevel gear members in the main power paths of each
transmission are straddle-mounted. This arrangement yields
less deflection under load than an overhung gear mounting and
provides more accurate conjugate tooth contact, thus minimizing
pattern shift and reducing the applied design mounting factor.
Internal clearances held in the roller bearings are relatively
high due to fail-safe operation requirements, but the contact
patterns are well developed through a deflection test program
to accommodate known clearance conditions. The inherent rigid-
ity of angular contact duplex and triplex ball bearings mounted
as shown also contribute to the accuracy and smooth operation
of the bevel gears.

The third item given close design consideration in the bevel
gear analysis was the component loads. Unnecessarily high
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radial or axial loads cvan result from (mproper selection of
the helix angle and presnure angle ftor the bevel teeth, Vor

a glven net of tooth numbers, the tangential tooth load variens
only with pitch, no a proper chofce of helix and premaure
anglen for the bevel teeth can sinimize the reaction loade on
the support bearingn., This must, of course, be accowpl {ahed
within the contact ratfo limite dincusnced earlier. Varfous
bevel gear confligurations were {nvestigated, and the data for
the final selected netn are shown in Appendix I, Theae neta
represent optimum deafignu, consfdering the above factoru,

Gear Materials

The material for all the external gears {# vacuum arc remelted
AMS 6265 xteel, The gear teeth are selectively carburized to
an effective cane depth of .030 to .08 inch., The stock re-
moval after carburizing {s .00l to .006 inch; hence, the
finished effective cane depth in ,024 to ,037 {nch, Cane
hardness {8 Rc 60-63, and core hardness {s Rc 33-41 on the
finished gears, The carburizing process (per Bell Proce-»s
Specification FW-4420, Class A) includes carburizing, sub-
critical annealing, quenching, deep freezing, and tempering.

The material for the internal ring gears is vacuum arc remelted
AMS 6475 steel, The gear teeth are selectively nitrided to an
effective case depth of .0l8 to .024 inch. The d#tock removal
allowed after nitriding is .00l to .005 inch; hence, the
finished effective case depth is .013 to .023 inch, Case
hardness is R1g 90,0 minimum (on ground surfaces), and core
hardness is Rc 38-44 on finished parts.

The large size of the gear components used in the twin 4800
probably precludes the attainment of full core properties in
the AMS 6265 material (governed by section thickness) and full
strength properties of the AMS 6475 (governed by low ratio of
case thickness to section thickness), 1f size effects should
produce degradation in mechanical properties sufficient to
endanger the extended life design then other materials would
be considered, such as SAE 8620 or H-1ll. However, In the
interest of economy the first choice of materials would be as
noted above since considerable knowledge of processing exists
and material cost is relatively low.

Bearing Design

The B)1o lives shown subsequently were obtained with the aid of
a high-speed digital computer program. Bearings operating at
high rotational speeds have appreciable loads generated in-
ternally from centrifugal forces and gyroscopic moments, which
are calculated by the computer program and included in the
statistical treatment of the load-life relationship (Reference
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), Since the bcarlnga supporting the {nput bevel pinfon and
geatr ahafta {n the twin 150 and twin 4800 rotate at very high
rivwe (24,000 §input and 9,000 {nput, respectively), the {nternal
bear{ng geomotry and aseociated effecta of centeifugal and
grroancopi{c forces were glven close attention, The ball apin
roll axes are greatly influenced by apeed-produced internal
forcea, and rapld catastrophic fallure can occur {f the con-
trolling rave changes at such high apeed, Frictional heat
cauning rapld vear to occur during control transition leads to
atcelerated faflure., Mene deleterious conditions vwere pre-
cluded by chooaing proper preload, race curvatugea, atd coti=
tact .mglcn.

A voticurrent bevel gear analyeis wae conducted to oblain a
apiral bevel gear configuration that produced the leastl bear-
fng loads while malntaining proper contact ratfos at:d allow-
able ntresses. Several arrangeements vere investigated to
attain an optimus bearing bevel gear balance,

In deference to the high-upeed application, {t {a esasential
that 1o distrean appear {n the bearings since the rate of
failure progression {s too high to ensure detection before
catastrophic tailure. The normal sequence of evenls, as ex-
perienced with the Uli-1 transmission bearings, {s to detect a
failure, efther audibly or by magnetic chip senwor, to isolats
the location, and to take corrective action by replacing a
quill or the entire transmiunion asseably. However, with the
high-upeed twin L%00 and twin 4800 i{nputs, the prabability of
baving sufticient time for detection and correction before
catastrophic fallure occurs s greatly reduced. Consequently,
the need for high reliability {a paramount, and the CEVM M=5%0
bearing material, an used {n the 6000-bour THO transaission,
contributes asignificantly to this requirement (Reference 8),

The inner rings of the bull bLearings are press fitted wuff{-
ciently to preclude occurrence of detrimental ring creep and
fretting corronfon, The proper fit values can be calculated
with excellent confidence by an experimentally derived method
developed by HHC, When the elastic rings of duplex and tri-
plex bearings are Interference fitted, the {nner raceways grow
diametrally and {nduce additional axial preloading wheti the
rings are clamped {lush. Thense bearings must be fabricated
with the proper enduhake ({uner race face intrusion) to secure
the desired mounted preload at the high {nterference fitn,

The shafting inside diameters are nimi{larly fixed by the

strain requirements {n the inner rings (at the determined fius)
to produce the required i{nterfacial pressures to prevent creep.
The resulting mounted preload s highly critical of tolerances,
Theretore, the ABEC clannes and nhaft journal tolerances chonen
must be compatible with nyutem design requirenents,
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Yor high-aspeed beatrings, the efferta of lubrication are auch
that a marked inceease (o life can be attafned when compared
to similar conditions at low speed, primarily due to lubrica-
tion {nfluence (Reference /), Under bigheapee! conditiona,
the lubrication regime becomes fully hydrodynam{c and the
reaulting cont junciion compreanive atrean and subsurface atecan
depart markedly from the clasafcal Mertsfan atrean, Heptzf{an
streas conditionas are probably not attained evenn at low speed
with boundary lubrication, Wierein traction stresnes become
profouniced aucli thatl augface ahear forcea contribute to the
production of limiting surface and aubsurface streanca, With
full bydrodynamic acparation in the conjunctiona produced by
bigh apecd, two physfical characterfatics prevail: the woving
cot junct fon becomes {ncreaningly nenn{tive to the racevay
sphericity or cylindricity wherefn the rolling elementa "hit
the high apots,  and the peak subsurface stlresses are dimin-
fahed and occur tearer the surface. The forter condition can
induce sxidding, then smearing or uwcoring with attendent heat
generation, and then eventual asurface fatigue fallure or wsef-
zure due to losas of geometry.,

The latter condition can induce surface-in{tiated ftatigue
ipalles, pousibly from hydraulic action {n minor surface imper-
fections, or subsurface-in{tiated fatigue spalls ot classical
orfgin but very near the surface, In either cane, the topo-
logical undulations contribute to the faflure probability {¢
allowed to become excennive. Vor themwe reawons, the contacting
element nurface conditions relating to osculation and espe-
clally waviness require refinement and control to a much

higher degree than low-upeed bearings. IMowever, surface finish
requirements actually become more severe in low-speed bearing
applications., It {s also recaognized that the thin-film, low-
speed contacts are far more sonsftive to chemical eltectn in
the lubricant ~aetal conjunction (Reference 8),

AVBMA grade 5 or better bearings are, therelore, necesmnary for
the attainment of turget life. Increases in Blo of the order
of 400" have bLeen recorded when operating neemingly {dentical
bearings at high speed (10,000 rpm) ar compared to low-speed
operation (1500 rpm) (Reference 7)Y,

The use of a bearing made from vacuum-melted M-950 uwteel as a
direct replacement of a 52100 nteel bearing results {n a B)g
fncreane in the application on the order of 4X or greater,
Min has been demonstrated at BHC on split fnner ring main
rotor nupport bearings sun 4t low speed and bigh load (Ref -
erence 8) {t. MIL-L=7H08 lubricant, The life increase nhown by
these tentn, uning s{milar bearings made from 5’100 nteel as

4 base line, was considerably greater than 4X., S{milar tents
were reported by SKF but at high speed, with the results being
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slmilar to WK lovw-apeed expericence, but life (togreanen only
alipghtly greater than WX were realiged with the M-%0 bearings,

MNie moat effeoctive mothod of preventing (nhner ring creep in
toller bearingas {a to eliminate the ring and to finiah the
tacevay (ntegrally with the ahaft, fhia practice haa been in
extenaive use o all Uil-l aeriens tranemianfonas, with exiellent
teaults, %ot only {a the tolerance range of {nterncl lear-
atce afgnificantly reduced by thia practice, bul the Tatigue
endutratice of the carburized vacuum arc reselted gear material
far exceeda that of convent {onal through-bardened bearing
materfalas, Additionally, coat and weight savings are realized
by elimfnation o! the {nter rings and the associatled apacera,
tiuta, atnd Jocking tarduvare,

The recommetided tolerance grade {a ABEC 7 for the high-apeed
ball bearings and ABREC % for the roller braringa, Since pre-
load, race control  and prena=titting toletranceas of the ball
bearinga are {nterdependently critical, {t {s ennential that
the toleratce varfationas e minfciged. All journals are to bLe
superfinished to u ClA of 8, Cotnsfderabtle effort must be ex-
petided to {naure malntenance of the proper dimenajons and
tolerancen, which in turn ennures successful bearing operation,

The maximum life exhiibited by a roller bearing {u obtained {n
a roller bearing that {as (losely controlled dimension:lly, has
rollers that are crowned for proper load distribution on the
rollers, han even roller guiding with close roller and clear-
ance accomplisted through {ntegral flanges on either or both
racen, and, finally, s operated in a lubricatfon-speed regime
that produces relatively thick film neparation of rolling con-
junctiona at the precise leoad for which the crown was deter-
mined (Reference 9),

Relaxation of any ot the dimensional or operational character-
inticn from the optimum results in » reduced life for the bear-
{ng. Actual realization of the optimumn bearing in addirtion to
continuous operation under the pre-isme cesign load condition
in seldom attained. For thia reason, a r2ans of accounting
for departure from the optimum must be incorporated {n the
statistical treatment of life predictions for the roller bear-
fng. This has been done oa dencribed {n Reterences 6 and 10
(load prediction). Concentrated loading in roller-race con-
junctions, especially countertormal, necensnarily reduces the
exhibited life, compared to the optimum roller bearing. The
reduction in life {8 predicted through the use of a capacity
reduction factor, A. Tests run on several different contigu-
rations of roller and ball bearings rensulted in a statintical
A value of 0.61 tor crowned roller bearings and 1.0 for ball
bearings. The range of values for roller bearings ~as 0,45 to




—

1 0; the lower value of A wao obtalned {n atraight rollera
exhibiting point contact, and the higher value of A wvas at -
talned on bearings fabricated with apecially cottrolled manu-
facturing proceassca and dimennional conforwity, The A factor
fa {nfluenced by roller guldance, load range, aurface finfah
and wvaviness, roller crovning, and ring al{gneseat,

Attalnment of statiatical aervice lite of the bearinga uaed {n
the nine tratsmisnfons of this study relies on the uvae of high-
quality bearings (AFHMA Grade 2 %), wherein o minimgl value of
A- .6l {a ansured  With proper load predictions and operat -
ing DN values, a bhigher value of A {a Juati{tied, For example,
the roller bearinga {n the high-apeed input bevel pinjonn of
the twin 1500=hp transainsion are atalyzed with A - 61, Thie
fu dote nince the apeed ratge and loading condition are auch
that the effectas or manufacturing tolerancen, thermal dintor-
tion, and roller dynamice are magnificd to the extent that
realf{zation of optimum life (s {mprobable. The roller bear-
{ngs on the {nput bevel gear shaft are aluwo in this category,
since the speed {n at{ll high (Reference 9).

The tafl rotor spur takeoflf gear of the twin 1500-hp trans-
mission {s mounted between two cylindrical roller bearings in
such a manner that end loading of the rollers {s allowed.
buring power oscillation {n the taf{l rotor drive nynstem, {t {n
possible for these rollers to absorb a fluctuating end load
and thus {ncrease the possibility of adverse skewing effects
which are detrimental to the life of the roller bearing. For
this reason. the value of .61 for A {s used {n nizing the
bearings.

The output npiral bevel gears {n the twin 1500-hp tail rotor
drive system are mounted in such a way that a higher value of
Ais jucrtified. The rollers are loaded in the proper C/P
range, opcrate in the (ntermediate speed range, are rigidly
housed, and are properly held in position by the duplex ball
bearings. For these reasons, a A factor of .83 {s used in
sizing these roller bearings., The value of A = .8) ccincides
with the AFBMA capacity prediction for roller bearings with
modified line contsc. and integral guide flanges, which assure
even load distribution.

The value of A for ball-race conjunctious i{s 1.0. This {s not
to say that ball bearings have a higher load capacity; rather,
it {s a function of the mathematical predictability of stresses
in 4 point contact conjunction. Conjunction between balls and
raceways, both conformal and counterformal, are always point
contacts and hence require no reduction from the optimum for
observed conjunction overrtresa, The conjunction area is
elliptical, and the stress patterns are well defined analyti-
cally (Reference 11),
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fhe <hatacterfatic failure rates are an index to the relative
reliabilitics for each pearbox deaign at each of the three
190 levela, Inability to size bLearings to provide exact ro-
quired livea {6 conjunction with the basic deeign asaumpt ions
yielda different levela of reliablility when conafdered from a
aitngle level of aervice life or from the three THO levela.
tYor exasple, if eaclh THO level were atialyzed with a predicted
fallure rate based ot 1000 houra, the 1200-hour THO trans-
s{anion would have by far the highest fallure rate, #But when
compared to 3000 hours and 60CO houra, tie fallure rates ars
sore tearly equal, thus {ndicating proper sizing of dynasic
clementns,

So {n addition to the L000-hour basi{s tor generic fallure rate,
ve calculate faflure rates thuysly:

A , 1200 A . 3000 A , 6000
1200 ° TTOY 3000 © TT o0 6000 * TT. )
THO THO THO

The relative reliabilitien nimply point out the consistency in
design criterfia. The criteria are actually different regard-
ing calculated L)0 requirements, but the failure rates an o
function of THO period show a tradeoff characteristic {n favor
of extended TBO.

DIAGNOSTICS OR FAILURE DETECTION SYSTEMS

Diagnostics cannot prevent premature failure, nor can diagnos-
tics be expected to eliminate secondary failure. However,
diagnostics in conjunction with such meusures as compartmen=
tallization can reduce the possibility of catastrophic faflure
due to secondary damage. For example, a mast bearing spalling
failure generates metal flakes that, coursing downward through
the transmisnsion, can be entrupped in gear aeshes or in bear-
ings. Entrapment i{n gears could cause excessive deformation
or tooth fracture and loss of drive. Bntrapment in bearings
could ultimately cause ring fracture or loss of operating
clearance and subsequent overheating with attendant seizure or
loss of drive. The mast bearing failure is primary but not
catantrophic {n {ts early stages due to a low progression
rate. Seizure or loss of drive in this example {s due to
secondary causes in the higher speed port{ions of the trans-
missfon, where progression rates are significantly higher.

Transmission reliability i{s increased by the use of a positive
failure detection system., If faflures were detected early and
isolated so that secondary debris damage would be minimal,
then overhaul cokt would be reduced. However, the detection
system, per se, would have no c¢ffcct on extended TBO. The
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entire queation of the cost-effective overhaul point - {n-
Ufeaned coal of overhaul due 1o extenalve secondary damage vo
loas of residual useful life (o in fact outafde the acope of
thia report,

Tapst Otie=May Cluteh

The function of the {nput one-way, or freewheeling, cluteh {a
to tranami{t engine torque to the tranam{anion during normal
operation, yet to allow free rotation of the tranamf{eanfon and
other rotor=drive components i{n the event of engine stoppage.
A full-phaning cluteh manufactured by the Spring Divie{on of
Borg -Warner Corporation waa clionen for each trannmi{saion,

Sprag design of theae unite {s norwally such that the clutch
fo centrifugally crzaging. That {s, centri{fugal force acting
at the center of gravity of each sprag rotates the aprag into
wore {ntimate contact with the {nner and outer races, Thin
feature ensures continuous sprag-race contact and allows
smooth engine reengagement . at upeed, after a period ol free-
wheeling.

Clutceh lubrication {s provided by o .28-gpm ofl flow rate on
the 500-t:p unit and a ,5-gpm value on the 1500- and LBOO-hp

units {nto the end of the {nner rings, This quantity of ofl
lubricates both «lutch awsembly radial bearings in addition

to the sprag clutch proper. Adequate wear life for the in-

creased TBO units {s ensured through use of {nner-race over-
running designs (wherein the centri{fugal load component re-

duces to zero with a stopped engine) and extra-width silver-
plated beryllium copper drag springs

The bearings {n each freewheeling unit serve to center the
inner and outer clutch raceways, maintaining proper alignment,
There {8 no relative rotation of the bearing rings during
normal power-on operation. Adequate false brinelling resin-
tance to the imposed i{nput drive shaft loads {s provided by
use of maximum-itatic-capacity, deep-groove, fractured ring-
type bearings., During autorotation or one-engine-out opera-
tion, the bearing operates normally with {inner ring rotation
relative to the outer ring. However, since no calculable
loads exist, no life is shown for these elements,

DRIVE SYSTEM FLEXIBILITY

Drive system flexibility has been incorporated into each trans-
misnfon for the purpose of ensuring proper load aharing in the
planetary reduction gears. The ring gears in cach case are
splined loosely to the housing. This allows the ring gear to
deflect radially and circumfecentially at cach planet passage
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atd allove the aepatate Hlatel pear meahes Lo aeek an equal
tranam{itted load, The sun gears are unrestrained radially to
provide the aame load=sharing tendency by seeking equilibrium
within the planet meshes, The lower planetary tarrices are
deaigned so an to abasorb the torsfonal windup within the plane-
tary atase and thus prevent gear tooth end loading. Thia
higher apecd planetary atage in penerally moast sunceptible to
scoring tailure viien cnd loading in peroi{tied,

Sk

In the lov-apeed upper lanclary assemlies where npace limf-
tatfons prevent the tlecible denipgn uned in the lower plane-
tary awnembliea and acoring rink {o greatly reduced, the gear
teeth themselvea are wol{f{ed {n the lead direction in nuch o
matitier that no end loading exiats under normal operating con-
ditfons, The carrier devlections exint in the upper planctary
carriers, but thin deflecvion {n anticipated and accommodated,

txcensive flexibility {a larpely eliminated in the difve nyn-
tem, where deleterioun effecta may renult. This {s noticeable
fn the spiral bevel gear mounting and bear {ng housings. The
nature of conjugate action In apiral bevel gear teeth dictates
relative rigidity in mounting to preserve the developed con-
tact patternt, Although recent denigns employing relatively
bigh helix curvature (small cutter radius) exhibit decreased
sensftivity to deflections, nhatt deflections and housing de-
flections allow relative motion of the gear and pinjon which
generates a concentrated conjunction load on an abbreviated
arca of the active tooth profiles. The resulting stress mag-
nitude can be considerably higher than nominal -alculated
stresses and can lead to surface fatigue failures well {n ad=- 1
vance of predi-ted gear life. Bearing sizes and internal
clearances ., as well as shaft section modulii, can also con-
tribute to gear distress through excessive deflections. For
these reasons, the shafts, housings, and bearings must be
s{ized and proportioned to effectively eliminate excessive de-
tlections.

One ma jor contributor to distress from deflections is the main
rotor mast, his element can {mpose radial load to the plane-
tary asscmblies when mast shear loads are generated in flight,
The bending modes are wuch that relative radial motion of the
mast at the planetary carrier level will induce radial re-
action loads in the planetary gear teeth. To circumvent these
undesirable deflections, the upper carrier is flexibly splined
to the mast above the plunectary assembly level., Deflections
are minimal at this level, and spline flex{bility is helpful
in further reducing the effects of deflections,

Housings are so designed that concentrated pylon mounting loads
are distributed to the transmission supporting structure
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without (nducing high local deflections which would affect
bearings and gear meshes adversely, This requires that trans-
mianion casen be “beefy” and hence contribute to the overall
welght, Successful gear and bearing dynamics, however, depend
upon the practice of restricting flexibility to that extent
sufticient to assure adequate load distribution {n elements
denigned to share load.

£.ROS 10M

Erosion of Oil Passages

Careful examination of several cored oil passages in Uli-l mag-
nes{um sump cases and steel jets after return for overhaul has
revealed no Indications of erosion. The Ull-1 transmission oil
pump is a l2-gpm constant-displacement Gerotor that delivers
oil at 60 psi at a cored passage velocity of 30 ft/sec. It is
apparent from the investigation that the range of flow and
pressure involved is not sufficient to cause erosion damage to
the oil passages. One unused case was sectioned and surfaces
were compared to verify that the condition of the used cases
was rot markedly different from the new cases. Therefore,
erosion is considered to present no problem in extending TBO,
so long as pressure and velocity experiences are not exceeded.

3J00C -HOUR TBO TRANSMISSION DESIGN

A 3000-hour TBO is attained through bearing changes wherein
sizes are increased to provide the higher capacity required
for extended fatigue life; increased gear sizes to accept ad-
ditional load as needed from power available in excess of main
rotor design power and additional gear load cycle accumulation
during extended operation; material changes necessary to pro-
vide adequate corrosion resistance for extended operation; and
seal material and configuration changes to prevent deteriora-
tion and wearout.

1. Increased bearing sizes are necessary to achieve suf-
ficient fatigue life for reliable 3000-hour TBO. The
size increase was predicated on the reduced allowable
operating stresses of the gears, which dictated an in-
crease in horsepower transmitted to the main rotor
mast and the Ly failure rate acceptable during 3000
hours of service life. In the case of the 1200~hour
TBO design, Lx = L3 = 1200 hours, allowing a 3% fail-
ure rate for a population life of 1200 hours. However,
for a 3000-hour TBO, Ly was chosen as Lx = Ls = 3000
hours, allowing a 5% failure rate for a population life
of 3000 hours. This was done in an effort to reduce
the considerable size (hence weight) increase in
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attaining 3000 hours TBO. That is, an L3 design of
3000 hours results in excessive bearing size and
weight and provides too stringent a failur~ rate to be
commensurate with associated gear life.

The input bevel gears and/or helical herringbone gears
must be designed for infinite fatigue life at full en-
gine output torque. The gear tooth load cycle accumu-
lation rate is sufficient to produce in excess of 10
cycles during the 1200-hour TBO period. Therefore,
-hese gears were designed for infinite life for the
1200-hour TBO and retained for all TBO levels.

