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The QCSEE UFY Propulsion System wes tested with a ce=posite flighe-type
nzcelle st Gemersl Electric’s Peebles, Chio Gutdocr Test Site IV-D during the
fourth quarter of 1977 and the firet and third quarters of 1978. One hundred
and gixz hours of engine operation were completed, imeluding mechenical and
performence checkout, baselime acoustic testing with g belizsuth islet, fully
suppresged acoustic testing with a flight-type composite inlet, reverse thrust
testing, acoustie technology tests, amd limited controls testinmg. The engime
ivcluded o varisble-piteh fam heving edvenced composite fem bledes and using
a ball-spiime pitch actuation system. ' ‘ o

feoustic results of the testing were within 2 EPHGS of the $5 EPFEdB
sideline zoise goal at approsch opd takeoff corditionrg. A maximum reverze
thrust of 27 percest of mewimum installed forveszd thrust wee reached, s=d the
sideline moise level s this condition was 5 PHdB sbove the 180 F24B goal.
Alehough the engine source eoise scmsvhal emcesded predicticns, the suppres—
sicn performed very eclose to ohbjectives. Ferthereere, the pEogream geal was
based on power settinmgs for & 669.6 m (2000 £2) runvay, and studies indicsted

i that & 914.% = (3099 £e) Tvavay would be & merve likely reguivement. The 95

EFEEB goal could be met af the lower power setting required for a 914.46 m
(3903 fe) rumway, '

Engine performsnce reguits verified the data from previous testing, meeting
- all gerf@ragﬁce,@&jectivesvexee;ﬁ the 33 percem? reverse thrust goal.. o

~The cozposite blades were knowa to be satisfectory for test stemd
operation only, because of inedequate FGD (bird strike} resistsnce. The blades
exhibited a vibratery respouse in the tange of the firet flem/etwo per rew
intersection, aggravated by high tailwind ond crozawing conditions. Testing
was delayed by unusually severe wveather conditions durisg the winter test
peried. Prolonged snow cover delayed fer~field acoustic testing, end high
winds restricted engine operstien, :

Other sdvanced design features including the main reduction gear, digital.
coatrol, zpd composite nacelle componnts operated satisfacterily throughout the
test. . ) : : .

After gucceszful demonstration of most of the comtract goals, the engine .

vag removed from the test stand in May 1978. It wes reinstsiled in July 1978
for acoustic technelogy tests to investigate the source of higher-then-ezpected
unsuppressed noise levels. : , '

The fully automatic control mode was activated during the fimal test per—
icd, indicating very stable operation at seversl steady-state power settings, -
and with limited {five percent} power tramsients. When lzrger trarsients were
attempted, z speed overshoot of 300 rpm was observed. This proble= is believed
to be a result of interpal leakage in the hydraulic motor thae positions the
biades, and could possibly be alleviated by increasing the electrical gain in
this control cirecuit,
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Following completion of this tes
test stend inm July 1§78, refurbished,

ting, the emgine was removed fres the
and delivered to K£3a-Lewis Research

Center for further testing with & wing/flap systenm.
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The Cenersl Electric Company is currently engaged in the Quiez, Cleanm,
Short-Esul Experimentsl Engine Progrem (QCSEZ) wnder Contrace BAS3-18021 to

the HiSA-Lewis Research Center. The Under-the-¥Wing (UTW) engine was designed

and built under the program, to develop and demonstrare tecbrolegy applicable
to enginmes for future externally blown flap short-haul tramsport sircraft.
The engine contained the following sdvanced technology features:

-] Varisble-pitch fen

® Composite fzn blades

° Ezll-spline blade sctuztion system

@ ' Hein Reductiocn Geer

) Composite fan frame

e Bigital comtrol

The initisl buildup of the UTW eagine vas tested with s boilerplate
nacelle during the period frem September 2 through December 17, 13756, as
reported in Reference 1. Uninstzlled ond instelled perforzance were in-
vestigated. Testing wes interrupted during imitial reverse thrust testing
by an exliaust mezzle sttachment riag failure.

The engine was repaired, the harmonic érive varisble actuation systen
was replaced with s ball-spline system, and *he engine was reinsteiled with

the complete composite mscelle to resume testing in July 1977. This report
covers all testing of the fimsl engine configeration.
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3.0 DESCRIPTION OF EQUIPMENT TESTED

The Under-the-ﬂing propulsion eystem (Figure 1 ang Reference 2) inclugea
& varisble-pitch, high bypass ratio, gear-driven fen, and & YF10! core engine

- end low pressure turbine. The fan blades, fen frame, ard the entire nacelle

were censtructed of advenced composite materials. The fen exhause nozzle
wss a four-flap varighle &érea composite assembly. The core exhaust nozgle
consisted of a shroud and plug with both hardwall and acousticslly treated
wetal parts availsbie. The engire was tested with two inlets: a bellwmouth
design for performance calibration and a cozposite high throat Msch number
inlet designed to suppress forward-radisted fan noise. 4 mwore detailed
description of thesge components follows., 4 Cross-section drawing of the
Propulsion system is provided in Figure 2,

3.1 Fa¥ RoTOR ASSEMBLY

the far blade pitch angle to be changed by rotating the trunniocns. The blede
and trumnion centrifugel lozds are carried by single~rowy ball, greaszse~lubricared
bearings. Secondary ang vibratory loads from the trunnions are cerried by dry
thrust and journal bearings locsted in the periphery of the machined titanium
disk.

The varizble-pitch actuation mechaniem developed by Cemeral Electrie,
ineludes #n eiectrehydraulic servevalve, which directs high pressura oil o
the hydraviic motor. The motor sepds 2 pitch chernge commend through a dif-
ferential gear set ang a no-back. ¥orion of the no-back iz reduced in s ball
8crew and ball spline, rotating two oepposed ring gears. These gears engage
bevel pinions on the bases of the blades to vary blade pitch angle.

3.2 MAYR REDICTIOR GEAR -

The main reduction gesar set for the UTY engine is an epicyclic star
configuration developed by Curtiss~Wright Corporation. The low pressure
turbice rotor is splined to a sun gear which drives a ring gear through a
set of six star gears. The star gears are mounted on tandem, sphericsl
roller bearings which ére supported by a fixed carrier. Lubricatien
requirements for the reduction gear vary between approxizately 1134 ce/s
(18 gpm} at idle to approximately 1512 ecfs {24 gpn) ar takeoff. The gear
retio is 2.4648, and both the input angd Qutput are flexibly mounted to
prevent ergine deflections from influencing the gear operatien.

[N
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3.3 FAN FRAME

The fan frame ie an all-composite static 8tructure formed from integra-
tion of geveral Separate structures, =s shown in Figure 3. The outer casing
cf the frame combines the functien of the nacelle with the freme cuter shell.

equally spaced struts. The inner shell of the outer caging, the bypass duct
and core duct surfaces of the frame splitter, and the pressure faces of the
bypass vanas are perforat:d to provide ecoustic suppression within the frame
Structure. The forward end of the compressor attaches to the rear of the
frame at the exit of the freme inner airflow path. .The outer cowl doors

of the frame. The core cowl doors attach in a similer menaer to the casing.
Tae frame also provides the maior support poirt for the engine through &
uniball and ewo thrust mounts located at the top of the core cowl.

Flow turning of the f£an flow into the core is provided by an independent
set of metallic outlet guide vanes attached to the forward flange of the
freme hub. The igland splitter is formed from sheet metal with stator vanes
penetrating znd brazed to the skins. The stator vanes are gupported at the
hub through braged joiots into an immer casing that is bolted to the fag
freme. '

3.4 EEGINE

The QCSEE UTW engine utilized the YFI01l core with modificstions de-
scribed as follows. '

. The nine-stage, highly loaded compressor is designed for 12.5 pressure
ratio at 27.2 kg/s (60 1bs/sec) corrected flow. The IGV and Stage 1-3 vanes
are variable to control stall margin and performance at part-speed conditions.
The stator schedule was modified to high-flow the compressor above 83 perceat
corrected speed and to provide additional stall margin in the starting range.
The schedule change necessitated minor medifications to the actuation 1ink-
age, and also a flex-cable feedback was used in place of the F101 splined
shaft system. :

The YF101 first-stage compressor blades have leading and trailing edges

"cropped" 2t the tip. The QCSEE utilized the full~span PV airfoil mounted on

the PFRT dovetail. The mechanical rotor speed limit was get gt 14,050 rpm to
ensure adeguazte vibratery margin.
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Composite Fan Frame,

Pigure 3.
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The UTY engine used the P¥ central injector dome cozbustor to achieve
lower emission levels then the PFRT design as demonstrated by rig testing.
A single, menually operategd ignitor was uzed in place of the FI01 cusi asto~
matic system.

The YFIO0! high pressure turbine used in the QCSEE is a single-stage design
utilizing very high tip speed to echieve the required level of energy extraction
in a single stage. Cooling air je introduced into the retor through en inducer
located inboard of the nozzle vanes. The venes are film/impingement cooled by
CB? air. The uTW engine used F10! “warm bridee™ blades having demonstrated high
temperature and cyclic life advantages over the PFRT design. The bledes were
frequeacy screened to ensure that the two~stripe vibratcry mode is resonant
with vane passage frequency well above the Cperating ramge. EPT shrouds were
of the improved PV design.

The low pressure turbine of the UTW engire was identical to the YF101
two-stage, tip shrouced design except that the PV second-stage blade was used.
This blade is slightly decambered to reduce the exit swirl resulting from
increased eHergy extraction. The turbine frese vane/strute were extended 2.54
e {1 inch) forward to accept the greater turbine exit swiprl, The frame was
also wodified to provide engine mounts not required in the long duct F101,

The EPT digphregm area was increased to provide 5 percent larger flow
function, and the LPT area reduced to provide S percent szmaller flow functioa

In order to locate the igniter plug in the pPylon region ang eliminate g
epace problem under the core cowl, the aft end of the engine was rotated 120°
clockwise with respect to the compressor. The Fi01 infrared_pyrcm&aer was
eliminsted, since the digital control provided the capability to imstap-
taneously calculate Tz based on measured Pg3, Tt3, and We,

Because of the reduction gear system in the LP pover train, the fan
rotor thrust could not be balanced sgainst the LPT rotor thruse. A balance
piston was therefore added to the rear of the LPT rotor. C€DP air was used to
balance the turbine rotor thrust. Fan rotor thrust was carrjed by a high-
capacity ball bearing in the fan frame,

3.5 DIGITAL CONTROL

The digital electronic manipulates varigbles in response to comnands
representing those which would be received from an aircraft propulsion
system. The gystem includes an Fi0l hydremechanical control through which
the digital control maintaing Primary comtrol of fuel flow. The fuel-
operated servomechsnisms ip the hydromechanical control serve primarily as
back-up fuel controlliing elewents and limite, aithough they are the Frimary
controlling elements for the core £OBPressor stelor actuastors. Fan blade

11
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pitch sogle and fan ezhaust nozzle area sre both eontroiled by the digitsl
control, vhich furnighes electrical signsls to electrehydraulic servovalveg,

The commands to the digital control are intreduced through the contrel
room elewents coneisting of an interconnect unit, operator panel, cod engineering
penel. They provide =eans for the engine opersior to introduce commands, to
switch betwveen &vailsble operating modes, to adjust varicus control conmztants,
&and to momiteor control snd engine dsta, In addition te these digitel commends
from the control rocm, the system also receives a mechanicsl input in the form
of a power lever angle (PLA) transmitted to the hydromechanical control. This
Serves as an input to the backup governor snd operates a positive fual shutoff
valve in the comtrol, ~

The following control and engine varisbles are sensed by the comtrel
systeam: '

-] Coze spaed

@ Low préssute turbine speed

-] Core ialet temperature

] Core stator positien

-] Conpressor discharge temperature
-] Metering valve position

e Eagice inlet stacie pressure

-] Faa inlet temperature

@ Free-stresm total pressure

e Fan pitch angle

] Fan nozzle position

e Compressor discharge pressure
® Power lever angle

® Power demand

3

13

The control has several manual and automeatic wmodes of operation. 1In th
manual mode, the operator commands fuel flow, blade angle, and exhaust nozzle
areg.  In the fully gutcmatie mode, the operator cemmands percent rated thrys
the digital coatrol varies fuel flow to hold engine pressure ratio (as a theo
paremeter}, varies fanp blade angle te nolg fan spesd, snd-varies exhaust nozzle
area to hold inletr Mach number, In all modes, the contrsl provides asccel amd
decel limits, overspeed, and overtemperature limite.

£
8

T o we
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3.6 FiN NOZZLE

The fan exhsust nozzle {which &cts ss sn inlet during reverse operation)
consiste of four composite flaps. These flaps are driven in a clesed loop
System 2o provide s fully wodulating exhaust nozzle. Six hydraulic actugters,
three in each rear cowling half, are erranged circuﬁfetentially to power the
flaps. Flow control is by an electrohydraulic servovalve. Synchronizatioa
in each cowl half is provided by the commen center mounted actuator in each
half and by structural rigidity of the flap nozzle flanges. Cross-
synchronization betwsen right and left halves is provided by a rotsry shafe
coupling between twe opposite sctustora. '

3.7 CORE mpzZLE

be disassembied te remove the centerbody or cuter duct. Both the outer vozzie
and certerbody have been fabriceted in both bardwall znd acoustically tresged

3.8 ACCESSORY DRIvE SYSTEM

Engine accessory power is extracted from the core eagine shafe through
right angle bevel gearing (two FIG1 inlet geaxboxes). The power is transaiz-
ted through radiel drive snafting to a top~mounted &ccessory gearbeox end to g
Scavenge pump mounted in the core cavity area om the bottem vertical centerlipe.
Mounted on, and driven by, the 8&Ccessory gearboz are the fuel pusp and control,
lubrication supply pump, hydraulic pump, control slternztor, and stsrter drive
pad. The radial drive shaft between the internal bevel gear and the accessory
gearbox has o central suppore bearing to eliminste shaft critical speed proh—
lems. The shaft between the internal bevel 8ear and the bottom mounted scavenge
Pump does not require a central suppert bearing because of itg short overall
length.

3.9 IWLET

Testing of the UTH engine required two inlet configurations. The HASA
Quiet Engine “¢" bellmouth inlet was utilized fer serodynamic and baseline |
acoustic testing. Thig inlet is zechartically decoupled from the engine to
pPrevent overload of the composite fen frame flange due te excessive motion/
vibratica. 4n sie seal is prevideg by an open<cell foem, Scote-Felt, bondes
to one~half of the flange and preseed against the other. 4n acoustic seal is
provided by lead foil in & vinyl cover. The second inlet tested ig 5 graphitef
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€poxy composite structure of flight contour. This inlez ig directly moumced
from the fan freme by 16 rotary latehes. The inlet features &m elevated throat
Hach number (0.79) erd integral acouseie treatmest to suppress forward rasisted
csa noige.

