UNCLASSIFIED

AD NUMBER

AD481383

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies

only; Adm nistrative/ Qperational Use; JUN 1965.
O her requests shall be referred to Arny

Engi neer Research and Devel opnent Labs., Fort
Bel voir, VA

AUTHORITY
USAMERDC Itr 25 Jan 1972

THISPAGE ISUNCLASSIFIED




N
0
'_‘:3 | CAE REPORT NO. 876
e's)
b |
. ~ DESIGN REPCRT
CONTINENTAL TS120 TURBO
;§ 4 - JUNE 1965

CONTINENTAL AVIATION AND

12700 KERCHEVAL AVENUE - DETROIT,



%5

s ehes




| @ CAE—9T6

CAE REPORT NO. 976

(9)DESIGN REP@RT., *
(©)CONTINENTAL TS120 TURBOSHAFT ENGINE,

DA-44-009-AMC-760(T)

(@ R. Swmith,

U.S. ARMY ENGINEER RESEARCH AND DEVELOPMENT LABORATORIES
FORT BELVOIR, VIRGINIA

CONTINENTAL AVIATION AND ENGINEERING CORPORATION

12700 KERCHEVAL AVENUE - DETROIT, MICHIGAN 48215

Ay

|
L
1
[
i
I
|
| IR
[
|
[
I
[
[




CONTINENTAL AVIATION AND ENGINEERING CORPORATION
DETROIT, MICHIGAN

DESIGN REPORT

CONTINENTAL TS120 TURBOSHAFT ENGINE

le,\)\
Contract DA-44-009-AMC-760(T)~"

By
R. Smith
Approved By
J.\J.\Bhields
Submitted By Chief Design Engineer
William E. Kidd F. X. Marsh '
Project Engineer Industrial & Vehicle

Turbines Chief Engineer

H. C. Maskey
Turbine Engin
June 1965 Development Manager

CAE Report No. 976 A'\:;C.\—-v- f(zrﬁ_—q 34/:4/45/

3 - i . - 3 = N " -

T TTEpp—




B B T Sy Ty

R —

.
»

0 i

SECTION I

SECTION II

SECTION III

SECTION IV

SECTION V

SECTION VI

SECTION VIIL

SECTION VIII

SECTION IX

SECTION X

SECTION XI

SECTION XII

SECTION XIII

SECTION XIV

SECTION XV

SECTION XVI

APPENDIX XVI-A

APPENDIX XVI-B

L | TRRSISEAL T A = ———

TABLE OF CONTENTS

SUMMARY

INTRODUCTION
AERODYNAMIC FLOW PATH
ROTOR SYSTEM

STATIC STRUCTURE
ACCESSORY DRIVES
ENGINE LUBRICATION
ENGINE WEIGHT

GEARED ENGINES

ENGINE PERFORMANCE AND AEROTHERMO-
DYNAMIC DESIGN

POWER CONTROL SYSTEM
MAINTENANCE
MANUFACTURING

NOISE CONTROL

HUMAN FACTORS

REGENERATIVE ENGINES




]

-—-‘Nl‘——qan_q

3 i

W G

FOREWORD

This report, prepared by Continental Aviation and Engineering
Corporation, presents the mechanical and aerothermodynamic design
of a family of small turboshaft engines derived from a single basic
design. The design discussed herein represents the family of en-
gines at the end of the initial design phase.

This design report is submitted in fulfillment of Phase I of
ERDL Contract DA-44-009-AMC-760(T).

N ABSTRACT

This report presents the design of a basic single-spool turbo-
shaft engine and the variations possible with this basic design. These
variations cover engines with outputs of 60, 90, and 120 horsepower,
recuperated and nonrecuperated versions, along with direct drive
and geared output speeds. The engine accessories include a starter,
battery charging alternator, fuel control and integral lubrication
systern. The engines feature rapid replacement of static hot parts
and turbine inspection.

The report includes a complete analytical design analysis of
the aerothermodynamic components, performance, rotating elements,
static structure, accessory drives, rednction gearing and miscel-~
laneous parts of the engine. /\\
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SECTION I - SUMMARY

This report presents the design of a basic turboshaft engine
and variations designed under ERDL Contract DA~44-009-AMC-

760(T).

The basic engine design is a single spool, direct drive, 120
horsepower simple cycle engine. The design variations of the 120
horsepower engine covers engines of 60 and 90 horsepower, recupe-
rated versions, and geared output speeds. The design of the direct
drive, simple cycle 120 horsepower engine is presented in detail
along with the modifications necessary for the alternate versions.

Engine designations have been assigned as follows:

TS120 - Simple Cycle Direct Drive, 120 HP

TS90 - Simple Cycle Direct Drive, 90 HP

TS60 - Simple Cycle, Direct Drive, 60 HP

TS120-G6 - Simple Cycle, 6000 RPM, Geared Drive, 120 HP
TS120-G1l2 - Simple Cycle, 12,000 RPM Geared Drive, 120 HP
TS120 R - Regenerative Engine, Direct Drive, 120 HP

TS90 R - Regenerative Engine, Direct Drive, 90 HP

TS60 R - Regenerative Engine, Direct Drive, 60 HP

Figure I-1 shows the basic arrangement of the simple cycle
Model TS120 engine. It incorporates a rotatable side entry air inlet,
an axial exhaust, and the power take-off at the front of the engine.
The engine accessories include a starter, a battery charging alter-
nator, an oil pump, a combination fuel pump and governor and an
automatic sequence control.

it




Section I

The performance targets are summarized helow with radial
exhaust adapter:

Condition HP SFC
Sea Level, Standard Day 120 0. 694
8000 Feet, 90°F 120 0. 660

The aerothermodynamic design of the TS120 engine is based
on an airfiow of 1. 67 pounds per second, which will produce 120
horsepower on a standard sea level day with a turbine inlet tempera-
ture of 1385°F. Thc engine maintains 120 horsepower to 8000 feet
altitude on a 90°F day with a turbine inlet temperature of 17650F,

The engine, with accessories mounted, shown in Figure I-2,
is 26.50 inches long, 25.00 inches wide, and 19. 68 inches high.

The engine accessories are located at the front of the engine
immediately behind the power take-off flange, and are mounted at a
right angle to the engine axis. A single side entry air inlet is located
behind the accessories and can be rotated 90°F to either side of the
vertical centerline. A single can combustor is located behind the air
inlet and approximately tangent to the engine and can be rotated to
alternate positions. T!e engine exhaust is discharged axially on the
engine centerline. An alternate radial exhaust adapter can be attach-
ed to the existing axial exhaust.

The main power take-off is a 66, 800 r.p. m. drive located at
the front and on the engine centerline. The engine incorporates three
mounting points; two are located on the accessory case and one on the
combustor housing. The design will accommodate operational atti-
tudes of 36 degrees from the horizontal in any direction, operztion
from sea level to 8000 feet, and ambient temperatures between rninus
€5° and plus 160°F with a maximum of 125°F air delivered to tae
compressor air intake.
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Section 1

The engine fuel control is a scheduling syatem with an integral
fuel pump and fuel cut-off valve. Isochroncus governing can be pro-
vided with a minimum modification when desired.

Fven though the engine is flat rated at 120 horsepower, it was
designed mechanically for full temperature cold day power output
with margin for growth potential.
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Section I

Installation Drawing.

Figure I-2. Continental Model TS120 Turboshaft Engine Basic




SECTION II

INTRODUCTION




SECTION II - INTRODUCTION

The TS-120 engine, Figure II-1, is a single spool turboshaft
engine flat rated at 120 shaft horsepower to 8000 feet on a 90 degree
day.

The engine employs a single side entry air intake. Air from
the intake enters an annular plenum, then passes successively through
a single-stage transonic axial compressor, a two-stage stator, a
single-stage centrifugal compressor, a three-stage radial diffuser, a
single can combustor, a volute, a turbine inlet nozzle, a radial turbine
and an axial exhaust that discharges along the engine axis.

The engine is direct drive with the power output on the engine
centerline at 66,800 r.p.m. The accessory drives originate with a
helical gear mesh, a bevel gear set and then a helical gear train. A
starter, battery charging alternator, fuel control and oil pump are
driven at right angles to the engine axis. Helical gears are used in
the accessory train in the interest of noise reduction. An over-running
clutch is provided in the starter drive to permit smooth re-engagement
of the starter.

The power control system used on the TS-120 engine is a sched-
uling system, consisting of a fuel pump, relief valve, acceleration
scheduling system, automatic fuel density compensation, exhaust gas
temperature limiter, governor and a fuel cut-off valve. Compensation
of the governor set speed for engine optimization as a function of inlet
air temperature is provided, along with an electrically operated over-
ride for the turbine temperature limiter and a remotely resettable
governor speed setting. The system is planned for maximum versa-
tility with 2 minimum of modification. It includes provisions for
adaptation to isochronous;governing with load sharing and paralleling
features required in the geared drive system. Provisions will be made
for incorporating recuperator temperature compensation and a bypass
system for overspeed protection in the recuperated engine design.

The engine lubricating system is the wet sump type, designed
to operate 36 degrees from the horizontal in any direction with MIL-L-
2104, MIL-L-7808, and MIL-L-10295 lubricating oil. .
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SECTION III - AERODYNAMIC FLOW PATH

The TS-120 engine aerodynamic flow path is shown in Figure
1I1-1. The flow path incorporates a minimum number of parts and
aerodynamic turning, consistent with a side entry, can combustor
and radial turbine, to ensure a minimum cost and maximum perform-
ance. Air enters the engine through a single side entry fabricated
sheet aluminum plenum (No. 1, Figure III-1). From the inlet plenum
the air passes through a cast steel 1.6 pressure ratio transonic axial
compressor rotor (2). The air from the axial compressor rotor is
diffused through a two-stage cast aluminum stator (3). An interstage
duct (4) directs the air into a machined steel centrifugal compressor
(5). From the centrifugal compressor the air passes through a three-
stage fabricated steel radial diffuser (6) then through a guided dif-
fusing turn (7) into the combustor housing (8). From the combustor
housing the air flows into a single can combustor (9) where fuel is
added and combustion takes place.

From the combustor the hot gases flow through a fabricated
volute (10) into a precision cast nozzle (11) and through a machined
single-stage radial turbine (12). The gas from the turbine passes
through a fabricated exhaust diffuser (13), completing the basic en-
gine flow path.

The basic 120 horsepower engine flow path requires only two
physical modifications for the 60 and 90 horsepower versions. Re-
ferring to Figure III-2 these modifications are the additional fixed
inlet guide vanes (14) and a reduced area turbine inlet nozzle (15).
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ROTOR SYSTEM




SECTION IV - ROTOR SYSTEM

The Model TS120 rotor system, Figure IV-1, comprises
three aerodynamic components bolted together and supported by
two bearings mounted in flexible supports. The selection of three
aerodynamic components was made on the basis of providing a
moderate pressure ratio engine with a simple rotor system. The
axial compressor (1), is a steel casting; the radial compressor
(2), and the turbine (3), are fully-machined from wrcught alloys.
The front shaft (4), is machined from alloy steel. The radial
turbine (3), is clamped to the compressor (2) by a bolt (5). A
disc spring (6) is used under the head of the nut (7), to increase
the elasticity of the clamping section. The turbine is piloted to

the compressor through a thin conical leaf cesigned to maintain a

tight fit over the complete operating range of the engine. The
turbine torque is transmitted through two round pins (8). The
front shaft (4), is piloted into an integral extension of the radial
compressor rotor, driven through two pins (9), and clamped in
place with a nut (10). The axial compressor (1), is piloted into
the rotor system, driven through two flat keys (11), and clamped
in pla_ce with a nut (12). The aerodynamic rotating components
are designed as individual pieces, bolted together, to facilitate
replacement of individual parts.