The operating surface compressive stress must remain %
below some established level to preclude surface fa-

tigue. This stress level must provide margin for ]
transient operatiorn 4t overpower conditions which
could induce surface failure during the extended life
cycle. The restriction of operating surface compres-
sive stress to this safe established level is predi-
cated on EHD film thickness and the exhibited fact
that gears, under thin-film lubrication, are surface-
fatigue-life limited rather than flexure limited. The
EHD film thickness, in turn, is influenced primarily ,
by lubricant viscosity at operating temperature. The X
use of synthetic lubricants and their relatively low 3
viscosity (3-5 cp) necessitates designing to rela-
tively low surface contact stress levels in the low-
speed drives, which, in turn, results in relatively
"heavy' gears.

Material properties play a paramount part in the at-
tainment of extended service life. The operating en-
vironment can render a mechanism useless unless the
components are specifically designed and treated to
withstand the elements of the particular environment.
The transmission cases are naturally the components
that are most subject to corrosion, especially areas
that tend to entrap moisture or retain dirt and de-
bris. The case material must have an inherent ten-
dency to resist corrosion over long periods of expo-
sure, or the transmission will be removed '"piematurely"
and attainment of the projected TBO will not be accom-

.plished. The '"corrosion life'" of certain UH-l trans-

mission cases is limited to two overhaul cycles, and
this only after rework to remove the evidence of cor-
rosion at the first overhaul. The cases fabricated
from magnesium are treated with corrosion preventative
compounds and externally coated with organic coverings
to provide the best corrosion protection possible with
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the existent technology. However, during field ser-
vice exposure, the galvanic corrosion around joints
where dissimilar metals have to be used (steel studs
and washers and magnesium case) reaches an advanced
state in L1200 hours (Reference 2). The case geometry
is not such that actual water traps are present, but
the surfaces around joint studs are flat and horizon-
tal so moisture naturally collects and does not run
off. The result is eventual corrosion in spite of ex-
ternal organic coatings and sealers.

There are materials suitable for transmission cases
however, and this was shown in Reference 2. All
transmission cases used on the Vertol CH-47 are made
from aluminum alloy. It was quite evident that no
corrosion problem existed with the CH-47 transmission
cases, to the extent that no cases were replaced for
corrosion during the study period in Reference 2.

The ability, therefore, to resist corrosion in field
service is attained primarily through the use of
aluminum alloy transmission cases and judiciously de-
signed external geometry to prevent moisture retention
on case surfaces. For the 1200-hour TBO transmission
design, the cases were fabricated from magnesium
alloy, but attainment of TBO of 1200 hours is assured.
For the 3000-hour TBO transmission, however, the
material was changed to aluminum alloy, and the joints
between cases were designed with studs extending down-
ward, thus eliminating moisture-retaining flat sur-
faces on the exposed upper surfaces of the cases
(reference 3000 TBO, twin 1500 top case). The trade
+Ef in this instance is adequate corrosion resistance
to attain extended service life for the difference in
weight in changing from magnesium alloy to aluminum
alloy.

Shaft sealing for extended service life must be ad-
dressed from two aspects: seal wear and aging de-
terioration. The use of conventional lip seals made
from elastomeric materials provides adequate life for
the 'mormal' 1200-hour overhaul period. However, for
extended life, the problem of simple elastomer life
(shelf life) can render the seal ineffective, generally
due to hardening. The seal must maintain a minimum
pressure on the shaft in order to provide effective
sealing. When the seal material becomes hard or stiff
due to aging, the ability to maintain adequate pressure
is lost. Therefore, with shaft or sealing ring wear
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in conjunction with elastomer hardening, the seal may
begin to leak.

For extended life, the shaft seal must be fabricated
from materials that resist aging deterioration. This
requires the use of face seals, e.g., carbon on steel
(generally stainless steel). The carbon face seal
resists aging deterioration. This leaves only wearout
to be alleviated. Sealing surface wear is not pre-
vented, but an adequate wear life can be attained by
proper design and manufacture of the seal, shaft, and
housing. Proper design is such that positive lubrica-
tion for the seal is provided during operation. That
is, it is necessary for the seal to weep or leak a
small amount in order to seal effectively and still
provide extended wear life. The seal rubbing inter-
face must be separated by an oil film to eliminate
wear, which leads directly to seal leakage. Therefore,
leakage must be tolerated, but the amount can be con-
trolled (and effectively scavenged from the area).

The seal rubbing pressure must be controlled and main-
tained constant throughout the life of the seal. This
is done by proper choice and application of seal
springs. The springs are designed to maintain an ap-
proximate constant force by making the effective
spring length sufficient to minimize the loss of force
due to spring extension. In addition to oil seal
leakage which provides wear resistance, it is necessary
to prevent abrasive wear due to euntrapment of dust,
dirt, and moisture from the external side of the seal.
External protection is provided by a labyrinth seal

on the shaft outside the face seal. Dust and dirt are
effectively excluded during operation, and moisture,
either from rain or cleaning hoses, is excluded
statically. The moisture that may enter the labyrinth
seal escapes through a drain line provided for this
purpose (and for the purpose of dumping weepage oil
over the side), so the face seal absorbs no water,
thus reducing the probability of corrosion.

Attainment of 3000 hours of operation on the labyrinth-
face seal design is reliably assured with the above de-
sign features. Another possibility for extended life
is in the use of pneumatic seals. Air under controlled
pressure can be introduced into a labyrinth on a rotat-
ing shaft. This provides a pressure head which effec-
tively eliminates oil leakage past the labyrinth,

Bleed air can be supplied from the engine to provide
the pressure head, or a shaft-mounted centrifugal
blower can be provided. The advantage of this seal
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is the absence of shaft-to-seal contact, thereby elimi-
nating seal wear. One disadvantage arises from the
secondary support system (air supply) required for
proper sealing. Another, and more important, disadvan-
tage lies in the fact that no static seal is present

to exclude moisture and debris from the gearbox. For
this reason alone, face seals were chosen for extended
life.

6000-HOUR TBO DESIGN

The design of the 6000-hour TBO transmission is accomplished
through modification of the 1200-hour TBO transmissions to re-
ceive the 3000-hour TBO gears (which were designed to reduced
allowable operating stresses), bearing material changes, and
case material changes.

The gearbox cases are made from cast aluminum alloy, as were
the 3000-hour TBO cases., However, the housing proportions
around bearings were reduced back to the 1200-hour TBO size
since the bearings are the same size as the 1200-hour TBO de-
sign.

By changing the 1200-hour TBO bearings from 52100 steel to
M-50 steel, a capacity increase was realized that was greater
than the capacity increase attainable by increasing the 3000-
hour TBO bearings to the next larger size, The life increase
was sufficient to achieve the minimum required Bjg life of
7500 bours for the 6000-hour TBO design.

The gears which were designed to operate at the reduced allow-
able stresses for the 3000-hour TBO were also used in the 6000~
hour TBO designs. The operating conditions for the 600C-hour
TBO are more nearly equal to the 3000-hour TBO with respect to
the transient or momentary overpower condition than when com-
paring the 3000-hour design to the 1200-hour design. The
cycle accumulation at overload conditions would remain rela-
tively insignificant compared to the billion-cycle tooth con=-
tact accumulation. Although some allowable stress reduction
for contact fatigue and bending fatigue in going from four
billion to eight billion cycles (highest frequency mesh in the
twin 500-hp design) is generally considered applicable, little
confidence exists in its exact definition.

The question of seal design for extended life beyond 3000 hours
must be solved by means other than simply hoping that a face
seal will last 6000 hours. The method used in ensuring 6000
hours operation would be to design the seals into quills and
replace each seal quill at the 3000-hour interval. Provision
to facilitate seal quill removal would have to be made, i.e.,
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output or input shaft design that would allow seal quill re-
moval without removing the associated gear quill. However,
the seal replacement would be accomplished at the field main-
tenance level with no special tools required.

External flexible lines used in transferring lubricating oil
from transmission to oil cooler and back would also be re-
placed at the 3000-hour interval. No provisions would be made
for quick disconnects since the lines would be normally
drained in static position, and replacement frequency would be
minimal. This requirement would be completely eliminated by
an integral oil cooler design which would preclude external
oil lines. O0il system sight gages would be retained ftor the
total TBO, but material for these elements would be licat-
treated glass conventionally mounted on O-rings and retained
by snap rings.

Externally exposed shafting would be made from corrosion-
resisting steels and would be cadmium plated as were the 3000-
hour TBO designs. Internal corrosion protection would be the
same as the 3000-hour TBO design.
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DESCRIPTION OF TRANSMISSIONS

TWIN 500-HP TRANSMISSION

The twin 500-hp transmission i o twoestage reduction unit
comprised of two input apiral bevel pinfons (Figure 3, {tem
16Y driving a single spiral bevel gear (Figure 3, {tem 26),
which in turn drives a single planetary stage. An overrunning
clutch is positioned at each pinion location to allow ningle-
engine operation or twin-engine operatfon with different power
inputs,

The i{nput spiral bevel gear drives the lower sun gear (Figure
3, item 3G) through a splined connection. The sun gear drives
three planet {dlers (Figure 3, {tem 4G) innide o semifixed
ring gear (Figure 3, {tem 5G). The planet carrier drives the
main rotor mast through a splined connection,

The oil system consists of a conmtant-dinplacement G-gpm pump
driven trom the bevel gear member. Ofl is drawn through a
coarse filter screen from the main case and pumped through a
10-micron tilter to the oil cooler, The ofl cooler s mounted
above the port input shaft coupling, which hans w centritugal
blower attached to the couplivg drive tlange., Cooling air is
furnished to the cooler during normal operation by the blower,
In the event of port engine failure, the blower becomen in-
active; however, the cooling requirement in reduced due to the
power decrease (500 hp maximum), so the froperative blower {n
not detrimental to the continued single-engine pertormance,
The justitication for this assumption is based o pant pertor-
mance of the UH-1A helicopter transmission, which was deal ned
tor 700 hp continuous, and no oil cooler wan used tor the oil
system on the main transmission, The normal operating hornse-
power at 657 would be comparable to the single-cnpine operation
of the twin 500-hp desipn of thin study, The tafl-rotor-drive
spiral bevel pinfon (Figure 3, {ten 6G) is driven by the “bull
spiral bevel gear, The tail-rotor=drive output ahaft also pro-
vides a rotor brake assembly mounting. The shatt rotates at
6000 rpm (same a8 engine fnput) and tranimits 108 hip to the
antitorque tafl rotor at 1600 rpm through a 3,75 ratio 90 wupi-
ral bevel gear set In the tail rotor gearbox (Figure 3, Tablen
1 and I1; Figure 4, Tables I11 and 1V; Figure S, fable V).

Cases are made trom cast magnesjum except for the top cane,
which {s made trom forged aluminum alloy, 403’. T[he top cane
{s made trom aluninum {n order to withstand the fretting wear
associated with the external spline on the ring gear,

Conventional elantomeric Lip nealsn are used {n sealing {nput
and output shafts., Shaft sealing surfaces are cane hardened
and cadmium plated,
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CEARS
tem No Nase
L1
e 16 Input Spiral Bevel Pinion
— 28 20 Input Spiral Bevel Gear
3¢ Sun Gear
W 0 Planet Pinfon
— In Sc Ring Gear
6G Ta{l Rotor Drive Pinion
{+] Accessory Drive Pin{on
i
REARINGS
A
|l lt.. !0. !.-.
q 18 Input Pinfon Roller Size 304
] | Input Pinion Ball Size 7212
» Input Gear Roller Sirc
110 x 160; 32 - 8,% % 10
“ Input Gear Ball Size
N w 6918 With 13/32 Balls
. S T 58 Planet Roller Size
11 x 11 x 3,86 P.D.
e re 2 Rows: 16 Rollers/Row
e (1] Mast Ball 204-0L0-136
. S Pump Inlet
N A D Screen 4 | Maet Roller Size 1011
(1} Tail Rotor Pinion Roller
Size 1911
0il Pu=p 9 Tail Rotor Pinion Ball
204 -040-14)
Hydraulic Pusp 108 Planetary Support Ball
Drive fad Size 99 x 125 x 1)
119 Preewheeling Ball Si{ze
Tail Rotor Drive 70 x 100 «x rz

Shaft Adapter




TABLE 1, SUMMARY OF BEARING LUADS AND LIVES

———— w - - -

= T it T Toad{ng & eq
Radinl Moment 4
ltem _ Bearing Axial _ (1p)y _Uin.e1b)
18 fuput Pinfon Roller - 634 -
Stze 304
28 Iuput Pinfon Ball 1,287 904 1,087 l

Size 7212

B luputl Gear ller - 1,030 - 12
Size 110 x 140O; 32 - 8,5 x 10

up lnput Gear Ball .17 703} 1,032
Size 6918 with 13/32 Balls

58 Planet Roller - 2,100 -
2 Rows: 16 Rollers/Row
Size 11 x li x ).86 PO

6B Mant Ball 5,370 4,202 6,734 4
204 -0L0O-]36

8 Mart Roller - 3,509 - $
Size 1041

“B Tail Rotor Pinion Roller - 918 = §
Size 1911

98 Tail Rotor Pinion Ball 62) 321 214 q
20-040-1413

10B Planctary Support Ball - - -

Size 95 x 125 x 113

118 Precwheeling Ball - o -
Size 70 x 100 x 12

* 65% Load tor ltecs 1B through 58
75% load tor ltcmus 8B and 9B
100% Load for ltems 6B and 7B
No calculations made for ltemn 108 or 118

- = ——=== == ——— —
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BARING LOADS AND LIVES - 1200-1HOUR [RO, IWIN 500 dp
ifng J NearTng LiTe T Minimum Film T b
dial Moment Hloura Miicknean
1) (in_=1b) _Lio e RIM (108 In.) N ]
634 - b kS 6,000 11 120,000
904 1,087 2,824 6,000 20 360,000
1636 : 17,0206 1,975 1 173,000
70} 1,032 4,180 1,575 11 142,000
[,100 - W, 508 908 o 73,000
0202 6,734 2,902 337 5 37,000
, 509 . 3,75 337 2 19,000
918 - 5.376 6,000 17 330,000
321 214 6,0L8 6,000 18 210,000




A

TA2LE 11. SUMMARY OF FUNC
TWIY 500 Hp, 12
~ Tangential Number Face Plich
Item Load Diametral of Width Velocit
No. Item (HP) J1b) Pitch Teeth (in.) RPM (fv/mi
1G  Input Spiral 500 3.2 ©.0 21 1.2 6,000 3,498
Bevel Pinion
26 1nput Spiral S00 3,287 6.0 80 1.2 1,575  5,u98
Bevel Gear
3G Sun Gear 667 4,100 8.29762 36 1.6 1,575 -
4G Planet Pinion
Wwith Sun 667 4,100 84.29762 46 1.6 968 1,404
Wwith Ring 667 4,100 8.70139 40 1.6 9068 1,404
5G Ring Gear 667 4,100 8.70139 132 1.53 - -
6GC Tail Rotor 108 682 6.034 21 .60 6,000 5,467
Drive Pinion 3
7G  Accessory - - 6.774 21 .28 6,000 L,870
Drive Pinion
=
3




[

Y OF FUNCTIONAL GEAR DATA,

N S00 HP, 1200-:I0UR THO

Pltch LInc Tempcrature Bendlng (ompressive BID Pilm Numoer|

Velocity Rise Stress Stress Thickoess Average of
Bu_ (fe/min) (°F) (pui) (ps) _ (in. x 10-6) Power Loss Meshes
000 5,98 284.0 37,540 211,758 7.2 2.174 2
p375 5,498 284 .0 37,613 211,758 7.2 2,174 2
!575 - 100.9 LL,048 169,712 16.ul 512 3
968 1,404 100.9 50,974 169,712 16.41 .512 -
1964 1,404 26.1 32,385 135,470 17.91 Ml3 -
- - 26,1 46,235 135,470 17.91 Lul) 3
|
J000 S,467 212.0 21,761 144,629 8.7 453 1
1000 4,870 . ; . - . 1
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and Breather Assy

- Oil Pressure
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0il Filter

0il Dpistribution
Paths

Pigure 4, Twin 500-HP Transmission, 3000-Hour TBO.
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e prcrom &+ 1) Screen

0il Pump
Hydrgulic Pump
Drive Pad

Tail Rotor Drive
Shaft Adap.er

ey

» \ Pump Inlet

GEARS
Item No. Name
16 Input Spiral Bevel Pinion
2G Input Spiral Bevel Gear
3¢ Sun Gear
LTe] Planet Pinion
56 Ring Gear
6G Tail Rotor Drive Pinion
7G Accessory Drive Pinion
BEARINGS
ltem No. Name
1B Input Pinion Roller Size 305
2B Input Pinion Ball Size 7214
K):} Input Gear Roller Size
110 x 140; 32 - 8.5 x 10
LB Input Gear Ball Size
6918 With 7/16 Balls
SB Planet Roller Siz; “p
11 x 13 x 3.86 P.D. -
2 Rows: 17 Rollers/Row-
6B Mast Ball 204-040-136
7B Mast Roller Size 1011
8B Tail Rotor Pinion Roller
Size 1912
9B Tail Rotor Pinion Ball
204-040~143
10B Planetary Support Ball
Size 95 x 125 x 13
11 Freewheeling Ball Size

70 x 100 x 12



TASLE II1 . SUMMARY OF BEARING LOADS AND LIVE:
Loading *
Radial yoment
i Item Bearing Axial (1lb) (in.-lb)
1B Input Pinion Roller - 834 -
Size 305
2B Input Pinion Ball 1,279 732 999
Size 7214
; 3B Input Gear Roller - 1,818 -
Size 110 x 140; 32 - 8.5 x 10
4B Input Gear Ball 1,135 665 819
Size 6918 with 7/16 Balls
5B Planet Roller - 2,353 -
2 Rows: 17 Rollers/Row
Size 11 x 13 x 3.86 PD
6B Mast Ball 5,370 4,202 6,734
204-040-136
7B Mast Roller - 3,509 -
Size 1011
8B Tail Rotor Pinion Roller - 977 -
Size 1912
9B Tail Rotor Pinion Ball 632 365 240
204-040~-143
10B Planetary Support Ball - - -
Size 95 x 125 x 13
11B Freewheeling Ball - - -
Size 70 x 100 x 12
* 65% Load for Items 1B through 5B :
75% Load for Items 8B and 9B 3
100% Load for Items 6B and 7B i
No calculations made for Items 10B or 1l1B 4

Preceding page blank



i EARING LOADS AND LIVES - 3000-HOUR TBO, TWIN 500 HP

ding * Bearing Life Minimum Film
dial Moment Hours Thigkness
(1b) (in.-1b) L10 * RPM (10- in.) DN
834 - 7,764 6,000 13 150,000
732 999 6,390 6,000 30 420,000
1,818 S 11,486 1,575 11 173,000
3
. 665 819 6,450 1,575 11 142,000
2,353 - 5,534 968 6 73,000
4,202 6,734 2,902 337 5 37,000
13,509 S 3,754 337 2 19,000
977 - 5,060 6,000 18 360,000

365 240 5,686 6,000 16 210,000

it




A

TABLE 1V . SUMMARY OF FUNCTION
TWIN 500 P,
Tangentlal Number Face Pitch Line
Item Load Diametral of Width Velocity
No. Item HP (1b) Pitch Teeth (in.) RPM (ft/min)
1G Input Spiral 500 3,036 5.5 21 1.4 6,000 5,998
Bevel Pinion
2G Input Spiral 500 3,036 5.5 80 1.4 1,575 5,998
Bevel Gear
3G Sun Gear 667 4,100 8.29762 36 1.81 1,575 -
4G Planet Pinion
With Sun Gear 667 4,100 8.297062 L6 1.78 968 1,404
With Ring 667 4,100 8.70139 46 1.78 - 1,404
Gear
56 Ring Gear 667 4,100 8.7013 132 l1.81 - -
6G Tail Rotor 108 626 5.53 21 70 6,000 5,994
Drive Pinion
7G  Accessory - - 6.36 21 .35 6,000 5,184

Drive Pinion




Y OF FUNCTIONAL GEAR DATA,
N 500 MP., 3000- AND 6OOO-ItOUR THO

Pltch Llne Temperature Bemling ET)“)fclich “EID Pilm Average Rualier

Velocity Rine Streans Streea Mickneas Forver lLose of

t; (ft/min) (OF) (pai) €119 (in.)x 10°Y) (hp) Mealica
5,998 2%99.0 26,945 122,2% s, 2.189 2
£ 9,998 299.0 27,020 177,28) 6.1 2.189 3
1S - 93.2 38,941 160,902 16, 6k . 9506 y
1,404 93,2 “Y,819 160,902 16, Gl . 556 .
1,404 25.1 29,091 126,41l 06 18,0 Y .
- 25.1 39,597 126, 4]0 18,0 Sl p
k 5.994 ls7.0 17,349 123),0%0 9.7 L )9 1
o 5,184 o . - . - )
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Figusre 5, Twin 5001 Tranemiossion, 000-‘tour THO,

39

Preceding page bank




1111&111 o a|||||||J

-
4
-—
c
>
.
ke v
- = = a o MC 2
- u -.._-_u ey u r] - [ = pogry
w S
m | _ [ ol
) 3 232
4 [ mv 2~ MA
g ——— g o . " & =
A - > - s
! - FS Y-
.-.. - -'
e \_

\




(
SEARS
1iee Neo, Bame
16 Input Splral Bevel Pinton
— i 26 Input Spiral Bevel Geear
7 3 Sun Gear
‘3 0 Planet Pinion
o] Ring Gear
- g L Tail Rotor Drive Pinion
-1 16 Accessory Drive Pinion
i BEARINGS
1tes No. Yome
19 Input Pinion Roller Siae 304
20 Input Pinton Ball Sfze 7212
] Input Gear Roller Stine
110 » 1005 32 - 8.9 x 10
&3 Input GCear Ball Size
6918 With 13/)2 Balls
» Planet Roller Stase
11 w11l x 3.06 P.D.
P 2 Rowe: 16 Rollere/Row
6 Mast Ball 204-04k0D-136
L s Mast Roller Stze 1011
G
e Tail Rotor Pinion Roller
. Inlet Size 1911
[ — Screen » Tail Rotor Pinion Ball
20k -0L0-14)
109 Planestary Support Ball
| e 0l Puamp Size 95 x 123 x 1)
118 Preevheel ing Ball Sise
. 70 x 100 » 12
— Hydraulic Pump

—_ Tail Rotor Drive
Shatft adapter
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T r 7 e T T T TR T MM e e o e oy e o — e —
TABLE V., SUMMARY OF BCARING LOAIS AND LIVES =
l - ToadTng & fear
Radial Hometit )
jtem Beaging Axial (1v) (in,=1b) A
i Input Piniton Koller . G Y - 17
Sidec YUk
28 Input Pinion Ball 1,287 90k 1,un? 114
Slee 7212
n Input Gear Roller - 1,6% . 174
Sige 110 » WO, 32 - 8.5 a lU
Ll laput Gear Ball 1,17% 10) 1,032 16,
Sige G918 with 13/)2 Balla
bY | Planet Roller . 2,100 . l‘ﬂ
2 Have: 16 Rollers/Row
Size 11 x 1l x 3.806 PO
(2 Maet Ball $.,370 4,202 6,7 58% 1t
204 -0L0O -} J0 1
8 Maat doller - 3,50 - 154
Size 1011
1] ) Tail Rotor Pinfon Roller - s - 214
Size 1911
98 fail Rotor Pinjon Ball 62) J21 2l 244
20k -040 -16)
108 Planctary Support Ball - - - e
Sige 95 x 125 x 1)
118 Frecwheel ing Ball - - - a
Sige 70 x 100 x 12

65% Load for ltems 1B through 5B

19% Load for ltems 8B atd 9B

100% load for ltems oB and 78

8o calculat fons made for ltemns LOB or LI

-

Ll




4
LOAIR AND LIVEY - GUUO-HUUK THOU, TMIS Suu up
Bearing life = HinToom VPila =y
’_h“'“ Houre ﬂ\lghhcan
(in.-1b) R M (1075 {n,) M
- 17,780 6, 00U 1) 120,000
t,us? 11,290 6, 0w 26 Y60, 000
. 17,020 1.%72% 11 173,000
1.032 16,220 1,%7% 11 162,000
] o 18,222 908 6 73,000
!
6,73% 11,603 AR ) $ 37,000
| - 15,016 37 2 19,000
- 21,904 6,000 1? 330,000
216 24,192 6,000 s 210,000
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I1Y 150018 TRAN SHISS10%

Me it L500-L teanasiaaion compriace the total apeed reduc =
tiot from cngines to main rotor wast, Fach eogine drives {nto
the [irat-atage reduction, which la a apiral bLevel gear set
(Figure 6, itewma LG and 26), The bevel gear (Pigure 6, item f
1G) has a ohe=way overrutnhing cluteh on the lower end which
drives ("o a helical herringbone pinfon, The belical pinfona
(Pigure ¢, ftem 3G) drlve o “bull’ belfcal berringbone gear
(Flgure G, itew 4G), The gear torque lo aplit at the bull
gear, where 1000 hip from each englne {a traneaitted to the
dain rotor mant and 37% hp total {a transmitted to the acceans=
sorfca and tafl rotor drive, The “bull” gear drives the lower
planetary aun gear, which {a aplined to the bull gear abaft,
The lover platctary atage connfata of a aut gear (Figure o,
{tem 5%G), four platnctary ldlers (Figure o, {tea Cu) {n a “ball
joint carcier,” and a floating ring gear (Figure 6, {tea 7G),
The lover carrier driven the upper auth geatr through a wat ing
fnvoiute apline, The upper planetary asseably conaiats of a
aun gear (Figure 6, {tem 8G), alx planctary {dlers (Figure o,
item 9G) in a rigid carrfer, and a floating ring gear (Figure
6, {tem 104), The upper carrier aplines to and drives the
ain rovtor mast (Figure 6, Tablea VI and VIl Figure 7, Tables
VIl and IX: Figure 8, Table X),

The tall rotor drive ayantens {u compriecd of a spur gear det ]
(Flgure 6, {tema L1G and 12G) which deives into a upiral bevel
gear sct (Fipure ¢, {tema 136 and l4G), [he bevel gear hae a
spur gear (Flgure 6, item 15G) mounted on the outboard end
which drives the accennory gear aystem (Figure 6, {teas 16G T
and 17G).