3.10 FaE cowLING

The fam bypsss duct is a graphite/epoxy composite structure consisting of
two gemicircular doors that include integrel acoustic Creatm=ent. Core cowl
access is accommodated by tke hinged door comstruction of the ocuter ducting.
The outer fzn doors are sttached to the pylen carry-through member by teo
heavy duty, piano-type hinges located at the top edge of the door gseeablies.
A1l fen cowl loszds sre carried by the fan freme.

3.11 ACOUSTIC SPLITTER

The «ft duct ascoustie splitter is a fabriecsted comporent consisting of
cluminue sheet metal skins, sachined rings, and honeycemnd core resulting ie o
Geuble~sendwich construction. The lesding and trailing edge cloze-cuts sre
machined aluminum rings. Thae assezbly censists of two semicirenlar strutures
supported frem the fzm duet doors by sixz steinless steel eirfoil-shaped struts.
Silicen seals have been spplied to the ends of the splitter halves to éempen
potential vibratory movezent.during emgine testinz. The splitter is desizned
to be removable. Separate filler pieces vhich duplicate the strut feet can be

inserted in the fan door during engzine operation without the splitter.

The UTW core cowl iz g composite structure made of grepkite in a high
temperature PR matrix. It has a forward interface (Marman type joint) with
the fan frawe, and a rear interfacing slip joint with the core nozzle. Access
to the compreseor snd turbine is provided by hinged~door cezstruction. The
core docors and skirt system are temporerily supported by the pylon through a
set of pins vhen opened. The corz cowl employs shop air for cooling. This
air is ducted sround the engine and released inside the core cowl. 1t ezhsusts
uvpward through the pylom and to the fan streanm,

3.13 EXGINE XOUNTS
| aNhnts

Rormal engine thrust and other operating losds are carried through the
mz2in engine mounts to the test stand. Thrust, verticsl, end side loads are
rezcted at the front mount; verticsl, side, and terque loads zre tzhen by a
three-link arrangement at the Tear mouat plane on the outer shell of the
turbine frame.

14
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3.14 EYDRAULIC SUPPLY SYSTEM

(A18) actustors ang the fen blazde sctuation system. A pressure compenssted
hydraulic piston Pup 18 driven by the &ccessory gearbox and provides varying
flow cutput at Congtant pressure to servovalves vhich are part of the fgn duce
nozzle and varisble-picch systems. Pump output flow is determined by the de-
mand from the servevalves, varying from 2ero at holding condition to Baximum
during the engine thrust reversal transient. The hydraulic system receives
end vses the same o0il ag the engine lubrication eystema. Once the hydraslie
system is filled, however, it functions vary nearly &s sn independent closed
Systea. A 10-micren filter provides conteminant protection at the servovalve
inlet. .

3.15 PUEL SYsT=y
-_-_-_— .
The UIW fuel delivery system is compozed of F101 engine main fuel system

compeneats. The gystem includes the hydromechenical control (metering sec-
tion), main fuel Puzp, and fuel filter.

3.16 IcHITION SysTom

The igaicion eystem congists of an ignition exciter box, ignitioa-le&d,
and zpark igniter located in the pylion. These cozponents are of CFEES8 do-
sign. The systea will permit centinvgus sparking witk 2 gtored exciter emsrgy
of 16.5 ¢o 16.0 joules for g delivered nominal spark emergy of two joules at &

- nominzl rate of two sparksfcecond. The igmition syste= is powered by & facij-

ity supply which provides 113-volt, 400-Bz power through permenent facility
wiring to the engine-mounted ignition box., A4 momentary contact pushbutton en

Pushiutton legend {(labeled "0R") is illuminated while the pushbutton is held
in the depressed position and goes off when the pushbutton is reiessed.

3.17 STARTING SYSTEM

An air turbire starter and control valve are mounted on the accessory
gearbox. The facility gystem Provides a regulated flow of filtered air to .
the engine starter for engine motoring operations. Controls ara locared on
the ECH in the control rocm. The system has been designed to deliver up to
2.26 kg/s (5 1bs/sec) of shop air at 41.4 N/cm2 (60 psig).

In the normal mode of operation, the air-start system can be operated
only when the engize speed ig beioy the minimum engagement speed set on the

‘starter protection module; and when the main facility fuel vaive is open.

&n emgrgencty mode of operation bypasses the engine speed and fuel valve
interlocks and permits the cell operator to motor the engine in any emergency,

15
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‘such as to blow out an internal fire or to motor the engine after = flzmeout

* .

until it has cooled sufficiently for & safe shutdoyn,

3.;8 SLIPRING

& 100—point, ao~leak, minislipriag %8s used to trsnsmie blade zud ring
§ear strain signals. Leadout apd cooling lines were routed through g slip=-
ring service Strut mounted in the infet. The strut alsc acts as gn enti-
rotational device for the slipring,

3.19 srAvE LUBRICATION PACKAGE

The QCSIE slave lube sysecem ig an off-engine-mountea Package that condj-
tions and storag the HIL~L-23699 lube oil, Flexible hogeg are vged €0 commect
the package to the engine components. All fluig connections to the backsge
are located on gz ¢ozmon bulkhead ¢n the base of the package. Electriesl con-
nections for oi} ievel and coolng water flow B2asurements are mads directly
to comnectors on the measuring devices, A leak-tighe drip pan with 2 drain
connecticn is provided in the bage of the Package. S

Ptincipal CoBpoNEnLs of the QCSER siave lube Package are the Bain oi3 tank,
scavenge oil filter, water-cil hest exchangers, warer filter, watep flowmeter,
and water flow contrel valve.  The Package contains a single 0,151 m3 {40 :
gal.) oil taak gpma two cilfwater coolers rated at 528,608 J/g {32,500 Biafein)

each.

Hot, eerateq Scavenge return oil ig pumped to the Package by the engine~-

ounted Sceeenge pump. The Scavenge oil firge Liows throzgh the scavenge oil

filter vhere particles, 16 micron and larger, are filtered outr cf the oi}. If
the reteatica capacity of the filter element is exceeded, a bypass vaive openg
at 34.5 H/ew? (50 psid £ 5 psi) ¢o maintain lube flow, Before the bypass
condition is reached, however, z "Lube Scavenge gj Ap" warnizng is given to

the test operator.

Bypass indication is also provided on the filter. a¢ 34.5 %/em? £ 3.5
N/em? (40 Psid £ 5 psi), a red buttor *popg up” and becemes visible in the
sight-glags 2top the filter, thus providing viswajl indication a¢ the slave
lube package that the filter ig about tg bypass or is bypassing depending on
the actual pressure drop across the fiiter. The red button will remain in the
"up” position until the sight~-glass is removed and the button is manually
depressed., Pressure taps are providea upsiream angd dowmstiresm of the scavenge
oil filter to monitor the pregsure drop across the filter,

;- The hot,vaerateé, and filtered oil then pagges through the water—gif-
heat exchangers where it is coeled £o 333 K (140° 7 by contrelling the

' water fiow through the heat exchangers,

is



Frem the hest exchangers, oil is routed to the scavenge return port on the
main cil tapk. On enteri

ng the main oil tank, the eil ig deserated by flowisg
through the vertew gencrator locsted in the tank inlet. Clean, cosled, and
deserated lube o0il is drewn through a discharg

2 line a8 reauired to supply oil
to the eagine-mounmted iube puaEp. :
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‘6.0 - DESCRTIPTION oF IEST PACILITY

The QCSEE UTw engine was tested at Genersl Electric’s Peebles, Chio remote
test site (Figure 4). Engine installation vas at Site IV, Pag B, aerczcoustic
test faciliity. This test facility is lccated 806 miles due east of the General
Electric, Evendale, Ohio Plant and is readily accessible by road or sir.

The facility provides for fuel, cooling water, facility and instrument
air, fire Protection, snd thruct Beasurezent systems. 4n "off engine” lube
system was designed and coanstructed for the CGCSEE Program.

Fuel is stored at a remote fuel farm (Figure 5) and is purped through
undergrouwnd lines to the test pad where it passes through a 10-micron filter
before geing to the engine. During engine test, the fuel stopceck is operzted
from the faeility control room. JP-5 fuel was ysed on tbe QCSEE UT¥ test.

Hater cooling is pumped from 2 reservoir located on the test faciliey
grounds. The warer ig filtered prior to entering the test pad manifolg,
Cooling water wag ssed iu the “off engine” lube €ystem heat exchanger and
was remotely controlled frea the Pag b control console. Water flow was
weasured by use of a turbine flowmeter znd was displayed and recorded durinmg
engine test, Adjustments to the water flow were reguired during engine
test to maintain a ceastant oil temperature. in the lube system supply. Wazer
flow could be varieg betueer 0 2ad 6.563 m (0 zne¢ 150 gallons) per minute.

The facility air supply is a regulated and filtered system. Facility
air was used for the air-stape system, under cowl cooling, ang aft sump
cooling. Bach of these systems was indiviéualiy contrelled and Femctely
operated from the ceatrol console during engine tese. Instrument ajy is a
dried air 8ystem used on the electropneumat jc valve controllers, digital
coatrol, ang slipring system.

The facility has both water sprinkler and ipert gas fire protection
S8ystems. Sprinkler heads are located in the facility structyre while the
inert gas system is connected for use through the engine air-cooling system.
Both systems can be operated from the test pad or the control rocnm. In ad-
dition to these Systems, dry chemical fire extinguisherg are located at the
pad for use by Peebles test personnel who have been instructed in their use,

Engire thrust eas‘measured uging a three-bridge 445 800 n (100,000 1p)
ioad cell. The thrust system was calibrated for forwaré and reverse thrust
testing. ‘

The "off engipe™ lubricarion System provided the iube eil conditioning
and oil storzge facilities required far engine operation, The system ip-
Corporated the game modifications that were successfully uyged jip the inieial
UTW and OTW test programs.  These modifications included increased lube tank
capacity, oil tank heating, a slaye scavenge pump for the 8zcessory gearbox,

18
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Peebles, Chic Test Site IV.

Figure 4,
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&nd zn additiomal heat exchanger. During the test progrem, the water supply
lines were insuiated to climimate the freezing problem encountered during teat-
ing in the wioter wmonths. The lube eystem is defined in the following drawings:

Asgembly 4013180-700
Scheast ic 4013180-853
Engive Conacecticms 4313188-865
Lube Tank 4013187-581

Eeat Exchenger &ddition 4813187-632

Hith the modified off-engine eystem, the storsge cspecity wae 0.165 m3 (&4
gal.) with tank level resdout g2t for between ©.C83 end 0.146 53 {22 and 44
gel.). Tee system wes regulated to deliver up to 6.683 n/s (58 zom) of
cooled, filtered, and deareated 0il to the engine lube pup &t tempsratures
between 538 K (140° F) gnd 616 R (188° F). The slave scavenge pump for the
eceess0ory gearbsr prevested the overtemperature problem by elimineting the
£looding condition im the &cceseosry gearbox emcountered during imizisl engine
testing of the firse build, 567-00141.

The test pad was equipped to hzadle the folleving instruzentstion
coanecticas:

e 200 tempersture semsors, including reference thermocoupies
@ 284 pressure gsemsors {éir type) including eight veats

e 200 enzlog circuits {two wire-shielded pairg)

e €0 safety wonitoring circuits to engine comtrol console

@ 6 traversing probe actustor circuits

Instrumentation was conmected in accordance with the Test Request snd
Test Request chenges. Recording equipment was located at the test facility
control roem and eiso szt Evendale's Instrumentatios Datg Center. Reference
the Test Bequest for recorder and control! reoom getup.

A minislipring system wes used for connection of fan rotor and ring gear
instrumentation. The slipring coolant conzole was tocated in the fecilicy
overhead znd monitored in the control reooem during engine testing. EReference
drawings 4013181-988 end 4013180-279 for this systenm.

The faeilievw is eguipped with far-field microphenes and crands with
provisions for near-field microphones with the use of portable gtands.



5.0 TEST INSTRUMENTATION

- Becsuse of the many new features incorporated in the initial testing of the
UI¥ propulsion system, an sbnormzlly large number of steady-state and tramsient
pieces of instrumsntaticn were ezployed. This instrumentation fell into the
following general categories.

1.

2.

3.
)

4.

22
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Ogeratianal‘szecy Instrumentation

This informstion was displayed on the contrsl comsole and either
logged manuvally for each steady-state data point or recorded auto~
matically by the Autcmatic Data Hardling (ADR) System. Several
types of control coamsole displays were empleyed, including panel
meters, digital indicators, warning lights, and two Metrascope
units. Thie instrumentation is Listed in Tables I through IV,

Dyasmic Instrumentation

This informatien primarily included strain geges snd accelercmeters.,
Datz were displayed on escilioscopes end Schlucberger Anaslyzers and
were continucusly recorded om three magnetic tape recorders. Thig
instrumentation is listed in Tables V, VI, and VII.

Transienz 2nd Control Parameters

These parsmeters were centinucusly recorded on three Saaboran
recorders. The parameters are listed in Teble VIZI.

Digital Control Data

The digital comtrol was designed to ccmmunicate to znd from the
control room with an Intercommect Unit and t=o control pamels, an
Operator's Panel on the control console, and an Engineering Panel
adjacent to the console. :

The Operator's Panel, in addition to the power demand lever, in-
corporated digital displays of critical engine parameters as listed
in Table IX,

The Engineering Panel contained control potentiometers for manual
inputs to the digital control and 2 digital display to read ocut
any of 44 parameters in binary code. '

These parameters were also printed out on Paper tape on command
during each data reading. S
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Table I. 8afety Instruzantation,
Strain

Item Numbers Description Press. | Temp. Gage hAccel Othar
006341-006344 | Fan Flap Link Gages 4
006345-006347 | Fran Flap Strain Gages 3
006399 Fan Flap Vib ' 1
006901 Fan Cowl Accel 1
011001, 2 No. 3 Bearing Temp. 2 :
011003, 4 Forward Sump Cavity 2
011005 Aft. No. 3 Bearing Support 1
011006 HPT 1/Rev. (1) 1/Rev.
011901, 2 No. 3 Bearing Vib, 2
031001 Radial Drive Shaft Bearing 1
032001 AGB Vent 1
032%01, 2 &GB Vib 2
033001-033006 | Reduction Gear Bearing 6 ‘
033007 Reduction Gear 0il Supply 1 :
033008 Red. Gear Prox. Probe Prox. Probe
033901, 2 Reduction Gear Vib 2
070001 VSV, Stator Pot (1) vsy
070%01, 2 Compresaor Aft Flng, Vib 2
124002, 3 Plane 3 Probeg i 1
231901 Exh. Cone Vib 1
323001, 2 Fuel Manifold Press, 2 :
323003, 4 Fuel Temperature 2
323005 Fuel Inlet Presa. 1 ‘
323006, 7 Fuel Flow (2) Flowmeters
323008 Fuel Manifold Temp. 1 :
402001, 2 Lube Pump Disch. Preas. 2
404001, 2 Lube Scav, Diach. Praegs. 2
404003, 4 Lube Scav. Diach. Temp. 2
404005 Lube Scav. Filter Delts Precs. 14
404008, 9 Lube Supply Tomp, ' 2

E
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Table I. Safety Instrumentation. (Concluded)
. Strain

Item Numbers Description Pregs. Temp. Cage Accel Other
404010 HX Water Flow (1) Flowmeter
404011, 12 HX Water Temp. 2
404013 0il Level 011 Level Sensor
404014 Slave Lube Tank 1
4035003, Hyd. Pump Disch. Presgs. 1
417001 Lube Supply Filter Delta

Pregs, 1
650001, 2 Digital Centrol Temp, 2
811001, 2 No. 1B Bearing Temnp, 2
811003, 4 Fan Rotor Cav. Press. 2
811003 No. 1 Seal Air Presa. 1
811901, 2 No. 1 Bearing Support Vib 2
812001, 2 No. 1R Boaring Temp, 2
81300k, 2 No. 2 Bearing Temp., 2
813901, 2 No. 2 Bearing Support Vib 2
830801~830811 | Fan Blade Straw Gages 12
835801835812 Fan OGV Strain Gages 18
840801~840811 | Fan Frame Strain Gages i1
840901, 2 Fan Frama Vid 2
845001-845008 | Core Cowl Skin Temp, 8
845013~845024 | Under Cowl Cavity Temp. 12
911001, 2 No. 3 Bearing Temp, 2
911003 No. 5 Bearing Support Temp. 1
911004~911009 | Afe Sump Cav. 4 2
211010, 11 No. 6 Seal Air Cav. Temp. 2
211012 No. 6 Seal Fwd Cav, Temp, 1
911013 No. 6 Seal Fwd Cav. Press, 1
911014 No. 6 Seal Support Temp. 1
9110158 No. 6 Seal Delta Press, 1
911016, 17 Bal. Cav. Preag. 2
911019, 19 Bal. Cav. Temp. 2
211020-911025 | Aft Sump Alr Temp. 6
911901, 2 No, 5 Bearing Support Vib 2
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The following paiemeter

Table II. Control Comzole,

the coatrol console .