MAIN BEARINGS

The main shaft assembly . Lupported by a ball bearing at
the front end and a rolier bearing at the turbine end. The front
bearing, which absorbs the rotor thrust, is an'angular contact,
split inner race type with ball complement, contact angle, race
curvatures and retainer construction designed to accommodate
the load and high speed involved.

The calculated B10 life of the thrust bearing is over 2200
hours at full speed and maximum load. This life is based on a
combined thrust-radial load application of 160 and 50 pounds re-
spectively. Testing experience of various bearing manufacturers
has indicated that a life extension factor, between three and five
to one, can be expected from the combination of material and
processing characteristics specified for this bearing.
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The races and balls will be manufactured from consumable
electrode vacuum-melt M-50 tool steel heat-treated to Rockwell
C-61 minimum hardness. It has been Continental's practice to
assign a life factor of five to one for C.E. V.M. 52100 steel, and
ten to one for C.E. V.M. M-50 steel even previous to the announce-
ments by certain bearing companies that a life factor of three to one
could be applied to the catalog ratings of their bearings manufactured
from vacuum degassed 52100 steel. The consumable electrode
vacuum remelting process results in a cleaner grade of steel than
that obtainable through vacuum degassing, and it is felt that this su-
perior degree of cleanliness 1s responsible for the higher reliability
of C.E.V.M. bearings. The further two to one improvement of M-50
over 52100 is attributable to its higher stabilized hardness of RC-61,
and its ability to retain this hardness in the ball raceways where in-
stantaneous load-induced hot spots would reduce the local hardness of
standard bearing materials, causing a resultant reduction in over-all
life.

The cage will be machined from hardened steel bar stock,
silver-plated to increase corrosion resistance and improve frictional
properties. Balls and cage will be retained in the outer race to facil-
itate assembly and disassembly procedures. The cage ic outer-ring
guided to enhance lubrication of the guide surfaces at the high speed
involved.

The DN value of the bearing is in the range of 1.3 x 106 at
maximum turbine speed. This parameter is well within the range of
successful Continental experience. The internal geometry of the
bearing is based on configurations which have allowed bearing com-
panies to successfully test this size bearing at a speed of 120,00
rpm, about 80 percent higher than our maximum rated speed.

The outer race of the bearing is positively retained by a nui
and snap ring in its flexible housing. The inner race is pressed on
the shaft with an interference fit and held through a spline coupling
member by a nut and lockwasher.
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The rear bearing is a double-lipped outer-race roller bear-
ing with a wider than standard inner-race to accommodate the dif-
ferential thermal expansion between the housings and the rotor
shaft. The roller complement and retainer construction are set ur
primarily to favor high-speed capability rather than radial load
capacity, because most of the unbalance will be absorbed in the
flexible bearing mount. By allowing the shaft to rotate about its
mass center of gravity, rather than its geometric center, the max-
imum radial force seen by the bearing will be less than 50 pounds
and the resulting B life will be in excess of 20, 000 hours.

Rollers and races on this bearing will be manufactured from
C.E.V.M. M-50 tool steel. The material will be stabilized to re-
tain hardness and dimensional stability at 600°F, although it is not
expected that operating temperature will exceed 400°F with the
scheduled oil supply.

The cage for this bearing will be a one-piece outer land
riding, high-strength, hardened steel machining, silver-plated to
improve frictional characteristics. Silicon iron bronze cages,
used in similar applications, have sometimes tended to lose their
roller retaining tangs, thus raising the possibility of foreign par-
ticle damage at this or some other location in the engine. These
problems were solved through the use of steel cages.

The bearing will be press-fitted on the shaft and held by a
nut and cup lock. The outer-race will be retained by a snap ring
against a solid shoulder in the flexible support. This practice
was used successfully in previous Continental gas turbine engines.

ROTOR SUSPENSION SYSTEM

The principal source of mechanical vibration in the gas tur-
bine engine is unbalance in the rotor system. This unbalance may
excite critical speeds of the rotor itself, and/or induce resonance
in any combination of structural elements that may be tuned to the
running frequency of the rotor. The TS120 engine was designed to
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minimize the effect of rotor unbalance and critical speeds through
the proper combination of rotor and supporting structure compli-
ances.

The rotor-suspension system of this engine is based on the
concept of a relatively rigid rotor shaft assembly mounted on flex-
ible, hydrodynamically, damped bearing supports. Critical speeds
are controlled by regulating the spring rates and damping constants
of the bearing retainers. The flexible mounting also serves to isu-
late rotor unbalance from the bearings and outer structure.

Design values of bearing support flexibility are determined
from a series of curves covering the complete spectrum of possible
critical speeds over the engine operating range, Figure IV-2. The
curves are developed by a digital computer programmed to deter-
mine the flexural resonant frequencies of a variable cross section
shaft rotating on elastic supports. Gyroscopic stiffening effects of
large disc inertias are included in the calculations.

Spring rates are selected to place the first two critical
speeds below the normal engine operating range. The first and
second modes will occur at 8500 and 18, 000 rpm for front and rear
bearing spring rates of 20, 000 pounds per inch. Shaft deflection in
these two modes is almost completely described by the bearing dis-
placements, Figure IV-3. The third mode, which involves consid-
erable shaft bending as well as bearing displacement, occurs at
98, 000 rpm.

Required bearing support compliance is provided by a flex-
ible retainer consisting of a cylindrical member containing a:num-
ber of longitudinal slots. The slot dimensions determine the radial
spring rate of the bearing cage, with maximum deflection controlled
by an oil-fed snubber surface. The deflection snubber limits the
maximum stringer bending stresses at resonance to 40, 000 psi.

The effect of structural compliance on the over-all v n
is negligible compared to the relatively low spring rz - of th le,
and critical speeds can be accurately established. Fi -
lustrates the application of this design feature in tht
bearing cage.
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Section IV

Operation in the region above resonance causes the shaft to
seek a rotational centerline about its mass center of gravity. The
effect of unbalance is merely to displace this center of gravity
slightly from the geometric centerline. The only force experienced
by the bearings and support system is then equal to the product of
the displacement and the spring rate of the bearing cage. For an
eccentricity of 0.00l-inch and a spring rate of 20, 000 pounds per
inch, this rotating force would be equal to 20 pounds.

Loss of one inch from the tip of the turbine would cause an

unbalanced load of only 50 pounds, although the centrifugal weight
of this blade section at full engine speed would be 4900 pounds.
The capability of this system to accommodate large unbalances was
experimentally verified on similarly suspended gas turbine engines
by deliberately introducing massive unbalances into the rotors and
running at full speed with very little increase in external vibration
levels.

The stiff construction of the TS120 main rotor shaft mini-
mizes the tendency to go out of balance at high speeds. If sufficient
flexibility exists in a rotor system, locked-in bending moments
caused by the uneven distribution of unbalance along the length of the
rotor will cause the shaft to deflect at high speeds, destroying the
balance that was obtained at a much lower balancing speed. In some
cases, it 18 necessary to balance such flexible rotors at high speeds
and in three or more planes to attain satisfactory running balance.
This will not be necessary with the TS120 engine.

Bearing support deflection is limited at resonance by two
concentric, oil-fed snubbing surfaces that also prevent excessive
pounding due to the gyroscopically induced moment of the rotor
under vehicular driving conditions. The clearance, width, and dia-
meter of these surfaces are parameters of a viscous damping system
in which the hydrodynamic force-vector generated by the rotating oil
film squeeze action varies in both magnitude and direction with speed
and unbalance. There is a certain optimum combination of values for
which the damper is adequate to provide low frequency vibration ab-
sorption without increasing transmissiblity at high speeds to such an
extent that the bearing support spring no longer functions as an effec-
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tive mass isolator. The design parameters used in this system
were derived through analytical methods, verified by full-scale
laboratory tests, and proven by over one million hours of service
in Continental engines.

ROTOR STRUCTURAL ANALYSIS

The contractual requirements are for a rotating system that
is structurally sound at the design speed of 66, 800 rpm and at ten
percent overspeed for ter percent of the time. The stresses in the
rotating elements are presented at desigr. speed and at the overspeed
condition. The nature of a fiat rated engine is to run at a higher tur-
bine inlet temperature at altitude than at sea level and for this reason
the stresses in the parts affected by temperature are presented at the
sea level and altitude conditions.

The bursting of a rotating disc with reasonable ductility is con-
sidered to be a function of the average tangential stress. A burst
margin based on average tangential stress and material properties is
presented for each rotor. The burst margin is defined as:

BM ;‘:x UTS (Min)
llﬂ" t avg

where:
UTS (Min) is the minim .m ultimate tensile strength,

‘T~ tavg is the average tangential stress,
K is a constant equal to 0. 75.

AXIAL COMPRESSOR

The axial compressor, Figure IV-5, is an integrally
bladed rotor, machiried from an AMS 5355 precision steel casting.
The basic disc ""A'' is supported through a cylindrical extension '"'B''.
The minimum material properties are:

1
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Section IV
Ultimate Tensile Strength 140, 000 psi
Yield Strength at 0.2 Percent Offset 125, 000 psi
Elongation 8 percent

The disc and blade stress summary and burst margins are
shown in Figure IV-6, and the blade interference diagram in Fig-
ure IV-7. The blade gas bending stress is considered negligible.
Referring to Figure IV-5, the maximum stresses in the cylinder
"B'"' connecting to the disc ""A' are 53, 400 psi hoop stress and
98, 130 psi bending. Based on past experience the margins shown
are adequate.

The compressor blade is a scale of an existing blade. Cal-
culated vibratory frequencies have shown reasonable correlation
with measured frequencies on similar blading. Past Continental
experience on this type blading indicates that the vibratory mar-
girs shown in Figure IV-7 are sufficient.

RADIAL COMPRESSOR

The radial compressor, Figure IV-8 is an integrally bladed
rotor, machined from a Continental MS718 (Inco. 718) forging. An
integral extension of the radial compressor forms part of the rotor
shafting. The minimum material properties are:

Room Temperature 1200°F
Ultimate Tensile Strength 170, 000 psi 140, 000 psi
Yield Strength 0.2% Offset 140, 000 psi 125,000 psi
Elongation 10 percent 10 percent

Due to the close proximity of the radial compressor to the
hot turbine, the effects of temperature were considered in the radial
compressor analysis. The radial compressor estimated tempera-
ture distribution at sea level is shown in Figure IV-9, and at altitude
in Figure IV-10. The definition of front-face, back-face, blade root
and blade tip is shown in Figure IV-8.
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A stress summary is presented in Table IV-1. Figures
1V-11 through IV-22 describe the disc and blade stresses for vari-
ous conditions.