The ol system consiats of a constant=diaplacement 12,5%-gpn
puap driven off the tall rotor drive takeoff spur gear (Figure
iy item 11G), external linen and internal passages, oil jets,
and ofl manifold sutficient to provide cooling and lubrication
for all gears and bearings., O0il jews are provided ftor inter-
aittent lubrfcation of planetary gears (by virtue of planetary
rotation past the jetn) and oill {nto and out of @esh on the
bevel and helical geard, Bearings are lubricated by oil flow-
{ing from paasages {n the housing into annuli around the bear-
fngs, and tinally i{nto the bearings via ground slots between
the bearings, or simply by jets {nto the bearings. External
lines are used to carry "he oil from the pusp to a L0-micron
full-flew filter, then 7 the ofl cooler, and finally to the
transmissfon ofl manitold. The ofl fi{lter, cooler, and cooling
fan wiitl be mounted on the transmission and hence require no
flexible hoses to accommodate relative motion between airframe

W3
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anid tpanemisnion, fiec il ool ihg tatr §a woutited o Lhe gt =
teanury drive and remaltie operational {n the event of aingle.
enpgite operat {on,

Me tranamianion «asecs are fabiplcated from caatl mapgneaiogn with
the exception of the aluminum spacer tane, which houaen the
platetary ring gear and the aupport caae which attaches 1o the
alerframe, The method of aounting the ring gear provides radial
compliance for the ving gear, and hence relative mot {fon between
gear atd apline occure aa the planeta orbit {naide the ¢ing
geat, The relative motion with geanociated wear potential pre-
cludes the use of magnealun alince magnesium exhibite little
wear teafatance for thia application, The une of aluminum
alloy, bowvever, compictely eliminates thin wear problem,

Canting geowelry and volume are tecconarily the sate for cach
THO period deaipgna for coaparable tranemisnion anea made fron
aluainum and magneafum, The wall thicktieaseas, transition ge=
ometry, and atructutal proportioning are as required to pro-
vide adequate dimennfonal consiatency, radiographic quality,
and gear wount{ng ripgidity, reapectively, The ditterence in
2otul i of elasticity {a considered {nautfficient to allow acc=
tion changes {n an alleapt te adjust alipnt ripgldity «hangpes
from maghesiom to alusitum, copecially {n complex thin wall
cantings,

WIS «B00-HEP TRANIMI ZS10N

Me tvin w800=bL engines Irive the wain tranamiasion through
fdetitical engine reduct ion gearboxes, wnich are wounted on
opponite aldes 0! the tranasmission main cane, Engine outhut
specd o reduced through this engine reduct ion gearbox by .
67399 ratio spiral bevel gear set (Figure 9, {temn 1C and G),
™is pear set drives the =main spi: sl bevel input pinfon througn
an overrunning cluteh, The main {aput pinfons (Figure 9, {tem
3G) independently drive the “bull apiral bLevel pgear (Figure
9, ftem WGiAY)., The coxbined twir-engine power {s Uhen trann-
aitted from thia point to the ®main rolor through two fixed-
ring, sun-{nput/carrier-output spur gear planetary drives of
31,8751 ratio each (Figure Y, Tables XI and XI1; Figute 10,
Tables X111 and XIV: Flgure 11, labie XV,

The ahaft of the main input bevel gear (Figure 9, item “ilA)
{s aplined to the sun gear of the lower planctary stage, The
lower sun gear (Figure 9, {tea 3% drives four planet ldler
gears (nside a Pixed ring gear (Flgure 7, {team 7061, The gear
loads are transmitted from the planet {clers (Figure 9, {tem
&G) to the carrler plates, whilch (o turn transmit the loads to




™. "I

the attaching bolts of the upherical ball bearings in the
upider. The uplder has tour legs equally spaced in which the
spherical ball bearfngas are fitted, The splder drives the
upper planetary sun gear (Figure 9, {tum 8G) through an in-
volute apline,

The upper planetary sun gear drives six planctary idler gears
(Figure 9, {tem 9G) insfde a fixed ring gear (Figure 9, item
10G), The {dler gears are mounted in a rigid carrier which
transmits power to the main rotor mast through an involute
spline.

The tall rotor and accessory drive power is split from the
walin spiral bevel gear (Figure 9, Item 4G(A)) by a spiral
bevel pinfon (Figure 9, i{tem L1G) at a 90 shaft angle. The
tail rotor whatfting {s driven by using a curvic face coupling
splined to the pintfon,

The accensories are driven by a spur gear (Figure 9, item 12G)
mounted on and driven by the spiral bevel pinion (Figure 9,
frtem 11G), The accessory drive consists of two 56/48 to>th
spur clusters (Figure 9, fvems 13G(A) and 13G(B)), driven by
the accensory spur gear. for the twin generator drives. Each
spur pinjon drives a sapur gear (Figure 9, item 14G) for the
hydraulic pump drives.

The oil system components consist of a 20-gallon-capacity
gravity retarn and externally finned wet sump, a 70-gpm oil
pump driven by an offset spur gear (Figure 9, item 15G) on the
lowesr end of the main bevel gear shaft, a two-phase filter
system conuinting of o coarse filter screen and a lO-micron
filter., an external oil cooler, a bypass-type pressure limit-
ing valve, internal ofl passages, externally removable oil
jevs, and associated tubing, fittings, and monitoring devices,

The ofl {8 drawn into the pump through the coarse filter
screen directly from the sump and routed out the front of the
transmission main case to the oil Looler and the lO-micron
filter and then back to the transmission main case supply
manffold. A system of internal oil passages in the main case
carries oil to the bearings and jets, which sprays gear meshes
and lower case roller bearings. Jet sprays, fed by rigid ex-
ternal oil lines, supply lubrication to the top case bearings
and planetary meshes arvd vearings., Sight glasses are provided
in the main case and sump for high and low oil level observa-
tion,

The transmission upper case houses the main rotor mast thrust

bearing., which transfers lift from the rotating main rotor to
the upper case. The upper case is attached to an intermediate

L5




case, which has three external cast-on lugs for mounting the

transmission assembly and transmitting lift to the airframe.

y The main case houses the lower main rotor mast bearing, which,

with the upper bearing, provides a moment restraint to trans-

mit radial (bending) mast loads through the transmission

housing and into the airframe. 3

T
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Figure 6. Twin 1500-HP Transmission, 1200-Hour TBO.
47




From Lube,
System




From Lube Manifold
System To Accessory Drive

Lube Jet

To Freewheeling Assemblies
Lube Jets

VIEW -1

T

GEARS
Item No. Name
16 Input Spiral Bevel
2G Input Spiral Bevel
3G Herringbone Pinion
4G Herringbone Gear
56 Lower Sun Gear
6G Lower Planet Pin{
7G Lower Ring Gear
8G Upper Sun Gear
9G Upper Planet Pini
10G Upper Ring Gear
116 Offset Spur Pinion
12G6 Offset Spur Gear
136 Sump Bevel Pinion
14G Sump Bevel Gear
156 Accessory Spur Pin{
16G Accessory Spur 1dl¢
17G Accessory Spur Gelé
BEARINGS i
Item No. Name |
18 Input Pinion Rollﬁ
Size 207 ‘
2B Input Pinion Ballj
Size 7210 |
38 Input Gear Roller
Size 1914 |
4B Input Gear Ball

Size 7014




BEARINGS

1B

2B

38

L UB

No.

Name
Input Spiral Bevel Pinion
Input Spiral Bevel Gear
Herringbone Pinfon
Herringbone Gear

Lower Sun Gear

Lower Planet Pinion

Lower Ring Gear

Upper Sun Gear

Upper Planet Pinion
Upper Ring Gear

Offset Spur Pinion
Offset Spur Gear

Sump Bevel Pinion

Sump Bevel Gear
Accessory Spur Pinion
Accessory Spur ldler

Accessory Spur Gear

Name

Input Pinion Roller
Size 207

Input Pinion Ball
Size 7210

Input Gear Roller
Size 1914

Input Gear Ball
Size 7014

= Cont inued

Jtes No, Name

] ] Herringbone Pinion Roller
Si{ze 1914

68 Herringbone Gear Roller
20L-0L0-271

) ) lovwer Planet Roller
20L-0L0-72%/-132

(] ] Upper Planet Roller
$63-040-112/-113

9 Mast Ball 205-040-16%

108 Mast Roller 3563-040-270

118 S1T Spur Gear Roller
165 x 163 33 - 11 x 11

128 35T Spur Pinion Roller
Size 206; 13 - 9 x 11

138 Pinion Roller Size 208

148 Pinion Ball Size 7212

158 Gear Roller Size 211

1638 Gear Ball Size 7210

178 34T Acc. Drive Roller
Size 1004

188 39T Acc. Drive ldler
Roller Size 1905

198 34T Acc. Drive (Single
Mesh) Roller Size 1906

208 Upper Planetary Support
Ball 563-040-120

21B Lower Planetary Support
Ball 563-040-120

228 Herringbone Gear Support
Ball Size 140 x 165

238 Freewheeling Roller

Size 1009

oy i o e A i

— 2

e eiiali

2o

o




Tail Rotor Drive
Shaft Adapter

Figure 6 - Continued,
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TASLE VI,

-

c v

P P S T W W W W - ¢ WS v Ow W W e

SUMMARY OF JEARLNG LOADS AND LIVES - 1200-U

I3 1) LT IR S TSI I LI I I S T T R I ST I T E T TN T INAS IV Rl 817313 { I LI T LI s EaTSITIT WA ST iS4 5
Noading ¢ Nearing L
Radial Moment Hourw i
[ vem _  Bearing o ________ . Axdal___ (1b) __ Cin.cib) L0 e
18 Inpat Pinion Roller - 916 - 9,080
Slze 207
28 Input Pinioa Ball 3n 326 125 2,844
Size 7210
38 Input Gear Roller . 6053 - 94,304
Size 1914
LB Input Gear Ball 430 6us 329 3.
Size 7014
S8 Hercingbone Pinion Roller - 1,652 - 2,980
Size 1914
68 Herringbone Gear Roller - 1,652 - 32,954
204 -0L40-271
7B Lower Planet Roller - 2,025 - 4,592
204-040-725/-132 (M-59)
8B Upper Planet Roller - 4,660 - 2,684
563-042-112/-113
9B Mast Ball 5,176 2,036 3,272 10,588
205-040-165
108 Mast Roller - 2,668 - 46,037
563-040-270 |
]
11B S1T Spur Gear Roller - 1,125 - 71,591
165 x 16; 33 - 11 x 11
12B 35T Spur Pinion Roller - 1,125 - 2,974
Si¢e 206; 13 -9 x 11 1
138 Pinion Roller - 1,520 = 5,934 !
Size 208
_— - ————d
51
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P S € — P W W W S -

3 LOADS AUD LIVES - 1200-HOUR TH0, TWI. 1500 ¥

..l IRER] H::;.‘::‘-“-‘.'“'-:“:r:(:':i :L.—r';iﬁ"zt T2 Tt !‘-—:I’:W“:;};‘.i‘:z
) Homent Hourw fhi%knchn
) Cnsd) o doe o keH (070 e
L6 - 9,040 24,000 7% ]
26 125 2,844 24,000 5%
DS - 93,304 11,871 37
b8 329 P 11,871 4l
52 - 2,980 11,871 35
|
32 - 32,954 3,011 22
25 o 4,592 3,743 11
(M-59)
0 - 2,684 808 5
6 3,272 10,588 252 14
- 46,037 252 3
E 71,591 3,011 7
- 2,974 4,387 15
- 5,934 4,387 6

34 'ﬂ!z}.&:&l.‘!t;luﬂ&:’::’{
File

840,000

1,250,000

830,970

839,970

839,970

301,320

131,005

Ul , 4l 0

27,720

24,192

361,320

131,610

175,480

T




Radial

Axial__(1b)

ftem Beapbng

1B Pinfon Ball
Slze 7212

158 Gear Roller
Size 211

16B Gear Ball
size 7210

178 J4T Accessory Drive
Roller Size 1004

148 39T Accessory Drive ldler
Roller Size 1905

198 34T Accessory Drive
(Single Mesh) Roller Size 1906

208 Upper Planetary Support Ball
563 040-120

21B Lower Planetary Support Ball
563-040-120

228 Herringbone Gear Support Ball
Size 140 x 165

23B Freewheeling Roller

Size 1009

1,043

= 3,

427

L7

670

4984

W98

JLu

TABLE VI

R VY | (T

Continued

77 Bearing

Momen t ‘qours
( ‘"o.ib-) l.lO [
8OO 3,278
b
3
. 3,3)8!
285 4,336
- “1822

2,916
17,562

3,289,000

512,260

91,6u5

—— ——

*

65% - Items 1 through 10
75% - Items 11 through 19

100% - Items 20 through 23

53

Preceding page blank

SR ——




B - B

J
>
e = e —_— - e e e e s o ———
TARLE V1] Coal i nucd
TTTTT mearing Life T T 7T "Minimum FiTm 7 T
Moaent Hours Micknenn
(in,=1lb) 1,10 o Ri’M (1u=® 1n,) N
P———-— — - s S—— - ——— ————- — - o =
KUY 3,278 W, 38/ ] 263,220
- 3.3)s L, 150 23 224,250
285 L,336 L,150 7 207,500
- b,822 4,150 20 83,000
- 2,916 3,61s 10 90,450
- 17,562 4,150 22 124,500
[ - 3,289,000 723 13 57,840 1
- 512,260 2,036 L5 210,770
- 91,645 3,011 15 210,770
1
== s - b
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TARLE V11,

SUMMARY OF FUNCTIONAL GEAR DATA =

Piuch T.Ilwéi

Tangent{al Number PFace
ltem Load Diametral of width Velocity ]
No. ltem Hp (lb) Pitch Teeth  (in.) RPM (fu/min) |
1G  luput Spiral 1,500 1,926 1¢.000 L6 1.200 24,000 28,903
Bevel Pinion
26 Input Spiral 1,500 1,926 10,000 93 1.200 11,871 28,903
Bevel Gear
3G Herringbone 1,500 4,631 10.176 35 06 11,871 10,689
Pinion
4G Herringbone 1,500 4,631 10.176 138 .906 3,oll 10,689
Gear
5G Lower Sun Gear 2,000 3,121 8.500 57 1.450 3,011 -
6G Lower Planet
Pinion
With Sun Gear 2,000 3,121 8.500 3l 1.430 3,743 3,574
with Ring 2,000 3,121 8.500 31 1.430 3,743 3,574
Gear
7G Lower Ring Gear 2,000 3,121 8.500 119 1.200 - -
8G Upper Sun Gear 2,000 6,998 7.796 48 2.26 975 -
9G Upper Planet
Pinion
With Sun Gear 2,000 6,998 7.796 43 2.26 808 1,165
With Ring 2,000 7,305 8.138 43 2.26 808 1,118
Gear
10G  Upner Ring Gear 2,000 7,305 8.138 138 1.737 s - ]
116G Offset Spur 375 2,760 8.958 35 1.600 4,387 4,487

Pinion




ﬁ p—— P — _ v

-
%} |
[ONAL GEAR DATA = 1200«1O0UR THO, TWIN 1500 HP
—
el Plvch Line Temperature Bending Comprensive BID Pilm Average Number ‘
Velocity Rine Streus Strens Thicknenss Power Loas of i
PM (ft/min) {OF) (pui) (psi) (in. x 10-6) (hp) Menhics }
3
1,000 28 ,903 164 264,327 156,700 750 3.975 2 1
10871 28,903 168 264,429 156,700 750 3.975 2 3
14871 10,689 81 52,053 121,964 95 .860 2 ]
j,0l11 10,689 81 46,139 121,964 95 .866 2
j, 011 - 83 40,606 169,699 24 .695 L
|
3
, 743 3,574 83 44,902 169,699 24 .695 -
o743 3,574 28 45,481 169,224 29 462 =
l - - 28 47,259 169,224 29 LL62 4
975 - 74 49,928 169,940 15 .662 6
808 1,165 74 56,993 169,940 15 .662 -
803 1,118 33 54,329 169,994 16 .636 - k
]
- - 33 71,333 169,994 16 .636 6 ]
%‘,387 4,487 86 37,421 146,799 31 .661 8

AR cr i £ e g
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A

TABLE VI1
Tangential “Number Face

Item Load Diametral of Width

No. Item HP (1lb) Pitch Teeth (in.) RPM

126 Offset Spur 375 2,760 8.958 51 1.600 3,011
Gear

136 Sumg Bevel 375 2,580 7.000 35 1.200 4,387 5,743
Pinilon

14G Sump Bevel 375 2,580 7.000 37 1.200 4,150 5,743
Gear

15G Accessory 100 895 10.000 34 .520 4,150 3,694
Spur Pinion

166G Accessory 100 895 10.000 39 .520 3,618 3,694
Spur Idler

17G Accessory 100 895 10.000 34 .520 4,150 3,694
Spur Gear

;
k|
57
Preceding page blank

s i N s s il e




| —
ot

ABLE VI1 - Continued

Pitch Line Temperature Bending Compressive EHD Film Average Number
Velocity Rise Stress Stress Thickness Power Loss of

LEM (ft/min) (OF) (psi) (psi) (in. x 10-6) (hp) Meshes
0Ll L,us7 86 37,421 146,799 31 .061 1
»387 5,743 91 32,600 203,600 750 1.185 1
, 150 5,743 91 32,700 203,600 750 1.185 1
,150 3,694 89 40,513 166,981 25 .229 1
s618 3,694 89 39,716 166,981 25 .229 2
89 40,513 166,981 25 .229 1

150 3,694

| —
| -

i e s ki
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Oil Pressure Regulator

0il Filler Cap

Figure 7. Twin 1500-4p Transmission, 3000-Hour T30.
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GEARS
Item No. Name
16 Input Spirni
26 Input Spirai
36 Herringbone 1
4G Herringbone_
5G Lower Sun Gq
66 Lower Planei-
76 Lower Ring (
8G Upper Sun Gt
9G Upper Plane’
106 Upper Ring ¢
116 Offset Spur,
126 Offset Spur:’
136 Sump Bevel v
146G Sump Bevel
156 Accessory
16G Accessory
17G6 Accessory Si
!
BEARINGS 1
Item No. Name
1B Input Piniof
Size 208
2B Input Piniof
Size 7211
3B Input Gear i
Size 1913
SECTION A-A 4B Input Gear
Size 7212

4




Herringbone Pinion
Roller Size 1014

Herringbone Gear
Roller 204-040-271

Lower Planet Roller
204-040-725/~132

Upper Planet Roller
563-040-112/-113

Mast Ball 205-040-165
Mast Roller 563-040-270

51T Spur Gear Roller
165 x 16; 33 - 11 x 11

35T Spur Gear Roller
Size 206; 13 - 9 x 11

Pinion Roller Size 208
Pinion Ball Size 7211
Gear Roller Size 1016
Gear Ball Size 7211

34T Acc. Drive Roller
39T Acc. Idler Roller
34T Acc. Drive (Single

Mesh) Roller Size 1005

Upper Planetary Support
Ball 563-0L0~120

Lower Planetary Support
Ball 563-040-120

Herringbone Gear Support
Ball Size 140 x 165

Freewheeling Roller Size

GEARS BEARINGS - Continued
! No. Name Item No. Name
16 Input Spiral Bevel Pinion SB
26 Input Spiral Bevel Gear &
36 Herringbone Pinion
LT Herringbone Gear 7B
56 Lower Sun Gear
8B
6G Lower Planet Pinion
76 Lower Ring Gear 9B
‘8G Upper Sun Gear 108
96 Upper Planet Pinion 11B
y0G Upper Ring Gear
! pper Hing 128
1 X¢] Offset Spur Pinion
126 Offset Spur Gear 138
136 Sump Bevel Pinion 148
4G Sump Bevel Gear 158
SG Accessory Spur Pinion 168
6 Access ldler 178
; G cessory Spur e oot
7G Accesso Spur Gear
: AR R 18B
Size 1005
BEARINGS