8 were comtinuously displayed in engineering uaits on

Item Paremeter Poiat
402001 Lube Pump Discharge Pressure Log-4p1
404001 Scsvenge Pump Diecharge Pressure Log-4DR
405001 Hydraulic Pump Bisch&rgev Pregsure Log
911016 Balence Cavity Pressure * log
005003 Sterter Air (Starts Oaly) Pressure Log
033007 Reduction Cear 0il Supply Pressure log
811005 Ko. 1 Seal Air Supply Preseure Leg
032001 4GB VYent Pressure Log
404014 . Lube Tenk Pressure Log-ADR
323505 Fuel Pump Inlet Pressure Log
80003 Ps3C Presgure Log
o607 Falee Ps3C Pregsure Log

— Slipring Pressurization —
0131603 Forward Suzmp Pressure £DR

— Ingtrument Air —
911015 ¥o. 6 Sealfair Sump &P Log-AD3
417001 Lube Supply Pilter &P Loz
484095 Lube Scevenge Filter &P Log
836000 Fan Speed ' Log-£DR
230044 T5 Panel ¥eter log
058050 Core Speed Log-4D3
424013 Lube Level ilog
323085 HMain Puel Flow Log-4DR

' . SKBRE
323007/ Verificatica Fuel Flow/Water Flow Log-ADH~-

404010 _ SKBRK/Log
230044 T5 bigital Log
600006 Throttle Position Log
0705601 VSV Position Log~ADR
0Go001 Thrust Log-ADE

25
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Table III. Control Comsole Panel Vibration Bisplay.

Vibration Metrascope (20 Charnel)

Fen and LPT Tracking Filters Full Data
(12 Indications of Vibration) Item Point
Fan Frasse Horizontal 8403%02 log 2
Fan Frame Vertical 849301 log 2
Ro. 1 Bearing Support Vertical 811901 log 2
Reduction Gear Vertical 033801 Log 2
Accessory Gearbox Horizental 032302 Isg 2
Ro. 5 Bearing Support Vertical 9113901 Log 2

Core Bypass Filter
(6 Indications of Vibratioa)

Eo. 5 Bearing Support Vertical 911801 Log
Accessory Gearbox Horizoatal 032552 iog
Reduction Gear Verticsl 1 033201 Leg
Fan Frame Vertical : . 8403¢1 log
lc. 3 Bearing Support Horizoatsl | 011952 Log
Compressor Aft Flange Horizomtel | 07030 Log

The above parameters were continuously displayed on the control conmsole
imzediately adjacent to the engine operator. Readout was directly in mils
displacezent. 1In addition, all of the above accelerometers are included in
those continucusly recorded on Tape Recorder A. Kote that each of the "Fan
and LPT Tracking Filter" items are displayed twice; i.e., filtered for fan
and LPT freguencies. ) .

26
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Table IV. Control Comsole Panel Tewparature Display.

./

QOIRE - UTW

Tomporature Hetrascope

Channel Iitem No. Paremeter Channel Item No. Parameter
01 845 015 Under Cowl Cav. 26 033 004 Red. Gear Bearing
(+] 845 017 Under Cowl Cav, 27 0622 005 Red. Gear Bearing
03 845 013 Under Cowl Cav. 28 033 006 Red. Gear Bearing
04 845 021 Under Cowl Cav. 29 813 001 No. 2 Bearing
05 845 023 Under Cowl Cav. 30 813 092 No. 2 Bearing
06 845 023 Under Cowl Cav. 31 0L1 601 Ko. 3 Bearing
07 845 024 Under Cowl Cav, 32 011 002 No. 3 Besring
08 845 001 _Under Cowl Bkin 33 811 001 No. 5 Bearing
09 845 003 Under Cowl 8hkin % 911 002 No. 5 Bearing
10 845 007 Under Cowl 8kin 35 323 003 Fual In
11 845 025 Under Cowl Skia 36 323 008 Fuel Manifold
12 845 026 Under Cowl Bkin 37 404 003 Scavenge Disch.
13 845 027 Under Cowl Bkin 23 032 004 Aux Scavenge
14 845 030 Under Cowl Skin 39 404 009 Lube In
15 845 032 Under Cowl Skin 40 211 006 Bal, Exhauat
16 845 033 Under Cowl 8kin 43 911 018 Bal. Cavity
17 845 034 Under Cowl Skin 62 911 020 Neo. 5 PFwd Brg Spt
18 031 001 Midspon Bearing 63 911 021 No. 5 Fwd Brg Spt
19 812 001 No, IR Meawing Ldy 211 022 No, 3 Afe Brg Spe
20 812 002 Ko. 1R Boariag 463 911 008 No. 6 Seal Air Supply
21 811 001 Ko. 1B Boaring . 46 830 04 Fo. 6 Beal 8Spt
22 811 002 No. 1B Bearing 47 830 004 | Slipring Bearing
23 033 001 Red, Gear Dearing 48 032 002 AGB 8kin
24 033 002 Red. Goar Boaring 49 404 011 Heas X Hg0 In
25 033 003 Red. Goar Boaring 30 404 012 Heat X H90 Out

The above paremoters wore continuougl
adjecent to the engine opevator,
continuous digplay, all of the above paramy

full data reading was taken.

y digployed on the control comsole immediately
In addition to the

Readout was directiy in ° 7.

2ters were recorded on ADH cach time &
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Table V. Tape Recorder A - Vibratiom.

A1l of the following were continuougly recorded as
well as displayed on the scopes.

Item Parszeter Channel
830 607 - Time Code 1) I
840 ¢01 S/R Accel 02
840 302 Fan Frame (V) 03
840 %02 Fan Preme (H) (174
811 901 £ Brg (V) 05
811 $02 #1 Brg (1) 05
813 ¢01 #2 Brg (V) 07
813 992 £#2 Brg (W) 08
811 501 #3 Brg (V) c9
011 202 #3 Brg () 10
033 ¢o1 Reduction Gear (V) i1
0833 ¢d2 Beduction Csar (H) 12
870 931 C/S Afr Flsage (V) 13
070 ¢02 C/S 4ftr Flange (#) 14
211 s01 #5 Brg (V) 15
211 9902 25 Brg (B) 16
231 901 Ezheust Cone 17
032 901 Aee, Cearbox (A) 18
032 592 Ace. Geazbox (E)Y 19
650 01 Digital Control 20
¢33 008 Proxiwmity Probe 21
056 901 Fan Cowl 22
006 399 Fan Flap 23
055 $01 Inlet Accel 26

Core Speed 25
LPT Speed 26
Voice 27
: - 28
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Table VI. Tepe Recordsr B - Pap Blsdes, OGY,
Flsp Link: Bynemte Straia Gages.
Item Pgrameter Casnnel

Time Code Ci

32 so3 Fan Elade Dynsmic G2
838 &g2 Fan Blede Dynamic 03
830 &o3 Fan Blaode Dymemic 05
830 804 Fen Rlede Dynemic 05
839 805 Fan Blade Dynemic 08
830 805 Fan Blege Dymamic 67
830 g7 Fanr Blede Dymenmic 3
830 8o3 Fen Blsde Dypemie a3
830 810 Pen Blede Dynemic- 16
&332 811 Pan Blede Dynomie i1
839 813 Fan Blede Dymamie i2
€3¢ 814 Pen Blede Dynemie 13
839 816 Pan Blade Dynamic 14
830 817 Pan Slede Dyzemic 15
835 8ot Fen CGY Dymexice 13
835 8a2 Fan OGV Dynemie 17
&35 803 Fen OGY Dynamie 18
835 804 Fan OGV Dynazic i%
&35 805 FPan OGY Dynamic 20
835 807 Fen OGV Dynamic 21
835 809 Fen OGSV Dynamic 22
606 3562 Flap Link Dynamic 23
006 344 Flap Lizk Dynamic 24
Fan Speed 25

Core Speed 26

LPT Sped 27
Voice 28

28



Teble VII. Tape Recorder C - Rekes, Frame, Fan

Cowl; Flap Link Strain Gages.

Item Parezeter Chemnel
Tize Code 1131
800 821 | Rake Straim Cage (Inlet) 62
803 803 | Rske Strain Gage (Enlez) 03
800 835 ! Bzke Straia Gage {(Inlet) o
800 807 | Rake Strain Gage (Imlet) [£5)
800 809 | Rake Strainm Gage (Boundary Layer)} 0§
800 811 | Rske Strain Gege (Strut) 07
€09 812 | Rske Strain Gage (Strut) 63
800 813 | Rske Strain Gage (Stwut) 02
&30 817 | Rske Straim Cage (Pleme 25) 10
833 21 ! Rske Serain Gege (Plame 25) il
ZPT Plane 25 i2
1yn? i3
806 341 { Flap Link Strain Gage 14
606 3523 | Plep Link Strain Gspe 15
695 245 | Pan Cowl Skin Strsim Gaze 15
006 345 | Fan Cowl Skin Strain Gege 17
686 347 | Pzn Cowl Skin Strain Gage 18
€40 882 : Fon Frame Strain Cage 19
840 803 ;{ Fan Frawe Strain Cage 26
840 805 | Pan Frame Strein Gage 21
€40 808 } Fam Frame Strain Cage 22
840 814 | Pan Freme Strain Gage 23
840 816 | Par Freme Strain Gage 2%
Fan Speed 25
Core Speed 26
LT 8psed 27 .
Yoice 28




Teble VIII. Sanbora Reecordsrs.

Sanborn Zecorder A

Chenmel Parsmeter Tnit Benge
1 Al8 Rod End P3IG -=3030
2 AlS Bezd Fnd BPSIG &=3800
3 Fan Blzde Static Straim | w-in./fin. 0-3000
4 Fan Blade Temperature °p 0~250
5 Fan Blede Szatic Strain | p—inm./im. 0-~3020
6 Faa Blgde Tempersture °F 0-259
7. Fan Speed RPYM 0~&£0G0
8 LYDT (Blade Angle) +12° to -115° | &~10VDC
Ssnborm Eszcorder B
i Fen Blade Static Strazinm | p-in.fim. £-3500
2 Faz Blede Yemperature °F 0-259
3 Fan Blsde Static Straim | p-in./im. 6-2000
& Fen Blade Tempezature °F C-239
5 Fan Speed EPH 4000
6 L7ET (Blade Angle) Beg G~18VDg
7 Core Spoed REM 0=-15.5R
P —
Sasbozn Becorder ©
i Pan Spesd BPY
2 LYDT &1 +15° to -115° 0-10%D¢
3 LYDT #2 +15° to -115° | e-iovne
A Byd Open BSIC 0~3500
5 Byd Closed PSIC 0-3560
6 FLA Deg 0-100
7
8
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Table IX. Digital Comtrol,

Operator Panel on Control Ceonzole

The following parametears were continuously displayec in engineering
units on the Bigital Control Operator Panel on the control coasole directly
in front of the engine operator.

Fan Speed Fan Ezhagst Bozzle 4rea Thrust. Parsecter
Core Speed Fen Pitch Angle T41C

Power Demand Inlet Hsch Rumber T41C

Engineerine Panel {4diacent to Contrel Conzole)

The Digital Control Engineering Pepel includes 2 selectable digital dig-
Play for any one of the varisbles ligted below. Any onme of the 46 may be read
cut, when selected, in a binary code. The ¢perator of the engineering panel
used equations for each of the parsmsterg to coavert them from birsry code to
eagineering units, Each of the following was recordes by the enginsering
panel ¢perater whemever sz ADE reading is token.

Thumd Wheel - Thumb Yheel
Switeh Position Parswctey Switch Position - Parzmeter

i) £18 TC 24 MYP
C1 BF T3¢ 25 EF1
02 WP TMC 25 . 8F2
03 WF : 27 EF Demand (Auto Mode)
153 AlS 28 A18 Demznd {4utc Hode}
G5 8F 23 T3
06 Fyp 30 VSV Reset THC
07 T41C 31 Msode Word
08 AP/P .32 Eydraulic Pump Disch. Press,
09 PS3/PTO 33 ¥F Temperature
10 Power Demand 34 B¥ Rate
11 FLA 35 EGT
12 Kl 36 Engine Oil Inlet Temperature
13 R2 37 Scavenge 0i: Temp.
14 vsv 38 Engine Gil Inler Pressure
15 WF HC1 33 Scavenge 0il Press.
16 8F uci 40 125
17 Al8 11 41 P53
18 F.¥. 42 Gearbox Innerrsce
19 TiZ 43 Bearing Temperature
20 PTO 44 Horizonta} Vibrarion
21 Pil4-prp Vertical Vibration
22 PT0~-PS11
23 PS3




.
5. Performance Instrument ation

Internal engime pressures and temperstures frem rekes, gtatic taps,
&end probes were vecorded autematically for each data poime by the
AR System. These parameters sre listed im Tadle X.