TABLE IV-I

RADIAL COMPRESSOR STRESS SUMMARY

Sea Level Altitude
Design 10 Percent Design 10 Percent
Item Speed Overspeed Speed Overspeed
Average Tangential
Stress - psi 15,790 55,410 45,790 55,410
Burst Margin 1.62 1.47 1.60 1.45
Average Disc Temp. - °F 430 430 580 580
Max. Tangential Stress -
psi at 1.90R Back
Face 48,300 59, 000 43,000 53,720
Max. Tangential Stress -
psi at Bore 99,500 118,200 89,272 108,780
Max. Blade Stress -
psi at 2. 1R Blade Tip 41,500 48, 000 42,600 50, 800
The turbine pilots into the radial compressor through a press-

fitted pilot on a conical extension from the turbine wheel. The pilot
is interrupted at four places on the circumference to provide further
flexibility in the pilot extension. The effect of a pilot load of 10, 000
pounds on the radial compressor stresses is shown in Figure 1V-23.

The radial compressor deflection summary is shown in Tables
IV-II and IV -IIIL.
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Section 1V

TS120 RADIAL COMPRESSOR, RADIAL DEF LECTIONS

Radius

.75
Back Face

Tip

TABLE IV -I1I1

Stress Temperature Total
Condition Deflection Deflection Deflection
SL Nom 1270 (10)°® 2223 (10)"® 3493 (10)-
SL1.10 1566 (10)"® 2223 (10)"® 3789 (10)-6
AltNom 1227 (1076 2884 (10)-8 4111 (107§
Alt 1,10 1523 (10)-® 2884 (10)™® 4407 (10)
Cold Nom 1411 (10)°° 0 1411 (10)-6
Cold 1.10 1707 (10)" 0 1707 (10)"
“SLNom 2963 (10)7 4598 (10)°° 7561 (10)7¢
SL1.10 3408 (10)"° 4598 (10)-® 8006 (10)
Alt Nom 4226 (10)"% 4788 (10)'2 9014 (10)'2
Alt 1.10 4689 (10) 4788 (10)° 9477 (10)°
Cold Nom 2205 (10)'6 0 2205 (10)'2
Cold 1.10 2669 (10)-° 0 2669 (10)”

RADIAL COMPRESSOR AXIAL DEFLECTION TIP

Sea Level, Nominal

Sea Level, 1.10

Altitude, Nominal

Altitude, 1.10

Cold, Nominal
Cold, 1.10

. 0098 In.
.0107 In.

. 0095 In.
.0103 In.

. 0031 In.
. 0038 In.
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RADIAL TURBINE

The rad:al turbine, Figure IV-24, 1s a~ integrally bladed
rotor, machined from a Continental MS-700 (Udiment 700) forging.
An 1ntegral extension of the radial turbine forms the rear bearing
support for the rotor shafting. The minimum material properties
are:

Room Temperature 1400°F

Ultimate Tensile Strength -

ps1 170, 000 135,000 psi
Yield Strength, ps:, (0.2

Percent Offset 125, 000 110,000 psi
Elongation, Percent in 4D 10 15
Reduction in Area, Per-

cent 12 15

The radial turbine estimated temperature distribution at sea
level is shown in Figure IV-25, and at altitude in Figure IV-26. The
definition of front-face, back-face, blade root and blade tip is shown
in Figure IV-24. A stress summary for the radial turbine is pre-
sented in Table IV-IV.

Figures 1V-27 through 1V-44 describe the disc and blade
stresses for various conditions. The effect of an applied radial
load of 10, 000 pounds due to the pilot is shown in Figure IV-45 and
IV-46. The disc radial growth is shown in Figures IV-47 and IV-48,
and the axial deflection in Figure IV-49. A comparison of the sum-
mary stresses shown in Table IV-1IV, with the minimum material
properties, indicates an adequate margin for the turbine rotor.

TEMPERATURE DISTRIBUTION ANALYSIS

The temperature distribution in the radial flow turbine and
compressor wheels was calculated for steady-state operating condi-
tions. The knowledge of the metal temperatures was essential in
calculating the rotor stresses and defining the material properties
required for continuous operation of the turbine wheel. ‘
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TABLE IV-1V
RADIAL TURBINE STRESS SUMMARY
Sea Level Altitude
Design 10 Percent Design 10 Percent
Item Speed Overspeed Speed Overspeed
Average Tangent:al
Stress - psi 47,793 57,829 47,793 57,829
Burst Marg:n 1.56 1.42 1.53 1. 40
Average Disc
Temperature - °F 627 627 810 810
Maximum Radial ‘
Stress - psi (Back 82, 000 99, 051 90,682 105,935
Face) @ .625R @ .Z70R @ .608R @ .608R
Maximum Tangential
Stress - psi (Back
Face)
Blade - Max. Stress -
psi 70,800 73,256 66, 779 78,907
Radius - In. 1.55 1. 41 1.217 1.217R
Temp. - °F 772 757 980 980

Metal temperatures for the final design configuration, as
shown 1n Figure IV-50, were calculated for sea level (Turbine Inlet
Temperature, T.I.T. = 1834°R) and altitude (T.1.T. = 2210°R) op-
eration. To estimate the boundary conditions for the two wheels,
heat transfer coefficients and gas temperatures had to be calculated,
using gas properties and flow conditions as specified by the aero-
thermodynamic design. The results of the temperature calculations
are summarized in Tables IV-V and IV-VI. Figures IV-51 through

11
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TABLE IV-V

TURBINE WHEEL - SUMMARY OF METAL TEMPERATURES

Sea Level AltitudeO
Location (TIT = 1834°R) (TIT - 2210 R)
o] (o]
Blade Tip at r = 3.38 In. 1572 R 1891 R
at r=2.141In. 1480°R 1624°R
(o]
Disc Rim at r =2.5 In. 1459°R 1728 R
Disc Boreat r=20 Front Face 1039°R 1348°R
at r=0 Rear Face 10499 R 1373°R

TABLE IV-VI

COMPRESSOR WHEEL - SUMMARY OF METAL TEMPERATURES

Sea Level Altitude
Location (TIT = 1834°R) (TIT = 2210°R)

Blade Tipat r=2.5 In 774°R 793°R

at r=1.6 In 649°R 709°R

Dise Ripn lath = =2 50 In, 773°R 783°R
Disc Boreat T = .43 In.

Front Face 745°R 801°R
at r= .43 In.

Rear Face 898°R 1095°R

IV-54 show the temperature fields in the two wheels represented by
isotherms, lines of uniform temperature.

12

 o— |

=3 £ B &




Section IV

The maximum metal temperatures inside the wheels are en-
countered when operating at altitude condition:

1268°F
750°F

Turbine Wheel
Compressor Wheel

The temperature gradient existing between the back faces of
the two wheels represented a serious problem for the joint design.
With successive redesigns of the joint area, the temperature grad-
ient has been reduced to approximately 184°F representing a radial
growth differential at 0.00105 inch.

METHOD OF ANALYSIS

The temperature distribution in a turbine wheel operating in
steady-state depends on the heat conduction within the wheel, the
environment, and the heat transfer conditions across its boundaries.
Because of the difficulties encountered in trying to determine the
exact environmental and boundary conditions, certain simplifying
assumptions were introduced in order to establish a practical pro-
cedure for the calculations. For example, the geometry of the sys-
tem had to be confined to reasonable limits by separating the shaft
from the wheel. However, the lieat conduction process between the
shaft and the wheel was accounted for in the heat transfer calculation.

The calculation procedure chosen to estimate the temperatures
1s based on the so-called energy integral method, generally used to
conduct transient heat transfer analysis. Detailed descriptions of the
method are given in References 1, 2 and 3. The actual calculation
process as applied here is a simplified version of the original method
adopted for steady-state heat flow condition, utilizing digital compu-
ter techniques. According to the procedure the disc is divided into
50 small, but finite thickness concentric hollow cylindrical elements.
A mean energy balance is obtaired for each element by expressing
temperature variation between elerents in terms of finite differences.
A temperature profile is assumed for the axial direction.

13
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P o

Solving a system of simultaneous equations for the energy
balances and the boundary conditions yields the temperature distri-
bution in the rotor.

In specifying the boundary conditions for the cylindrical ele-
ments the temperature and heat transfer coefficient for the front and
back face of the disc must be known. The temperature values are
defined as adiabatic wall temperatures using the free stream velocity
of the surrounding gas relative to the disc. The rate of heat transfer
through the face of the disc is defined by calculating the Biot Numbers.
The Biot number for a disc 1s expressed as a ratio of the heat trans-
fer coefficient through the boundary layer to the heat conduction co-
efficient of the disc matcrial multiplied by the disc outer radius.

(See References 4 and 5). The boundary layer heat transfer coefficient
is obtained from the Nusselt number. Several authors published ex-
perimentally established formulas from which the Nusselt number can
be calculated for a disc rotating at high speed surrounded by a fluid
(e.g., References 4 and 6). To calculate the adiabatic wall tempera-
tures and the heat transfer coefficients, the gas flow velocities and
temperatures must be known and the gas properties are to be evalu-
ated at the proper temperature levels.

/| B

(S

e

It has been shown that the heat flow into and out of the disc
through the front and back faces is estimated by using experimental
formulas to calculate the heat transfer coefficient for a rotating disc.
However, there are a number of blades located on the front face of
the disc. These blades, acting like ribs, increase the heat flow be-
tween the gas and the disc. Therefore, the coefficient of heat trans-
fer calculated for a flat disc cannot be properly used. To include the
effect of the blades, a calculating method was worked out, whereupon
a corrected coefficient of heat transfer for the front face was intro-
duced, combining the heat {lows through the disc and the blades as
well. To calculate corrected heat transfer coefficients, the blades
were treated as thin flat plates exposed on two sides to a high ve-
locity turbulent gas flow. (Reference 6).

14
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Section IV

The solid connection between the shaft and the disc front
face and the metal-to-metal contact at the back face has repre-
sented a considerable difficulty to properly assess the boundary
conditions. At the front face where the disc extends into the
shaft the Biot number was determined to express conduction
heat transfer from the surface of the disc to a known temperature
at a known distance on the shaft; the temperature was then used
as the boundary temperature for the same area. This approach
can also be described as maintaining a constant temperature
heat sink in the shaft at a given distance.

To calculate the Biot number for the back face contact
area of the two wheels a similar approach was used. However,
the boundary temperature, (always represented by the metal
temperature in the other wheel)hud to be determined by an it-
erative process.

Design studies conducted for the back face joint of the
two wheels revealed that the size of the contact area has a
large effect on the temperature gradient cxisting between the
two wheels. It was found that having maximum possible con-
tact between the two wheels that the temperature gradient
across the pilot surface could be reduced from 300°F to
approximately 80°F,

i5
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Section IV

Figure IV-5. TS120 Axial Compressor.
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SECTION V - STATIC STRUCTURE

Careful attention was given to the static structure through-
out the TS120 engine, Figure V-1. Particular emphasis was placed
on maintaining maximum section modulus. The use of flat areas in
the pressure vessel section of the engine was avoided. Maximum
usage of conical, cylindrical, and curved surfaces was employed to
provide maximum stiffness with minimum weight, and the resulting
stress levels are such that material thickness is generally decided
on the basis of producibility rather than stress.