] 198
*n No. Name
i) Input Pinion Roller 20B
¥ Size 208
2B Input Pinion Ball 21B

Size 7211
3B Input Gear Roller 22B
' Size 1913
4B Input Gear Ball 238
' Size 7212 1009

i sl = e




s
L6 —
156G
Tail Rotor Drive —
Shaft Adapter

Figure 7 - Continued.
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SECTION B-B

Hydraulic |
Drive Pad ;




2

To Planetary Jet ;
Accessory Drive T

o ,

To Planetary Jet and
R.H. Input Quill

N AL |
s /l
. oA
To Freewheel Units ;

\—~ Generator Drive @/‘

o)
' Pad o A F
o
Hydraulic Pum
Diive Pad P To Manifold and- J‘ﬁ T
L.H. Input Quill}/

VIEW E-E




VIEW

“%_  To Planetary Jet and
& " Accessory Drive Train

ol g‘g SECTION F-F

; ) =
25\
a ‘@) To Mast Duplex 1
s Bearing 1




\

From Manifold

A D

To R.H. Input Quill

\

VIEW C-C

SECTION D-D
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TABLE VIII ., SUMMARY OF BEARING LOADS AND LIVES -,;
& Loading * Bearir
[ Radial Moment o
: ltem Bearing Axial (lbh) (in.-1b) Ll
1B Input Pinion Roller - 913 - 11
¢ Size 208 3
2B Input Pinion Ball 371 321 140 6,1
L Size 7211 1
3B Input Gear Roller = 604 = 29,1
; Size 1913
| 4B Input Gear Ball 620 621 299 6,
I Size 7212
| 5B Herringbone Pinion - 1,660 - 8,!
Roller Size 10l4 i
6B Herringbone Gear Roller - 1,649 - 32,
204-040-721 -
/B Lower Planet Roller - 2,269 - 10,
024-040-725/-132 3
8B Upper Planet Roller - 10,427 - 5,
563-040-112/-113 :
9B Mast Ball 5,176 2,035 3,272 10,
205-040-165
10B Mast Reller - 2,668 - ’46,1
563-040-270
11B 51T Spur Gear Roller - 1,125 - 71,4
‘ 165 x 16; 33 - 11 x 11
* 128 35T Spur Gear Roller - 1,125 - 5,“
{ Size 206; 13 -19 x 11 :
13B Pinion Roller - 1,190 = 14,8
Size 203
63
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- .
EARING LOADS AND LIVES - 3000-HOUR TBO, TWIN 1500 HP 3
P X !
ing % Bearing Life ‘Minimum Film
ial Moment llours Thigkness
b) (in.-1b) L10 *  _  RPM (10-6 in.) DN
1913 - 11,824 24,000 47 960,000
f
321 140 6,896 24,000 65 1,320,000 1
604 ” 29,072 11,871 33 771,615
i
621 299 6,496 11,871 42 712,260
k
660 . 8,583 11,871 38 830,970 ;
. 649 - 32,964 3,011 e 361,320
3
1269 - 10,128 3,743 11 121,005
127 e 6,048 808 5 Wiy, 450
,035 3,272 10,588 252 4 27,720
, 668 - 46,037 252 3 24,192 |
,125 - 71,591 3,011 22 361,320
'_ i
y125 . 5,870 4,387 10 131,610
,190 - 14,870 4,387 13 175,480




TA3LE VIII - Cont

- T T T TTLoading » Bea
Radial Moment
Item _ Bearing Axial _ (1b) _ _(in.-1lb)
3 14B Pinion Ball 8L6 636 478
‘ Size 7211
b 15B Gear Roller - 3,427 -
Size 1016
16B Gear Ball 525 687 317
Size 7211
17B 34T Accessory Drive Roller - 463 -
Size 1005
. 18B 39T Accessory Idler Roller - 463 -
1 Size 1005
19B 34T Accessory Drive - 314 -
(Single Mesh) Roller Size 1095
208 Upper Planetary Sujport Ball 95 - - 3,23
563-040-129
21B Lower Planetary Support Ball 129 - -
; 563-040-120
223 Harringbone Gear Support Ball 169 - - 9
Size 140 x 165
23B Freewheeling Roller - - -
Size 1009 ]

* 65% - Items 1 through 10
] 777 - Items 1l through 19
. 109% - Items 20 through 23

— - —
— e — —— -l

S —
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TA3LE VIII - Continued
T 7 "Bearing Life - Minimum Film T
Moment Hours Thig ness
__(in.-1b) ___Llo_* RPM__ (107° in.) - DN :
478 5,170 4,387 18 241,285
[ ;
7’427 - 8,968 4,150 29 332,000 1
687 317 6,774 4,150 17.5 228,250
463 - 5,508 4,150 7.5 103,750
463 - 6,324 3,618 6.8 930,450 i
314 - 21,138 4,150 7.7 103,750 3
L - 3,239,000 723 3 57,840
| - - 512,260 2,036 8 162,880 i
= - 91,645 2,011 12 210,770




TABLE IX. SUMMARY OF FUNCT
TWIN 1500 HP, 3
Tangential Number Face Pitch Line
Item Load Diame tral of Wid th Velocity }
: No. Item HP (1b) Pitch Teeth (in.) RPM (ft/min) j
3 1G Input Spiral 1,500 1,926 10.000 46 1.200 24,000 28,903
t Bevel Pinion
2G Input Spiral 1,509 1,926 10.000 93 1.200 11,871 28,903
Bevel Gear
36 Herringbone 1,500 4,631 10.176 35 .906 11,871 10,689
Pinion
4G Herringbone 1,500 4,631 10.176 138 .906 3,011 10,689
Gear k
] 5G Lower Sun Gear 2,000 3,121 8.500 57 1.596 3,011 - i
‘ 6G Lower Planet
; Pinion
with Sun 2,000 3,121 8.500 31 1.596 3,743 3,574
Gear
#ith Ring 2,000 3,121 8.500 31 1.596 3,743 3,574
Gear
1 76 Lower Ring 2,000 3,121 8.500 119  1.356 - J
F Gear 1
E 8G Upper Sun Gear 2,000 6,998 7.796 us 2.529 975 - !
g 9G Upper Planet j’
Pinion 4
With Sun 2,000 6,998 7.796 43 2.529 808 1,165 4
Gear ;
With Ring 2,000 7,305 8.138 43 2.529 808 1,118
Gear
10G Upper Ring 2,000 7,305 8.138 138 1.944 - -
Gear
116G Offset Spur 375 2,760 8.958 35  1.600 4,387 4, 487 ]
Pinion 3
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l« SUMMARY OF FUNCTIONAL GEAR DATA,
L TWIN 1500 HP, 3000- AND 6000-HOUR TBO

Pitch Line Temperature Bending Compressive EHD Film Average Number
Velocity Rise Stress Stress Thickness Power Loss of
RPM (£t/min) (9F) (psi) (psi) (in. x 10-6) (hp) Meshes
l 24, 000 28,903 168 24,327 156,700 750 3.975 2
(
11,871 28,903 168 24,429 156,700 750 3.975 2
11,871 10,689 81 52,053 121,964 95 .866 2
3,011 10,689 81 46,139 121,964 95 .866 2
3,011 - 80 36,890 160,631 25 .709 4
3,743 3,574 80 40,232 160,631 25 .709 -
3,743 3,574 26 40,742 160,630 28 469 -
q - - 26 41,822 160,630 28 L1469 4
975 - 70 44,618 160,647 15 .671 6
A
808 1,165 70 50,878 160,647 15 .671 -
808 1,118 32 49,026 160,642 16 .655 -
- - 32 63,719 160,642 16 .655 6
4,387 L,487 86 37,421 146,799 31 .661 1
—

B ot

B R

e




A

T
Tangentilal Number Face
Item Load Diametral of Width
No. Item HP (1b) Pitch Teeth  (in.)
126G  Offset Spur 375 2,760 3.958 51 1.600 3
Gear
13G  Sump Bevel 375 2,580 7 .000 35 1.200 4
Pinion
14G  Sump Bevel Gear 375 2,580 7.000 37 1.200 4
156G  Accessory Spur 100 395 10.000 34 .520 4
Pinion
16G  Accessory Spur 100 895 10.000 39 .520 3
Idler
17G  Accessory Spur 100 895 10.002 34 .520 4
Gear
69
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t TABLE IX - Cont
, Tangential Number Face Pitch Lind
i Item Load Diametral of Width Velocity:
No. Item HP (1b) Pitch Teeth (in.) RPM (ft/min))
12G Offset Spur 375 2,760 8.958 51 1.600 3,011 L,u87
Gear
13G Sump Bevel 375 2,580 7.000 35 1.200 4,387 5,743
Pinion
4G Sump Bevel Gear 375 2,580 7.000 37 1.200 4,150 5,743
15G Accessory Spur 100 895 10.000 34 .520 4,150 3,694
’ Pinion
16G  Accessory Spur 100 895 10.000 39 .520 3,618 3,694
Idler
17G  Accessory Spur 100 895 10.000 34 .520 4,150 3,694
Gear
L
1
4
i
3
!
H
69 ,
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TABLE IX - Continued
Pitch Line Temperature Berding Compressive EHD Film Average Number
Velocity Rise Stress Stress Thickness Power Loss of
D RPM (ft/min) (°F) (psi) (psi) (in. x 10-6) (hp) Meshes
F 3,011 L,487 86 31,941 146,799 3l .661 1
) 4,387 5,743 91 32,600 203,600 750 1.185 1
4,150 5,743 91 32,700 203,600 750 1.185 1
4,150 3,694 89 40,513 166,981 25 .229 1
) 3,618 3,694 89 33,716 166,981 25 .229 2
1 4,150 3,694 89 40,513 166,981 25 .229 1
3
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O0il Pressure Regulator

0il Filler Cap

.rn.F||I-.1.f| e —

— 0il Breather

»000=-Your TRHO.

Twin 1500-HP Transmission,

g-re 8,

Fi
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TIVYA.

GEARS
Item No.
16
26
3G

10G
116
126
136
L4G
156

TR, P b b i Ok b A ko s aid artiaat s lital b ks at i aulis s g Ly

Name
Input Spir.’ Bevel Pinion
Input Spiral Bevel Gear
Herringbone Pinion
Herringbone Gear

Lower Sun Gear

Lower Planet Pinion

Lower Ring Gear

Upper Sun Gear

Upper Planet Pinion

Upper Ring Gear

Of fset Spur Pinion

Offset Spur Gear

Sump Bevel Pinion

Sump Bevel Gear

Accessory Spur Pinion
Accessory Spur ldler

Accessory Spur Gear

Name

3

up

Input Pinicn Roller
Size 207

Input Pinion Ball
Size 7210

Input Gear Roller
Size 1914

Input Gear Ball
Sizse 7014




e e o

Name
Input Spiral Bevel Pinion
Input Spiral Bevel Gear
Herringbone Pinion
Herringbone Gear

Lower Sun Gear

Lower P° : ¢+ Pinion

Lower Rin, oear

Upper Sun Gear

Upper Planet Pinion
Upper Ring Gear

Offset Spur Pinion

Offset Spur Gear

Sump Bevel P'nion

Sump Bevel Gear
Accessory Spur Pinion
Accessory Spur ldler

Accessory Spur Gear

Name

Input Pinion Roller
Size 207

Input Pinion Ball
Size 7210

Input Gear Roller
Size 1914

Input Gear Ball
Sisze 7014

Y

BEARINGS = Continued

Jtem No.

Name

5B

68

7B

9B
108
118

128

133
148
158
168
178

188

198

208

218

228

233

Herringbone Pinion Roller
Size 1914

Herringbone Gear Roller
20L-040-271

Lower Planet Roller
204~040-725/-132

Upper Planet Roller
$63-040-112/-113

Mast Ball 205-040-165
Mast Roller 563-040-270

S1T Spur Gear Roller
165 x 163 33 - 11 x 11

35T Spur Pinion Roller
Size 206; 13 -9 x 11

Pinion Roller Size 208
Pinion Ball Size 7212
Gear Roller Size 211
Gear Ball Size 7210

34T Acc. Drive Roller
Size 1004

39T Acc. Drive ldler
Roller Size 1905

34T Acc. Drive (Single
Mesh) Roller Size 1906

Uprcr Planetary Support
Ball 563-CL0-120

Lower Planetary Support
Ball 563-0640-120

Harringbone Gear Support
sjall Size 140 x 169

Preevheeling Roller
Size 1009

WATLT RO R Rpoa T AR H:FPW




Tail Rotor Drive —
Shaft Adapter

SECIKN BB

Fisure L = Coatinued,
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12p

11

Generator Drive
Pad

Hydraulic Pump
Drive Pad

T T

Te Planeta
Accessory

To Planetary Jet and

R.H. Input Quill S

To Freewhtel Units

To Manifold and F 1
L.H. Input Quill

/ VIEW €€



Lt ol L™ Ly

To Manifold and
.H. Input Quill

/ VIEW E-E

To Planetary Jet and
Accessory Drive Train

To Mast
Duplex Brg

SECTION F-F




\

( Prom Manifold

=

\

To R.H. Input Quill

VEW C-C

CTION F-F

SECTION D-D




A

4
—
TABLE X . SUMMARY OF LOADS AND LIVES -~ GOOO-HOQ
Loading * Beari
Radial  Moment Iloy
Item Bearing Axial (1b) (in.-1b) . L1g
E‘ 18 Input Pinion Roller . 916 o 9,
Size 207 o
E 2B Input Pinion Ball 372 326 125 13,‘3
Size 7210 5
B Input Gear Roller - 505 - 98,i
; Size 1914 i
' 4B Input Gear Ball 490 648 329 14,j
| Size 7014 é
5b Herringbone Finion Roller - 1,652 - 11}
Size 1914 .
6B iorringbone Gear Roller - 1,652 -
204 5. 471
7B Lower Pl'1.% Roller - 2,025 o
204-040-727, -0
8B Upper Planet Roligr - 4,660 -
563-040-112/-113
9B Mast Ball 5,176 2,036 3,272
205-040-165
10B Mast Roller - 2,668 -
563-040-270
11B 51T Spur Gear Roller - 1,125 -
165 x 16; 33 - 11 x 11 T
A 128 35T Spur Pinion Roller - 1,125 -
f Size 206; 13 - 9 x 11
13B Pinion Ball - 1,521
Size 208
75
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i
4
5 AND LIVES - 6000-1IOUR TBO, TWIN 1500 HP i
* Bearing Life Minimum Film - 7
Moment Hours Thickness
___{in.-1b) L10 * RPM §197° fu.) - DN _
»
- 9,080 24,000 43 840,050 ]
i
1
125 13,376 24,000 58 1,275,000 3
- 98,304 11,871 37 330,570 3
329 13,254 11,871 hi £320,970
- 11,920 11,871 3% 820.97: 2
= 32,964 3,015 22 361,540 1
i
- 18,368 3,763 11 1%%,00% 3
.'
- 10,736 308 4l 440 5
3,272 10,588 252 14 27,720 1
- b6 ,u37 252 3 24,192
= 71,591 3,011 7 361,320 -
. 11,896 4,387 15 131,610 k.
- 22,736 4,387 6 175,480 k
.




Lt i

4
ﬁ;’
TABLE X - Conl
-
Loading * Be
Radial  Moment :
Item Bearing Axial (1lb) (in.-1b) ;
1
14B Pinion Ball 1,643 827 800 1
Size 7212 |
15B Gear Roller - 3,407 - %
Size 211 :
16B Gear Ball 504 670 285 b
Size 7210 X
178 34T Accessory Drive - 498 - 1
Roller Size 1004 ;
18B 39T Accessory Drive Idler - L9y - L
Roller Size 1905 2
19B 34T Accessory Drive - 314 - L
{Single Mesh) Roller Size 1906 k
20B Upper Planetary Support Ball - - -
563-040-120
21B Lower Planetary Support Ball - - -
563-040-120
22B Herringbone Gear Support Ball - - -
Size 140 x 165
23B Freewheeling Roller - - -

Size 1009

* 65% Items 1 through 10
75% 1tems 11 through 19
100% Items 20 through 23
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TABLE X - Continued
Bearing Life Minimum Film
Moment Hours I‘higkness
(in.-1b) L1O * RPM (107 in.) DN
] 800 13,112 4,387 8 263,220
407 - 13,592 4,150 23 228,250
670 285 17,344 4,150 7 207,500
498 = 19,288 4,150 20 83,000
1498 - 11,664 3,618 10 90,450
-
314 . 17,562 4,159 22 124,500
- 3,280,000 723 13 57,840
- 512,260 2,036 15 210,770
- 91,645 3,011 15 210,770

- —— =

=

s i i




) Hydraulic Pump
5 Drive Pad

0il Breather —-.

. Al e

T T P T TR PRI VIPY

Figure 9. Twin 4B00=-HP Transmission, 1200-Hour T30.
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A

merator Drive
W

Engine Gearbox o
(Primary Reduction) et



Tail Rotor Drive

Shalt Adapter

—0{l Sump Cooling Fine

Lies No,
16
6
3%
G (A)

116

126

13¢ (A)
)
146G

136

ING

jtem No.
18

8

] ]

teme
gngine Grbox

fngine Grom
Input Spir

Input Spir
0fl Pump T

Lover Sun
Lower Pl
Lover Ring

Upper Ring
Tail Rotor.

Generator
Hydr. Pump

Hydr. Pump.
0oi{l Puasp

Naze

ngine
Roller S

:nt(no
Ball Sisze

Dngine
Roller S




lese
Engine Grux. Spiral Reve!l Pinfon

tngine Grdx, Spiral Revel Gear
tnput Spiral Bevel Pinfon

lnYu! Spiral Bevel Gear
0f{l Pump Takeoff Spur

Lower Sun Gear
lover Planet Pinfon
Lower Ring Gear
Upper Sun Gear
Upper Planet Pinion
Upper Ring Gear

Tall Rotor and Access Drive
Takeof! Spiral Bevel

Gen. and Hydr. Puasp Drive
Takeoff Spur

Generator Drive Spur
Hydr. Pusp Drive Takeoff Spur

Hydr. Pusp Drive Spur
0il Pump Drive Spur

Name

Engine Geardbox Pinion
Roller Size 1020

pngine Geardbox Pinfon
Ball Size 7218

Engine Gearbox Gear
Roller Size 1020

- -

REARINGS - Continued

Jtes Xo. Rene
L] ] ngine Gearbos Gear
8all Size 2018
b1 ] Input Pinion Roller
Size 1924
68 Input Pinfon Ball
Sise 7024
4 ] Input Gear Roller
S{ze 36 - 12,9 x b x 7.342% PD
(]} Input Gear Ball
S{ze 1932
9 Lover Planet Roller
S{ze 17 % 19 x 5.5707 PO
2 Rowe: 19 Rollers/Row
108 Upper Planet Roller
Size 1/2 x .85 x 7,%0 PD
2 Rows: 30 Rollers/Row
118 Mast Ball
Size 7236-9234
129 Mast Roller
Size 26 - 19 x 17 x 55,4925 PD
138 Tail Rotor and Access Bevel
Ball Size 7124
117 Generator Drive Ball
Si{ze KDUOCP (Kaydon)
158 Hydr. Puap Drive Ball
Size KD4OCP (Kaydon)
168 0{1 Pusp Drive Ball
Size 26 x 52 x 19
178 Planetary Support Ball
Size AP65AH (Kaydon)
189 Freevheeling Ball

Size KDUSXP (Kaydon)
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‘ Figure 9 « Continued,







=0 == - — -—— = e |

TABLE X1 . SUMMARY OF BEARING LOADS AND L“_

s == — —O = — e == ‘
Loading ®

Radial Moment

ltem Beaving B Axial aw (in.=1b)

1§ ] Engine Gearbox Pinjoy Aoller - 3, W95 -
Size 1020

8 g ine Gearbox Finion Ball 1,707 2,029 1,5%)
Siec 7128

] | fagine Geatrtwx Goar Roller - 4,070 -
Sizge 020

'] ] tngl te Gearbox Gear Ball 126 1,362 862
Size 701ln

58 Input Pinior Roller - ). 27% -

Size 1020

68 Input Pinion Ball 2,036 1,487 2,697
Size 7024

8 Input Gear Roller - &,992 -
Size 36-12.9% x L& x 2,342% PO

58 Input Gear Ball 2,702 2,332 L,162
Size 1932

98 Lower Planct Roller - 6,461 -

2 Rows: 19 Rollers/Rowv
Size 17 x 19 x 5.5707 PD

108 Uppe r Planet Roller - 10,610 -
2 Rows: 30 Rollers/Row
S{ze 1/2 x .85 x 7,500 PO

118 Mast Ball 25,065 9,385 27,296
Size 7234-9234

128 Mast Roller - 12,306 s
Size 26-195 x 17 x 5.4929% PO

8)
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5

NG LOADS ARD LIVES - 1200-#0UR BO, TWIN 4800 HP

e T ey e

Moaent Hours Thicknens

(i, =Lld) Lo e REM (1079 {n.) DN

- 4,91¢ 9,000 W).6 900,000

&9 1,%6) 2,924 4,000 8,99 Klu,000

po - 2,750 6,090 32,6 609 , 000

862 3,088 6,020 32.2 SL8,100

- 3,680 6,090 35.7 730,800

2,497 2,774 6,0% 2.2 730,800

- 3,086 2,268 20.9 365,960

L,162 3,336 2,269 26,2 362,880

- 3,260 1,293 11.7 136,853

- 2,862 33 9.1 55,102

27,296 0,716 151 S.4 2%,670

- 2,822 151 2.3 16,520




TABLE X1 - Cont{

Loading *® B
Radial Moment
| 1tem Bearing . __Axial (1b)  (in.-lb)
]
138 Tail Rotor and Access Bevel Ball 721 2,202 1,714
Size 7124
1B Generator Drive Ball - 71 L ’
Size KDLUOCP, 2 on Shatt (Kaydon) - 156 "
{ 158 Il{druulic Pump Drive Ball - 53 -
Size KDLOCP (Kaydon)

| 168 Oil Punp Drive Ball - = -
Size 26 x 52 x 19

1’8 Planctary Support Ball - - -
| Size KF6SAH (Kaydon)

188 Preewheel ing Ball - = -
Size KDUSXP (Kaydon)

* 65% - ltems 1b rthrough 108
100% - ltems 11B and 128 {
75% - ltems 13B through 158
No calculations are made for items 16B through 18B

ook S i ey
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1
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TABLE XI - Continued

f ] Bearing Life ) Minimum Film

A Moment Hours Thigkness

) _ _(in.-1b) LLO # RPM (107% in.) DN.