6. Follow—cn Test Consols Configuration

The computerized site IV~D control console vsed for the follow-on
testing consisted of four CRT displays. The two ceater CET's dis-
played safety and vibration perameters. The left-hand CRT was
capabie of displaying as many as 23 separate pages each with 10
engine parazeters listed. The conesole sutomaticslly moenitorved

all paraseters progrezmed inte it end filagged those parameters
vhich went over iimit. The fourth CRT was used to display over—
limit engine paremeters. A list of the items prograzmed into the
coatrol comsole is showm in Teble XI.

The ADH eystem provided dizect telephone commmicstion of data recorded
. at the Peebles, Ohic Test Site te the central co=puter in the Instrumentaticm
Data Room (IDR) =t Evendale, Chic. The dats were processed, siored, amd & short
list of aversged and corrected parameters was printed out on the “Quick LookY
zonitor in the Site IV comtrol room ss anm sid im tracking the engine operatinmg
conditions. The "Quick Look” perameters ere listed in Teble XII.

The general layout of the control reom showiag locations of the verious
displays arnd contrel panels ig showe in Figure 6.
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Table X. Engire Instruzentatien Hookup Asrolmstrumsntaticn,
Iter Numbers Dezrription Pregg, | Tewmp. Cther
Bellmouth Inlet
005201-005240 | (4) Inlet Retes 20 20
005234-005285 | (1) Beundary Layer Reke 7
08530:-316 HWall Statiee
Fen Bvbass
840001-840023 | Bypass Duct Statics 23
840026-840931 | Plene 25 Staties 8
840032-8400635 | spliteer Lip Statics 5
840337-840042 | Compreesor Inlet Statics 6
8L0043-840045 | Pleme 15 Statics &
840201-840230 | (6} Compressor Inlet Rakes 35
840231-860235 | (6) Compreszor Inlet Rakes 5
848246-850250 | (6) Compressor Imlet Rekes 5
840256-840260 | (6) Ccompressor Inlet Bokes 5
840107-840109 | (6) Compressor Inlet Bakes ' {3) Byn. Precs.
Faa OCY
833001-835005 | Island Szaties 5
835307-535008 | Vane, Menifeclds 2
835G10-835014 | Vane, Manifolds S
835101-835106 | Vane Probes € 0
Bypass Puct
006001-006005 | Plane 15 Statics 6
005007-006014 | Wall Statics 12
006041-006648 | (3)  Cobra Probes 3 3
006361606385 ¢ Fan Flap Statics 35
Erhaust Nozzle
236001-230040 | LPT Discharge Rakes 20 20
230041-230045 | Service Strut 5
230046230049 | Wall Statics 4

o
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Table XI. QCSEE utw Congole Display (Site IV~p),
Paramotep Ttem Limit
o, Range Lovlo T 1o | i { Mi-Hi {Prioricy
Satety BiapTlay
Thrust 000001 | 88960 ¥ (20,000 1bg) — —— None —— oo
Fan Speed 830000 [ ~~- 3500 rpm v ——— —— 2600 3
EGT 230044 | 1089 K (1600° §) - — Hone - S
Hain Fuel Flow 323006 [ 159 kp/he (40 pph) . —— —— ——— 145 (320) [}
Reduction Goar 0i) Supply Pressure | 033007 34.5 W/em? (50 peig) 2.4 (31)] - -— 34.5 (50) 6/6
0il Level 404013 | 0.095 3 (25 gal,) 0.008 (2) 2019 (5) |  ~ew ———- 6/6
Lube Pump Discharge Pressure 402001 | 69 N/cam? (100 paig) s o o 69 (%00) 3
Lube Supply Temperature 404009 | 4 K (160 §) . - 328 (130) | 333 (140) 3/2
VY Stage 1 ) 070001 | wre —— ——— — None —— e
Vibration Dinplay
Digital Control/Fan Filtered 650901 { 0.025 e (10 nilg) ——— Lo 0.607 (3) 0.018 (7) 4/3
Fan Frome Vort/Fan 840901 | 0,025 ¢m (10 mita) e — 0.007 (3) 0.018 (7) 4/3
Noo 1 Bearlog Vert/Fan 811901 | 0.025 enm (10 mils) —— —— 0.007 (3) 0.018 (7) 4/3
Reduction Gear Vert/Fan 033901 | 0.025 cm (10 mils) ) — 0.007 (3) 0.018 (7) 4/3
Accessory Cearbox Anal/Fan 032901 | 0,025 cm (10 milg) - oo 0.607 (3) 0.018 (7) 4/3
No. 3 Bearing Vert/Lpr Filtered 911901 | 0.025 ecm (10 milg) - ——— 0.007 (3) 0.013 (5) 4/3 -
Na. 5 Bearing Vert/Core Filtered 511901 | 0.025 cm (10 mils) —— — 0.005 (2) 0.008 (3) 4/3
No. 3 Bearing Vert/Core 011901 | 0,025 cm (10 wilg) o ——— 0.005 (2) 0.008 (3) 4/3
Reduction Gear Vert/Core 033901 | 6.025 ca (10 milg) s —— 0.00% (2) 0.008 (2) 4/3
Compr Aft Flange Horg /Core 070901 | 0.025 cm (1¢ wmils) — — 0.005 (2) 0.008 (3) 4/3
Page 1 - Start
Starter Air Press. 000002 | 69 w/em?2 (100 paig) ——— - —— 58.6 (85) 5
Hydroulic Pump Disch, Pregs, 405001 | 2758 W/em? (4000 psig) — — — 2482 (3600) 6
Core Speed 050600 | ~e- 1400 rpm — - —— === 14030 3
Fan Spuoed 830000 | ~wn~ 3500 rpm . ——— e m== 3400 3
Lube Scavenge Digch. Press, 404001 | 69 N/ew? (100 psig) - ——— il 69 (100) 3
Instrument Alc Prags, ——— 45 Nfem? {100 paig) - o Hone None —
P33 124003 | 206.9 n/em? (300 peig) - -—- None None ———
Fuel In Press. 323005 | 69 n/em? (109 poig) - o e 51.7 (7%) 6
Fuzl Flow Verification 323007 { 159 Rg/ny (350 pph) ——— —— —— 145 (320) 6
Reading Number e -—- - - ——— None -— -
Page 2 ~ Run
Lube Supply Filter ap 417001 | 20.7 N/ew? (30 paid) —— —— -— 17.2 (25) 6
Scavenge Filter ap 404005 | 13.8 Nfem? (20 psid) - ~— —— 10.3 (15) 6
No. 6 Seal/Aft Sump 5P 911015 | 13.8 W/em? (20 psid) — ~—— ——— 6.9 (10) 6
Hydraulic Pump Discharge Press. 405001 | 2758 N/em? (4600 peig) ——- - — 2482 (3600) 6
Water Flow . 404010 { 0.38 mI/min (100 gpw)- - —— None - ——

i
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Table XI. QCSEE UTW Console Display (Site 1V-D), (Continued)
Item Liimit,
Paramoter No, Range Lo~lo l Lo Hi l tH~-ui , Prioxity
Page 2 = Run (Continuad)
PS3C 124003 | 206.9 N/cw? (300 paig) - - None m—— e
Undercowl Air Temperature 845023 ! 811 (1900° F) e —— - 644 (700) 5
Core Cowl Skin Temperatuse 845033 | 478 K (4e0* ¥) - —— 439 (330) | 450 (350) 5/2
Reduction Gear Bearing Temperature | 033003 478 K (400° p) ——— o 408 (275) | 417 (290) 6/3
Reading Number o —— ——— — None ——— v
Page 3 = Pressures
Forward Sump Pressure 011003 | 13.8 N/om? (20 pata) 6.9 (10) m— Ll 10.3 (18) 6/6
Lube Tank Pressure 404014 | 13.8 Nem? (20 ppig) v — m— 10,3 (135) 6
Accessory Gearbox Vert Pressure 032001 | 6.9 W/em? (10 paig) — ——— — 5.5 (8) 6
No. 1 Seal Air Pressure 811005 34.5 N/cm? (50 psig) - —— — 20,7 (30) 6
No. 3 Beaving Aft Cav Presaure 011005 | 6.9 Nemd {10 psig) —— —— Nona ——— ———
No. 6 ‘Seal Air Supply Pressure 911010 | 34.5 W/ew? (5O poia) ——— - - 24,1 (33) 6
Balance Cavity Pressure 911016 | 206.9 N/em? (300 psta) — — — 172.4 (250) 6
Scav. Pump Disch. presaure 404001 | 69 N/cem? (100 poia) - — - 69 (100) 6
Reading Number —— — —— —— None - w—
Page 4 - Bearing Temperatures
Now IR Denring Temporatupre 812001 | 478 ¥ (400° ) Ll menee 428 (310) | 439 (330) 6/3
No. 1/ Bearing Temperature 812002 | 478 ¥ (400° §) m——— ~onem 4528  (310) | 439 (330) 6/3
No. 1B Bearing Temperature 811001 | 478 & (400* r) —— m—— 428 (310) | 439 (320) 6/3
No. IB Bearing Temperature 811002 | 478 K (400° F) —— — 428 (310) { 439 (330) 6/)
Heduction Goar Hearing Temperature | 033001 | 478 X (400* 1) none - 408 (275) | 417 (290) 6/3
Reduction Gear Bearing Temperature | 033002 { 478 K (400° ) e - 408 - (275) | 417 (290) 6/3
Reductfon Gear Bearing Tempersture | 033004 | 478 K (400° r) ananne o 408 (275) | 417 (290) 6/3
Reduction Goar Beariog Temperature | 033005 | 478 K (4C0° ¥) - ) 408 (273) [ 417 (290) 6/3
Reduction Gear Bearing Temperature | 033006 | 478 K (400° 7) ——— ——— 408 (275) | 417 (290) 6/3
Reading Number - v o v Hona —- -
Page 5 - Bearling Temperatures
No. 2 Bearing Temperature 812001 | 533 (500° ) - - 428  (310) | 439  (330) 6/3
No. 2 Besring Temperature 813002 | 833 ¥ (500° r) - bt 4628. (310) | 439  (330) 6/3
Bo. 3 Bearing Temperature 011001 | 533 K (5006° r) - -— 428 (310) ! 439  (330) 6/3
No. 3 Dearing Tewperature 011002 | 533 K (500° p) - —— 428 (310) | 439 (330) 6/3
No. 5 Bearing Temperature 911001 | 533 K (500° F) worem —— 639 (330) | 450 (350) 6/3
No. 5 Bearing Temperature 911002 | 533 K (500° v) - - 439 (330) | 450 (330) 6/3
Midapan Bearing 031001 | 533 K (560° 7} ——— - 439 (330) | 400 (260) 6
Slipring Bearing 830003 | 394 K (250° F) —— —— — 367  (200) 3
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Table XI. QCSEE UIW Console Display (Site IV-D). - (Continued)

Iten Limig

Parameter No, Range Lo-Lo | 1o | [ | Wi-Hi IPedoricy
Poge 8 = TBapring Temparatures (Continuod)
Slipring Bearing 830004 394 (250° F) — —— - 367  (200) 3
Reading Numbac m— - ——— Lt ———- Nona -
Page 6 ~ Lube Temperatures
Scavange Risch. Temparature 404003 533 K (&00° ) - - ——— 433 (320) 6
Aux, Scav, Disch. Temperature 032004 833 K (800° p) — p— Rone . —
Bal. Exh. Cavity Temperature 911006 978 X  {1300° F) —— - —— 922  (1200) 6
Bal. Cavity Temperature 911018 978 X {1300° P) - ——— ——— 922  (1200) 6
No. 5 Bearing Fwd Support Temp 911020 633 K (sno° p) —— R - 522 (480) [
No. 6 Seal Air Supply Temperature 911008 811 Kk (1000° F) - - —— 589  (600) 6
Ho. 6 Seal Support Air Temperasture | 911012 533 K (500° F) - -~ —— 422 (300) 6
No. 5 Bearing Aft Support
Tempavature 911022 823 K (B800° p) - —— Nona —— -
Fuel Nanifold Temperiture 323008 633 K (900° ») mow Ll [tona ——- ——
Roading Number - o - e L] Fone e o
Page 7 - Undercowl Air Temperature
Fwd, Undercow)l Cavity Temporature B45015 833 K (600° ¥) ——— . - 450  (350) 5
Fwd. Undercowl Cavity Temporature 845017 633 K (300° P) e - ——— 450  (3%0) 3
Fud, Undercowl Cavity Temperature 845019 533 X (506° F) —— — — 450  (350) ]
Fwd, Undercowl Cavity Temparature 845020 633 K (600° ¥) —— o o 450  (350) S
Afe Undarcowl Cavity Temporature 865021 811 K (1600° ¥) - - - 646 (700) $
Aft Undercowl Cavity Temperature 8565022 811 B (icGo® F) - o ——e 646 (700) 5
Aft Undercowl Cavity Temperature 845023 2311 K (1¢00° P) ——— -— ——— 646  (760) 5
Aft Undercowl Cavity Temperature 845026 811 K (1000° P) ——- - - 644 (700) 3
Reading Rumber ~—— - oo~ oe ——- Fone oo —
Poge 8 - Core Cowl Skin Temparature
Coare Cowl Skin Temperature 845001 833 K (g00° ) - —erem 439 (330) | 450 (3%0) $/2
Core Cowl Skin Temperature 845603 833 K (3n0° 7) —— - 439 (330) | 450 (330) 5/2
Cora Cowl Skin Temperaturae 845607 833 X (600° F) - - 439 (330) | 450 - (330) 5/2
Core Cowl Skin Temperature 846020 833 K (800° ¥) — m—— 439 (330) | 4350  (330) 5/2
Core Cowl Skin Temperature 845026 833 K (500° F) - - 439 (330) | 450 (350) 5/2
Core Cowl Skin Temperature 845027 833 K (&00° F) - —— 439 (330) ! 450 (350) 5/2
Core Giowl Shin Tenperature 845030 833 K {o00° ) ——— ——— 439 (330) | 450 (330) 8/2
Core Cowl Skin Temperature 845032 833 K {(&00° p) - - 639 (2336) | 430 (350) 5/2
Core Cowl Skin Temperature 845034 533 K (800° F) - —— 439 (330) | 450 (350) 5/2
Reading Number —— 333 & (500° F) -—— — None 450 (350) 5/2




Table XI. QCSEE UTW Console Digplay (Site 1IV-D). (Concluded)

Item ) Limit
Parameter No. Range Lo~Lo Lo l ooni ] Hi~-Hi l Priority

Page @ - Vibration
Ne, 8 Boaring Vert/Fan Filtored 911901 0,028 cm (10 milg) 0.008 (3) 0,018 (7) 4/3
Fan Frame Horz/LPT 840902 0.025 ca (10 milg) - bnand 0.008 (3) 0.013 (8) 4/3
Fan Frame Vert/LPT 840201 0.023 ¢a (10 mils) - - 0,008 (3) 0.013 (8) 4/3
Jo. 1 Bearlng Vort/pPr 811201 0,028 em 10 milg) wam - 0.008 (3) 0,013 (8) a/3
Reducticn Gear Vert/LPT 033201 0.025 em (10 milg) — —— 0.008 (3) 0.013 (8) 4/3 :
Accesgory Gearbox Axial/LPT 032501 0,025 cu (10 ntig) — L 0.008 (3) 0.013 (5) 4/3 !
Accenpory Gemibox Hora/LPT 032002 0.025 em (10 miloe) - — 0,008 (3) 0,013 (8) 4/3
Accessory Gearbox Axtal/Coro 032801 0.025 em (10 milg) —— e G.003 (2) 0.008 (3) 4/3
Fan Freme Vert/Core 840901 0.025 cm (10 milg) — ——— 0.008 (2) 0,008 (3) 4/3
Reading Nuwmber - - o Kone —— —
*Priority | CRT Dluplay Commpnd

1 Shutdown

2 Return to idle

3 Backoff

4 Hold

5 Adjust air, Hyp), Nz, . .

6 Honitor

7 Edit System
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Table ZiI. Quick-Look Perometers.

~ Typewritten cutput aveilsble in the control room from the ADH system for

each full dete point takes.