The power take-off flange (No. 1, Figure V-1), is a mag-
nesium casting bolted to a cast magnesium accesgory case (2). The
front rotoi bearing is supported from an integral cylindrical exten-
sion from the accessory case. The accessory case is bolted to a
cast magnesium conical diaphragm (3), through five struts in the
air inlet passage. The combustor housing (4) is a steel weldment.
The rear bearing housing (5) is supported through three struts bolt-
ed to the combustor housing. The radial diffuser (6) is a steel fab-
rication, supported from the outside diameter of the engine through
a conical diaphragm. The interstage compressor duct (7) is semi-
machined from a steel casting and supported from the radial diffuser.
The two-stage stator (8) is precision cast from aluminum and sup-
ported from the interstage compressor duct. An '"O" ring snubber
(9) is provided at the front of the axial stators. A split aluminum
fairing (10) is supported from the axial stators.

A steel cover (11) is bolted to the back side of the radial dif-
fuser. The turhiine inlet nozzle (12) is a steel casting attached to
the compresso% cover through a sliding joint. The interstage seal
diaphragm (13) is a split steel casting centered from the compressor
cover (11) and trapped between the radial diffuser and turbine inlet
nozzle. The exhaust diffuser (14) is a weldment welded around the
rear bearing housing (5), and supported by a partial flange from the
combustor housing (4). The volute (15) is a weldment attached to
the compressor cover (11) through flexible leaf sections. The com-
bustor (16) is attached to a cap (17) and supported in the volute by a
spring joint (18). The cap (17) and the combustor is attached by a

vee band clamp (19).
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The adaptation of a radial exhaust to the basic engine is shown
in Figure V-2. The exhaust weighs 7.7 pounds and adds 5.4 inches to
the engine length.

ENGINE MOUNTS

Engine specifications require that the complete engine assem-
bly (including the generator and generator attachment to the engine)
be capable of withstanding a 5g load in the sidewise and end directions
and a 10g load in the drop direction.

The weight of the engine, less generator, is 195 pounds and the
weight of the high speed generator is 110 pounds. In addition, the de-
sign must also be capable of accommodating an alternate configura-
tion consisting of a 135 pound generator cantilvered on the outboard
side of a reduction gear case which also adds an additional 21 pounds
to the engine.

The whole assembly is supported forward by trunions at the
lower side of the accessory gear case and, at the rear, by a flange
engaging a pinned strut permitting differential growth between the
engine structure and the supporting base.

The 10g drop requirement will impose a 5500 pound-inch
moment and a 1100 pound shear load on the power take-off flange in
the case of the high speed generator; a 10, 100 pound-inch moment and
a 1350 pound shear load on the gear box cover flange in the case of the
6000 r.p. m. generator configuration. It will also impose a 12,800
pound-inch moment capability and a 1560 pound shear capability on the
flange joining the reduction gear case to the engine. Analysis based
upon an average clamping load, developed in the flange fast-
enings, indicates that the current design has many times the required
moment capabilities as well as several times the required shear
capabilities.

In the case of the design of the engine mounts, adequate pro-
visions are made to accommodate the total assembly weight under the
specified g forces.
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COMBUSTOR HOUSING CONICAL DIAPHRAGM

It is necessary to thoroughly investigate the combustor hous-
ing conical diaphragm because it forms part of the main pressure
vessel of the engine and supports most of the interstage static structure
between the radial compressor and the turbine. It is subjected to a
pressure differential of approximately 61 psi and moderately severe ;
thermal conditions. The Continental Aviation shell computer program
cnables the stress analyst to consider combinations of several rings,
cylinders, and cones linked together in series and subjected to pres-
sure gradients, temperature gradients, and boundary loading condi- ‘
tions. .

The following tabulation exhibits the resulting stresses in the
combustor housing conical diaphragm under the assumed environmental
conditions:

Outer Inner

Radius Radius
Longitudinal Bending Stress (psi) 28,800 22, 500
Longitudinal Membrane Stress (psi) -4,300 - 700
Tangential Bending Stress (psi) 8,200 6,300
Tangential Membrane Stress (psi) -36, 700 - 200
Shear Stress (psi) 1,300 700

These values are well within the range of acceptable stresses
for the material specified.

The axial deflection of the inner radius, and therefore, the
intermediate stage static structure, is 0.016-inch.

COMBUSTOR HOUSING AND REAR BEARING SUPPORT

The combustor housing has two critical stress areas: (l) at
the juncture of the combustor can, and (2) at the juncture of the bear-
ing support arms. Otherwise, the tangential and axial stresses in the
cylindrical portion are less than 10, 000 psi.
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A substantial reinforcing ring is indicated because the combus-
tor can intersects the combustor housing in a tangential attitude and
its diameter is an appreciable percentage of the diameter of the com-
sustor housing. A ring was designed for this location of cross sec-
tional area so that each segment of the ring will elongate under the in-
fluence of the stress field resulting from the combined effects of the
pressure in the combustor housing and the combustor can. The
amount of elongation is the growth of the corresponding line of junc-
ture of the intact cylinder under the influence of the combustor housiny
pressure, on the theory that the combustor housing cylinder has no
stresses or strains in this area greater than the intact cylinder. A
plot of the ring cross sections area versus angular location on the cyl-
inder is shown in Figure V-3. Thermal compatibility is assured by
making the ring of the same material as the housing.

The other critical area of the combustor housing is at the junc-
ture with the rear vearing support arms because there is a thermal
gradient between these two members. If these two members were
rigidly attached, excessive local stresses might result at both the
juncture of the radial arms with the combustor housing, as well as at
the juncture of the radial arms with the rear bearing support housing.
[n order to control the reactions at these points, a leaf spring with a
known flexibility is located at the juncture of the radial arms and the
combustor housing.

CONTAINMENT

The specifications require that provisions be made in the en-
gine design for some means of containing the destructive effects of a
bursting turbine rotor initiated at 10 percent over rated speed. The
most generally accepted method of rotor containment of mobile tur-
bines, in use at the present time, is a heavy ring in the plane of the
rotating disc. The basic analytical approach to determine the size of
the ring is to compare the total kinetic energy of the rotating turbine
disc and blades to the potential energy available in the ring in stretch-
ing to its ultimate strength. This approach is both conservative and
optimistic, and is becomes apparent after careful evaluation that at
the prescnt state -of -the-art, an exact sizing is not possible by
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analytical means.

On the one hand, the ratio of translational energy to rotational
energy of the disc fragments after rupture is a function of the number
of fragments which, of course, cannot be forecast. Therefore, we
assume that the disc breaks into a large number of masses which
causes the ring to absorb most of the kinetic energy in translational
form.

On the other hand, the analytical approach does not include the
effects of sharp edges which would tend to shear through the ring
rather than elongate it through its elastic and plastic regions.

Another consideration is the anchoring of the ring because any
unbalanced release would tend to cause the fragments to transfer some
of their momentum to the ring with possible devastating results.

Reference to Figure V-4 indicates that the some of the static
structure in the plane of the turbine, shown by area "A," are sub-
stantially strengthened. These members are the fir st retaining struc-
ture that the rotor fragments will encounter upon bursting. It is rec-
ognized that these structures will probably be insufficient to contain the
burst rotor and that additional structure will be required. It is plan-
ned to commence the containment development work by increasing the
containment capability to a factor of two times the kinetic energy by
adding material in the area designated by "B."

If additional containment capability is required, additional
material may be added at areas “esignated by ''C" and '"'D."
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ACCESSORY DRIVES




SECTION V1 - ACCESSORY DRIVES

The accessory drive, Figure VI-1, consists of six helical
gears and a sct of spiral bevel gears that provide the five drives tabu-
lated below:

Drive Design Power or Torque
Starter 165 Lb-In. Torque
Alternator 1.0 HP
Oil Pump 1.0 HP
Power Control Drive 1.0 HP
Free Pad 0.5 HP

Total Power 3.5 HP

The accessories are mounted perpendicular to both sides of
the accessory case, permitting free access to all the pads, with un-
limited removal length.

Referring to Figure V1-2, a high-speed helical pinion (1) which
is replaced by a main power reduction gear in the geared engine -
originates at the centerline of the turbine and drives a compound gear-
shaft(2) which contains the pinion (3) of a spiral bevel gearset. The
driven bevel gear(4) is in turn compounded with two helical gears (5)
and (6), one of which engages a high-speed pinion (7), while the other
one meshes with a low-speed gear (8).

The high-speed driven pinion shaft is directly coupled to the
battery charging alternator armature at one end and is connected at
the interior end via a splined quill shaft (9) to the outer race of an
over -running clutch (10). The inner race of the clutch (11) carries an
internal spline for engagement with the starter drive shaft. The clutch
is of the centrifugally disengaging type; consequently, wher. the starter
reaches a cut-out speed of approximately 16,000 r. p.m., the sprags
will disengage the inner race and remain with the outer race without
slippage at the inner surface. If the outer race speeds falls below
16,000 r. p. m. (approximately 40 percent engine speed) a garter spring
will overcome centrifugal force on the sprags and contact will again be
made with the inner race permitting a restart attempt without requiring
engine speed to drop to zero.
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The low-speed helical gear (8) provides a spline drive for the
combination fuel pump. fuel control and governor at one end and is
connected to the oil pump drive quill shaft (12) at the interior end. The
oil pump main drive shaft (13) 18 double ended, receiving its drive from
the o1l pump drive quill shaft and in turn providing a free splined pad
at its exterior end.

The choice of helical and spiral bevel gears over spurs and
stra.ght bevels was dicteted by noise reduction requirements rather
than for speed or load cepacity. In all meshes except the primary gear
setl, contact ratios in excess of three to one have been achieved. It was
not possible to obtair. a three to one ontact ratio in the primary mesh
because the main drive pinion is determined by consideration for a re-
duction gear version of the engine. A high helix angle would have re-
sulted 1n excessive bearing loads in the reduction gear. The primary
mesh has 2 16-degree helix angle, which results in a contact ratio over
two to one, however, all other accessory drive helical gears have 45-
degree helix angles. The bevel gear set has a spiral angle of 35 de-
grees.

Where necessary in the high-speed train, Belleville washers are
utilized to provide thrust loads for preventing ball bearing skidding
problems. In additior, the Belleville springs determine the spiral gear
cone centers against the thrust generated by the accessory loads. Under
starting loads the spiral gear pinion thrust will reverse, causing it to
maintain the cone center established by the Belleville springs.

Since the accessory mounting distances have essentially deter-
mined gear center distar.ces and pitch diameters, and high contact
ratios have set the face widths for the helix angles involved, the gear
stresses are extremely low for the project accessory power draw.
The gears have no predictable erdurance limit and should provide the
ultimate in reliable accessory drive performance.

The bearing loads due to accessory power absorbtion are very
low, and bearing lives are limited only by the thrust loads imposed by
the Belleville springs. In all locations the calculated minimum bearing
lives are in excess of 20, 000 hours, which would provide two and a
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Section VI

half years of continuous operation before replacement would have to
be considered.

ELECTRICAL SYSTEM

A starting and automatic sequenciag system has been designed
for the TS120 turboshaft engine to meet the contract requirements.
Basic to the final design is the use of economical components with
ruggedness, reliability and light weight as requirements of prime im-
portance. Basic to the design study was the premise that the total
TS120 system would be field operated under combat and extreme en-
vironmental conditions. Simplicity in the mode of operation,as well as
replacement or repair of the sequencing components,was made a
prime objective.