)2 1,714 2,808 4,943 34.9 593,160 3
b

n 4 7,520 (1) 6,355 28.5 645,178 ;

56 4 6,060 (2) 28.1 i

3 - 12,732 3,813 19.7 387,107 }1
3

-
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TABLE XII . SUMMARY OF |

TWIN 4800
— == it ———— St gt |
Tangential Number Face Pitch)
Item Load Diame tral of Width Velo
No. Item HP (1b) Pitch Teeth (in.) RPM (ft
1 : 1G Engine Gear- 4,800 8,797 7.75 67 2.500 9,000 20,32
' box Spiral 1
4 Bevel Pinion 1
: ;
i 2G Engine Gear- 4,800 8,797 7.75 99 2.500 6,091 20,3;
box Spiral :
‘ Bevel Gear
! 3G Input Spiral 4,800 9,770 7.75 86 2.750 6,091
1 Bevel Pinion
: LG(A) Input Spiral 4,800 9,770 7.75 231 2.750 2,268 17,
Bevel Gear ]
(B) 0il Pump 10 93 10.00 60 .500 2,268 3, 5
Takeoff Spur
, 5G Lower Sun 5,400 9,970 5.3817 48 2.600 2,268 -
Gear

: 6G Lower Planet

Pinion 3
Wwith Sun 6,400 9,970 5.3817 43 2.400 1,878 4,0
Gear 3
| With Ring 6,400 9,970 5.6181 43 2.400 1,878 L,0
] Gear :
1
| 7G Lower Ring 6,400 9,970 5.6181 138 2.200 - -
Gear
8G Upper Sun 6,400 19,474 4.1586 Ls 3.800 585
Gear

9G Upper Planet

Pinion
With Sun 6,400 19,474 4.1586 43 3.650 485
] Gear
[ With Ring 6,400 19,474 L.3414 43 3.650 485
: Gear
87
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fARY OF FUNCTIONAL GEAR DATA,
4800 HP, 1200-HOUR TBO

- o E A g s

——— ——

- —— -

e e —

T Pitch Line Temperature Bending Com, <7 3%1 EdD Film Average  Adumber
Velocity Rise Stress Stre. . Thick:ess Powur Le<g 13
(£t/min) (OF) (psi) (psi) | (. » 2078 _ (hp) | Meslos

[ 20,370 132 38,971 185,525 75 13.33% 2 %

| @

20,370 132 36,714 189,595 750 1335 1 }

£

E 17,486 114 38,571 147,022 750 8.40. ;

E 17,486 114 37,861 147,022 750 8.402 2

E 3,563 43 4,522 73,720 29.05 .032 1

5 68 38,617 163,u87 28.5 1.274 "
4,055 68 48,541 163,487 28.5 1.274 -

. 4,055 31 36,418 146,457 29.5 1.298 S
4 s 31 53,381 146,457 29.5 1.298 4
5 67 39,569 162,874 16.5 1.269 6
1,319 67 47,207 162,874 16.5 1.269 -
1,319 32 38,535 142,656 17.1 1.358 S

t

ani
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Tangential Number Face Pitch

Item Load Diametral of Width Veloc
Nc. Item HP (1b) Pitch Teeth (in.) RPM (ft/

TABLE XII - @

10G Upper Ring 6,400 19,474 4.3414 138 3.500 -- -~
Gear

11G Tail Rotor & 1,010 2,206 8.856 106 .700 4,943 15,49
Acc. Drive
Takeoff

i Spiral Bevel 1

12G  Gen. & Hydr. 65 184 8.0 72 .400 4,943 11,6
Pump Drive 3
Takeoff Spur i

13G6(A)Gen. Drive Spur 65 184 8.0 56 .300 6,355 11,
(B)Hydr. Pump 15 50 8.0 L48 .300 6,355
Drive Takeoff
Spur
14G Eydr. Pump 15 50 8.0 80 .20 3,813
Drive Spur
156  0il Pump Drive 10 93 10.0 36 .25 3,780
Spur
89
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JBLE XII - Continued
Pitch Line Temperature Bending Compressive EHD Film Average Number
Velocity Rise Stress Stress Thickness Power Loss of
RPM (ft/min) (°F) (psi) (psi) (in. x 10-6) (bhp) Meshe s
- = 32 50,575 142,656 w11 1.358 6
,943 15,490 97 42,462 141,536 750 2.112 1

750 074 2
750 074 2
50.1 .020 2
50.1 .020 2
29.05 .032 1




il cb

Hydraulic Punmp

Drive Pad

0il Breather ————\\\HR

Generator Drive
Pad
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/
4~—— Engine Ge
(Primary §

Figure 10. Twin 4300-HP Transmission, 3000-Hour TBO.
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0il Sump Cooling Finx

116

126G

136 (A)

146
15G

BEARINGS

Item No.

Name
Engine Grbx. Spiral Bevel Pinion
mgine Grbx. Spiral Revel Gear
Input Spiral Bevel Pin{ion

lnrut Spiral Bevel Gear
0il Pump Takeoff Spur

Lower Sun Gear
Lower Planet Pinion
Lower Ring Gear
Upper Sun GCear
Upper Planet Pinion
Upper Ring Gear

Tail Rotor and Access Drive
Takeoff Spiral Bevel

Gen. and Hydr. Pump Drive
Takeoff Spur

Generator Drive Spur
Hydr. Pump Drive Takeoff Spur

Hydr. Pump Drive Spur
0il Pump Drive Spur

Name

1B

2B

3»

Engine Grbx. Pinion Roller
Size 1020

Engine Grbx. Pinion Ball
Size 7220

Engine Grbx. Gear Roller
Size 1021




o Nime
16 engine Grbx. Spiral Bevel Pinion
Dngine Grdx, Spiral Bevel Geecr

Input Spiral Bevel Pinfon

Input S>iral Bevel Gear
0il Pump Takeof! Spur

Lower Sun Gear

Lower Planet Pinion
Lower Ring Gear
Upper Sun Gear
Upper Planet Pinion
Upper Ring Gear

Tail Rotor and Access Drive
Takeoff Spiral Bevel

Gen. and Hydr. Pump Drive
Takeoff Spur

Generator Drive Spur
Hydr. Pump Drive Takeoff Spur

Hydr, Pump Drive Spur
0{1 Pump Drive Spur

Name

Engine Grdx. Pinion Roller

Sise 1020
23 Engine Grdbx. Pinion Ball
! Size 7220
33 Engine Grbx. Gear Roller

Size 1021

D

PEARINGS - Cont{nued

lt.. !2' !lll

(7} Engine Grbx. Gear Ball
Sise 7216

] ] Input Pinfon Roller
Sisze 1020

63 Input Pinion Ball
Size 7219

7 Input Gear Roller
Sise 30 - 15 x 15 x 7,44 PD

(] ) Input Gear Ball
Sise 7030

9 Lower Planet Roller

Size 21 x 21 x 5,6928 PD
2 Rows: 16 Rollers/Row

109 Upper Planet Roller
Size 19 x 26 x 7.2%2 PD
2 Rows: 24 Rolle.s/Row

118 Mast Ball
Sise 7234-9234
128 Mast Roller
Size 1022
138 Tail Rotor and Access Bevel
Ball Size 7026
148 Generator Drive Ball
Size KD4OCP (Kaydon)
158 n{:r. Pump Drive Ball
Sizse KDLOCP (Kaydon)
168 0il Pump Drive Ball

Sise 26 x 52 x 1%

178 Planetary Support Ball
Size KP65AH (Kaydon)

183 Preevheeling Ball
Size KDUSXP (Kaydon)




~—— CL Transeission T CL tngine
Input Pinion ,T

MLTION by YT RIOU Te0N CEARSOL

Pigure 10 « Continued.
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TAHLE X111, SUMMARY OF BEARING LOADS AND LIVES

=SS = Loadlng hear
Radial Moment

ltem Bearing - Axial ___ (1b) ~ (in.-lb)

18 engine Gearbox Pinfor Roller - 3,514 - S,
Size 1020

28 Engine Gearbon Pinfon Ball 1,489 1,986 1,600 6,
Sfze 7220

k1) tngine Gearbox Gear Roller - L,0lb - S5,
Sf{ze 1021

LB Engine Gearbox Gear Ball 712 1,425 876 5,4
Size 7216

5B Input Pinion Roller - 3,423 - St
Size 1020

6B Input Pinion Ball 3,092 l,LU6 1,714 5,
Size 7219 ]

78 Input Gear Roller - 5,001 o L |
Size 30-15 x 1S x 7.44 PD [

88 Input Gear Ball 2,747 2.390 4,223 b3 |
Size 7030

9B Lower Planet Roller - 6,999 - 6,

2 Rows: 16 Rollers/Row :
Size 21 x 21 x 5.6928 PD :

10B Upper Planet Roller - 14,189 - 5,4
2 Rows: 24 Rollers/Row
Size 19 x 26 x 7.252 PD

118 Mast Ball 25,065 9,901 27,712 S,
‘ Size 7234-9234
128 Mast Roller - 12,392 - S,
Size 1022

ﬁ 95
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NG LOADS AND LIVES - 3000-1OUR TBO, TWIN 4800 WP
e Bearlng Life - Wi {mum PTIm -
Moment Hours ‘!‘hiikmus
(in.-1b) Lo * __ RPM__ (10-° in.) I | S
S - 5,422 9,000 55.8 900, 000
1986 1,600 6,492 9,000 55.8 900,000
|04 - 5,026 6,090 3.9 639,450
425 876 5,288 6,090 32.6 487,200 )
423 . 5,002 6,090 33.1 699,000 j
bu6 1,714 S,6ul 6,090 40.5 578,550
001 - 5,410 2,268 22 2 360,232
390 4,223 5,936 2,268 25.5 170,100
1999 - 6,304 1,293 12.5 132,516 ]
189 - 5,980 334 5.5 48,784
#01 27,712 5,728 151 4.7 25,670 i
392 - 5,152 151 2.4 16,520
f
- - i
;1




S p—

TABLE XIII - Continuei

Loading * Bear
Radial Moment '
| Item Bearing Axial (lb) (in.=1lb)

13B Tail Rotor and Access Bevel Ball 755 2,053 1,849 74
Size 7026

L4B Generator, Drive Ball 71 b 7,4

Size KD4OCP, 2 on Shaft 156 L 64

15B Hydraulic Pump Drive Ball - 53 - 12,

Size KD4OCP (Kaydon) ;

16B Oil Pump Drive Ball - - - i

Size 26 x 52 x 15 E

17B Planetary Support Ball - - - 4

Size KF65AH (Kaydon) '

18B Freewheeling Ball - - - ;

Size KD45XP (Kaydon)

*

65% - Items 1B through 10B
100% - Items 1l1B and 12B

75% - Items 13B through 15B
No calculations are made for items 16B through 18B

97
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EBLE XIII - Continued

g * Bearing Life Minimum Film
1 Moment: Hours Thickness
(in.-1lu) LlO * RPM (10-6 1in.) DN
1,849 7,862 4,943 39.9 889,740
4 7,520 (1) 6,355 28.5 645,178
4 6,060 (2) 28.1
- 12,732 3,813 19.7 387,107

b




T
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TABLE XIV . SUMMARY OF FUNGC
TWIN 4800 dP,
N Tangential _ Number Face  Pitch
Item Load Diametral of wid th Velo
| No. _Item _HP (1b) Pitch Teeth _ (in.) RPM (ft/
1G Engine Gearbox 4800 8,797 7.75 67 235 9,000
Spiral Bevel
Pinion
2G Engine Gearbox 4300 8,797 7.75 99 2.5 6,091
Spiral Bevel
Gear
3G Input Spiral 4800 9,770 7.75 86 2.75 6,091
Bevel Pinion
LG(A)Input Spiral 4800 9,770 7.75 231 2.75 2,268
Bevel Gear
(B)Oil Pump 10 93 10.0 60 .50 2,268
E Takeoff Spur
] 5G Lower Sun 6400 9,607 5.1856 43 2.70 2,268
l Gear
6G Lower Planet
i Pinion
: With Sun 6400 9,607 5.185 43 2.60 1,878
Gear
With Ring 6400 9,607 5.414 43 2.60 1,878
Gear
£ 7G Lower Ring 6420 9,607 5.414 138 2.40 -
i Gear
8G Upper Sun 6400 19,474 4,1586 L8 4.10 585
Gear
9G Upper Planet
Pinion
With Sua 6400 19,474 4L.1586 43 3.90 485
Gear
With Ring 6400 19,474 L., 3414 43 3.90 485
| L_ Gear
1 —_— —_—
;
99
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iz ) S ¥ 5,
o
. OF FUNCTIONAL GEAR DATA, E
HP, 3000-AND 6000-HOUR TBO
— — = Bt e T e a
Pitch Line Temperature Bending Compressive EHD Film Average Number
Velocity Rise Stress Stress Thickness 6 Power of
(ft/min) (°F) (psi) (psi) (in. x 107%)  Loss Meshes
20,370 132 38,971 189,595 50.0 13.335 2 !
20,370 132 36,714 189,595 50.0 13.335 2 é
. 17,486 114 38,571 147,022 50.0 8.402 2 X
17,486 114 37,861 147,022 50.0 8.402 2 9
] 3,563 43 4,522 73,720 29.05 .032 I ;
g
- 70 35,895 151,619 28.5 1.272 n ;
4
4,055 7) 39,279 151,619 28.5 1.272 -
4,055 30 32,784 135,723 29.5 1.313 -
- 30 48,852 135,723 29.5 1.313 L
! - 70 38,612 157,868 16.5 1.285 6
1,319 70 41,589 157,868 16.5 1.285 -
1,319 31 37,837 138,893 17.1 1.402 -




TABLE XIV - Continj

Tangential Number Face Pitch Linej

Item Load Diame tral of Width Velocity §
No. Item HP (1b) Pitch Teeth (in.) RPM (ft/min
106 Upper Ring 6400 15,474 4,3414 138 3.70 = S

Gear
11G Tail Rotor & 1010 2,206 8.856 106 .70 4,943 15,490

Acc. Drive

Takeoff

Spiral Bevel

12G  Gen. & Hydr. 65 184 8.0 72 40 4,943 11,647
Pump Drive
Takeoff Spur

13G(A)Gen. Drive 65 184 8.0 56 .30 6,355 11,647
Spur
(B)Hydr. Pump 15 50 8.0 48 .30 6,355 9,982
Drive Takeoff

Spur

l4G  Hydr. Pump 10 50 8.0 80 .20 3,813 9,982
Drive Spur

156 0il Pump Drive 10 93 10.0 36 .25 3,780 3,563
Spur

F 101

Preceding page blank




). |

//22557
g
LE XIV - Continued
; Pitch Line Temperature Bending Compressive EDH Film Average Number
] Velocity Rise Stress Stress Thickness Power of i
Fﬁ (£t/min) (°F) (psi) (psi) (in. x 10°6) Loss Meshes {
5 . 31 50,463 138,893 17.1 1.402 6
D43 15,490 97 42,462 141,536 50.0 2.112 1
Bu3 11,647 36 7,567 73,347 50.0 .07 1
855 11,647 35 10,021 73,347  50.0 074 2
855 9,982 16 2,626 46,393 50.1 .020 2
B13 9,982 16 3,734 46,393 50.1 .020 2 ;
bso 3,563 43 8,038 73,720 29,05 032 1 ]
e e
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GEARS
[ ame
R— 1tes No. Name
FP'"‘ 16 Engine Grdox, Spiral Bevel Pinfon
r{] gngine Grbx. Spiral Bevel Gear
T 0il Sump Cooling ¥inw 3 Input Spiral bLevel Pinion

WG (A) Input Spiral Revel Gear

] () 0i} Pusp Tekeoff Spur
-;I. i G Lower Sun Gear
. L]
e ha . | 6G Lower Planet Pinion
7 i Y
/e y 16 Lover Ring Gear
/% | ! 8G Upper Sun Gear
L TRy | ; 9% Upper Planet Pinfon
¥ |\ ) t | - ' 106 Upper Ring Gear
| - | ( i
Nt i[ AL Y i by ' 116 Tail Rotor and Access Drive
'| | | . Takeoff Spiral Bevel
-.'!F- | | { ' ' 126 Gen. and Hydr, Pumsp Drive
\ Takeoff Spur
|

13¢ (A) Generator Drive Spur
(») Hydr., Pusp Drive Takeoff Spur

; ) l Ll 146G Hydr. Pusp Drive Spur
i
1% 0i{l Pump Drive Spur
BEARINGS
te@ No. Nase
s Ingine Gearbox Pinfon

Roller Size 1020

29 engine Geardborx Pinion
Ball Size 7218

» Engine Gearbox Gear
Roller Size 1020




BEARINGS - Cont{nued

oo ltes do,  Neme
Engine Grdx. Spiral Bevel Pinion (1 ] engine Gearhox Gear

Ball Si{se 7018
Bngine Grbx, Spiral Bevel Gear

b1 ] Input Pinfon Roller
Input Spiral Bevel Pinion Stae 1924
!ntut Spiral Bevel Gear 6 Input Pinion Ball
0il Pump Takeoff spur Size 7024 ]
Lower Sun Gear 4 Input Gear Roller
Size 36 - 12,5 x 14 x 7,365 PD
Lowver Planet Pinton 1
(] ] Input Gear Ball ‘
Lowver Ring Gear Size 1932
Upper Sun Gear 9 Lower Planet Roller
Si{ze 17 x 19 x 5,%707 PD
Upper Planet Pinion 2 Rowss 19 Rollers/Rov
Upper Ring Gear 108 Upper Planet Roller
Size 1/2 x .85 u 7.500 PD
Tail Rotor and Access Drive 2 Rows: 30 Rollers/Row
Takeof! Spiral Beve!
118 Mast Ball
Gen. and Hydr, Pump Drive Sise 723u-923
Takeoff Spur
129 Mast Roller
f@nornor Drive Spur Si{ze 26 - 15 x 17 x $,692% PD
Hydr. Pusp Drive Takeoff Spur
138 Tail Rotor and Access Bevel
Hydr. Pusp Drive Spur Ball Size 7124
0{l Pump Drive Spur 148 Generator Drive ball
Size KDLOCP (Kaydon)
158 Mwdr. Pump Drive Ball ;
Size XDLOCP (Kaydon) 3
163 0{l FPump Drive Ball 1
Sizse 26 x 52 x 13
Name
178 Planetary Support Ball
Dheine Gearbox Pinion Si{ze AF65AH (Kaydon)
Roller Size 1020 :
188 Freewheeling Ball 1
fngine Geardox Pinfon Size KDLSXP (Kaydon) ]

Ball Size 7218

gengine Gearbdbox Gear
Roller Sise 1020
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TAJLE XV. SUMMARY OF BEARING LOADS AND LIVES

Moment
(in.=1b)

1,543

862

2,497

4,162

27,296

1

e imniin BB i B i B BB . . . b

|
Sy ——— L A =~ — -
Radia
ltem Bearing Axial (1b)
1B Engine Gearbox Pinion Roller - 3,495
Size 1020
2B Engine Gearbox Pinion Ball 1,717 2,029
Size 7128
k] Engine Gearbox Gear Roller - 4,070
S{ze 1020
4B Engine Gearbox Gear Ball 724 1,367
Size 7018
5B Input Pinion Roller - 3,275
Size 1020
: 68 Input Pinion Ball 2,036 1,487
Size 7024
78 Input Gear Roller - 4,992
Size 36-12.5 x 14 x 7.3425 PD
8B Input Gear Ball 2,762 2,332
Size 1932
9B Lower Planet Roller - 6,461
2 Rows: 19 Rollers/Row
Size 17 x 19 x 5.5707 PD
108 Upper Planet Roller - 10,610
2 Rows: 30 Rollers/Row
Size 1/2 x .85 x 7.500 PD
118 Mast Ball 25,065 9,385
Size 7234-9234
12B Mast Roller - 12,306
Size 24-15 x 17 x 5.4925 PD

107




NG LOADS AND LIVES - 6000-HOUR TBO, TWIN 4800-HP

v Bearing Life ____ Minimum Film ]
(?:?S?;) ___;ggr: RPM gk?§§% DN
S 19,664 9,000 43.6 900,000
1,543 11,696 9,000 48.99 810,000
- 11,000 6,090 32.6 609,000
862 12,352 6,090 32.2 548,100
- L4, 744 6,090 35.7 730,800
2,497 11,096 6,090 42.2 730,800
- 12,344 2,268 20.9 365,960
4,162 13,344 2,268 24.7 362,880
- 12,960 1,293 11.7 138,853
- 13,368 334 5.1 55,102
27,296 18,864 151 5.4 25,670
S 12,288 151 2,13 16,520




=
1ABLE XV - Contin

1 Loading * Bearit
: Radial Moment Hot
Item Bearing Axial (1b) (in.=1b) Ll
13B Tail Rotor and Access Bevel Ball 721 2,202 1,714 12,
Size 7124
14B Generator Drive Ball - 71 4 30,
Size KD4OCP, 2 on Shaft (Kaydon) - 156 L 24ﬂ
158 Hydraulic Pump Drive Ball - 53 = 12,
E Size KD4OCP (Kaydon)
: 168 0il Pump Drive Ball . . - ]
E Size 26 x 52 x 15 :
178 Planetary Support Ball - - - -
Size KF65AH (Kaydon) i
i 18B Freewheeling Ball -

Size KD45XP (Kaydon)

*

65% - Items 1B through 10B
100% - Items 1l1B and 12B
75% - Items 13B through 15B
No calculations are made for items 16B through

18B
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TABLE XV - Continued

ng * Bearing Life Minimum Film
ial Moment Hours Thigkness
(in.=1b) L10 * RPM (10-6 in.) DN
02 1,714 12,232 4,943 34.9 593,160
71 L 30,080 (1) 6,355 28.5 645,178
156 4 24,240 (2) 28.1
i 53 = 12,732 3,813 19.7 387,107
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TRADEQFF_VARIABLES

TRANSMISSION WEIGHT

An assessment of the effect of an increase in the weight of
the helicopter transmission in excess of '"normal weight" to
provide extended life is provided through a consideration of
the attendant reduced operational flight envelope. There are
immediately two ways in which the operational flight envelope
can be affected by such an increase in weight, assuming that
the helicopter has a developed operational flight envelope.

The increased transmission weight in one instance amounts to
an increase in empty weight. By imposing a constant gross
weight, the useful load or payload is reduced by the amount
that the transmission increases in weight. In addition, fur-
ther reductions in useful load are brought about by secondary
structural weight increases associated with maintaining fixed
crash-load requirements. Effects upon ship empty weight by
component weight changes have teen discussed extensively in
Reference 13 for the medium-gross-weight helicopters. This in
turn relates directly to the cost of operation of the heli-
copter, in that less cargo tonnage can be transported per unit
time, fewer personnel can be transported per unit time, or
fewer rounds can be loaded for an ordnance firing mission.