. Ites Parcmeter Units
INL Fhysical faz speed =p

- piat: Physicel EP coszpressor spsed rp=
T24F Fan inlet temperature °F
218 Bypess mozzle throst ares in.2
Pitch Faa blede gngle 'éegrees
PCELR Percent corrected fam speed ‘perceat
PCRER Percent corrected coze gpeed percent
EFN Hein fuel flow poh
FAR 023! Fan torque, caleculetged fr/ib
E24D15 Bypass duct imiet efficiency -—
w242 Corrected fan-foce total flow PPs
it Inlet threat Hech nusmber -—
W25R Corrected core inlet aizflow pps
B3/P25 HP compresseor pressure vatio PPS
PISMH/24! Fan bypass pressure ratio -—
E25D3 HP compressor sdisbatic efficiency ———
P213%/2A| Fen hub presgsure ratio —
T&1X HPTR inlet total tempersture (T5, energy balance) *R
T41XK HPTR inlet total temperature (T5 emergy balance

corrected) ° R

FHiR Corrected thrust 1b
SECR Corrected sfc | 1b/hr/lb

i T41C HPTR inlet total temperature (T3, P3, W digital

control) ; °R

E25521 Fan hub asdisbatic efficiency —
T55 Exhaust gas temperature ®F
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6.0 BISTORY OF TaST

The QCSEZ UT¥ eagine, 507-001/2, was reassezbled using the Gemszel
Blectriec fan pitch octuater system. The engime wee delivered to Dechbles
Test Operaticn em 7/23/77. Engine instsllation begen on the test stamd st
Site IV, Pad D. The composite fan duct and ~ore cowling were fitted to the
engine after it wes installed on the test stend. The hardwall cere moszle and
bellmouth inlet were imstalied (Figure 7). The slave lubricatien system was
serviced with Royal 859 ocil and the two oil level indicstore were calibrazed.

The thrust meceuring system was cslibrated in both the forward ond
reverse thrust modes. The load cell used wss a 444,800 B (160,000 1b) cell
with a three-bridge circuit. Bridge B did mot celibrate progerly ecd was
wot ueed for dsts reduction but was recorded for referemce.

& helizum leck check was performed on the far frase om 8/1/77. Three
small leaks were detected and secled st points whers instrumestation penctrated
the fen freme. Ko other lesk scurces wese foumd.

The varigble ststd? venmes, Stage I and Stege 3 positise potentionseters,
fen rotor beta engle, end fon nossle sorea were celibroted. Stage 1 potenmtica=

.meter ms cet Srom ~1%42' opem to +45°23° closed; Stage 2 wos set frem

~0°%4" open to +37°28' elosed. Fem bets snzles were caiibrated betwsen
-118°8" open emd +11°453° clozed. Fen pozzle maxizum open eres was 2.65 =5
(4157 in.2}., & wmechaniesl atep wag installed to limit the minious elosesd
mozsle grea to 1.2% =% (2110 in.2). The core nomele erce wos Fized =t
0.2 &2 (380 in.2). ' -

Instrumentetion was cemnected per Test Request and Test Reguest Cheoges.
Four inlet rekes, ome inlet boundery layer rake, three codra traverse Brabes
in the fan bypass duct, aad four LPT discharge rakes were installed. The
slipring syctem was instslled to monitor fam blade stresses. The recording
equipuent used for the test is listed below: '

Item Serial Rumber
Digital 60953
Sanborn A 4951
Sanborn B 4953
Senborn C 4952
Tape Recorder A 2092
Tape Rzcordsy B 2087
Tape Recorder € 4926
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Ca August 31, 1977, engime imctelictien and the engime ong facility
prerun checkiists were completed. fmizisl dey mstering of the engine was

digcontinued after water was discovered im the starter air line. The problem
was traced e a faulty autemsric feciliey water dump velve, and was corrected.
& sececrnd dry motor was ettespted, but fuel vepors were seen exiting from the
core mozzie. Seversl diagnostic motorings traced the prodlem to the hydro~
mechanical ecntrol failing to ghut off the fuel flow. The control was removed
and & subseguent bemeh test revesled the csuse to be 2z misindered throttie
shafe. The shaft was reindexed, and the hydromechanical comtrol reinstalled
on the engime. A4 succeesful éry and wet motor was performed and the engine
prepsred for its first fire-to-idle attempt.

On-Septesber 8, 1977, the ergine was guccessfully fired-to-idle for
the first tize. The fen noszzle area wes veried from 1.61 =2 (2500 in.2)
to 1.68 =2 (2600 in.z); fan beta angle was varied frem +3° to +5°; znd fan
idle speed varied from 1750 to 1963 rom. The functioning of the fan speed
control mode was aleo checked. Vibration ectivity in the front end of the
engine wes rumnieg ome to two mils higher thaa on the fipst engirne build, but
was still within lismits. bio tubricstion systems or digitel comtrol problems
were enccuntered. The engine was shutdownm after 36 minutes of total runnivg
tizme until the rezaining engize moniters arrived.

The following is a2 kistory of the test between $/53/77 and 5/1/78.

Bum: Fo. 1 - Mecheaical Checkout
Date: 8/¢/77 .
Fun Time: i hour 26 mimstes
Totel Engine Run Time: 2 hours 12 misutes
- ADE Readings: i Eo. 11 through 13

Prior to this rua, several instrumentsrion foults discovered on the
previous dey’s rum were correcied. The first three stares were uneventful.
The ergine could not be asccelerated 2bove 1900 fan rpm due to high overall faa
onefrev vibration levelis, with the slipring showing 16 mils double emplitude.,
Field balance weights were added to the spimmer after each runm.

After Start Ko. & of thie test, vibration levels st idle were gcceptable,
with the slipring showing only three mils. Fan, core; and LPT levels were

also low. During zn accel to 80 percent fan speed, the glipring accelerometer

reached 20 mils a2t 2550 fan rpm. The engine was irmmedistely deceled to idle
vhere all vibration levels returned to their previous amcunts. Seversl field
belence rezdings were taken and the enzine shutdown to change balance weights.
¥hile inepacting the spinner during this shutdown, it was discovered that the
slipring was loose. The slipring was removed and returned to the Evendale
plant for tezrdownm, inspection, and reassembly. This conciuded Rum No. 1.

During the test, the digital control performed well, holding fan speed

within £ 2 rpm, fan mozzle eres within + 0,031 22 (=2 in.2), end fen
pitch angle within £ €.1° VWhile at 1800 fan PR, the fam pitch was varied
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from #3° o =5° with me epparent chenge in vibretien fevelg or significant
bysteresis im getting fan pitch spzie. ADR reedings wore tokenm ot §° fap piten
vhen eetting angles from Both open seé closed directions. The engine was
acceled end deceled e fom speed comtrel., Fan noszle azes was 1.61 p2 {2220
12.2} throughout the test.

Beduction gesr oil supply pressure was bigher thaa e the previces build,
There was zo eppracisblie ojl consuzption durizg the test. Fam blzde stresses
appeared to be 23 suseeptidle to cresswinds as the origizal set onm the first
build. All other stresses eud engine temperstuze were well behaved.

Rawm: Bo. 2 - Hechanical Cheekout
Bate: 8714778

B Time: ‘ 2 hours 56 mimutes

Totel Exgive Bum Time: 4 hours 26 mipstes

4B Beedings: Fo. 14 through 19

Prior to thiz tege » the gliprins wae diceasenbled, inspected, rebuile R
end reinstalled oo the eagivs. Instrusentesicnm feults disceverad ¢uriag Bua
Eo. 1 were corrected. The purpose of this test wes go eveluste the vibrozican
cheracteristice of the engine, » : . .

- The test begen with Engine Stare Eo., 8. Bigh vibretion levels were ig=
dicated an the skipring a5 the engine epprosched 89 pereent fem gpeed 2740
epm}. Four field belomee Fu2g wore made in an attemp? to reduee this slip=
ring vibration activity. The vibration level was faa emefrev in origim end
slowly incressed wich increzsing fes speed. 411 rezzining engive vibratien
levels zsd cpersting perameters were well beheved. : -

Ferther testieg was terminsted pendieg incpection of the siipring
&aéd spiomer. : , *

Bun: ' Bo. 3 - Mechanical Checkont

Bste: » 9/27/77 and 9/23/77
Bun Tima: 4 heurs 26 minutes
Total Bogine Bun Tima: 8 hours 52 winutes
£DH Resdings: Ro. 20 through 22

Actions taken pricr to this rum were:

e  Resoved inlet rakes for better &ccess to spinner

e Inspected elipring and spinmer for runcut and £flatness |

e Bemoved slipring and returned it to Evendale for bench testing

-] Bechecked the calidration on all of the emgipe’s accelerometers

e




& Removed core nozzle and sddeg oil leekaze holes to the under side of
the turbime frame 2o minimize the poesibility of am aft suzp fire.
The nozzle was thea reingtalled, ‘

° Instailed a drein tude to the No. 6 segl drain Iine,

While in Evendale, a tangeatial accelercmster was &dded to the slipring
housing, and the systen balanced while om the bench test rig. The slipring
was returned and instalied on the engine 9/21/77. The sliprirg houvsing was
realigned and dowel pinned to the spinner to reduce runout below the level
oI the previcus engine run. The iniet rekes were thean reinstalled.. -

The purpose of this tese wag to establish en accepteble field balance of
the engime. 1In all, ter balence runs were made, Ag before, vibretion levels
at idle were acceptable, but the slipring accelerometer indicated high levels
as fan speed was increased. Pen bilade sngie was set at +5° and fen mogzie
srea was 1.61 o2 (2555 in.2) throughcaet the test. Changes ie bslance wveights
were made after egch run, with no significent reduction in slipring vibracion.
An oil leak st the hiydraulie depressurization valve vhich wes diccovered mig-
wey through the test wes corrected asnd testing was resumed. PFurther field
balance running was suspended vhen smether oil leak was dztected ar the
hydraulic servo package. All other engine paremeters remained normal through-
cut this rua. Maowinum speeds obtained were 2505 rpm fem end 12,000 Tpm cere,

Run: : Hs. & - Mechenical Checkout
Date: $/27/77 through $/29/77

Bun Time: 19 hours SO mimstes

Total Engime Run Time: 28 hours 42 mimutes

ADH Resdings: Fo. 23 ebrough 67

Prior to thie Tua, fwo additicnal accelercmeters were sdded £€6 the fan
freme, and the hydraulic servo block was repaired and reinstalled. A& dry
=otor was performed with no leaks evidert,

Nire diagnostic field bzlance runs were made, commencing with Engine
Start No. 22. The Tuns, primarily at speads between 1809 and 2600 fan rpm,
totaled approximately 5 hours and 25 minutes of running time. During thie

throttle system. The indicator was replaced and wechanical checkout resumed
with Engine Start No. 3L. Finally, an scceptable balance wes made and the
normal test plan was resumed. o

During the test, fan speed was varied between 1800 and 3240 rpe and fen
rozzle area from 1.36 ml {2110 in.2) to 1.87 r2 (2900 in.2y, Farn blede angles
were varied between +9° cloged to ~7° open at S0 percent (3078 rpm) and 96.5
percent (3130 rpm) fezn speed with no probiems. Both the fan pitch aznd fan
nozzle area zctuztion systems performed emoothly, 4l bearing and ludricaticn
system paramelers remained norsal during the test, although oil consumption
continued at szboutr 0.0076 nd (2 gallonz) per hour. The lube tank was serviced
with 0.0456 w3 (12 gallons) of Royal 893 oil during the test.
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Iz ordez to complage the test, two intermediste field balances were re-
quired oa the fzm rvetor due to vibration cherscteristie changes. High vibra-
tien levels &t low speeds required that the feg idle speed be adiuszed to 1800
Tpm. Bigh fea blade stresees, im the renge of the two per rev/first ilex
Crogsover, mecessiteted rapid zcz2ls frem 2090 to 2509 rp@ fan speed at all
timee., Vind cenditicas were =odevately Iow and steedy duriag testing, and
o further blede strecs prcblems were emcountered. Core cowl skin tempers-
tures did not exceed 366 X (300° F).

In 211, 4% full éses points were taken, including treversing of the
three fan bypass duet cobre probes. This test conrcluded wechanical checkout.

Bum: - Bo. 5 - Bageline Accustic Test
Dete: 10/5/77 chroush 10/7/77

Bun Time: 15 bours 43 minutes

Total Engine Run Time: 33 hours 33 wmirutes

ADE Peedings: Bz, 68 through 107

Prior to this test, the following sctions were taken:
-] Removed glipring, slipring strut, znd fso inlet rakes

® The fon znd core cowl dosrs were clesmed aznd the scoustic treatment
on each teped

& Removed LPT discharse rakes
e Repleced keat exchanger weter flowmoter

e Serviced iube tenk with Eeyal 839 to give zn indicated level of
0.0757 =3 (20 gallicas) ‘

® Set up instrumentation to record near-field, far-field, and wall
.dynamic pressure acoustic dats

Zero and facility sound readings were takea and the test began with
Engine Start No. 38. A total of 10 zcoustic data points were taken before
rain forced anm engine shutdown. Bemning time was 1 hour and & minutes,
Engine vibration characteristics were well vithin limits up to 3000 rpu fan
speed reached,

Testing resumed 10/6/77 when the weather improved and the rain ceased,

- Twelve acoustic dats points were tzken before the winds increased in velocity

and changed direction to blow directly up the engine's tail pipe. This
directicn proved to cause zazizue fon blade stresces, and eventually forced a
shutdown to awvoid exceeding blade srress limits after approzimately one hour
of testing. Post shutdown ingpections revesied nearly 15 percent of the core
cowl tape migsing end incipient separsticn of a portion of the fan cowl tepe,
The lube system was serviced wirh 8.6075 =3 (2 gallons) of Roya! 899, and the
missing cowling tzpe replaced,
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Testing was resumed 10/7/77 with Engine Start No. 40, While setting 3118
rpm fan speed, there was a sudden loss of fuel iz pressure resulting in sn jme
Eediate shutdown from that speed. A faulty aiy regulator was repaired and the
test resumed with Engine Start No. 41, The sudden shutdown epparently caused
a shift in the fan rotor balence as indicated by high vibration levels at speeds.
vhich hed previously showm no activity. Tharee field balance Tuns were made be-
fore vibration levels returred to acceptable limitg, The rezainder of the bhase~
line acoustic test was cozpleted without incident,

A total of 41 accustic far-field data points were recorded with & maximum
fan speed of 3161 rpa (97 percent) being reached. Fan nozzle grea was varied
from 1.36 w? (2110 in.2) to 1.87 n? (2800 in.2) and fen blade angle between
+5° closed to -5° open. Post shutdown inspaction revealed that 15 to 20 per—
cent of the core cowl tape was agsin missing, Approximately 0,038 p3 {(ic -
gallons) of oil wag consumed during the 15-hour test. Other than the high
blade stresses which occurred with engine tailwinds, and the fzn rotor bal-
ance shift, all engine parazeters were well behawved,

Run: Ro. 6 - Composite Racelle Performsnce Test
Bate: 11/2/77 and 11/3/77

Bun Time: : 8 hours 4 minutes

Totzl Engine Run Time: 43 koure 37 minutes

ADH Readings:- Ko. 108 through 134

Actions takea prior to this rua are listed below:
e Rezoved bellmouth -inlet and inlet sdspter
e Removed tape from fan and core cowl

e Removed hardwall core nozzle and installed acoustically treated

nozzie
® Reworked core cowl to relieve interference with the core nozzle
® Replaced a cracked flange on the balance piston line

° The composite inlet was installed to the engine and a flowpath mis-
match (inlet to fan frame) was discovered. The inlet was removed
and returned to Evendale for machining and rebonding to correct the
problem.