A total of three automatic sequencing systems were evaluated
and they are illustrated in the electrical schematics shown in Figures
VI-3 and VI-4.

Figure VI-3 is the electrical schematic which describes the se-
lected system I. This system is a compromise in components of sys-
tems II and III except for an electronic speed switch performing some
of the sequencing functions.

Figure VI-4 is the electrical schematic for systems II and III
The first of these follows an automotive approach, using a heavy start-
er and alternator and a wide-tolerance speed switch. The second is
an aircraft-type approach, using lightweight components and a more
precise speed switch.

Tables VI-I, VI-II, and VI-III correspond to the three systems
concerned and list the various components with vendor's name, part
number and unit weight.

The control system has been designed to operate with a nomi-
nal 24 volt DC battery power supply. During low temperature operation
and upon starter impact, the battery voltage is seldom abfive 10 to 12
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volts, therefore, components such as the starter relay, fuel solenoid
coil, and relays have been designed to function over a voltage range

of 10 to 30 volts. All other electrical components are designed to ope-

rate over a voltage range of 18 to 30 volts.

The operation of the start, sequencing and protective systems,
Figures VI-3 and VI-4, is as follows.

A customer -supplied 24 volt DC battery is the external power
source that must be attached to the starter relay (Kj) at the contact
terminals {E]). From the positive terminals of E], 24 volt DC power
15 fed through the sequence box to a customer -provided start switch,
(it is understood that a 15 ampere circuit breaker will be provided by
the customer to prevent current overloads).

The automatic starting sequence will begin by closing the start
switch. This will energize the starter relay, K, through the nor-
mally closed protective relay contacts Ej and the normally closed
load contacts Eg. The energization of K] will close the E} contacts
in the starter circuit and the engine will begin to rotate. As the en-
gine begins to rotate, the oil pump will build up oil pressure, closing
the pressure switch, S3, which will energize relay K.

The activation of relay K7 will close the normally open con-
tacts E7 in the fuel solenoid and ignition coil circuit, allowing com-
bustion to take place.

The engine will now accelerate and as the r.p. m. is increas-
ed beyond 40 percent of maximum engine speed, the normally open
speed switch, N], will close. This will energize relay K¢ which in
turn will close contacts Eg in the hourmeter and start counter circuit,

allowing a start to be recorded and will begin timing the engine running.

The starter and igniter will be de-energized by the opening of the E¢
contacts at this time and the engine will accelerate to maximum speed.
The normally open contacts Eg in the low oil pressure circuit will now
also close; however, if switch Sg has not opened (15 psig needed) the
engine start sequence will be terminated. In addition the low oil
pressure failure light will come on and stay on due to contact E3

being now closed.
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Section VI

At this point it must be emphasized that should the low oil pres-
sure arm - disarm switch be switched to the disarm position, the en-
gine will recommence its starting cycle. The proper sequence in the
event of a system shut-down is to restore the start switch to the "off"
position before attempting further starts or investigation of the failure.

The overtemperature and the overspeed safety circuits are
similar in operation to the low oil pressure system. If, during any
period of the starting sequence, the engine exceeds the proset exhaust
temperature limit of 11509F, the main fuel solenoid igniter, and
starter will be shut off through the overtemperature relay K4 and the
protective relay K2, which are actuated by the coniacts in the over-
temperature switch S3. Electrical power will be provided to the cus-
tomer control panel for an overtemperatur¢ light. This light will re-
main ''on'' to indicate the cause for engine shut-down and the engine
cannot be restarted uatil corrective action is taken or until the siart
switch is turned ''off' and then ''on'' again. An emergency override
switch is provided in the overtemperature circuit which is mounted on
the cus.omer control panel. By opening the override switch, the
nverteniperature relay K4 is eliminated from the protective circuitry
and the engine will not shut down if engine overtemperature occurs.

Ovecrspeed protection is provided at 112 percent of normal
rated engine speed. At the alternator frequency repreasenting the
cverspeed cordition, the Kg relay will be activated. The same shut-
down sequencing conditions mentioned for the overtempe rature will
take place; however, this circuit does not have override and it can-
not be disarmed.

A suggested addition to the circuit is a connection between the
positive side of relay K4 and the decrease line of the governor posi-
tioning cam. This addition will serve as an automatic teraoperature
safeguard. When an overtemperature condition exists, temperature
switch Sz will close, relay K4 will energize, the engine will be shut-
down and the governor positioning cam will rotate *o the full decrease
position. The overtemperature failure light will come on and stay on.

w
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TABLE VI-I

STARTING AND SEQUENCING SYSTEM 1

Component

Starter

Alternator
Rectifier

Voltage Regulator

Thermocouple and
Harness

Overtemperature
Switch

Oil Pressure Switch

S3 and Sg
Hourmeter
Start Counter

Coil (Ignition)
Including Lead

Fuel Solenoid

Speced Switch

Relay K)
Relay Ky K¢
Relay K3 K4 Kg

Rclay K7

Connectors

Capacitors C} and C;

* Combined Weight

Vendor

Bendix Corp.
Phelon Co.
Phelon Co.

Phelon Co.

Fenwall
Control Prcducts

Hobbs

Hobbs
Durant Mfg. Co.

Benton
Valcor

Consolidated
Controis Corp.

Cutler -Hammer
Potter -Brumfield
Potter -Brumfield

Potter - Brumfield

Bendix Corp.

Sprague

Vendor

Part No.

6B49-2
X-20-2
X-20-15
X-20-15

77143-0

X2

MI 1545
MI1-980-24
6-Y-11312

18300

V-500

R23SJ02
AN3370-1

MB -4279
KHS-17D11
KA-14AG

See List

CP53BIEFI105K

Total

Weight - Lbs.

8.75
2.50
1.00

0.20%

0.45
1.00

0.75

0.45

0.80
L. 25
0. 60~
0.42*

0.31%

20.15
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STARTING AND SEQUENCING SYSTEM 11

TABLE VI-II

ComEonent

Starter
Alternator

Rectifier

Voltage Regulator

Thermocouple and
Harness

Overtemperature
Switch

Oil Pressure Switch
S3 and Sg

Hourmeter
Start Counter
Coil (Ignition)
Fuel Solenoid
Speed Switch
Relay K]

Relay K3 Kg
Relay K3 K4 K¢
Relay K97

Packaging, Wiring
Connectors

Capacitors C) and C2

* Combined Weight

Vendor

Delco-Remy
Delco-Remy
Delco-Remy

Delco-Remy

Bendix Corp.

Control Products
Inc.

Hobbs
Hobbs

Durant Mfg.
Bendix

Valcor

AC

Cutler -Hammer
Potter - Brumfield
Potter - Brumf{ield

Potter - Brumf{ield

Sprague

Vendor
Part No.

X-3838

90005

77820,
10-347453-1

X2

MI-1545
MI-980-24
6-Y-11312
10-369550-1
V-500
"Speed AC"
AN3370-1
MB4279
KHS17Dl11
KA-19AG

CP53BlEFI105K

Section VI

Wei‘ht - Lbs.

28.0
9.0

1.3

0.18

0.20*
0.45

1.0
1.0
0.45
0.9%
1.25
0.60*
0.42%
0.12

1.25
0.31*

46. 58
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STARTING AND SEQUENCING SYSTEM 111

Vendor '
Comgoncnt Vendor Part No. Weight - Lbs.
Starter Bendix Corp. 6B49-2 8.75 l
Alternator Phelon Co. X-20-2 2.5
Rectifier Phelon Co. X-20-15 1.0 '
Voltage Regulator Phelon Co. n
Thermocouple and Bendix Corp. 77820/ 0.18
Harness 10-347453-1
Overtemperature Control Products X2 0.11 r
Switch Inc.
Oil Pressure Swich ‘(
S3 and S5 Gorn GP8000 1.06%
Hourmeter A.W. Haden Co. C4222 0.38 L ; *
Start Counter A.W. Haden Co. E7817 0.50

Coil (Ignition;
Including Lead Bendix Corp. 10-369550-1 1.0

Fuel Solenoid Valcor V-500 0. 45

Speed Switch A.C. 640-4150 1.0

Relay K} 1.25

Relay K3 K4 Kg 0.42+#
Relay K7 0.12

Packaging, Wiring,
Connectors, etc. 1.25

L.
[
|
Relay K2 K¢ 0. 60 i
[
1
v

Capacitors C]) and C2 Sprague CP53BIEFI05K 0.31

“ Combined Weight Total
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Section VI

TS120 BATTERY CHARGING ALTERNATOR

The battery charging alternator, being designed into the TS120
engine, is manufactured by the R. E. Phelon Company of East
Longmeadow, Massachusetts.

It is an inductor -type alternator of Phelon's exclusive design
and is shown in Figure V1-5. The rotor is mounted on a shaft provided
in the accessory case with no mechanical connection between the rotor
and the stator. The stator consists of generator windings disposed on
the stator teeth and a single field coil to generate flux, which flows
through the teeth of the stator into the rotor teeth, thence in a mag-
netic circuit through the wheel itself and back to the center of the
stator. No brushes, slip rings, commutators, or the like are required.

P

All windings, both generating and exciting, are mounted on the
stator and are therefore stationary. There are no windings whatever
in the rotor. The generator itself is three-phase, which is accomp-
lished by maintaining a ratio of stator teeth to rotor teeth of three to
two, respectively. In this way the flux level in the wheel remains sub-
stantially constant, even though the flux level in the rotor and stator
teeth varies widely. For this reason it is possible to make the rotor
wheel out of a high-strength forging rather than having to make a lami-
nated build-up. The enly laminations required are in the stator and
the rotor teeth. Since all windings are stationary it is possible to im-
pregnate the stator windings into a single unit for protection.

This generator is impervious to water, sand, dust, and oils,
and so forth, with no particular provision required for sealing. Elimi-
nation of all rubbing contacts, such as brushes and slip rings, plus
utilization of a solid-state regulator, makes elaborate shielding and
radio noise suppression unnecessary. This type of construction means
that the generator will have an indeterminate life since there are no
parts to wear out.

It has no speed limitations except for the centrifugal stress limi-
tations of the wheel itself, and the entire unit can be furnished at rela-
tively low cost as compared to competitive designs that will withstand
the same environinent and service. Design modifications to facilitate
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integration into the engine are currently under discussion.

The alternator frequency is 4000 cps at an alternator speed of
40,000 rpm. At this speed it will produce approximately 18 amperes
at 40 volts DC. The higher voltage capability has been designed into
the machine because of a possible need of 22 volts DC into the frequency
controlled speed switch. The Phelon alternator voltage/current per-
formance is presented in Figure VI-6.

During the design phase of the TS120 engine, a total of five

‘alternator sources were investigated. The Phelon design was chosen

because existi.,g hardware in this speed and electrical output range
was already available. The Phelon alternator also provides a markec!
economic advantage to the total engine package over the other four
alternator sources.

The General Electric designed alternator for the TS120 engine
is shown in Figure VI-7. It, like the Phelon alternator is a 40,000
rpm machine that weighs approximately three pounds. In addition,
General Electric had designed a 68, 000 rpm alternator for the TS120
engine. This unit was to have been incorporated into the accessory
gearbox and was to become a part of the turbine shaft or turbine out-

put quill shaft.