The statistical effect of reduced payload would be a function
of the actual magnitude of transmission and system weight in-
crease; however, the influence of the flight spectrum on gross
weight distribution would not be large except where operation
of the helicopter is at maximum gross weight primarily for
every takeoff., The histogram of the gross weight spectrum
would be shifted toward the high end by some amount depending
upon the distribution mean and the weight increase. If opera-
tion is normally with somewhat .ess than maximum gross weight
at takeoff, then the effect of reduced payload is nil. The
approach to an assessment of the effect of reduction in pay-
load would be to analyze a sampling of operational vehicles in
various commands and determine gross weight histograms. The
effect of reduced payload could then be directly related to
actual operational requirements, and a relative cost factor
could be determined for operation at reduced payload. This
information is not presently available.

However, in the case of a new helicopter design, certain per-
formance specifications must be met (such as hover at 4000 ft,
95°F), and the weight increase for extended transmission TBO
could realistically reflect further increases in rotor diameter
and weight. 1In order to develop a sufficiently general equa-
tion and yet retain a simplistic approach, the factor of 3:1
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on total transmission weight increase will be used for assess-
ing the quantity of fuel consumed for cost purposes only. The
approach used to derive the original incremental penalty will
simply be to trade the increased weight for a reduction in
fuel quantity. The reduced operational flight envelope would
then be affected by endurance or range restriction. As with
the reduced payload, the gross weight would be constant, but
in this case the payload would also be constant. The tradeoff
for the weight variable would be extended life obtained by in-
creased transmission weight at the expense of reduced range or
endurance.

The basis for the A-weight/A-endurance tradeoff is predicted
on the following assumptions:

1. Vehicle gross weight is constant for all TBO levels.
2. Vehicle payload is constant for all TBO levels.,

3. Direct operational costs will be based on fuel costs
in the RVN theater.

L. An average specific fuel consumption is used for all
three power levels. This is to be 0.70 1b/hr/hp.

Table XVI reflects certain existing trends in turbine-powered
helicopter design and operational characteristics. The infor-
mation was extracted from detail specifications for each model.

The formulas used to equate weight increase to additional
operating cost are:

l. AG, = (AT)(CO)
2. AT = (AW)ASFC)(Pm)
ACo = additional cost of operation, $/hr
AT = loss of flight time/mission, hr
C, = cost of operation, $/hr
AW = weight increase for extended TBO, 1lb

SFC = specific fuel consumption, lb/hr/hp

P

% mean mast power

Credibility of the above formulation is advanced by the infor-
mation in Reference 1, wherein histograms of flight lengths and
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flying mission lengths are shown. If 1t were assumed that
every flight would be as long as maximum endurance predicated
on fuel quantity, then the ACo above would be inconsistent
with actual operating cost increase. The required refueling
time and lost motion involved would then be effective in the
increased cost figure. However, as can be seen in Figures 12
and 13, the flight lengths and flying mission lengths are con-
siderably less than maximum endurance. Therefore, the re-
quired additional refueling times are very few, since the
relative number of flying mission times above 3 hours are
fewer than 0,1%.

The effect of increased transmission weight on cost is deter-
mined by assessing the cost of fuel load required to satisfy
the conditions of preserved range or preserved endurance, The
specific fuel cost in the RVN theater is the basis for this
analysis. This has been determined to be $0.0l6 per pound.

On that basis, Co is determined as follows:

Co

(0.016)(SFC)(HP,yc) (Reference Parametric Discussion)
(.016)(.7)(.65)(667) = $4.80/hour (twin 500)

(.016)(.7)(.65)(2000)
(.016)(.7)(.65)(6400)

$14.50/hour (twin 1500)

$46.5/hour (twin 4800)
For an average mission endurance of 3.37 hours (Table XVI)
Formula 1 reduces to:

.3-_3.7.?15 Aw'l‘ (Aw,r = Transmission Weight Increase)

1)

3. AC,

.C0U6 AW

T

An assessment of the penalty incurred for overweight poundage
is provided through the use of the previously discussed 3 to 1
multiplication factor (see page lll). As previously noted,
this factor is used to account for the additional power re-
quired for normal flight, additional fuel weight, additional
structure for fuel capacity, ballast, etc. The cost per
flight hour figures shown in Table XVII are, therefore, arrived
at by finally modifying equation 3 above as:

L, ACost = (3)(.0046) au,,

.0138 AW

T

The results of the weight and cost analysis are shown in
Table XVII.
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Figure 12, Model AN-1G Flight Lengths,
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Percentage of Flying Missions

Average 63 Minutes

l l O

30 50 90 120 150 180 210 260 270 300 330
Minutes
Figure 13, Model Al-1( Flying Mission Lengths.
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TABLE XVI, TYFICAL UELICOPTER DESIGN AND
OPERATIONAL CHARACTERISTICS
Puel ot imated Fuel
Capacity sre Range Endurance  Reserve
Model (1) (lu/he/hp;  (n i) (he) (1)
Uil=1A 1022 0.719 220 1.0 102.2
UH=-18 1992 0.630 Ik : 199.0
-1 1600 0,498 322 3,35 160,0
un=1p 1230 0.702 204 3.6 1/2 ur
Ui=1g 1230 600 204 3,4 1/2 nr
UM=-1F Ly 106 260 1.9 6,0
un-16 1381 .992 260 - 136.0
Moan L. b M .656 268 3,0 10% Fuel
Capacity
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SIGNIVICANCE OF SPECIFIED GROSS WELGHT AND RANGE

Assumpt {una
1, Cotistant groasa weight
o Reduced fuel capacity or reduced payload

Me apecification endurance of wost helicoptera used {n the
RVY theater {o approximately 3,9 houre with a sapecific fuel
voteumpt {on of .6 to o7 b by bhp (Table XVI). It the epecifi-
cation of fuel load, endurance, and range, there (o a fuel
portion allotted for vara-up and preflight hover and atother
portion for resetrve. The range then is a function of the re-
salning fuel capacity and providea from 190 to 35 milea range
without the uvae 0f the pescrve fuel,

In Reference | {t was shown that for three Bell helicoptera
the total operation time waa divided {nto averagea of 27,50
ground time and 72,%7% fligi time, Also, {t was ahown that
the AM-16G and UH=LH flight lengtha averaged 43 sinutea and

20 sinutes, reavectively; flying mianion lenigths averaged 63
ainutes and 71 minutes, reapectively, From these atatiantice,
ft can be atowvn that a very appreciable amount of military
helicopiler operation time =~ the RVN theater (s apent in
ground operation or {n hover =manecuvers,

Si{nce only about one-third of the flight time capability (s
used {n flight operation, the significance of a reduction in
fuel capacfty of as much as 107 (this would generally amount
to 100 ib) {s alight, For example, this 10" decreane would
amount to approximately 30 msinutes of cruise on the Ul=IH and
would reduce the etdurance to approximately 3 hours, In the
flying elsaion histogran (Figure 13), {t waa show: that only
about 17 of the flight spectrum was devoled to operation in
exceas of 3,5 hours, Thus, {f an extended THO period wvere
stipulated by deaipgn apecification, the extended THO could bLe
accompliahed at the expenee 0f a reduction in fuel capacity
without affecting over 907 of the current misalons,

In orter of aipgnificance, the gross weight spectrus fiext en-
ters inio the effect of reduced fuel capacity, If the rela-
tive {aportance (8 assumed lo Le greater for range than for
payload, then the groas welight would be conatant, the payload
teduced ant amount , and the fuel capacily {ncreased o liae
amount, Justification for thia deviation from the present
specification would ariase from a spectrum wherein the percent -
age of Uime at mari=ua gross weipght would be expected to be
amall, an was the percentage of time {n saximus cndurance
flights as seen above,




e ——.

In elther event, in teres of actual dollar expenditure for
materiala atd service, the extended THO denign woild becoae
{ewediately deaivable {n a tradeof! of elther velhicle range
or paylo.d, when neither of the latter la sfgnificantly ex-
plofted, HReduction n loglatice, tranaportation voata, and
overhaul coata attaluned by fewer overhaul cycles and leas ac=
tual hardware cotat ftutea a real cxpenditure decreanr; wvhile
the losa or ahrinking of an operating envelope that (a acldos
vaed (6 the limites would conatitute an {@aginary expenditure
increase,

REDUCED ALLOWABLES

Tratiaient or Lriel operating periodas at poser levels above the
aanimum Jdesipgn pover level occur depending upon deaipgn cri-
terfa, locale, and circusatances,

Dut {ng such overpower perioda, the gear and bearing bulk tew -
peratures may increase under the {nfluence of the additional
friction lossca, Theae hipgher temperatures scprve to lower
lutefcant viscosity {n the load con junctions, thus reducing
clastohydrodynamic (1MD) {lm thicknesa at these conhlactn,
For a glven aurface rouglnean, the ratio of file thickhesa to
componite roughteas of the contacting bodies {a reduced,
Mis, in tumm, way acdditionally (ncrease the actual peak
atreanes {n these contacts (above that due sieply to the {n-
cresental overpower load {ncrease) efither due to {ncreaned
traction forcees or aieply sore direct and leess cuahioned con-
tacl between the asperitiea of the glven roughnena, Thear
peax streans valuea frequently {nitiate aurface fatigue or
cracking, which may hydraulically propagate {n the thin syn-
thetic oil enviromsent or produce gear scuffing or bearing
racemay sacaring, depending upon the energy density (n the
conitact,

Mhemfcal effects {n the conjunction environment have gluo been
shown to {nfluence fallure sode and propagation rate {n tinese
near=boundary=-layer lubrication regimes (Reference 12).

The gear pltting fatigue fallure mode occure most frequently
{n the lov pltch-line velocity - final rotor drive portions of
the transmission. MHovever, (n low-speed acnhen, the stlrens
cycle accumsulati{on rate at overpower conditions may not cause
premature faflure at the 1200-tour THO level, With an ex~
tended TRO period, cycle accumulation can attain a damaging
level sufficient to cause premature failure,

A study of the power spectrus of the Al-1GC (Reference 1) was
sade to determine a representative overpover frequency, 1lhe
transmi{snion used {n this helicopter attains an MTHR of 90"
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of {ta acheduled 1100 -hour THO (Relerence ?), 1t {a powered
by a lLu0O-hp aea-level standard-day rated turbiine engine, The
telfcopt /¢ {s equipped vith a transaisaion ayates rated for
operation at 1290 manisus, with correaponding torquesetler red-
line markingas {n the cockpivn,

Mie pover apectrus analyais on sonftored AM-1G helicopters in
the RVYN theater (Figure ?) reveala that 1,%77% operational ties
vaa apenil above 1100 hp with ,007% at the engine rating of

100 o, For the 1100-hour THO, this helicopter tranamfasfon
seea 17,27 houre above deafgn power and .08 hour at engine
rating.

While thia representa but 5,% aillion cyclen at clevated
atreance oft the final atage aun pgear, the frequent replaceaent
of thear parta at overhaul (Reforence ?) aupports the conten-
tion that the wear condition would be intolerable at an {n-
treave 0f theee or ain times cyclic exposure {n the extended
lite 'ranamienion. Consequently, {n the deaign of the extended
life tranamission, {t {s neceasary to employ a reduction factor
for eatablishing safe operating streasea, This factor was aet
equal to the ratio of power avaflable to the drive aystes de-
eign povers

. . Power Avail:'le
Overpover Pactor sTen Pover
. 1400 Mp | 1122

Thin factor {a applicable only to the planetary reduction
gears, since the primary reduction stages are denigned for
1007 singleeengine power. The design allowable for compren-
si{ve utress of 170,000 paf (ansuveing well-aligned parallel
gear seshes vith ain{eized stress concentration at tooth ends)
vas established on the 1200-hour THO design, and the 1,12 fac-
tor wvaes applied to the 3000-hour and 6000-hour designs, Since
the {(dealized compresni{ve strens varies as the square root of
the pover level (for constant apeed), the deafign allowable
stress at normal rating was thereby decreased to 160,000 puf.

As previously discusned, the true erating strennes probably
{ncrease substantially faster than the ideolized square root
relationahip (accounted for by the 1,12 factor) in conjunctiona
where the ratio of BID film thickness to compounite roughness
{s less than unity., Thervfore, the extended=l{fe design msust
eabody additional {mproveeents {n thewe areas, The effects of
sisaligned contacts can never be properly assecssed in inftial
deslign. Mowever, measures to {mprove the coeposite surface
roughnesses in the conjunctions and to limit the overload
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stress concentrat{ons can and must be taken (Reference 12),
Pinal honing of the gear teeth swatinfies the former require-
sent, and the latter can be fulfilled by using tooth crowning
(or end relief), adequate {nvolute profile modifications to
oromote load sharing between adjacent tooth pairs, increased
compliance in the planetary carrier structure and ring gear
support to assure load sharing among the various planet {dler
goars, and relat{vely compliant bearing outer ring support
structure to perm{t outer ring conformance to the load with an
attendant {ncrease {n the number of rolling elements in the
load zone.

The application of the 1,12 load factor results {n {ncreased
wvelight of gear nd bearing elementu, while the referenced
weasures to refine surface roughnhews and promote load-limiting
geometric conformity (n the conjunctions {nduce higher manu-
facturing costa by virtue of the additional process time {n-
volved, The costs ausociated with the welight increase are
relatively constant over the useful life of the transmission.
The additional cost factora used to produce better surface
flalshes are related to machining processes that are subject
to future cost reduction as they become mo~-e widely uned,
Although this potential reduction was not wssumed for purposes
of this study, [t does represent an area of future cost re-
duct {on,

MACHINING AND PROCESSING COSTS FOR EXTENDING TBRO

Procensing variable controls requisite to attainment of high
gear life are ansocf{ated with active profile surface texture
and topography. Planetary gear profiles {n the UH-1 planetary
ansemblien are manufactured according to normal alrcraft gear
prinding and finishing techniques., Surface finishes are 20AA
or better, waviness requircoments are within ,000070 inch, and
profile errors are within ,0002 {nch, The lower planetary
ansenbly operates satinfactorily at 1100 hp with no distress

at a calculated surface compressive stress of 156,000 psi,
These nawe planetary {dlerns have been tested satisfactorily at
2200 hp at a calculated surface compressive stress of 170,200
psi without distrenss, Lead misalignment between sun and planet
or ring and planet gear teeth {u precluded by the carrier de-
sign: hence, there {6 no end overloading {n these oeshes due

to misalignment, Iowever, the ring gear face width i{s con-
siderably less than the planet gear face width, and end effects
are present, Theswe are similar to the end loading effects in
uncrovned cylindrical roller bearingn. The actual load condf-
tion produces a peak compressive stress at the ends of the ring
gear teeth that {s much higher than the .aominal calculated
atress. Such o strend distribution s quite satisfactory for
the U=l THRO perfod of 1100 hours, and perhaps to 2000 hours,
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However, to extend the Life to 3000 or 6000 hours requires a
reduction of these end effects that will reduce the peak
strenses to the nominal values for a more even axial load dis-
tribution. The upper planetary assembly in the UH-1 does not
have ideal alignment in the gear teeth under all load condi-
tions. The carrier deflects under load in such a manner that
the upper end of the sun gear teeth would absorb more load
than the nominai colculated gear load. Helix or lead slope
correction to provide parallel alignment at nominal values of
900 hp {s used, At higher power levels, the upper ends of the
teeth operate under a higher stress than occurs with an evenly
distributed load. Again, TBO could not be extended signifi-
cantly under these operating conditions (Reference 2). How-
ever, test work reported in Reference 12 reveals that under
"he very thin tilm lubrication regimes occurring in this mesh
life (as defined by the pitting failure mode) is relatively
insensitive to load distribution alone. It becomes necessary
to change lubrication states and to use differential hardness
materials, in addition to improving load distribution.

Modification of the basic design to include geometric refine-
ments that will allow longer gear life requires additional
machine operations in manufacture. Additional machining is in
the nature of honing, crowning, and lead modification, which
normally w> ald not be accomplished on a gear for a low TBO
gearbox design. In this instance, the lubrication state is
changed by surface finish improvement rather than by a lubri-
cant viscosity chunge since the lubricant is specified.

An average cost figure based on the incorporation of the above
refinements in recent production UH-1 gearboxes is used as an
additional processing factor for the extended TBO gearboxes.
This figure is set at $200 for the upper and lower planetary
assemblies used in the UH-1 .ain transmissions, This value is
used in determining the additional processing costs of the
planctary gears in the extended life transmissions. For the
incremental increase in cost attributable to additional pro-
cessing, it is assumed that this cost increase is a linear
function of horsepower. Figure l4 shows that a linear rela-
tionship exists between horsepower and weight. Therefore,
since larger and heavier gears normally require greater pro-
cessing time than smaller counterparts, the assumption of
linearity between additional procassin% cost and horsepower

is sufficiently accurate., The respective additional manu-
facturing costs shown below are determined by:

Acost =(np

”Px No. Planetary Assys x $200
UH-1H 2
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Cost, $/

Transmission TBO ACost, $ Flt Hour
Twin 500 1200 - -
3000 60 .02
6000 60 .01
Twin 1500 1200 = =
3000 364 121
6000 364 .06
Twin 4800 1200 - -
3000 1160 .388
6000 160 194

MATERIAL COST FACTORS

The changes required to attain a 3000~hour TBO evolve only
from higher bearing and gear life requirements. The materials
used in the 3000-hour TBO designs are the same as the 1200-
hour designs, but bearing and gear sizes are larger. No mate-
rial cost changes were incurred in changing certain cases from
magnesium to aluminum. The bearing sizes in the 6000-hour TBO
transmission are the same as the 1200-hour TBQO transmission,
but the material is conformally forged consumable electrode
vacuum-arc-remelt AISI M-50 steel rather than degassed AISI
52100 steel. The following estimates are made for bearing
costs of the nine transmissions considered in this study:

Total Additional
Bearing A Cost $/
Transmission TBO Cost $ Cost, $ Flt Hr
Twin 500 1200 213 - -
3000 265 52 .017
6000 638 425 .071
Twin 1500 1200 1840 - -
3000 2300 L60 .153
6000 5620 3780 1.26
Twin 4800 1200 L680 - -
3000 5850 1170 .39
6000 14100 9420 1.57

TRANSMISSION EXCHANGE DOWN TIME AND MAINTENANCE

The effects of down time for gearbox change are not considered
in this report, since documented information was not obtain-
able. The temporary loss of the helicopter for gearbox change,
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however, can represent a very sizeable cost as well as present
a hazard to the safety of a combat-operational command. It is
con jectured that the actual costs of removing and replacing a
gearbox would be minimal, while the lag in supplying the gear-
box to the helicopter could amount to a time interval suf-
ficient to entirely override the cost effectiveness of any
developed TBO., However, this omission serves only to lend
conservatism to the final study results.

Periodic maintenance for the e:itended-life transmission is to
be the same as presently required on UH-1 helicopters in the
RVN theater. Specifically, the transmission periodic mainte-
nance (25-hour interval) is as follows: Inspect transmission
and connections for damage and oil leaks. Check sump for
water contamination and for oil level. Check transmission oil
filter for bypass indication if so equipped. Inspect and
clean transmission oil screen and magnetic plug. ©On electrical
chip detector, check continuity,

OVERHAUL AND TRANSPORTATION COSTS

The cost of overhaul and transportation of the nine trans-
missions developed in this study is based on the costs re-
ported from U. S. Army Aeronautical Depot Maintenance Center
in Corpus Christi, Texas, and results of a study performed by
Sikorsky Aircraft for U. S. Army Aviation Systems Command,
St. Louis, Missouri (contract DAAJO1l-68-C-1395(c)).

Overhaul and transportation costs of seven transmissions
(UH-1, Vertol CH-47 forward, aft, and combining gearboxes,
and Sikorsky CH3A, CH3C, and CH53) were analyzed, with re-
sults shown in Table XVIII. The quantity of transmissions
reviewed in a 5-month period as reported in Reference 2 (173
UH-1's, 40 CH-47's forward, 32 CH-47's aft, and 5 CH-47's
combining) in conjunction with their respective weights and
overhaul costs indicates that overhaul costs could generally
be predicted as shown in Figure 15. Transportation ~<osts as
shown in Table XVIII indicate that transmission weight and
size are instrumental in determining general transportation
costs. It is not expected that quantity of transmissiouns
would appreciably influence the transportation costs. The
curve shown in Figure 16 is based on the information in Table
XVI1I and the respective weights of the transmissions shown.
Transportation costs of the nine transmissions developed in
this study were then based on this curve. Further justifica-
tion is given below, wherein very high MTBR's would be attained.

It is anticipated that the extended-life transmission would
not incur part replacement frequency as high as the low TBO
gearboxes. Those areas of wear that are normally tolerable
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for low THO, such as wear due to bearing (nner ring creep on
the shaft, bearing spacer wvear, and gear profile wear, are
specifically desfgned wo as to be eliminated from the ex-
tended life transminsions, In like sanner, the allowable
stresses are low enough to prevent spalling fatigue fafllure
in gears and bearings.

Rearing ring creep {u eliminated by reducing gear reaction
loadu through use of larger gearw and by proportioning gear
shaft and bearing diameters to provide {nterference t{ts wuf-
ficlent to preclude creep even at overtorque conditions,
Bearing spacer wear i{s normally eliminated when ring creep iw
eliminated.

Gear profile wear is eliminated by virtue of reduced allow-
ables. Under normal operating conditions, the meshing gears
are separated by an appreciable lubricant film, so asperity
contacts (wear) are nonexistent, At overtorque conditions,
the transmitted gear loads are increased and the resulting
thermal rise is equivalent to that normally experienced at the
stabilized operating level of the low TBO designs. Random as-
perity contact may be made, but wear is not significant since
overtorque duration is low.

The overhaul costs reflected in Pigure 15 would then represent
p{cbable upper limit for transmissions designed for extended
life.

RELIABILITY

Gear and bearin% design data and functionnrl data are tabulated
for each transmission and presented after each respective
cransmission layout. The information included in the tables
was used to calculate generic failure rates of both the gears
and the bearings (Tables XIX and XX).

Gear pitting failure rates were determined from composite life
calculations based on a dispersion exponent of 5.,5. The re-
sulting composite pitting lives, while short of TBO in each
case, reflect the increase in life obtained through design to
reduced allowable stresses. The pitting life of each gear was
calculated at 100% design load, while the cubic mean power
level was previously determined to be 65% of maximum design.
No calculations were made at the mean power level. However,
since the gears are not treated in the same statistical manner
as the bearings, the relative reliability indexes given will
suffice for comparing the extended life designs with the base
line design.