® The General Electric varisbie pitch actuater was removed, dig-
assembled, angd reassembled using a thinper shim to elimimate back-
lash and balance shifts wiile running.

e The acoustic splitter was fitted to the composite fezn doors and in-
stalled

& A portion of the core door blenket wes removed and additional cooling

manifolds added. This was to delp cool the core cowi skin during
reverse testing.
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o The variable pitch actuater with itz thinnor shim was installed
in the eongire and & fan hlade recalibration wag cozpleted.

e Tae fan bledes were frequency scemned with no probieme moged

o A helivm lesk check of the fan frame was stfempted in hopes of fiag-
ing the scurce of the high oil comzumptien. Equipzent feliluve with
the helium checking device prevented cempletion of the fest

e The remachired inlet returned, end wes instelled on ths ernzine. {See
Figure 1 for inlet imstallstion photograph, )

e Installed four inlet rakes, one ialed boundary layer rveke, T2 sengor,
and three ccbra probes in the fan bypess duce

e The engine was boregcoped with rothing vavsusl recorded

e Removed the two accelerozeters mounted on the fen frzme for the last
run and instszlled them on the inlet

@ Installed five edditional skim thermocouples to each core door in
the aft under cowl cavity area :

] Installed slipring and slipring strut
e Reprogremmed recording equipsent for performance testing
e Installed intet support bands arocund co@goéite inleg

&n 2ir motor wes performsd to check for fuel and hydraulic lezks with
rone recorded. The first start was terminsted after 15 minutes to correct
an instrumentation fault in Reading PS3. The second run was stopped after
25 minutes due to high fan blade stresses cauced By incressing wing gpeeds.
The weather improved and the test resumed with Engine Start No. 47. Three
field balance runs were made; at their completion, the engine vibration
characteristics were ss low as in any previous run. No further bslance shift
was noted during the remsinder of the test,

Speed range tested varied from 1800 to 3180 rpm ($7 percent) fan speed
with fan nozzle areasz between 1.36 =3 (2110 in.2) and 1.87 gl (2909 in.<),
Fen blade angles were varied between -8° open to +9° cloaed. Faile running
steady state at_90 percent (2970 fan rpa, 13,526 . core rpm}, -7.6° fan blede
angle ead 1.6 w2 (2560 in.2) fan nmozzle srea, there was & sudden loss of core
speed signal, hydraulic and fuel pump discharge pressure. The engine was fwm-
medistely shutdown anéd a post shutdown investigation revezled the following.

o Ko visible external signs of distress except for memstructursl damage

to the gkin of the fan frame's 12:60 strue, apparently from radial
drive shaft fzilure

® Ro damage to the inlet or core discherge
] Borescope inspection of the compressor and cozbustor revealed no
damage '
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& Slight eccumulstion of ==tal particles on the scavenge magnetic
plug v

& Bo sccummulaticns were Boted oa the Rubrication systea filter gecreens

) The output end of the redial drive ghafe turned by hang, iedicating
it was mo longer coupled to the core

The &ccessory gearbox was removed and the severed radisi érive ghaft was
removed. The shaft was Teturaed to Bvendale for inspection and eénalysia,

Cil coasumption duriag the tect was about 0.0938 g3 (1 gallon) per bear,
The reshimming of the fen sctuator appezred to have guccessfully eliminsted
the fan roter balance shift problem. Blade stress limits wera excesded five
tizes due to sudden gusts of wing at which point the engine opeed w2z reducsd
to a safe point. This concluded Run o, 6,

Bun: Ro. 7 - Flight Imlet Stress Engine
. Presgure Retio/Inlet Mach Busker
ConZrol Mode Checks

Bate: o 1273777 _

Bun Time: ? houre 16 minutes .
Total Begine Bun Tima: 3% kours 53 mirutes '

4D Resdings: Bo. 135 throvgh 167

fctiona taken prior te this ren are listed belgw:

® Incpections of ghe eccessory gearbox were made to determine smpune
of migslignment between the shafe &ad gearbex

® The sccessory gesrbox wag disassembled ang the bevel gear which
tee with the drive ghafe was thoroughly inspected

e Repaived the damaged fan frane pylon

® Modifications were made to the spare radial drive shaft and & pew
" 8leeve tube ywas manufactured

° 4 helium leslk check of the fan frame was made and a small leek st
the 2:00 strut wes isclated ang corrected

e The paw sleeve, radial drive shaft, and reassewbled 8Ccessory gear-

box were installed on the engine using new slignment procedures and
tooling. Pinai alignment checks were recorded :

o Reinstallead engize piping in accesgory area

On 12/2/77, dry snd wet motoring checks were successfully cearpied out,
The pext day, the engine was run at idle for 3¢ minutes with no lzaks or gig~
¢repancies noted. Four ADE readings wers teken while at idie. The engine
was then preped to run the continuatisn of the inlet stress check,
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On 12/7/78, the weather improved and the enzine was fired-to~idle but had
to be shutdoun minutes later due to lack of cooling water to the oil heat ex-

- chenger. Investigation proved that the wain facilizy water supply lises hed

frozea due to the extremely cold zsbient tempersture. All efforts to thaw the
ice failed and the rum wee cancelled until additiomal hesting equipmeat could
be installed,

A scheduled run for 12/13/77 was sborted vhen the prestert checks re-
vesled that the siave iube oil/water heat exchangers had ruptured, apparently
from the seme circumstances that had sllowed the facility water lines to
freeze. The two heat exchangers were removed and returned to the vendor for
repair. Due to the long estimated repair time, five to six weeks, the OTW heat
exchengers at HASA-Lewic wera shipped to Peebles and instalied. The lube
syatem was drained of all conteminsted o0il znd the eystem fiushed with pew
oil. All lires were reinstelled and the lube tamk serviced with 0.053 =3

Continuaticn of the £light inlet stress check begen 12/16/77 with Engine
Start Bo. 54. Im all, 25 full dats points were vecorded, bracketing the plen-
ned tskeoff region for acoustic testing. Fen blade sngles were waried from
-10° open to +9° closed, fan nozzle arees betveen 1.87 m? (2800 in.?) and 1.35
a? (2110 in.2). HMexizmum fen speed was 3137 rpa (97 percent). The strese check
was completed and edjustments were mede on the engireoring panel to rum the
presgure rstio contrel mode test. Thie wes successful with fan zpeeds bein
set from idle to 97 percent, nozzle ares from 1.48 =€ (2303 in.2} to 1.87 m
(2900 in.2}, 2nd fan blade angles between +5° closed apd -5° open. The inlet
Hach pumber coatrol test was alse performed suecessfully over the range of
Hach nuzbers between 0.876 and 0.744, holding Mach number with 0.502 of the

“selected valive.

. Actual test corduct went very smoothly, with minimum difficelties. The
pretest fan frame leak repairs appeared to have been effective in contzrelling
overall oil coasumpiica, which averaged 0.001 m3 (0.33 gallon) per hour during
the finsl 6.5 hours of testing. Engine vibration levels vere coasistent with
previous runs. Sensitivities noted were higher vibration levels with smalier
nozzle area sad more open (regative) blade angles. All other engine paremeters
were well behaved. '

Post shutdown inspections revealed that the concave surface skin had blown
off one of the fan frame struts at approximately the 8:00 position. The skin
separated at the strut nose joint and partially delawinsted as the skin peeled
avay. No other damage was ncted. Thais concluded Run No. 7.

Run: Ro. 8 - Fully Suppressed Acoustic Test
Date: 1/3/78 through 1/4/78

Run Tisme: 5 hours 45 minutes

Total Zagine Run Time: 56 hours 38 minutes

ADH Reazdinge: Ko. 168 through 196

Prior to this test, the following activity was completed:

-1 Added heat tepes to the heat exchangers
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8 Bemoved sliprimg, inlet rekes, and beundazy igyer rake. Installed -
&Ll blenkoff pads

e Repaired demage fen freme sepue gkin

e Iastalled acoustic probes and wall dynsmic pressures. Set up re-
cording equipment for acoustic test

e Serviced lube tank to indicate 0.076 =3 (20 gallons) of Royal 399

-3 The leading edges of all fan freme struts were covered with fiber-
glegs potches to prevent suy vepests of the gkime biowing off. Hew
urethane tape was placed over the patckes,

- During the fan freme repair, cne of the fan blades received a nick
on its surfece. The blade w&e repaived.

e 4 lesk was discovered in the lube supply line, and the lire replaced.

Saow and high vinds prevented engine testing for the remainder of the
year. On 1/3/78, the weather improved and the fully suppressed scoustie test
began with EZngine Start Mo, 586. Fifteen fer-field acoustic date peints were
teken, incivding nime at approach conditions end four aleng the tekeoff opep-
sting line, before high and gusting winds terminsted the . The eontrsl
8ystem Recevery Hode wag satisfactorily checked out for both the full manual
eud Hach nusber modes. O0il comsumption was 6.011 =3 (3 gallons) for the

~ @=hour test., AL} vibration and engine safety parsmoters remained satisfectory.

The post shutdown inspection revesled minor damage te the fan doors, fen
blede tips, and fon frame tip treatment cathedrals. These dezeged oreas were
repaired. High winds snd extremely heavy snow accusmmlation prevented soy fur-
ther testiag for the next § weeks.,

Run: Bo. 9 - Fully Suppressed Acoustic Test
Date: _ 3/10/78

Bun Time: : 2 hours 23 minutes

Total Engine Run Time: 59 hours ! minute

ADH Readings: 187 through 200

The following events eccurred prior to the test on March 10, 1978.

s Three ascoustic microphone stends were demsged by high winde and
repaired,

® Bepaired defective acoustic probe actuator
e On 2/2/78, several dry motors were made to determine the cause of

fsn pitehn closure, upon engine shutdown, and correlation between
blade pitch readings between ADY and the centrol penel. The Elgar
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Yoff engine® power gupply as connected to the digiral comtrol duriag
the 2ir motors to keep the comtrol in reguletion during coestdown.
4s leng as the controel remained in regulation, the blede pitch 4ig
not close. Blade piteh readings between ADY and the coatrol pemel

&greed within 0.2° op the five angleg checked

e A frectured water facilizy water valve wag discovered emd repaired.
The fractuze evidently was caused by freezing water

e On 2/15/78, the engine wss air motored to lubricste internal parts

8 2/27/78, the winds subsided encbling some scoustie probe data to ke
taken. bR readings 192 through 195 were recorded before the winds
increased again, forcing the engine to shutdown to remain within the
allowsble blade stress envelope. Bim tize wse 1 hour snd 8 einutes.
Several dynemic Pressure senscors im the acoestic traverga prebes
were damaged and the probes returned to Evendale for repair, Fap
frame vibration levels were sigaificantly higher then in previous
runs. All cther engine parsmeters wv2re normal

e The thruast Beasuring system was checked out. Bridge A ca the leagd
cell was ouz; Eridge B drifted 400 K (%0 1bs); ang Bridge C was
reading &ccurately

® The acoustic fep C5¥ &nd core discharge traverze probes were re-
installed ,

K} Ga 3/9/78, wwo starte were shorted due to loss of sterter aip
Pressure dyring a Bomentary lull in the westher. By the tige
edditienal air compressors were hooked up, bed weather had set
in agaia

Finzlly, on 3/10/78, the weather was greatly improved and the fully sup-
pressed acoustic test began with Engine Start o, 59, A small facility fuel
lezk was discovered and corrected. Acoustic traverse probe data were tsken at
two approach thrust 56,500 N (12,700 ib) conditione.

While at 97 percent fan speed {3096 rpm) &t a fan nozzle area of 1.87 p2
(2900 in.2), the indicated fen pitch angle readout changed from +2.9° closed
to -137° open over a tize span of § seconds. 41l other engine paramsters, core
speed, Hach number, T5 and vibration levels, remaiped constent. Since no
cause could be detected for this sudden angle change, the engine was immedi-
ately shutdown. Al vibration levels remained normgl during the decel. Pre~
liminary inspection revealed no vigible damage and the fan blade pitch was
+2° clesed as compared to the commanded position of +3° closed. The Elgar
"3£f enging" Power supply was conmected and the LYDT rezdout appeared to pe
working soteally, but spill indicating -3137°, :

On 3/11/78, the fen actusto

tor was removed from the engine revesling thar
the differentigl essembly had §

led and wag heavily damaged. It was removed
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from the sctuator snd returned to Evendale for imepectioa. The emgine was
secured, concluding Run Fo. 9.

Bun: Ko. 10 - Pized Pitch Hechsaiczl Checkout -

=5° Blsde Angle
Date: ' ' 3/31/78
RBun Time: 1 hour 56 minutes
Totz! Engine Bun Time: 60 hours 57 minutes
ADH Readings: No. 202 throush 209

The differential end no-back were disasgembled and the differential
harduare deemed not reuseble. A new differentiel was ozdered; but due to the
long procurement time, hardware was designed and fabricated to allow testing
of the engine with fized pitch. The engine’s forwerd sump was inspected,
cleened and lubricated. Tcoth pattera checks on the reduction gear star

ghowed no uausual patterns.