In addition to Phelon and General Electric, the Bendix Corpo-
ration, TKM, and Lear Siegler had all proposed alternators for use

with the TS120 engine.

ELECTRONIC SPEED SWITCH

In the sequencing System 1 presented for use with the TS120
engine, two parameters are controlled as a function of engine speed.
Both functions - starter drop-out and engine overspeed - are triggered
by an alternator frequency signal that is fed into an electronic speed

switch.
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Three versions of these electronic speed switches were evalu-
ated during the design phase of the TS120 engine. The system devised
by the Consolidated Controls Corporation, which has been qualified for
use with the F-111 aircraft, was the one chosen for the TS120 engine.
Principle of oper:tion of the Consolidated Controls electronic speed
switch is as follo 5. Output amplitude of the 15 ampere alternator is
only approximately .roportional to speed. While frequency is an ex-
act function, varying AC out of the alternator is used to trigger a
monostable multivibrator whose output pulse is regulated in amplitude
and time duration independent of the incoming pulse frequency. As a
result, and as shown in Figure VI-8, the average DC level of the out-
put signal is proportional to the frequency at which the constant area
pulses are generated. This DC signal is filtered and fed into the input
circuit of one or more bistables, which give the required switching
point with a high degree of accuracy. Each bistable is temperature
compensated with the multivibrator so that all variations with tempera-
ture are taken into account.

A second frequency triggered speed switch was designed by
Continental's Electronics Laboratory. One such system was built in
bread-board form and was evaluated both at room temperature and at
-65°F. The block diagram of the Continental electronic speed switch
is shown in Figure VI-9,

The third frequency triggered circuit that was designed for the
TS120 engine was proposed by the Bendix Corporation, Redbank
Division. No effort beyond the circuit design was expended on this
system because preliminary cost estimates made the system prohibi-
tive for use with this engine.

The Continental electronic speed switch consists of individual
units to trigger at the required speed points. Principle of operation
of one of these units is as follows. The sine wave output of the 15
ampere alternator is fed to a series resonant circuit. This high Q
circuit is sharply peaked at the desired frequency. It is followed by
a buffer stage that performs the function of a temperature compen-
sating and impedance matching stage. Output of the buffer stage
triggers a silicon-controlled rectifier, which in turn energizes a relay.

11




Section V)

TS120 ENGINE STARTING

Two starters (General Electric and Bendix) have been designed
to meet the torque requirements of the TS120 engine. The starters have
been sized based upon the following:

1. Known polar moment of inertia of the engine.
2. Esumated polar moment of inertia of the ERDL alternator.
3. Estimated engine drag torque, presented in Figure VI-10.

4. Additional 30 percent starter torque required to overcome
the drag imposed by the customer-furnished alternator.

The two starter designs and their respective torque outputs are
shown in Figures VI-11 and VI-12.

The torque requirements of the TS120 engine and ERDL coupled
generator are presented in Figure VI-12. The drag imposed by the
ERDL alternator, however, is not reflected in the drag curve because
it has not been defined to date. As can be seen from Figure VI-10, the
maximum torque demanded by the engine/generator combination occurs
at engine light-off, which is at approximately six percent engine speed.
The Bendix starter output torque (curve 1, Figure VI-10) is approxi-
mately 100 percent greater at 60°F temperature: and 30 percent greater
at -65°F than required and it is felt this additional torque will be suffi-
cient to overcome the imposed alternator drag.

Two alternate starters, with higher torque characteristics,
are available; one unit weighs 17 pounds and the other 12.5 pounds.

12
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SECTION VII - ENGINE LUBRICATION

The lubrication system is predicated on the requirements
fur the reduction gear version of the basic engine with the same
basic lubrication system being applicable to the direct drive en-
gine.

The engine lubrication system schematic is shown in Fig-
ure VII-1. Two positive displacement gear pumps of 5. 75 gpm
capacity each are used, one to provide engine oil pressure, the
other to scavenge the rear bearing cavity. The system lube pres-
sure of 30 psi is regulated by a valve that senses pump pressure
after the filter, thereby making delivery pressure regulation in-
sensitive to oil filter pressure drop. A ball and spring valve is
mounted in parallel with the full-flow, replaceable element filter
to protect the engine in case of filter plugging.

The integral, wet sump oil reservoir is located in the ac-
cessory case; its static capacity of approximately 3.5 quarts pro-
vides an adequate reserve for 50 hours of operation without oil ad-
dition. The engine running reservoir oil volume is estimated at
three quarts. The oil flow of 4.3 gpm for tie reduction gear en-
gine will provide a dwell time of 10. 5 seconds and the direct drive
engine with a flow rate of 2,65 gpm will have a dwell time of 17
seconds.

All bearings and gears considered to be rotating at a rela-
tively high speed, or heavily loaded, are jet lubricated. The re-
maining bearings and gears, all in the accessory drive train, are
lubricated by the oil mist abundantly provided by the rotating
gears. The oil flow at each lubrication point is controlled by a
properly sized orifice and by the system pressure. Except in the
case of the reduction gear meshes at the turbine shaft rear bear-
ing, the oil flow to all other points is dictated by the choice of a
minimum orifice diameter of 0. 04 to reduce the probability of oil
jet plugging. At a pressure of 30 psi, a 0.04 jet will flow 0.17
gpm, a reasonably low flow, yet sufficient to remove the friction
heat.

The reduction gear engine has 19 lubrication points as
shown in Figure VII-2. The oil jet sizes, flow rate and heat rejec-
tion summary is presented in Table VII-1.
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TABLE VII-I

TS120-G6 REDUCTION GEAR ENGINE
LUBRICATION SUMMARY

Line Pressure: 30 psi

Estimated
Heat
Jet Flow Rejection
Jet No. Location Dia. (GPM) {Btu/Min.)
Seal - Turbine Shaft Thrust
1 Bearing .04 17 2.0
Bearing - Turbine Shaft
2 Thrust .04 A7 6.5
3 Coupling - Drive .04 17 2.0
Bearing - Roller, Pinion
4 Aft .04 17 &3
Bearing - Roller, Pinion
5 Front . 04 .17 2.3
Bearing - Ball, Pinion
6 Thrust .04 17 1.2
Gear Mesh - Pinion to Red.
7 Gear ldler . 062 .4 60.0
Gear Mesh - Red. Gear
8 Idler to Power Output Gear . 062 .4 60.0
Bearing - Ball, Red. Gear
9 Idler Rear . 04 A7 1.80
Bearing - Roller, Red.
10 Gear Idler Front .04 AT 4.15
Bearing - Roller, Power
11 Output Gear Rear . 04 .17 1.75
Bearing - Ball, Power
12 Output Gear Front . 04 17 1.20
13 Gear Mesh - Bevel .04 .17 1.0
Overrunning Clutch
1- Starter .04 17 1.0
Bearing, Ball - Starter
15 Driven Shaft Rear .04 17 1.0
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Section VI
TABLE VII-1 (Cont'd.)
TS120-G6 REDUCTION GEAR ENGINE
LUBRICATION SUMMARY
Line Pressure: 30 psi
Estimated
Heat
Jet Flow Rejection
Jet No. Location Dia. (GPM) (Btu/Min.)
16 Bearing, Ball - Alternator
Drive Rear . 04 .17 1.0
17 Bearing, Ball - Alternator
Drive Front . 04 .17 1.0
18 Bearings, Plain - Oil Pump
(4 Bearings) .15 1.0
19 Bearing, Roller - Turbine
Shaft Rear . 087 .80 150.0
TOTAL ENGINE OIL FLOW 4,30
TOTAL ENGINE HEAT REJECTION 301.2

The dircct drive engine has 12 lubrication points as shown
in Figure VII-3. The oil jet sizes, flow rate and heat rejection
summary is presented in Table VII-II.

The oil flow at the front of the engine is returned to the wet
sump by gravity. Only the oil from the rear bearing is returned by
a scavenge pump. The shaft rear bearing oil is scavenged by a
pump whose 5. 75 gpm delivery compares with the 0.8 gpm rear
bearing lube to provide a 7:1 scavenge ratio to accomodate en-
trained air. Based on measured data from other Continental
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Section VII
TABLE VII-1I
TS120 DIRECT DRIVE ENGINE
LUBRICATION SUMMARY
Line Pressure: 30 ps:
Estimated
Heat
Jet Flow Rejection
Jet No. Location D:a. (GPM) (Btu/Min.)
Seal - Turbine Shaft Thrust
1 Bearing . 04 17 2.0
Bearing - Turbine Shaft
2 Thrust . 04 ALY 6.5
3 Coupling - Drive .04 s 1T 2.0
Bearing - Ball, Power Out-
4 put Shaft, Rear .04 17 1.0
Bearing - Ball, Power Out-
5 put Shaft, Front .04 5T 1.0
6 Gear Mesh - Bevel . 04 017 1.0
Overrunning Clutch -
7 Starter .04 o b 1.0
Bearing, Ball - Starter
8 Driven Shaft Rear .04 .17 1.0
Bearing, Ball - Alternator
9 Drive Rear .04 17 1.0
Bearing, Ball - Alternator
10 Drive Front . 04 .17 1.0
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Section VII
TABLE VII-II (Cont'd.)
TS120 DIRECT DRIVE ENGINE
LUBRICATION SUMMARY
Line Pressure: 30 psi
Estimated
Heat
Jet Flow Rejection
Jet No. Location Dia. (GPM) (Btu/Min.)
Bearings, Plain - Oil
11 Pump (4 Bearings) .15 1.0
Bearing, Roller - Turbine
12 Shaft Rear . 087 .80 150.0
TOTAL ENGINE OIL FLOW GPM 2.65
TOTAL ENGINE HEAT REJECTION 168.5

engines, the oil entering the cooler from the rear bearing sump is
estimated to reach 300°F; in the cooler it is expected to drop 125°F
with a resultant heat rejection to the 125°F fmaximum Jcooler air of
300 Btu/Min. This heat rejection equals the entire estimated en-
gine lube heat gain. Leaving the cooler at 175°F, the oil returns
to the sump where it mixes with the reservoir oil to reduce the
over-all sump temperature, maintaining it below the guaranteed
maximum of 250°F. The use of an adequately sized cooler assures
engine lube oil temperature control without the need to rely upon
the cooling effect through radiation, provided by the excellent heat
transfer properties of the magnesium gear case and sump.

The oil cooler system is applicable to both the reduction
gear engine and the direct drive configuration. However, the lat-
ter engine, with a heat rejection approximately one-half that of
the former, may be capable of operating without an oil cooler or
with a substantially reduced cooling unit, or perhaps, with a fuel-
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to-oil cooler; the choice of these cooler systems alternatives must
necessarily await data accrued through actual engine operation.