Generf{c faflure rates ate shiown for bearinga {n each trane-
sisafon, and the progressively extended THO tranum{ssions ex-
hibit lower characteristic tallure rates, The Llo THO deaign
lite ratio requirements of the base line 1200-hour trana-
miasions are condiderably higher than the respective 3000-tour
atd 6000-hour * canam{unlonn, yet the failure rates are lnber-
ently lower for extended Life. The tabulated ratles wuggent an
increaned reliability of the extended life trannmisnions de-
spite the leas wtringent relative Lig requirements,

Conn{dering the poor basic correlation shown between calculated
bearing lives and obuerved fallures reported in Reference 2,
there exints little justification for further ntatistical
treataeivt,

Validation ot the cost per flight hour duta presented in this
study requires the tucit assumption that the ratio of meun

time between rework (MTBR) to TBO i{s constant at all three TBO
design levels, The real cost per flight hour for a given
transmission is strongly influenced by MTBR, Increasing TBO
without increasing the transmission reliability proportionately
would not only result in an unsatisfactory maintainability, but
would also increase the relative cost per flight hour values
for the extended life versions above the values shown. For
simplicity of the study, the MIBR is considered to be coinci-
dent to the TBO. Design mcasures have been taken to provide
increased life at a constant reliability level for each in-
creased TBO design in order to ensure this desired proportion-
ality. While the resulting absolute dollar value rates may be
optimistic, their relative values should remain accurate.
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TABLE XIX. CUMULATIVE GEAR LIVES AND
GENERIC FALLURE RATY
CURUTATIVE LIPE PATLURF,_RATF. ‘
TRANSMISS 10N T, TRO/L,  T1000/1.,
) 2
T™win 500 Hp |
1 200-Hour THO 366 1,279 2,73 |
3000 -Hour THO Ll9 7.160 2,147 {
6000-Hour THO wlY 14,320 2,387
Twin 1500 1p
1200-Hour TBO N 2,586 2.155
J000-Hour THO La7 6,036 2,012
H000-Hour THO L97 12,072 2,012 ‘
Twin 4800 WP k
1200-Hour 1BO 1122 1.070 .891
3000-Hour TRO L1L6 2,618 .873 ;
6000 -liour TRO 1146 5.236 .873 :
E

i a s
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TABLE XX,

COMPOSITE HFARING LIFE AXND
GENERIC FALLURE RATES

Coaponlite LiTe

Pallure Rate

Transmins{on Lo Leo TnO/l.,)o lOOO/l.so
Twin 500 1200=ir THO 1926 3100 .J871 03229%
3000=-Hr TRO 3338 5379 « 9582 .1861
6000«Hr THO 7390 11898 . 5043 .1353
T™win 1500 1200-lir TRO 1591 2561 JUGBO 3905
3000=lir THO 2457 3955 .758% .2528
6000=-Hr TBO 6314 10165 9902 .0984
Twin 4800 1200-Hr TBO 1335 2150 .9582 652
3000=lr TRO 2529 4071 .7369 .2L56
6000«}{r TBO 5262 8471 7083 .1180
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QONCLUS JONS

On the baasis of overhaul and transportation costs as wvell an
fuel cost {n the RVN theater, the tradeoff study shows that
the JO0O0-hour THO design and the 6000-hour design are cost ef-
fective. An shown i{n Figure 17, the extended life denigns are
cost effective at all power levels with relatively decreaning
cout of operation aw a function of {ncreaming time betweon
uverhaul,

Final design optimization of a transmiusion would be attained
through the use of conventional bearing materials (SAf 52100
iteel) In certain locations that do not critically demand ex-
tremely high endurance characteristics obtained from the more
expensive M-50 steel bearings. The hybrid use of these less
expennive bearings would result {n the most cost effective TBO
transmission., In summary:

l. Extended-life transmission design {8 feasible and cost
effective,

2. Design optimization would provide a maximum overhaul
life commensurate with minimum cost.

3. Increased life-transmission design provides equal or
better reliability with lower fallure rates than low-
life counterparts.
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RECOMMENDATIONS

Design requirements for future Army helicopter transmission
syatems should specify extended TBO levels.

Maximum allowable surface compressive stress in low-speed
gear teeth should be 160,000 psi for extended-life trans-
mission design.

Gear and bearing designs should be optimized to provide the
maximum ratio of EHD f£ilm thickness to composite surface
roughness in load conjunctions to provide wear resistance
for extended life.

Transmission development testing of several production pro-
totype units, at a minimum of 125% overtorque for 50-100
hours duration, should be required prior to production to
reveal design deficiencies which would preclude attainment
of the objective extended life TBO.
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APPENDIX I
SPIRAL BEVEL GEAR DIMENSIONAL DATA

e S e

The dimensional data for all spiral bevel gears used in the

nine study transmissions are tabulated in this Appendix. an i
optimization study was made for each gear application, based !
on speed, stress level, and bearing load level, with the re-
sulting choice of gears shown in Tables XXII through XXXII.
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TABLE XXII. INPUT SPIRAL BEVEL GEARS,
TWIN 500 1P, 1200 TBO

Pinion Gear

Number of Teeth 21 80
Diametral Pitch 6.000 -
Face Width, inches 1.200 1.200
Pressure Angle, degrees 20.000 -
Shaft Angle, degrees 90.000 -
Transverse Contact Ratio 1.243
Face Contact Ratio - 1.763
Modified Contact Ratio - 2.157
Outer Cone Distance, inches = 6.893
Mean Cone Distance, inches = 6.293
Circular Pitch, inches 0.524 -
Working Depth, inches 0.284 -
Whole Lepth, inches 0.315 0.031
Clearance, inches 0.031 0.031
Pitch Diameter, inches 3.500 13.333
Addendum, inches 0.202 0.081
Dedendum, inches 0.113 0.234
Outside Diameter, inches 3.891 13.375
Pitch Apex to Crown, inches 6.615 1.671
Circular Thickness, inches 0.303 0.166
Mean Normal Top Land, inches 0.092 0.084
Outer Normal Top Land, inches 0.090 €.079
Inner Normal Top Land, inches 0.095 0.080
Pitch Angle, degrees 14.708 75.292
Face Angle of Blank, degrees 16.665 76.243
Root Angle, degrees 13.757 73.335
Dedendum Angle, degrees 0.951 1..957
Outer Spiral Angle, degrees = 38.264
Mean Spiral Angle, degrees - 35.000
Inner Spiral Angle, degrees - 31.922
Hand of Spiral LH RH
Drivin? Member PIN S
Direction of Rotation CW =
Backlash, inches 0.005 MIN 0.007 MAX
Tooth Taper TRLM S
Cutting Method = SB
Gear Type - GENERATED
Face Width in Percent of

Cone Distance = 17.410
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TABLE XXII =~ Continued
Pinlon Gear

Theoretical Cutter Radius,

inches 6.001 -
Cutter Radius, inches 6.000 -
Calc, Gear Finish Pt, Width,

Inches - 0.102
Gear Finishing Point Width,

inches - 0.100
Roughing Point Width, inches 0.040 0.080
Outer Slot Width, inches 0.064 0.100
Mean Slot Width, inches 0.067 0.100
Inner Siot Width, inches 0.064 0.100
Finishing Cutter Blade Point,

inches 0.040 0.065
Stock Allowance, inches 0.024 0.020
Max, Radius-Cutter Blades,

inches 0.041 0.074
Max, Radius-Mutilation, inches 0.057 0.076
Max, Radius-Interference,

inches 0.033 0.052
Cutter Edge Radius, inches 0.020 0.020
Calc, Cutter Number 3 6
Max, No, Blades in Cutter 22.351 -
Cutter Blades Required STD. DEPTH STD. DEPTH
Duplex Sum of Dedendum Angle,

deqrees 2.908 -
Roughing Radial, inches 5.682 -
Geometry Factor-Strength-J 0.2808 0.2804
Strength Factor-0 6.500 1.709
Factor 0.9047 -
Strength Balance Desired STRS -
Strength Balance Obtained STRS 0.001
Geometry Factor-Durability-I 0.1403 -
Ourability Factor-Z 2786 1427
Geometry Factor-Scoring-G 0.003255 -
Scoring Factor-X 0.2586 -
Profile Sliding Factor 0.003341 0.005994
Root Line Face Width 1.200 1.200
Axial Factor-Driver CW 0.495 our 0.041 oUT
Axial Factor-Driver CCW 0.353 IN 2,100 OUT
Separating Factor-Driver CW 0.158 SEP N.130 SEP

0.380 SEP N.093 ATT

Separating Factor-Driver CCW
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TABLE XXIII. TAIL ROTOR DRIVE SPIRAL BEVEL GEARS,

TWIN 500 HP, 1200 TBO
Pinlon _ Gear

Number of Teeth 21 80
Diametral Pitch 6.034 -
Face Width, inches 0.600 0.600
Pressure Angle, degrees 20.000 -
Shaft Angle, degrees 90.000 -
Transverse Contact Ratio - 1.246
Face Contact Ratio - 0.889
Modified Contact Ratio - 1.531
Outer Cone Distance, inches - 6.854
Mean Cone Distance, inches - 6.554
Circular Pitch, inches 0.521 -
Working Depth, inches 0.280 -
Whole Depth, inches 0.312 0.312
Clearance, inches 0.031 0.031
Pitch Diameter, Inches 3.480 13.258
Addendum, inches 0.200 0.080
Dedendum, inches 0.111 0.232
Outside Diameter, inches 3.868 13.299
Pitch Apex to Crown, inches 6.578 1.663
Clrcular Thickness, inches 0.304 0.185
Mean Normal Top Land, inches 0.080 0.094
Outer Normal Top Land, inches 0.079 0.091
Inner Normal Top Land, inches 0.081 0.091
Pitch Angle, degrees 14.708 75,292
Face Angle of Blark, degrees 16.518 76.096
Root Angle, degrees 13,904 73.482
Dedendum Angle, degrees 0.804 1.810
Outer Spiral Angle, degrees S 38.040
Mean Spiral Angle, degrees - 36.390
Inner Spiral! Angle, degrees - 34,788
Hand of Spira) LH RH
Drivin? Member GEAR =
Direction of Rotation Cccw =
Backlash, inches 0.005 MIN n1.007 MAX
Tooth Taper TRLM
Cutting Method = S8
Gear Type = GFNFERATED
Face Width in Fercent of

Cone Distance - 8.754
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TABLE XXIII - Continued

T

Pinlon Gear

Theoretical Cutter Radius,

inches 6.001 -
Cutter Radius, inches 6.000 E
Calc, Gear Finish Pt, Width,

inches = 0.085
Gear Finishing Point Width,

inches - 0.090
Roughing Point Width, inches 0.050 0.079
Outer Slot Width, inches 0.076 0.099
Mean Slot Width, inches 0.076 0.090
Inner Slot Width, inches 0.076 0.090
Finishing Cutter Blade Point,

inches 0.040 0.050
Stock Allowance, inches 0.026 0.020
Max, Radius-Cutter Blades,

inches 0.046 0.060
Max, Radius-Mutilation, inches 0.078 0.085
Max, Radius-Interference,

inches 0.031 0.052
Cutter Edge Radius, inches 0.020 0.020
Calc, Cutter Number 2 6
Max, No. Blades in Cutter 38.735 G
Cutter Blades Required STD. DEPTH STD. DEPTH
Duplex Sum of Dedendum Angle,

deqrees 2.614 -
Roughing Radial, inches 5.583 -
Geometry Factor-Strength-J 0.2114 0.2113
Strength Factor-0 17.445 4.580
Factor 1.3065 -
Strength Balance Desired STRS 3
Strength Balance Obtained STRS -
Geometrv Factor-Durability-1 0.1313 c
Durability Factor-Z L4095 2198
Geometry Factor-Scoring-G 0.003965 -
Scoring Factor-X 0.4152 >
Profile S1iding Factor 0.003471 0.006276
Root Line Face Width 0.600 0.600
Axial Factor-Driver CW 0.497 our 7.039 ouT
Axial Factor-Driver CCW 0.359 1IN 0.799 our
Separating Factor-Driver CW 7.150 SwP 0.131 SEP
| Separating Factor-Oriver CCW N0.375 SEP 0.094 ATT
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TABLE XXIV. OIL PUMP DRIVE SPIRAL BEVEL GEARS,

TWIN 500 HP, 1200 TBO

Pinion Gear

Number of Teeth 21 80
Diametral Pitch 6.774 -
Face Width, inches 0.280 0.280
Pressure Angle, degrees 29.000 -
Shaft Angle, degrees 90.000 -
Transverse Contact Ratio = 1.275
Face Contact Ratio = 0.406
Modified Contact Ratio = 1.338
Outer Cone Distance, inches - 6.105
Mean Cone Distance, inches - 5.965
Circular Pitch, inches 0.464 -
Working Depth, inches 0.252 -
Whole Depth, inches 0.280 0.280
Clearance, inches 0.028 0.028
Pitch Diameter, inches 3.100 11.810
Adde-dum, inches 0.180 0.072
Dedendum, inches 0.100 0.207
Outside Diameter, inches 3.447 11.847
Pitch Apex to Crown, inches 5.859 1.480
Circular Thickness, inches 0.263 0.181
Mean Normal Top Land, inches 0.068 0.101
Outer Normal Top Land, inches 0.067 0.099
Inner Normal Top Land, inches 0.069 0.099
Pitch Angle, degrees 14,708 75.292
Face Angle of Blank, degrees 16.836 76.414
Root Angle, degrees 3.586 73.164
Dedendum Angle, degrees 1.122 2.128
Outer Spiral Angle, degrees = 34,011
Mean Spiral Angle, degrees = 33.290
Inner Spiral Angle, degrees - 32,578
Hand of Spiral LH RH
Ori/ing Member GEAR -
Direction of Rotation CCW -
Backlash, inches 0.005 MIN 0.007 MAX
Tooth Taper TRLM -
Cutting Method = SB
Gear Type = GENERATED
Face Width in Percent of

Cone Distance & 4,586
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TABLE XXIV - Coiitinued

Pinlon “Gear

Theoretical Cutter Radius,

inches 6.002 =
Cutter Radius, inches 6.000 -
Calc, Gear Finish Pt, Width,

inches - 0.082
Gear Finishing Point Width,

inches - 0.080
Roughing Point Width, inches 0.060 0.060
Quter Slot Width, inches 0.086 0.080
Mean Slot Width, inches 0.086 0.080
Inner Slot Width, inches 0.086 0.080
Finishing Cutter Blade Point,

fnches 0.050 0.050
Stock Allowance, inches 0.026 0.020
Max, Radius-Cutter Blades,

i{nches 0.060 0.060
Max, Radius-Mutilation, inches 0.078 0.068
Max, Radius-Interference,

inches 0.026 0.047
Cutter Edge Radius, inches 0.015 0.015
Calc, Cutter Number 3 fi
Max, No, Blades in Cutter 72.814 -
Cutter Blades Required STD. DEPTH STD. DEPTH
Duplex Sum of Dedendum Angle,

degrees 3.250 ]
Roughing Radial, inches 5.683 -
Geometry Factor-Strength-J 0.1825 0.1819
Strength Factor-0 53.019 13.961
Factor 1.4948 -
Strength Balance Desired STRS -
Strength Balance Obtained STRS 0.002
Geometry Factor-Durability-I 0.1069 =
Durability Factor-Z 7458 3821
Geometry Factor-Scoring-G 0.004888 -
Scoring Factor-X 0.7418 -
Profile Sliding Factor 0.003233 0.005942
Root Line Face Width 0.280 0.280
Axial Factor-Driver CW 0.492 our 0.044 OUT
Axial Factor-Driver CCW 0.346 IN 0.102 ouT
Separating Factor-Driver CW 0.168 SEP 0.129 SEP

0.388 SEP 0.091 ATT

Separating Factor-Driver CCW
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TABLE XXV,

INPUT SPIRAL BEVEL GEARS,

TWIN 500 HP, 3000 AND 6000 TBO

Pinion Gear

Number of Teeth 21 80
Diametral Pitch 5.500 -
Face Width, inches 1.400 1.400
Pressure Angle, degrees 20.000 -
Shaft Angle, degrees 90.000 -
Transverse Contact Ratio - 1.241
Face Contact Ratio - 1.899
Modified Contact Ratio - 2.269
Quter Cone Distance, inches - 7.519
Mean Cone Distance, inches - 6.819
Circular Pitch, inches 0.571 -
Working Depth, inches 0.312 -
Whole Depth, inches 0.346 0.346
Clearance, inches 0.034 0.034
Pitch Diameter, inches 3.818 14.545
Addendum, inches 0.222 0.090
Dedendum, inches 0.124 0.256
Outside Diameter, inches 4.248 14,591
Pitch Apex to Crown, inches 7.216 1.822
Circular Thickness, inches 0.331 0.178
Mean Normal Top Land, inches 0.102 0.090
Outer Normal Top Land, inches 0.099 0.085
Inner Normal Top Land, inches 0.107 0.085
Pitch Angle, degrees 14.708 75.292
Face Angle of Blank, degrees 16.761 76.339
Root Angle, degrees 13.661 73.238
Dedendum Angle, degrees 1.0u8 2,053
Outer Spiral Angle, degrees S 38.194
Mean Spiral Angle, degrees = 35.000
Inner Spiral Angle, degrees 3 32.030
Hand of Spiral LH RH
ODriving Member PIN -
Direction of Rotation CW -
Backlash, inches 0.005 MIN 0.007 MAX
Tooth Taper TRLM S
Cutting Method = S8
Gear Type = GFENERATED
Face Width in Percent of

Cone Distance = 18.619
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TABLE XXV - Continued

Pinion Gear

Theoretical Cutter Radius,

inches 6.802 -
Cutter Radius, inches 6.800 -
Calc, Gear Finish Pt, Width,

inches - 0.111
Gear Finishing Point Width,

inches - 0.110
Roughing Point Width, inches 0.040 0.090
Outer Slot Width, inches 0.067 0.110
Mean Slot Width, inches 0.070 0.110
Inner Slot Width, inches 0.067 0.110
Finishing Cutter Blade Point,

inches 0.040 0.065
Stock Allowance, inches 0.027 0.020
Max, Radius-Cutter Blades,

inches 0.044 0.074
Max, Radius-Mutilation, inches 0.063 0.093
Max. Radius-Interference,

inches 0.037 0.058
Cutter Edge Radius, inches 0.020 0.020
Calc, Cutter Number 3 7
Max, No, Blades in Cutter 21.901 =
Cutter Blades Required STD. DRPTH SID. DEPTH
Cuplex Sum of Dedendum Angle,

degrees 3.101 =
Roughing Radial, inches 6.289 -
Geometry Factor-Strength-J 0.2881 0.2872
Strength Factor-0 4,664 1.228
Factor 0.8262 MN
Strength Balance Desired STRS =
Strength Balance Obtained STRS 0.002
Geometry Factor-Durability-I 0.1441 -
Durability Factor-Z 2332 1195
Geometry Factor-Scoring-G 0.003255 c
Scoring Factor-X 0.2357 -
Profile Siiding Factor 0.003617 0.006476
Root Line Face Width 1.400 1.400
Axial Factor-Driver CW 0.456 OUT 0.038 our
Axial Factor-Driver CCW 0.326 IN 0.092 oUT
Separating Factor-Driver Cw 0.146 SEP 0.120 SEP

0.086 ATT

Separating Factor-Driver CCW 0.031 SEP
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TABLE XXVI. TAIL ROTOR DRIVE SPIRAL BEVEL GEARS,

TWIN 500 HP, 3000 AND 6000 TBO

Pinion Gear

Number of Teeth 21 80
Diametral Pitch 5.530 -
Face Width, inches 0.700 0.700
Pressure Angle, degrees 20.000 -
Shaft Angle, degrees 90.000 -
Transverse Contact Ratio 1.253
Face Contact Ratio 0.918
Modified Contact Ratio - 1.553
Outer Cone Distance, inches - 7.478
Mean Cone Distance, inches - 7.128
Circular Pitch, inches 0.568 -
wOrking Depth, inches 0.307 -
Whole Depth, inches 0.3u41 0.341
Clearance, inches 0.034 0.034
Pitch Diameter, inches 3.797 14.467
Addendum, inches 0.219 0.088
Dedendum, inches 0.122 0.253
Outside Diameter, inches 4,222 14,511
Pitch Apex to Crown, inches 7.178 1.814
Circular Thickness, inches 0.342 0.191
Mean Normal Top Land, inches 0.100 0.096
Outer Normal Top Land, inches 0.099 0.093
Inner Normal Top Land, inches 0.102 0.093
Pitch Angle, de?rees 14,708 75.292
Face Angle of Blank, degrees 16.653 76.231
Root Angle, degrees 13.769 73.347
Dedendum Angle, degrees 0.939 1.945
Outer Spiral _Angle, degrees = 37.006
Mean Spira'ngle, degrees - 35.360
Inner Spiral’Angle, degrees - 33.765
Hand of Spiral LH RH
Drivin? Member’ GEAR -
Directidn of Rotation ccw -
Backlash, Inches 0.005 MIN 0.007 MAX
Tooth Taper TRLM -
Cutting Method = SB
Gear Type = GENERATED
Face Width in Percent of

Cone Distance = 9.360
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TABLE XXVI - Continued

Pinion Gear
Theoretical Cutter Radius,
fnches 6.801 -
Cutter Radius, inches 6.800 -
Calc, Gear Finish Pt. Width,
inches - 0.110
Gear Finishing Point Width,
inches = 0.110
Roughing Point Width, inches 0.050 0.090
Outer Slot Width, inches 0.076 0.110
Mean Slot Width, inches 0.076 0.110
Inner Slot Width, inches 0.075 0.110
Finishing Cutter Blade Point,
inches 0.040 0.065
Stock Allowance, {nches 0.025 0.020
Max, Radius-Cutter Blades,
inches 0.046 0.074
Max, Radius-Mutilation, inches 0.077 0.093
Max, Radius-Interference,
inches 0.035 0.059
Cutter Edge Radius, inches 0.003 0.003
Calc, Cutter Number 3 6
Max, No, Blades in Cutter 38.642 -
Cutter Blades Required STD. DEPTH STD. DEPTH
Duplex Sum of Dedendum Angle,
rees 2.884 =
Roughing Radial, inches 6.399 -
Geometry Factor-Strength-J 0.1951 0.1583
Strength Factor-0 13.908 L.,u486
Factor 1.2875 -
Strength Balance Desired GIVN -
Strength Balance Obtained GIVN 0.154
Geometry Factor-Durability-1 0.1306 2
Durability Factor-Z 3484 1785
Geometry Factnr-Scoring-G 0.000025 -
Scoring Factor-X 0.3672 -
Profile S1iding Factor 0.003800 0.006890
Root Line Face Width 0.700 0.700
Axial Factor-Driver CW 0.442 ouT 0.036 out
Axial Factor-Driver CCW 0.317 1IN 0.089 our
Separating Factor-Driver CW 0.139 SEP 0.116 SEP
Separating Factor-Driver CCW  0.338 SEP 0.083 ATT
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TABLE XXVII. OIL PUMP DRIVE SPIRAL BEVEL GEARS,
TWIN 500 4P, 3000 AiD 6000 T30