Electrical modifications were made to the digitsl comtrolj coasisting of
"jumpering® the LVDT and fan pitch servo leads, which was necessary for fixzed

. pitch testing. Bydraulic limes running from the fan pitch servo block to the

foruwerd sump were disconnected and capped. The no-back system was regssembdled
end instclled in the engine along with the fized pitch hardware, fon sctuator
package, and slipring. The lube tank was serviced with 0.026 =S (7 gelloms)
of Boyal 899, and the engine preped to run. The fan blade erngie wes fixed

et -8°27° open. After motoring, the fam blzde angle peasured at -5°18°.

On 4/3/78, the vesther cleared and the test begam with Engine Stsrt Fo.
60. Only one shutdown to change balance weights was rgquired. Testing
included edjusting mozzle aress from 1.42 =° (2200 in.2) to 1.87 = (2300 in.2).

Blede stresses were evaluated up to 98.6 percent fsn speed (3200 rpm). Haximua

thrust obtaired wes 81,087 K (18,239 1bs) st 3100 fan rpm, 1.42 = (2200 in.2)
fan pozzle area and an inlet Maoch number of 0.82. -

Ko control or vibration problems were encountered after the field balance.
Postrun measurement confirmed thet the fan blade pitch did not change during
ruening. Approximately 0.0076 n3 (2 gailons) of oil was consumed during the
2-hour run. This concluded Run No. 10 and the engine was readied for fixed
pitch acoustic testing.

Ren: . No. 11 - Fixed Pitch Fully Suppressed
Acoustic Test :

Date: ) 4/3/78

Run Time: 2 hourz 50 winutes

.Total Engine Run Time: 63 hours 47 minutes

2™3 Reedings: Ko, 208 through 225

Prior to this run, the slipring was removed and the spimner cap installed.
The core exzhaust acoustic traverse probe &nd far-field sound microphones were
set up. The fan blade angle remained fixed at -5°19' open.
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Four field halence runs were required to rebalance the fam rotor pricr
to running the scoustic test, with the spparent cause for the balance shife
being the removal of the slipring. Sixteen acoustic data points were recorded
at 2300, 3040 (S2 percent), 3140 ¢S5 percent)}, sed 3187 (98 percent) pm faa
speed at fan nozzle areas of 1.42 wl (2200 in.2), 1.48 w2 (2300 in.2), 1.52 a2
(2380 in.2), 1.55 =2 (2400 1n.2), 1.58 m2 (2450 1n.2), ang 1.61 =2 {2500 in.2);
providing a good matrix of date nesr takeoff thrust. MHexisum threst echieved
was 77,400 B (17,400 ibs) at 2140 fan rpm and 1.48 =¢ (2300 in.2} fon mozzle
area. Maximum gpeed obtained was 3187 fan rpa vhich was dictated by a T41C
limit of 1444 R (2600° R). The test was terminated prematurely when wind
speeds increased beyond the gllowable envelope set by fzn blade stresses.

Bo probe traverse data were tazkea. '

Engire operaticn was smooth throughout the test with no apprecigble
conswumption of oil. This concluded Run MNo. 11, as the engine was resdied
for reverse thrust mechanical checkout,

Bun: , Fo. 12 - -95° Blade 4nsle
. Beverse Performance Test

Date: : 4678

Bun Time: 1 hour 22 minutes

Totzal Engine Run Time: €5 hours ¢ minvtes

£DH Reedings: Fo. 226 through 236

Prior to this test, the following actions were tsken:
e Bemoved 21l acoustic traverse probes
@ Installed four inlet rakes zad one boundsry lasyer rake fecing sft

e Installed three cobra traverse probes in the fen bypass duct frcing
aft

&  Removed fins from boattsil

e  Removed scoustic splitter and installed blankoff pads

° Installed an additional accelerometer on the lower left fan aczzle
flap

° Set up recording equipment for reverge thius; testing per Test
Reguest .

@ Removed the spinner snd actuator cover and adjusted far dlades to

a measured angle of ~95° open. Reinstalled cover, spirner, slipring,
and slipring strut ,

e Serviced lube tank with Royal 899 to indicate 0.068 m3 {18 gailons}
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& dry motor vas performed end the fan nozzle flaps ectuated betwsen
2.45 w2 (3300 in.2) gnd 2.6 w2 (4059 is.2). Scmd slight vibration was
cbserved in the upper two flaps during the =otor. The engime was then rum at-
idle for 15 mimutes with the nozzie flzps full cpen, indicating 2.64 m
(4100 in.2) pozzie area. Kothing vnusual was recorded during the idle check
or in the post shutdcwa inspection that followed.

The reverse thrust performance test began with engine stert Ro. 7¢. The
vozzle sres wag zd justed to 2.64 pl (41890 in.2) gna idle fan gpeed te 180D wpa.
Indicated reverse thruse was =11,920 ¥ (-2,680 ibg) az idle. ADH end trasverse
probe data were recorded at 1900 rpm fan speed. & slow accel to 2485 fan g
wag made vhere the TS limit of 1033 R (1400° F) was resched. The engine could

- ot be stebilized st thig point due te kigh fan blade stresses, and was backed

off to idle. Mazimum reverze thrust wes -20,033 = (~4505 iba) while at the
2485 vpm. Righ uader cowl cavity temperatures resulting froem the decel to
idle vegquired the engine to be shutdown for ceoling.

&fter g peried of coolng, the engize wes agzin started, and gcceled to
2280 rp= fen speed, the highest speed at which fan bisde stresses would allecw
prelonged running. ADE and traverse probe data were recorded. Another guick
accel to 2460 fan rpa wae mede before resching the T5 iimie, but high blade
stresses forced an immediste reduction back to 2000 2. Righ undercowl
cevity temperatuves were enzountered sgain, 548 B (527° F}, forcing engine
shutdown. This concluded =93° reverse thrust performence testing,

2ngine vibrstions were slightly higher during reverse testing. Fam blsde

8tresses spprosched 260 percent of scepe limits while cpereting at the TS5 iimie.

Post shutdewm inspection revealed nothing unugual,

Bum: : Ko. 13 - -95° Blede Angle Reverse
. Acoustic Test

Date: 4f7478

Run Time: : 36 minutes

Total Engine Run Time: 65 hours 47 minutes

ADH Resdings: ‘ Ho. 237 chrough 245

The boundary layer rake and four inlet rzkes were removed. The acoustic
splitter was installed and the oil tank serviced with Royel 899 0il to indicate

0.068 = (18 gallons). The recording equipment was set up for acoustic far-
field data.

data and full ADE poinzs were recorded at 1860, 1900, 2000, 2100, and 2200 om
fan speed. A slow accel ang decel from 2000 to 2400 rra was made with maxizum
recorded thrust being -12,170 KB (-4310 ibs), Fozzle area for the entire test
was a full open 2.64 w? €410 in, J. The engine wes deceled to idle to cool
before shutdown but high reduction gesr vibrations necesgitsted an immediste
shutdoun. & 2-mimute aip mOtor was made to cocl the engine down shortly
afterwards., 4 post-shutdown inspection was made with no discrepancies noted.

The eagine was fired-to~idle with Ecgine Start Wo. 72. Acoustic far~field
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Bun: Eo. 14 ~ -8° Blede Anmgle Fully
. - Svppressed Stress Check

Dste: 4/8478 :

Run Time: 1 hour 1 minute

Total Engine Rum Time: 66 hours 48 minutes

ADH Regdipgs: Roze

The purpeze of this test was to stress map the fan blade performsnce over
the engine opersting range at a -8° blade angle. The spinmer snd fan pitch
_actuatiocn cover were removed, snd the blede pitch changed to ~7°52' open.

The teat began with Engine Stert No. 73. Vibretion levele on the fan
rotor were high at idle azd the engine was shutdown to change balance weights.
The second start showed reduced vibretien levels enabling completion of the
test, The engine was acceled slowly frem idle to 2000 fan rpm, then rapidly
through the faa blade two/rev critical, to 25090 rp= 2nd slowly acceled agaia
until the T41C limit was resched (2951 fem rpm). The stress sweeps included
nozzle areas of 1.48 w2 {2300 in.2), 1,52 w? (2360 in.2), 1.58 w? (2450 in2),
and 1.87 o2 (2960 in.2). Panel resdings were recozded at each point. Both the
fan blade stress and wibration survey were acceptable for further renning under
the saze preveiling wind conditions. Ko engine relsted problens ware encoun-
tered. The engine was then preped for acoustic testing,.

Run: : Fo. 15 - -8° Blade ingle Fully
Suppressed Acoustic Test
. Date: 4/15478
Run Time: 1 hoer 38 mimutes
Total Engine Rum Time: 68 heurs 26 minutes
ADH Beazdiangs: 231 through 263

The slipring was removed and the engine preped to rum; however, high
prevailing wind conditions prevented testing for ome week. Oa 4715778, wind
conditions improved ang testing began with Engine Start No. 76. Engine
vibration levels were low and no field balance was required. ADX and far-
field data points were recorded at 89, 83, S1 percent ang paximur speed limited
by T41C (2578, 2797, 2928, and 3100 fan rpm) at 1.53 =2 (2360 1n.2); 1,48 2
(2300 in.2), 1.54 2 (2400 in.2), and 1.58 n2 (2450 in.2) fan nozzle aress.

High winds forced an engine shutdown ridway through the test, An inlet in-
spection revealed part of the blade platform had lifted on fan blade Ko, 13. The
damaged area was sprayed with a sealer to prevent further 1ifting, The remsinder
of the test passed without incident. Post shutdown inspections revealed no othey
damage, ' '

Run: Ko. 18 - -3,5° Blade Argle Fully Suzrressed
Acougtic Test .

bate: 4/16/78

" Run Tine: 2 hours 9 minutes

Total Engine Run Tipe: 70 hours 35 minuteg

ADH Readings: Ko, 264 through 284
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Prior to this test, the spinmer amd fan sctuzior covers were removed and ths
fan blades agjusted to -3°20' open. The cover and spinnor were them reizgtalled.
ALE end acoustic far-ficld date points wore recorded at 81, 85, and 67 percent
(2933, 2068, and 3109 fan rps) for noszsle aress of 1.87 md (2950 i2.8), 1.64 =2
(2550 1n.%), 1.58 =¥ (2450 in.2), 1,55 =% (2400 in.}, end 1.48 =% (2290 in.2).
Additional speod points of &0 and 87 percent (2585 and 2810 fan rpm} were recor—
ded for 1.52 m2 {2383 in.2) fan nozzle srea. Gusting wind conditions forcsd
four shutdowns during the test in order to stay within the wing gpeed envelope
for blade strecscs. Steadily riging wind velocity finally termimated the last
two planned data points. Tais concluded Rum Ho. 16,

Rum: ; o Eo. 17 - -100° Blede Angle Reverse

&eoustic Test
Bate: . &f21/78
Rm Time: 39 minutes
Total Ecgive Run Tize: 7 kourz 5 minutes
&B3 Resdings: Fo. 285 chrough 285

The spimner end fan ectustor cover were removed and the fan blede engle
sez at -100° opem. The cover, spianmer, end sliprisg were instelled and the
engine preped to run. High wind condirions ezceading the blade strecs wind
eavelepe limits delayed tosting for several days. On &/21/78, the winds died
dowm 2ud the test begam with Engize Stevt Mo, 82. 4DB and scuns reedinge
were tckez at idle 1802 fon rpm with the aoszzle area at full open 2.64 mi
(4100 in.2}, Engine vibrstion levels were low; however, the faan sozzle
arez vesdout on the operastor's panel was charging by as muck s 0.04 o2
(60 in.%). A slow accel to maximm allousble fen speed was stopped whem
high fan blade stresses were emcountered at 230C rp=.

The fan nozzle ares was reduced te 2.5} m (3509 in.2) with che same
variztion noted. A secend slow sccel to waximun fan speed was shorted,
sgein due to high blade ctresses. A repid accel from idle to 2645 TPm was
then successfully performed and the engine stebilized as ADH and sound
readings were taken.

A visual inspection of the fan neczzle flaps was made st this time, and
it was discovered that the top left~hand flap was vibrating spprozimately
2.54 ¢ (1 inch) at the tip. The other upper flap was vibrating st @ gmallier
amplitude and the bottem two fleps showed no signs of mevement. Since the
upper flaps were not instrumented, an evaluation of the vibration mode could
not be made. The engine was immediately brousht back to idle, aliocwed to
cool for 5 minutes and shutdown. 4 pest ghutdown inspection revealed no

-damage to the nozzle flaps. Further reverse testing wez canceled pending
further invectigation of the £lep vibration.

Run: ; Fo. 18 - Varisble Pitch Functicmal
Checkent ‘

Dste: 6/27738

Rum Time: 1 hour 29 minutes

Total Engine Run Time: 72 hours 34 minutes

_ADH Readings: Bo. 282 through 2%%
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The purpose of this test was to checkout the operation of the rebuilt
Varishble~Pitch Mechaniem. . The siiprisg, spinner, fan actuator, and fixed-
pitch hardware were removed ard the mew differential sssembly instslled.

The hydraulic motor was installied, ¢he hydrazulie lipes recomnected, and a
hydravlic cart used to pressure check the system oz 103% ﬁ/caz, 1500 psis.

Fo lesks were discevered; however; =z the hydraulie presgure reached
epproximately 827 W/em? (1200 pesia) with the fan nozzle flaps full open and
ageinst the mechanical stops, the upper left flep began vibrating in the seme
mode as obgerved during the last reverse thrust test with a peak displacement
at the tip of spprozimately 2.03 cm (0.8 in.). The upper right flep was
vibrating at a smaller rate of sbout G.64 cm (0.25 in.) while the lower two
flaps sppesred to remain ststiomary. A4 snapping sound was emitted from the
top left mozzle asctuator and was sssused to be the sound of the actustor

port valve cpering and closing. The moszle flep vibration ceased ag the
hydreulic pressure wes reduced below 827 Wea? (1200 psiz). A1l further
ectuations were made with the hydreniic pressure at this level or lower.

The fon actuster was reimstelied and the digital control electromic
Systems were restored for varisble-pitch operaticn. Usinmg the hydrsulic
cart, the blades were actusted frem +17°16° cloged to -112°14° .
open which was the full mechanical travel available. The Elgsr “off engine®
power supply was comnected to the éigital control and the blades ectuated
from #9.7° closed to -112°41° opea using the full range of the fan blade
pitch pot ea the cpercter's penel. The fan bladez were them calibrated
over thig seme range using the operator's pansl blade zngle readout end an

o imelincmater ¢o messure blade angles. The hydraslic cart was vemaved and

- originsl emgime piping restored. The epineer, slipring, end slipriag strut
- were instalied end the esgize preped to rum. All recording instruzsmtation
- was set vp for @ vibratiom, stress, snd mechanical pefforwance,eurvey.‘

The Elger power cupply was removed and the engine siv motored to 3809
core rpm for 3 minutes. The fan mozzle was adjusted to 1.61 w2 (2500 in.2}
and blade angle adjusted from +3.5° po +8° then back to +5° closed. After
motoring, the blade zngies were measured to have fully closed to +9.5°. The
Elgsr power supply was agsin connected to the digital coatrol to prevent the
blades from closing down during shutdown, and the engine motored to 3800 rpm
for 3 minutes. Blede angle was adjusted to +5° closed znd measured after
coast down to be +4°50'. The engine was wotored for 5 minutes while the
fan nozzle area was set at 2.61 m? (4050 in.2) 2nd the fan blades actuated
to -160° open. Upon coazst down, the measured blade angle was ~98°46°'. 4
final air motor was performed and the blades actuated to +5° closed and
‘mozzle area set at 1.61 =2 (2500 in.2}. The inclinemeter measured blade

cangle on shutdown was +4°50°'. The 2% ar was removed and the core exhaust
gcoustic probe instzlied. One far-ficld microphone was aleo sst up.