MODEL TS120 OIL COOLER FAN DRIVE

The oil cooler fan 18 mounted on top of the alternator and
driven by the alternator shaft at 39, 749 rpm, Figure VII-4. To
preclude oil cooler clogging and fan blade erosion, the inlet air is
piped from the screened engine air inlet housing; the discharge air
collects in an annulus surrounding the fan and is led to the cooler
housing through flexible ducting. The fan design is of the radial
type, delivering 400 cfm at a pressure head of 12 inches of water.
The low blade tip speed of 500 feet per second should provide a
relatively low level of noise. The oil cooler mounting arrange-
ment and air ducting is shown i1n Figure VII-5,
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Figure VII-1. TS120 Lubrication System Schematic.
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Figure VII-3. TS120 Engine Lubrication Points - Direct Drive.
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SECTION VI1II

ENGINE WEIGHT




SECTION VIII - ENGINE WEIGHT

The TS120 estimated engine weight is presented in Figure
VII-1. The estimated additional weight for turbine rotor contain-
ment, discussed in a previous section, is shown as a separate
item. The weight of the magnesium parts is based on sand cast-
ings. A reduction in weight of 5. 4 pounds can be realized by the
use of die castings. The identification of strategic national de-

& e e comdmmetm 2

fense materials is shown in Figure VIII-2.

Part Name

ROTOR ASSEMBLY

Rotor-Radial Compressor

Rotor-Turbine

Shaft, Front-Turbine

Rotor-Axial Compressor
Miscellaneous
Total

COMPRESSOR ASSEMBLY

Stator-Axial Compressor
Housing-Compressor
Diffuser-Radial Compressor
Housing-Air Intake
Duct-Air Intake
Miscellaneous
Total

COMBUSTOR ASSEMBLY

Interstage Diaphragm
Nozzle-Turbine tret
Volute-Combustor
Cover-Radial Diffuser
Housing-Combustor
Cover-Combustor

Weight Part Name

ACCESSORY DRIVE ASSEMBLY

Case-Accessory
Power Take-Off Cover
B Power Take-Off Shaft
Cover-Accessory Gears
Clutch Assembly-Starter Overrunning
16.90 Cover Assembly-0Oil Pump
Oil Pump
Sump-0il
Alternator
.80 Power Control
4.86 Starter Assembly
4. 00 Filler-0Oil
2.45 Gears and Shafts
1.70 Bearing
1
4

. 00 Miscellaneous
14,81 Total

ATTACHING PARTS

2.12 Indicator-Exhaust Gas Temperature
5.50 Switch-Oil Pressure
11.70 Control Assembly-Sequence
6.20 Thermocouple
13.60 Cooler Assembly-0il
2. 40 Fan-Cooling

Combustor 2.10 Miscellaneous

Miscellaneous 1.57 Total

Total 45.19

Lines/Fitting/Ignition

EXHAUST DUCT AND REAR BEARING SUPPORT Total
Duct-Exhaust 10.25% BASIC ENGINE WEIGHT

Miecellaneous 4. 50

Total 14.75 Turbine Rotor Containment Ring

Fig. VIII-1. Model

TOTAL ENGINE WEIGHT

TS120 Turboshaft Engine Weight Summary.
1

Weight

9.15
3.20
.84
3.50
2.10
3.50
3.50
2.00
2.00
11.00
8.75
.50
4.30

4. 00
58. 96

2.00
.32
4.00

4.50
3.50
2.00
16. 52
8.05

175.18

20. 00

195.18
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GEARED ENGINES
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SECTION IX - GLARED ENGINES

Geared versions of the Model TS120 direct drive turboshaft
engine feature a minimum impact on the over-all size of the direct
drive engine. The geared engine (TS120-G6), shown in Figure IX-1
is 29. 00 inches long, 25.00 inches wide and 19. 68 inches high.

The only exterior dimensional change was an increase in length of
2.50 inches and relocating the power output shaft 0.68-inch above
the engine centerline.

Geared versions are accomplished with a compact two-mesh
reduction gear. A 6000 rpm output engine, Figure IX-2, illustrates
the basic type of reduction gear. A two-plane, two-mesh reduction
gear was chosen to minimize the over-all impact of the reduction
gear on engine weight and size. The reduction gear is composed of
four relatively small diameter gears. These gears utilize the axial
engine length required for the accessory drives in the direct drive
engine to the maximum extent possible. The geared engine requires
only the removal of the power take-off flange and the output shaft
from the direct drive engine and the replacement of these parts with
the reduction gear and its support diaphragms.

Referring to Figure IX-2, the reduction gear is composed of
a high speed pinion (1) driving a compound idler (2), and the final
drive gear (3). The reduction gear is supported by a cast magne-
sium power take-off flange (4), a cast magnesium diaphragm (5),
and a cover adaptor (6). The reduction gear bearings are all press
fitted on the inner race and clamped in place with a nut and lock
combination. With the exception of the high speed pinion thrust
bearing and radial bearing, the reduction gear bearings have
clamped outer races. The high speed pinion thrust bearings are
held in place axially with a snap ring (7), with the support relieved
at the OD of the thrust bearing.

This type of mounting was used successfully on previous
Continental engines and assures that the thrust bearing outer race
will center from the inner race with a uniform contact angle, and
will carry a pure thrust. These features are provided to minimize
the effect of bearing race creep and the attendant fretting possibili-
ties. The high speed reduction gear pinion replaces the originating
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high speed accessory drive pinion discussed in the direct drive ac-
cessory gearing.

The 12,000 rpm output is obtained by simply changing the
low speed mesh of the 6,000 rpm engine. This change requires
only a different compound idler (No. 2, Figure I1X-2), and final
drive gear (3). Other output speeds may be obtained by the same
procedure.

GEAR REDUCTION UNIT

The basic configuration of the main power gear reduction

unit, Figure IX-3, consists of a helical input pinion (1), driving a
compound idler shaft (2), which in turn drives a helical output gear
(3) at 6000 rpm in configuration (a) and at 12, 000 rpm in configura-
tion (b). The two configurations differ only in the size of the gears
in the second-stage mesh. Therefore, either output speed may be
obtained by simply changing two parts, the compound idler (2), and
power take-off (3), gearshafts. The centers of the complete train
are in a vertical plane with the center of the power take-off slightly
above that of the turbine shaft.

The input gear is supported radially on roller bearings (8),
which are incapable of resisting axial loads. Pinion thrust is ab-
sorbed through a split inner race ball bearing (9), which is mounted
with sufficient housing clearance to avoid any radial load.

Both gear meshes have contact ratios greater than three by
virtue of the overlapping action of the helical teeth. The resulting
smooth flow of power is beneficial in reducing dynamic tooth engage-
ment loads which in turn reduces gear noise to a low level, and also
in lowering turbine and compressor blade excitation forces that
might cause fatigue failures. The effects of any misalignment that
might exist between the turbine shaft and the high speed pinion is re-
duced to negligible levels by the use of a full-floating splined coupling.
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The gear teeth have been analyzed and designed against the
three general types of gear failure; pitting, bending or tooth break-
age, and scoring. The first two types are essentially fatigue in
character and are functions of the total number of stress cycles as
well as the magnitude of the dynamic load. Scoring is almost always
caused by local friction welding and is independent of length of oper-
ation of the gears. If scoring does not occur on the first service ap-
plication of maximum speed and torque, it is not likely to occur at
all.

The design criteria used to evaluate the gears against each
of the characteristic types of failure are: Hertz stress for pitting,
root beam stress for bending, and the PVT factor for scoring.

The load used in computing Hertz and beam stress is com-
posed of the total transmitted load plus a dynamic increment load.
This dynamic increment results from the inertia forces developed
in the gear train by instantaneous accelerations caused by inaccur-
acies in spacing, thickness, lead, tooth deflection and tooth profiles.
A perfect involute will transmit uniform angular velocity, but any de-
viation from this form will cause a change in velocity which, over a
very short time interval, represents a high acceleration of the gear
mass and all other rigidly attached inertias in the train. These
forces are minimized by keeping the gear blanks as light as possi-
ble.

The method used in calculating the dynamic increment load
is based upon Buckingham's works. Although various sources have
indicated that the dynamic overload as calculated by Buckingham's
equations is larger than the actual dynamic load encountered, most
authorities agree that it is the best method for comparing different
designs. By applying this method to a number of different gear
sets in the same field of application (such as aircraft gearing), it
is possible to build up a background of experience based on these
gears and define satisfactory limits of dynamic tooth stress.
Continental's experience indicates that aircraft quality, hardened
and ground helical gears will operate up to 230,000 psi wear (Hertz)
stress with little or no development. Generally, higher wear
stresses can be used only for limited life, or after a development
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program with special consideration to mounting, lubrication, and
tooth modifications. The first- and second-stage (6000 rpm out-
put) meshes have wear stresses of 174, 000 and 172,000 psi re-
spectively, under full engine speed and power. These stresses
are considerably below our established criterion and result from
designing each gear to have a minimum of 1500-hour duty spec-
trum life with a theoretical failure rate of less than one-tenth of
one percent (99.99% reliability). The design static contact (Hertz)
stress levels were obtained from S-N curves for air-melted, car-
burized and hardened gears. .

Tooth bending stresses are calculated by applying the dy-
namic tooth load to the Lewis beam stress equation. This formula
determines the equivalent stress that would exist on a constant
strength parabola inscribed within the tooth, tangent at the base and
with its apex just intersecting the line of action of the applied tooth
load.

Certain other criteria such as the AGMA fundamental stress
formula are also checked but most of Continental's experience fac-
tors are correlated with the Lewis formula. The stress limit that
Continental has successfully permitted on previous designs is
100, 000 psi. Dynamic beam stresses under full power at the worst
load point are 46, 009 and 50, 000 psi (6000 rpm output) for the first-
and second-stages, respectively.

Scoring tendency of the gears is calculated using the PVT
method, which is based on a study of aircraft engine gear failure
reported by numerous manufacturers (including Continental). The
tooth addenda are modified to obtain equal PVT factors between
the drive and driven gear in each mesh if the PVT factor exceeds a
given limit for either gear in the set. If the equalized PVT factors
still exceed the design limit, further modiiications in the gears
must be made.

The PVT factor combines the (Hertz) contact pressure and
the sliding velocity at the tip of the tooth with the length of the line
of action from the pitch point to the tooth tip. Considering the pro-
duct of tooth pressure and sliding velocity to be a measure of the
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instantaneous rate of heat generation, the PVT curve from the pitch
point to the outside diameter of the'gear represents the total heat
generated in this cycle and is an indication of the tendency of the
gears to score.

The safe lin it of the scoring factor for very accurate case-
hardened gears lubricated with a medium weight petroleum oil is
1, 300, 000 (dimensionless). Tooth profile modifications to prevent
scoring are not necessary if this limit is not exceeded. Continental's
experience with mineral and synthetic turbine engine oil indicates
that no decrease in the permissible scoring limit is necessary. The
PV T factors for the high speed mesh have been equalized at 870, 000
while no equalization was found to be necessary for the low speed
mesh by virtue of its low PVT factor of 500,000. PVT tactors for
botnh meshes were obtained under full speed and power conditions.

Since PVT equalization generally requires increasing the
adiendum of the pinion and decreasing the gear on equal amount,
th: bending stress in the pinion will increase. The pinion tooth is
then thickened to compensate for this correction and the inherently
stronger mating gear is correspondingly decreased in thickness.
In addition all the backlash in the mesh is taken on the larger gear
to further equalize the bending stresses. These corrections are
made in this design without requiring the use of nonstandard cut-
ters. This is accomplished by changing the center distance be-
tween the work and the cutter until the correct thickness is obtained.

The pressure angle of 20° was selected as the best compro-
rmise between the higher bearing loads and lower contact ratios ob-
tained with higher pressure angles, and the higher (Hertz) stress
and scoring factors resulting from lower pressure angles. The re-
sulting contact ratios are 3.2 for the first- and second-stage.