Pinion Gear

Number of Teeth 21 80
Diametral Pitch 6.360 -
Face Width, inches 0.350 0.350
Pressure Angle, degrees 20.000 -
Shaft Angle, degrees 90.000 -
Transverse Contact Ratio - 1.283
Face Contact Ratio - 0.456
Modified Contact Ratio - 1.361
Outer Cone Distance, inches - 6.502
Mean Cone Distance, inches - 6.327
Circular Pitch, inches 0.494 -
wOrking Depth, inches 0.269 -
Whole Depth, inches 0.299 0.299
Clearance, inches 0.030 0.039
Pitch Diameter, inches 3.302 12.579
Addendum, inches 0.192 0.078
Dedendum, inches 0.107 0.221
Outside Diameter, inches 3.673 12.618
Pitch Apex to Crown, inches 6.241 1.576
Circular Thickness, inches 0.305 0.167
Mean Normal Top Land, inches 0.099 0.088
Outer Normal Top Land, inches 0.098 0.085
Inner Normal Top Land, inches 0.100 0.085
Pitch Angle, degrees 14.708 75.292
Face Angle of Blank, degrees 16.997 76.575
Root Angle, degrees 13.425 73.002
Dedendum Angle, degrees 1.284 2.289
Outer Spiral Angle, degrees > 32.774
Mean Spiral Angle, degrees = 32.020
Inner Spiral Angle, degrees - 31.278
Hand of Spiral LH RH
Driving Member GEAR -
Direction of Rotation CCwW -
Backlash, inches 0.005 MIN 0.007 MAX
Tooth Taper TRLM -
Cutting Method = SB
Gear Type - GENERATFD
Face Width in Percent of

Cone Distance - 5.383
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TABLE XXVII - Continued

Pinion Gear

Theoretical Cutter Radius,

inches 6.803 -
Cutter Radius, inches 6.800 -
Calc, Gear Finish Pt, Width,

inches - 0.110
Gear Finishing Point Width,

inches - 0.110
Roughing Point Width, inches 0.050 0.090
Outer Slot Width, inches 0.071 0.110
Mean Slot Width, inches 0.072 0.110
Inner Slot Width, Inches 0.071 0.110
Finishing Cutter Blade Point,

fnches 0.040 0.065
Stock Allowance, inches 0.021 0.020
Max. Radius-Cutter Blades,

inches 0.046 0.074
Max, Radius-Mutilation, inches 0.070 0.093
Max, Radius-Interference,

inches 0.029 0.051
Cutter Edge Radius, inches 0.003 0.003
Calc, Cutter Number 4 7
Max, No, Blades in Cutter 69.677 -
Cutter Blades Required STD. DEPTH STD. DEPTH
Duplex Sum of Dedendum Angle,

degrees 3.573 -
Roughing Radial, inches 6.376 -
Geometry Factor-Strength-J 0.1836 0.1385
Strength Factor-0 37.760 13.135
Factor 1.4694 -
Strength Balance Desired GIVN -
Strength Balance Obtained GIVN 0.210
Geometry Factor-Durability-I 0.1077 -
Durability Factor-Z 6239 3196
Geometry Factor-Scoring-G 0.000066 -
Scoring Factor-X 0.6469 -
Profile S1iding Factor 0.003453 0.006369
Root Line Face Width 0.350 0.350
Axial Factor-Driver CW 0.444 ouT n,042 our
Axial Factor-Driver CCW 0.309 IN 9.994 ouUT
Separating Factor-Driver CW 0.162 SEP 0.177 SEP

0,357 stp 9,081 ATTIN

Separating Factor-Driver CCW
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TABLE XXVIII, INPUT SPIRAL BEVEL GEARS, TWIN 1500

HP4 1200, 3000 AND 6000 TBO

Pinion Gear

Number of Teeth L6 93
Diametral Pitch 10.000 -
Face Width, inches 1.200 1.200
Pressure Angle, degrees 20.000 -
Shaft Angle, degrees 85.000 -
Transverse Contact Ratio = 1.406
Face Contact Ratio - 2.027
Modified Contact Ratio = 2,467
Outer Cone Distance, inches = 5.385
Mean Cone Distance, inches - L.785
Circular Pitch, inches 0.314 -
Working Depth, inches 0.171 -
Whole Depth, inches 0.190 0.190
Clearance, inches 0.019 0.019
Pitch Diameter, inches L.600 9.300
Addendum, inches 0.114 0.057
Dedendum, inches 0.076 0.133
Outside Diameter, inches 4,806 9.358
Pitch Apex to Crown, inches 4,820 2.666
Circular Thickness, inches 0.165 0.108
Mean Normal Top Land, inches 0.072 0.052
Outer Normal Top Land, inches 0.070 0.056
Inner Normal Top Land, inches 0.073 0.057
Pitch Angle, de?rees 25,285 59.715
Face Angle of Blank, degrees 26.753 60 .582
Root Angle, degrees 24.418 58.247
Dedendum Angle, degrees 0.867 1.468
Outer Spiral An?le, degrees - 31.777
Mean Spiral Angle, degrees = 25.000
Inner Spiral Angle, degrees - 18.164
Hand of Spiral LH RH
Driving Member PIN =
Direct?on of Rotation cw -
Backlash, inches 0.004 MIN 0.006 MAX
Tooth Taper TRLM -
Cutting Method = SB
Gear Type = GENERATED
Face Width i{n Percent of

Cone Distance - 22.285
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TABLE XXVIII - Continued

Pinlon Gear
Theoretical Cutter Radius,

inches 3.751 -
Cutter Radius, inches 3.750 -
Calc, Gear Finish Pt, Width,

inches - 0.074
Gear Finishing Pofnt Width,

fnches - 0.070
Roughing Point Width, inches 0.040 0.060
Outer Slot Width, inches 0.049 0.070
Mean Slot Width, inches 0.053 12.070
inner Slot Width, inches 0.049 0.070
Finishing Cutter Blade Point,

inches 0.030 0.040
Stock Allowance, inches 0.009 0.010
Max, Radius-Cutter Blades,

inches 0.031 0.046
Max, Radius-Mutilation, inches 0.049 0.068
Max, Radius-Interference,

{nches 0.018 0.023
Cutter Edge Radjus, Inches 0.01v 0.020
Calc, Cutter Number 2 3
Max, No, Blades in Cutter - -

Cutter Blades Required STD DEPTH STD. DEPTH
Duplex Sum of Dedendum Angle,

degrees 2,334 =
Roughlng Radial, inches L.668 -
Geometry Factor-Strength-J 0.3630 0.3614
Strength Factor-0 5.613 2,788
Factor 0.7138 MN -
Strength Balance Desired STRS -
Strength Balance Obtained STRS 0.006
Geometry Factor=-Durability-1 0.1112 -
Durability Factor-? 2381 1674
Geometry Factor-Scoring-G 0.000974 =
Scoring Factor-X 0.1141 -

Profile S1iding Factor 0.002384 0.002594
Root Line Face Width 1.200 1.200
Axial Factor-Driver CW 0.290 our 0.027 ouT
Axjal Factor-Driver CCW 0.122 IN 0.141 our
Separating Factor-Oriver CW 0.080 SEP 0.146 SEP
Separatirg Factor-Oriver CCW 0.275 SEP 0.048 ATT
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TABLE XXIX. TAIL ROTOR DRIVE SPIRAL BEVEL GEAR,
1200, 3000, AND 6000 TBO

TWIN 1500 HP;

Pinion Gear

Number of Teeth 35 37
Diametral Pitch 7 .000 -
Face Width, inches 1.200 1.200
Pressure Angle, degrees 20.000 -
Shaft Angle, degrees 90.000 -
Transverse Contact Ratio = 1.338
Face Contact Ratio - 1.888
Modified Contact Ratio - 2.314
Outer Core Distance, Inches - 3.638
Mean Cone Distance, Inches - 3.038
Circular Pitch, iInches 0.44y -
Work| Depth, Inches 0.258 -
Whole Depth, Inches 0.284 0.284
Ciearance, inches 0.027 0.027
Pitch Diameter, Inches 5.000 5.286
Addendum, inches 0.135 0.123
Dedendum, {nches 0.150 0.161
Outside Diameter, inches 5.196 5. 455
Pitch Apex to Crown, inches 2.550 2,411
Circular Thickness, inches 0.182 0.186
Mean Norma! Top Land, inches 0.079 0.091
Outer Normal Top Land, Inches 0.076 0.083
Inner Normal Top Land, inches  0.083 0.084
Pitch Angle, de?rees . L3.409 L6.9591
Face Angle of Blank, degrees L6.535 Lo.533
Root Angle, degrees LO . L67 43 .465
Dedendum Angle, dedr:s 2.942 3.126
Outer Spiral Angle, degrees - 35.088
Mean Spiral Angle, Jegrees = 30 .000
Inner Spiral Angle, degrees = ¢5.501
Hand of Spiral R LH
Driv] Member PIN -
Cirection of Rotation ocwW -
Backlash, {nches 0.004 MIN 0,006 MAX
Tooth Taper IRLM -
Cutting Method - sB
Gear Type - GENERAIED
Face Widtk {n Percent of

Cone Dlistance 32,986




TABLE XXIX - Continued
Pinion Gear
Theoretical Cutter Radius,

inches 3.315 -
Cutter Radius, inches 3.500 -
Calc, Gear Finish Pt, Width,

inches - 0.075
Gear Finishing Point Width,

fnches - 0.070
Roughln? Point Width, inches 0.060 0.060
Outer Slot Width, {nches 0.075 0.070
Mean Slot Width, inches 0.078 0.070
Inner Slot Width, inches 0.071 7,070
Finishing Cutter Blade Point,

{nches 0.040 0.040
Stock Allowance, inches 0.011 0.0l10
Max, Radius-Cutter Blades,

{nches 0.046 0.046
Max, Radius-Mutilation, Inches 0.009 0.068
Max, Radius-Interference,

inches 0.033 0.034
Cutter Edge Radius, Inches 0.015 0.015
Calc, Cutter Number 8 9
Max, No, Blades in Cutter = =
Cutter B8lades Required STD. DEPTH STD. DEPM
Duplex Sum of Dedendum Angle,

degrees 6.34¢C -
Roughing Radial, {nches 3.293 -
Geometry Factor-Strength-J 0.2611 0.2602
Strength Factor-0 5.494 5.215
Factor 0.7972 MN -
Strength Balance Desired STuS -
Strength Balance Obtained STRS 0.0613
Geometry Factor-Durabiiity-l 0.0762 -
Curabitity Factor-? 2645 2571
Geometry Factor-Scoring-G 0.000977 -
Scoring Factor-X 0.0990 -
Prof{le Stiding Factor 0.002899 0.002811
Root Line Face W{dth 1.200 1.200
Ax{al Factor-Oriver (¥ 0.063 IN 0.318 our
Ax1a) factor-Driver CCV 0,339 our 0,041 1IN
Separating Factor-Oriver Cv 0,336 SEP 0.059 AvT
Separating Factor-Criver CCVW 0.0&k4 ATT 0.321 sep
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TABLE XXX. ENGINE GEARBOX SPIRAL BEVEL GEARS,
1200, 3000, AND 6000 TBO

TWIN 4800 HP;

Pinion Gear

Number of Teeth 67 99
Diametral Pitch 7.750 -
Face Width, inches 2,500 2,500
Pressure Angle, degrees 22.500 -
Shaft Angle, degrees 60.000 -
Transverse Contact Ratio - 1.358
Face Contact Ratio - 2.576
Modified Contact Ratio - 2.912
Outer Cone Distance, inches - 10.776
Mean Cone Distance, {nches - 9.526
Circular Pitch, inches 0.405 =
Work | Depth, inches 0.216 -
Whole Depth, inches 0.240 0.2u0
Clearance, inches 0.024 0,024
Pitch Diameter, inches 8.6u45 12, 774
Addendum, inches 0.128 0.088
Dedendum, {nches 0.122 0.153
Outside 6lameter Inches 8.880 12,915
Pitch Apex to Crovm, fnrhes 9.819 8.627
Circular Thickness, Inches 0.192 0.153
Mean Normal Top Land, inches 0.084 0.080
Outer Normal Top Land, inches 0.083 0.066
Inner Norma) Top Land, Inches  U.085 0.06¢
Pitch Angle, rees 23.649 36.351
Face Ang e of Blank, degrees 24,390 36.875
Root Ang degrees 23.125 35.610
Dedendum An?le degrees 0.524 0,741
Outer Spira le, degrees = 29.907
Mean Spiral Angle, degrees = 20,000
Innar Spiral Angle, degrees 9.765
Hand of Splral L4 R
Oriving Member PIN -
Direction of Rotation cw -
Backlash, {nches 0.007 MIN 0.012 MAX
Tooth Taper TRLM
Cutting Method - SB
Gear Type - GENERATED
Face Width In Percent of

Cone Distance - 23,200
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TABLE XXX - Continued

Pinion “Gear
Theoretical Cutter Radius,

inches 6.000 -
Cutter Radius, inches 6.000 =
Calc, Gear Finish Pt, Width,

{nches = 0.085
Gear Finishing Point Width,

{nches = 0.080
Roughln? Point Width, inches 0.035 0.060
Outer Slot Width, inches 0.060 0.08G
Mean Slot Width, {nches 0.068 0.080
Inner Slot Width, inches 0.060 0.080
Finishing Cutter Blade Point,

{nches 0.035 0.050
Stock Allowance, inches 0.025 0.020
Max, Radius-Cutter Blades,

{nches 0.037 0.063
Max, Radius-Mutilation, Inches 0.063 0.072
Max, Radius-Interference,

{nches 0,020 0.023
Cutter Edge Radius, inches 0.010 0.020
Cylc, Cutter Number 1 1
Max, No, Blades in Cutter 3 -
Cutter Blades Required STD. DEPIH STD. DEPTH
Ouplex Sum of Dedendum Angle,

degrees 1.265 -
Roughing Radial, inches 9.362 -
Geometry Factor-Strength-J 0.4079 0.4329
Strength Factor-0 1.054 0.672
Factor 0.5657 MN -
Strength Balance Desired STRS -
Strenqth Balance Obtalned PwW 0,152
Geometry fFactor-Ourabflity-1 0.0880 -

Durabi ity Factor-7 986 812

Geometry Factor-Scoring-G 0.000u8S -

Scoring Factor-X 0.0418 -

Profile S1iding Factor 00,0033 34 0.003462

Root Line Face Width 2.500 2, 500

Ax|al Factor-Driver (W 0.134 T 0.006 1IN

Axial Factor-Driver CCW 0,041 1IN 0.098 owT

Separating Factor-Oriver (W 0.067 SEP 0.101 SEP

Separating Factor-Oriver CCW O.lLl4 SEP 0,025 SEP
157

— | —

e




TABLE XXXI. INPUT SPIRAL BEVEL GEARS, 4800
HP; 1200, 3000, AND €000 TBO
Pinion Gear
Number of Teeth 86 231
Diametral Pitch 7.750 -
Face Width, Inches 2,750 2.750
Pressure Angle degrees 22.500 -
Shaft Angle, degrees 85.000 -
Transverse Contact Ratlo - 1.999
Face Contact Ratio - 2,441
Modified Contact Ratio - 16.412
Nuter Cene Distance, inches - 15.037
n Cone Distance, Inches - 15.037
rcular Pitch, Inches 0.405 -
wOrklng Depth, inches 0.221 -
Whole Depth, {nches 0.245 0.245
Clearance, inches 0.u24 0.024
Pitch Diameter, Inches L1.09 29.806
Addendum, Inches 0.152 0.069
Dedendum, {inches 0.093 0.177
Outside Diameter, inches 11.384 29 .864
Pitch Apex to Crown, {nches 15.394 6.811
Circular Thickness, inches 0.229 0.130
Mean Normal Top Land, inches 0.103 0.075
Outer Normal Top Land, inches 0.102 0.066
Inner Normal Top Land, inches U.l04 0.067
Pitch A rees 19.759 65,241
Face Ang e of 8lank, degrees 20,408 65.596
Rcot A degrees 19.404 64,592
Dedendum An?le, degrees 0.355 0.6us8
Outer Spira le, degrees = 22,551
Mean Spiral Angle, degrees = 15.000
Inner Spiral Angle, deqrees = 7.146
Hand of Spliral LH RH
Oriv! Member PIN S
Directlon of Rotation CW o
Backlash, Inches 0,007 MIN 0,012 MAX
Tooth Taper Rl :
Cutting Method - S
Gear Type - GENERATED
Face vii9th In Percent of
Cone Distance = 16.7%




TABLE XXXI - Continued
Pinicn Gear
Theoretical Cutter Radius,

fnches 9.000 -
Cutter Radius, inches 9.000 -
Calc, Gear Finish Pt, Width,

{nches - 0,104
Gear Finishing Point Width,

{nches - 0.100
R0ughln? Point Width, Inches 0.050 0.090
Outer Slot Width, inches U.059 0.100
Mean Slot Width, Inches 0.063 0.100
Inner Slot Width, inches 0.058 0,100
Finishing Cutter Blade Point,

fnches 0,040 0,065
Stock Allowance, inches 1,008 0.010
Max, Radius-Cutter Blades,

fnches 0.039 0.070
Max, Radius-Mutilation, Inches 0.050 0,081
Max, Radius-Interference,

inches 0.018 0.023
Cutter Edge Radius, inches 0.0l 0.010
Calc, Cutter Number 0 1
Max, No, Blades {n Cutter 19.259 -

Cutter Blades Requlired STD. Nuyy STy, DEPTH
Ouplex Sum of Dedendum Angle,

rees 1.004 =
Roughing Radial, inches 15.397 -
Geometry Fac*or-Strength-J 0.6311 0.4398
Strength Factor-0Q 0,706 0,258
Factor 0.7263 MN -
Strength Balance Deslired STRS -
Strength Balance Obtained TPLD 0.020
Geometry Factor-Durabi 1{ty-] 0.119% -
Ourabi ity Factor-Z 629 W
Geometry Factor-Scoring-G 0.000377 -
Scoring Factor-X 0.,0335 -
Frofile S1iding Factor 0.003128 0.0V3893
Root Line Face width 2.75¢C 2.75%0
Axial Factor-Oriver Cvi 0.078 out 0.020 our
Ax{a) Factor-Oriver CCw 0.021 IN 0,037 out
Separating Factor-Orjver Cw 0,062 sEp 0,031 Sep
Separating Factor-Oriver CCv 0,097 s 0,005 ArT
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TABLE XXXII. TAIL ROTOR DRIVE SPIRAL BEVEL GEARS,
| 4800 HP; 1200, 3000, AND 6000 TBO {
Pinion Gear
| Number of Teeth 106 231 |
Diametral Pitch 8.856 - {
Face Wlidth, in_hes 0.700 0.700 {
Pressure Angle, degrees 22.500 - ‘
Shaft Angle, degrees 90.000 -
Transvei'se Contact Ratio - 1.702
Face Contact Ratio - 0.327
Modified Contact Ratio - 1.733
Outer Cone Distance, inches - 14 .350
Mean Cone Distance, inches - 14,000
Circular Pitech, inches 0.355 -
Working Depth, in-hes 0.226 -
Whole Depth, Inches 0.249 0.249
' Clearance, inches 0.023 0.023
| Pitch Diameter, {nches 11.969 26.084
Addendum, inches 0.154 0.072
Dedendum, {nches 0.095 0.0177
Outside Diameter, inches 12.249 26.144
Plitch Apex to Crown, inches 12,978 5.919
Circular Thickness, {nches 0.233 0.100
Mean Normal Top Land, Inches v.l0l 0.041
Outer Norma! Top Land, Inches 0.10l 0.036
Inner Normal Top Land, inches 0.101 0.034
Pitch An?le. rees 24,649 65.351
! Face Angle of Blank, degrees 25.356 65.731
Root Angle, degrees 24,269 64,643
Oedendum Angle, degrees 0.380 0.707
Outer Spiral Angle, degrees - 11.200
Mean Spiral Angle, degrees - 9.190
Inner Spiral Angle, degrees - 7.147
Hand of Spiral LH RH
Oriving Member GEAR -
Direction of Rotation cow -
Backlash, inches 0,007 MIN 0,012 MIN
Tooth Taper o =
Cutting Methcd . S8
Gear Type - GENERATED
Face Width {n Percent of
Cone Distance : L.878
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TABLE XXXII - Cuntinued

Pinion Gear
Theoretical Cutter Radius,

{nches 9.000 -
Cutter Radius, Inches 9.000 -
Calc, Gear Finish Pt, Width,

inches - 0.100
Gear Finishing Point Width,

{nches - 0.100
Roughln? Point Width, inches 0.025 0.090
Outer Slot Width, inches 0.030 0.100
Mean Stot Width, Inches 0.029 0.100
Inner Slot Width, inches 0.028 0.100
Finishing Cutter Blade Point,

inches 0.020 0.065
Stock Allowance, Iinches 0.003 0.010
Max, Radius-Cutter Blades,

Inches 0.012 0.070
Max, Radius-Mutilation, Inches 0.029 0.081
Max, Radius-Interference,

inches 0.015 0.021
Cutter Edge Radius, inches 0.010 0.010
Calc, Cutter Number 0 0]

Max, No, Blades In Cutter 4,577 -
Cutter Blades Required STD. DEPTH STD. DEPTH
Ouplex Sum of Dedendum Angle,

rees - -
Roughing Radial, [nches 15.386 -
Geometry Factor-Strength-J 0857 0.3000
Strength Factor-0 2.523 1.875
Factor L.1540 -
Strength Balance Desired GIVN -
Strenqgth Balance Obtalned GIVN 0.619
Geometry Factor-Durability-| 0.1340 -
Ourability Factor-Z 1091 739
Geometry factor-Scoring-G 0.00034 -
Scoring factor-X 0.0599 =
Profile S1iding Factor 0.003499 0.003734
Root Line Face wi.dth 0. 700 0.700
Ax|al Factor-Oriver (W 0,0%% our 0,025 o
Ax{a) Factor-Oriver CCW 0.,V05 our 0,035 ouT
Separating factor-Oriver (W 0.05% SEp U,025 SEP
Separating Factor-Oriver CCW 0.077 SEP 0,002 SEp
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APPENDIX 1I
FUNCTIONAL GEAR DATA

| The functional spur gear data shown in Tables 1I, 1V, VII,

g IX, XII, and XIV are shown in graphic form in Figures 18

! through 57, Each spur gear was analyzed at 100% transmitted

| load, and the resulting operational characteristics are shown

, graphically as a function of driving gear angle of roll from

t first point of contact to last point of contact. Effects of
gear profile modification and predicted gear tooth deflec-
tions are represented in the charts,
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Figure 21. Shear Stress Diagram, Twin 500 Hr,
1200-Hour TBO, Sun-Planet Mesh.
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