The normal diametral pitches of the two meshes were de-
termined from beam stress and scoring factor calculations. In
general, the finest pitch compatible with adequate tooth bending
strength will provide the most satisfactory results for high speed
gearing due to the higher contact ratios and lower scoring factors
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obtained. A summary of pertinent gear tooth design data is given
in Table IX-I.

As a result of choosing as the basic design criterion long
life with a high degree of reliability, the gears evolved are rela-
tively lightly loaded as compared to Continental's recent experi-
ence in aircraft reduction gearing. With heavily loaded gears, it
may be found necessary to extensively modify the involute profiles.
Negative involute correction of the tooth tip is sometimes required
in the case where the deflection of the teeth in contact allows the
driving gear to advance slightly on the driven gear. The incoming
unloaded tooth is carried into mesh too soon, causing an impact on
the tip of the tooth. It appears that this type of tooth correction is
not necessary in these gears although a slight amount of crowning
to prevent concentrated end-loading will be specified.

Gear blank deflections due to helical tooth thrust loads and
nonsymmetrical disc centrifugal forces must be controlled if the
tooth stress calculations are to be valid. These deflections can be
minimized for a given blank size by proper selection of hub cone
angle, taper, rim thickness, and rim-hub attachment location.
Tooth profiles can also be modified to compensate for deflections,
but due to the independence of strains (because of centrifugal body
forces and external applied thrust load), such modifications can
given optimum results for only one combination of speed and power.
Gear blank configurations are based on both analytical calculations
and previous experimental results obtained from static load tests of
gear blanks of similar design.

Ali bearings in the main power reduction gear train are
manufactured from vacuum degassed SAE 52100 steel. Each bear-
ing has a minimum calculated B-10 life in excess of 50,000 hours
based on the following duty spectrum derived from the endurance
test schedule, Table IX-II.

B3 N =3
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Section IX TABLE IX-II
BEARING ENDURANCE TEST SCHEDULE

% Rated Horsepower Horsepower % Duty Spectrum Hours

100 120 63.73 956
50 60 18.13 272
10 12 18.13 272

This yields a reliability greater than 99.99% for each bearing to
complete a 1500-hour endurance test duty spectrum as described
above. Bearing load summaries of the 6000 and 12, 000 rpm power
take-off reduction gear versions appear in Figures I1X-4 and I1X-5
respectively and are based on 100 percent rated horsepower.

ENGINE WEIGHT

The TS120-G6 estimated engine weight is shown in Table
IX-1II. The identification of strategic national defense materials
is the same as shown for the basic TS120 direct drive engine.
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Power Take-Off

Section IX

12,132 RPM Turbine Shaft
"66, 800 RPM
Idler
18,603 RPM
5 i
Radial Thrust
CAE Speed Load Load
No. P/N Function or Drive RPM Pound Pound
1 306669 1st. Stage Reduction Pinion, Rear 66,800 94 -
2 306669 1st. Stage Reduction Pinion, Front 66,800 90 -
3 306670 1st. Stage Reduction Pinion, Thrust 66,800 - 49
4 306681 Compound Idler, Rear 18,603 129 47
5 306682 Compound Idler, Front 18,603 228 -
6 306680 Power Take-Off, Rear 12,132 180 -
7 306679 Power Take-Off, Front 12,132 178 96

Figure I1X-4. Power Take-off Reduction Gear Bearing Summary -

12,000 RPM.
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Power Take-Off

6,061 RPM

Turbine Shaft

66,800 RPM

Idler

18,603 RPM

/288 BB 9

ey,

O

Radial Thrust

CAE Speed Load Load
No. _%\I_ Function or Drive RPM Pound Pound

1 306669 1st, Stage Reduction Pinion, Rear 66,800 94 -

2 306669 lst. Stage Reduction Pinion, Front 66,800 90 -

3 306670 lst. Stage Reduction Pinion, Thrust 66,800 - 49
4 306681 Compound Idler, Rear 18,603 101 46
5 306682 Compound Idler, Front 18,603 356 -
6 306680 Power Take-Off, Rear 6, 061 344 -
7 306679 Power Take-Off, Front 6,061 197 . 94

Figure IX-5. Power Take-off Reduction Gear Bearing Summary -
6,000 RPM.
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SECTION X - ENGINE PERFORMANCE AND
AEROTHERMODYNAMIC DESIGN

AERODYNAMIC CYCLE

Primary engine objectives affecting the aerodynamic cycle
are:

1. Low fuel consumption.
2. Adaptability to regeneration.

3. Interchangeability of components between various engine
versions.

The engine is the ''coupled' type to assure achievement of
the precise speed control required for geared-drive and precise
power generation sets. It features a variable speed operation over
a ten percent speed range for the direct drive ultra high frequency
generator sets for improved fuel economy.

120 HORSEPOWER SIMPLE CYCLE ENGINE

In order to optimize the major parameters of cycle pressure
ratio and turbine inlet temperature, a range of performance was cal-
culated at both sea level 60°F and 8000 feet, 90°F, Figures X-1 and
X-2. All component efficiencies and loss assumptions in these cy-
cle calculations are those for the 120 horsepower simple cycle
engine. They are shown in Figure X-3.

Two structural factors were also considered in making the
final cycle choice. These were:

1. The turbine inlet temperature was limited to a value
compatible with the use of currently available materials
and coating technology - that is, 1800°F.

2. The engine rotor tip speed was limited to a value com-
patible with allowable stress levels.
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Based on the above-mentioned criteria, a pressure ratio in
the range of 5.5 to 6.0 was selected as the best to meet the customer
requirements. One of the main features of this pressure ratio selec-
tion is that a minimum number of turbomachinery components are
required. For this particular engine it includes a single-stage axial
compressor, centrifugal compressor, and a radial turbine.

Components

Component performance characteristics are based on existing
proven Continental hardware. The component performance sources
are listed below.

1. Inlet Losses. Are based on test data from 650 horse-
power Continental T72 engine and research inlet tests.

2. Axial Compressor. The axial stage is scaled from the
second axial stage of the XT67; its performance map is
shown in Figure X-4.

3. Centrifugal Compressor. The centrifugal compressor map
is shown in Figure X-5. As explained in the Compressor
Section, a redesign of the ceni~ifugal impeller is expected
to increase over-all performa ..e by two to four percent.

4. Burner Can. These characteristics are based on genera-
lized curves substantiated by test data. (See Burner
Section. )

5. Radial Turbine. Turbine performance maps were derived
from tests on a Continental research radial inflow turbine.
The map shown on Figure X-6 wae run specifically for
this program to validate efficiency choices. It represents
an approximate aerodynamic scale of the geomet~y to be
used on the 120 horsepower engine.
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Section X

Exhaust Duct. The duct losses for the axial configuration
are based on test data from the Continental T72 with a 1.4
percent loss added for the radial exhaust configuration.

Compressor Matching

There are several criteria which must be met for optimum

axial, centrifugal compressor match. These are:

1.

Maximum efficiency at sea level 60°F at normal rated
speed.

Sufficient surge margin at all operating points.

Sufficient aerodynamic overspeed efficiency to operate
with reasonable fuel consumption at an ambient tempera-
ture of -65°F.

Good low speed surge margin for easy starting.

The compressor map, Figure X-7, has been optimized to

match the peak efficiency of the axial to the peak efficiency of the cen-
trifugal in the region of the sea level operating point for best over-all
performance of all engine combinations.

Engine Matching

A parametric approach was used to match the engine in order

to ensure an optimum design point. Several criteria were used in ob-
taining the best match. These were:

1,

120 norsepower and BSFC = 0. 70 at sea level and an am-
bient temperature of 60°F.

120 horsepower at an altitude of 8000 feet for an ambient
temperature of 90°F.

Minimize the altitude turbine inlet temperature.
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4. Minimize cycle pressure ratio in order to keep the turbine
work requirement as low as possible.

Fifty-four engines were examined, each with a different opera-
ting point. Figure X-8 shows a summary of the matching study. Each
of the engines indicated would have to be scaled on airflow to produce
exactly 120 horsepower.

After examining each engine in the light of the four criteria
previously mentioned, engine ''B' was selected as the final design
choice. Figures X-9 and X-10 show the variation of BSFC with horse-
power for several engine speeds at sea level, 60°F and 8000 feet,
90°F respectively, and form the basis for selecting 66, 800 rpm as
the normal rated speed. *

The engine rating points, establislied by the matching study for
sea level 60°F and 8000 feet 90°F, are shown in Figure X-3 for both
the axial and radial exhaust configurations. The performance of vari-
ous components and the losses in the flow path are also indicated.
Figures X-11 through X-19 show the no-load, part-load, and full-
load performance characteristics for ambient temperatures of +60°,
+900, and - 45OF at altitudes of 0, 4000, and 8000 feet respectively.
Figure X-20 shows the sea level and altitude operating points located
on the estimated combined compressor map as well as the no-load and
surge margin lines. Figure X-21 indicates the operating points on the
turbine map at sea level and altitude conditions.

Effects of Flow Path Losses and Bleed

Effects of losses and bleed were obtained by operating the en-
gine on the computer for given increases of losses and adding bleed.
The radial exhaust configuration was used as the basis of these calcu-
lations. Figures X-22 and X-23 show the effects of compressor bleed
air at sea level 60°F and 8000 feet, 90°F respectively. Figures X-24
and X-25 show inlet and exhaust loss correction factors plotted versus
engine speed.

* Normal Rated speed is defined as the speed which produces 120
horsepower at 8000 feet, 90°F and meets the sea level 60°F,
horsepower, and BSFC specification requirement.
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Figure X-3 shows a tabulation of the performance in the axial
and radial configuration. At sea level 60°F, the radial exhaust adds
1. 42 percent total pressure loss causing the engine to rematch 10°
hotter on turbine inlet temperature; BSFC increases to 0. 694 from
0. 686 of the axial configuration. At altitude the engine is also forced
to operate hotter with a corresponding decrease in BSFC.

In addition to the effects of losses and bleed, the effect of other
parameters (influence coefficients) on over-all performance were ob-
tained. These values were calculated on the design point program and
show the effect caused by a one-percent variation of the particular pa-
rameter involved, while all other parameters remain constant. These
data are presented on Figures X-26 and X-27.

Speed Modulation

An analysis was made of speed modnlation for the direct drive
engine in order to obtain the maximum fuel economy possible. Figures
X-28 through X-30 show the effect of speed modulation on BSFC for
several power levels at' sea level and 4000 feet, 60°F and 8000 feet,
90°F respectively, Figure X-31 indicates that small change in r.p.m.
is required with changing altitude to operate at best BSFC. It was
therefore decided to bias the speed mo~+'ation control on ambient tem-
perature only. An examination of Fig .s X-28 through X-30 show that
for minimum BSFC:

1. Above 90°F an rpm of 66,800 is required.

2. At 100 percent power, the BSFC at 63, 500 is equal to that
of 66,800 r.p.m.

3. The lowest rpm possible at part power should be utilized.

Based on these considerations, Figure X-32 shows the speed
modulation control bias iimits furnished for power control system
studies. Curve ""B'" is permissible, but Curve ""A'" is desired. It is
anticipated that the final<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>