The test begae with Engine Stare Ho. 83. An idle leak check was per=-
formed with no problems indicated. Tun changes in balence weights were
required to reduce elipring vibratics to previoue test levels. Fan blades
were closed to +8° where fag speed stzbilized at 2100 rpa. Two attempts were
made to open the blade angle to -5° byt high fan rotor vidbrations prevented

~

operating st angles more open than 5°. The fan blades were set to +5°, and
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the engime aceeled to 2658 rpa. &gein, the blades were closed to +8° with geo
problems; high vibration tevels prevented opening bledes beyond +1°. The
engine was acceled to 3050 rpm fan speed and the blades cicsed to +8° and
ocpened to §° where kigh vibrstion levels &gain occurred.

Six 4pH readings were taken during the teet. Bigital ecatrol Tesdings
were tzkea at +8°, +5°, amd 0° blede angles while at idle, 2693, and 3000 rpa
fan epeed. Feon nozzle gres remsined 1.6 w? {2500 in.2) for these poinrg.
&coustic core probe and far-field data were recorded at idle, 2600 snd 3003

fen rpm vith the blade eng
mozzle area. Other than h
the engine operated as emo

le ot at ¢3.3° closed end 1.87 o2 {2508 in.2) fan
igh faa roter vibration levels a¢ cpan blade sagles,
othly as iz previcus varizhle Piteh teste. Mamimum

indicated thryse vas approximately 54,700 & (12,350 ibs) ot 3836 fezn rpm and 0°

blade angle.

An eztensive pose shutdown inspection revealed nothing but uvormal engine
wear. Ko spprecizble smownt of 0il was consemad duriag the test. All oil
&rd hydreulic system filters and scresms were removed snd Imspected with
nothing usususl found, This completes the testing for this irgtallation of
the QCSEE Ty ezgine. The engine wse removed from the test stand eng ail
eagine hardware packed for storage ewaiting test gtgpd availability. for
further follow-gn &coustic testing, :

Fricr to the follow-on acoustic testing, the £oil wing pre~installeri

activity took place:

e & frequency scen and ultrasonic inspecticn of the cemposite fogp
biades Ffound wotking unusual,

-3 Instailed siz wall stetic pressure taps on the inger flowpeth of the

composite imlet

&t stetions 106.61 ang 122.75.

° Repaired cathedral tip treatment on the fan freme in several areasg,

® Visually inspect
nothing unusual

ed fan flaps and composite nacelle for favlts with
recorded.

] Began programming of the mew Site IV-B control console for QCszE

usage.

° The thrust measuring system was calibrated in the forward mode up

to 88,560 ¥ (20,

063 1bs). The load ceil usged was 3 664,800 1

(100,000 1bs) cell with & three-bridge circuit.

® Performad a zygl

& inspection of the fan spinper. The spinner wag

approved for further testing.

Engine installation on the Site IV-D test stand began 6/27/73. Tae

hardwall core nozzie and c

enterbody bellmouth irlet and the ctzposite fan and
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core cowling were imstalled. The slave lubrication system was cleaned end
serviced with Boysl 892 oil. The oil level sensor was calibreted at this
time. '

The varisble stator venmes, Stage 1 and Stage 3, fan bisde azngle and
fan mozzle area were calibrated with tha entire eleetromic network, Sanborn
Eecorders Digital Control, zad the Dsta Modernization System (DHS) end control
console programzed. Blade angles were calibrated between +9.1° closed and
=9.3° cpen. The fan moszzle actuator required rerigging to place the actuator
egainst its steps in the fully closed position. Kozzle area was calibrated
between 1.36 =2 (2108 in.2) and 1.87 o2 (2909 in.2) as messured. The “an
blede angle and fan mozzle are2 measured curves were programmed into the DS
and control console programs. These values differed siightly from the indi-
cated Al8 2nd blade angle as seen on the operstor's pznel. Blede angles were
always set using the control congole angle. Fan nozzle srea deviation between
the conzole and operator’s panel was so smell that the latter indication was
used wken settimg AI2 for operator easse. The core nozzle remained fixed st
0.381 =2 (560 in.2).

Instrumentetion was comnected per the Test Request znd Test Request
Chenges. Cnly safety, contrel, and basic seroperformance instrumentation
were terminated. .Six well dynemic pressures end the fan OGY acoustic traverse
prote were installed. The elipring system was not used during the entire
felicw-on test seguence. The acoustic treatment on the fan doors, fan nozzle
flaps, core doors, =nd fan frame OG¥F°s were taped for the first baseline
acoustic test.

Oa 7/3/78, engine installstion and the facility prerun checklists were
completed. The imitiel dry and wet motors were performed with some minor
rerigging of the throtzle reguired £o achieve the correct stopcock position.
A szall hydreulic lesk around an instrumentation fitting wes corrected. The
first sttempt to fire-to-idle was sborted due to a loss of core speed at 4400
rpm. The problem was traced te zm ervsnt settinmg on the starter protection
module; and was corrected by vaisiag the starter cut-off speed to 7900 core

rpm.

Two successful sterts were then made; but in each case an immediate
shutdovn was required. The first shutdown was made after the lube pump
discharge pressure failed to rise to an acceptszble level. A misprogrammed
pressure transducer was found to be the cause and was corrected. The second
shutdown was made after the control console CRT failed to display safety
parazeters while running at idle. Two dry motors were made to troubleshoot
the control comsole problem.

On 7/14/78, three attempts tc fire-to-idle, to further troubleshoot
the control conscle problem, were mzde; znd in each case, were azborted due
to insufficient starter sir pressure. A defective facility air valve was
igolated &s the problem. The enzine waz then fired-to-idle by maneally
opening the sterter air velve. The engine was shutdown after 2 minutes
of rumnning at idle and a booster on the starter air valve was replaced.
& subsegquent dry motor showed the starter air valve to be functioning cor-
rectly again. The I3 seneor going to the digital control was found ¢
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damaged and was Teplaced at this time. Total engine time after this tegt vas
10 minutes. :

18 of the last test. & portion of the tape on the core cowl had lifted'éuring
the run a2nd wag repaired. Work began on setting up the far-field microphones
in preparation for the first acoustic test. Total engine run time was 34
minutes and ergine logs 1 through 9 and Dus readings 1 through 11 heg been
recorded. The following ig a history of the test between 7/15/78 and 7/21/78.

Run: Ko, 19 - Unsuppressed Acoustic Test (Conf. 1B)
Date: - 7/15/78 through 7/16/78

Run Time: 7 hours 32 minutes

Follow-on Test Run Time: 7 hours 56 rinutes

Total Engine Bup Time: 80 howrs 30 minutes

D¥S Resdings: Fo. 12 through 42

_Engine Logs: Ro. 1% through 72

balance for the range of blade angles to be tested, &° open o +9° closed.

The test began with Engine Stare Fo. &; bowever, a misﬁrograaaimg of the engine
vibration sensorg was detected and the eagine was shutdown to effect repairs,
The test resumed with Eagine Start Fo. 5. The engine wasg &ccelerated in steps
up to 3080 fan rpm wieh blade angle ger at +5° closed, and 418 g2 1.61 2
(2560 in.2) with no sigaific&atiy high vibretion levels noted. Ihe'eagine

was decelerated to 2800 fan ¥Pm and the blade angle opened te 0° where high
fan filtered vibrations ¥ere encountered. The engine was shutdown and a

field balance weight sdded ap Position Il. The engise was fired-to~idle

and accelerated ip steps up to 3100 Tpm, where the blede angle was adjusted
from +5° closed to ~5% open. Fhile the vibration levelg vwere improved, they
were still too high for prolonged running. The engine was shutdown and the
amount of balance-weigbt at Position 11 was decreased.

The next attempt to fire-to-idle wag aborted when the engine fziled to
light 15 seconds after fuel wae supplied. The test resumed with Start No. 7.
The engine was accelerated to 3100 rpm, the nozzle arez adjusted to 1.48 p2
(2300 in.2), zng the bisde angle varied between +9° clogsed angd ~8° open with
very little vibrational activity., The nozzle was then opened to 1.61 g2
(2500 in.2) ang the blades varied between +9° gng -g* égain with only slight

vibraticnal activity., The engine was then shutdown to correct 80=e acoustic

instrumentation faults before proceeding with acoustic testing., Test Tun

- time was 4 hours 3 minutes. During the shutdown, 0.0076 3 (2 gallons) of

Royal 899 6il was added to the iube tank,

The acoustic tage began with Engine Start No. 8. The fan OGV, faq nozzle,
and core exhaust acoustic probes were traversed at maxicum fap speed (3100 rpm}
at blade angles of *.3% 2nd ~5°, 2¢ pogsie arezs of 1.65 m2 (2550 in.2) ang
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1.52. =2 (23460 ingz), regpectively. The eagine was shutdown and the traverse
probe steads removed in preparation for fsr-field testing.

Far-field acoustic testing begsn with Start No. 9. This portion of test
ren very smoothly with only one shutdewa to check a high core cowl skin tempar—
ature indicstion recuired. FPourtsen far-field sound readings were taken at
blace angles varying between +1.8° and -8°, nozzle aress between 1.52 m2
(2360 in.2) and 1.87 w? (2900 in.2) e¢ idle, 80, 85, 20, and $2.5 percent
and 3180 rpm fan speed. The acoustic array portion of the test was deleted
when severzl of the arrey microphones could not be properly cealibrated due to
woisture in the system.

The engine performed well throughout the test with nmo lube 8ystea.
hydraulic system, or digitsl control problems recorded. The nidspan bearing
ran st its limit of 544 K (260° F) during extended rumming at maxizze fan
speed due to the fact that the hest excianger. could only cosl the supply oil
to 327 R (140° F) at this speed. 0.023 o5 {6 gallons) of oil was consumed
during the test. Sound Readings No. 145 through 162 were recorded. Thig
completed the fully unsuppressed ascoustic test.

Run: No. 20 - Acoustic Beseline Test

(Configuration 2)
Date: : 7/16/78 through 7/17/78
Bun Time: 10 hours 38 minutes
Follow-ca Test Run Time: 18 hours 34 minutes
Total Ergine Rum Time: 91 hours 08 minutes
D2 Reedings: No. 43 through 104
Eagine Logs: Ro. 73 through 141

Pricr to this test, the tape was vemoved from the fam frame OGV's end
damaged areas of tape repaired on the faz and core cowling scoustic treatment,
Tae test begsn with Engine Stert Ko. 11. Twenty-three far-field azceustic
points were set and recorded before high winds forced a shutdown after 2 hours
and 33 minutes of rum time. Blade angles had been varied between -3.3° and
~5.0° at pozzle sreas of 1.52, 1.58, and 161 m2 (2360, 2450, and 2500 in.2) at
speeds from 2600 to 3100 rpm. During this shutdown, the acoustic array was
. prepared.

The winds subsided and the test resumed with Stert Ko. 12. Array data
were recorded at 94.6 percent fan speed zt +4.3 and ~5° blade angle znd at
1.52 and 1.65 a2 (2350 and 2550 in. ) nezzle areas, respectively, High winds
forced znother shutdown eliminated the last two aiming angles of the latter
array peint. The array was removed from the sound field sand far-field scoustic
testing began with Start Ko. 13 when favorable wind conditions returned,

With the fan nozzle zrea get at 1.52 m2 (2368 in.2} and at 94.6 percent
fan corrected fan speed {3085 rpm), far-field points were recorded st +5°, 0°,
=2°, ~4°, -8°, -7°_ and -8° blzde angles. With the blade angle remaining at
-8° open, speed points of 92.5, 90, 85, aad 80 percent corrected £an speed,
respectively were set. Whaile setting these 11 acoustic points, there wasz no
variation in the engine vibrational chartacteristics. Wnile st 80 percent fsn
speed, the nozzle was adjusted to 1.87 =¥ (2500 in.?) and the blade angle get
to ¢3.3°. An acceleration to 91.9 percent speed was aboried when the ¥No. 1
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beering and faon frema horizonts}

2ccelerometers reached 4 nils double &opli-

tude ot spproxzimately 2650 fan rpm. The blade engle was set to +5°, the

=? (2500 in.4) gnd another acceleratisn &ttemptedy bue
&gain, high vibrationa} activity foreced = backeff to 2500 Trza. Two more
8ttempts to sceelerate the engine to max speed were mede with -3° and -8°
blade angies with similer results. Vibrstion levele were safe at 2509 fen rpm
but would gteadily increage with increasing fan epeed until the 4 @iy double

nozzle greas to 1.61

During thig shutdown, the field balence weight &t position
serviced with 0,023 g3 (6 galicms)
gine testing resumed with Stere Mo, 4. £n accel po 3100

and the lube system

successfully made with & +5° blade angle and 1.61

the bzalence ghift occurred, Far~field data were
and -3.3° blade angle.  Ancther balance ehift wag
cloge the Blsge engle o +4.3° yag made. Mo, 1 b
tal fea filsereq aceelercmeterg resched 4.1 mile deuble ampl
fan speed. The blade angle was then opened to -8

A small perfors
wes discovered on th
probes were instsalle

tank, Testing resumed with Start s
speed (3180 rpm) wieh *6.3° end +2° plede angles were b
imum speed was finslly obtaigeq with

bratioca levels. [ex

the spproech point in taking fan nozzle, core exhaust, and £
probe data. Core prode date were recorded at Bire speeds:
OGV probes ap t¥o. Approach point was 0° blade angle, 1,85

ime wesg 13

init wag reached. The engine was shutdewn

hours 28 minytes.

11 vas remaved

of Reyel 8§99 cil. Eg-
rem f£an speed was

= (2500 in,2) nezzle areas

token at +3.3°, +1.8°, +0.54°,
recordad 2 gn attempt Lo

ezring and

® and the e

fan freme horizog-~
itude st 2950 byt
ngine acceleracea

ezs, The remaining five for—

© éngie znd the emgine wag shutdown

tion, epproximately 1.27 om {cne-n

& cuter wall of the far frame
d and 0.011 w3 (3 geliong) of

glf inch) in dizmeter,

duct end repaires, The
Boyal 899 sddeg 0 the Iiubs

o 15, Teo a2ccelerations to mazinus fon
orted due po high vie
2 0° blgde angle

(2500 in.2) nozzle area. This blage angle was veed for

&n OGY traverse
the faa mozzle arnd
n2 (2558 1n.2)

nozzle area sng 56,900 § (12,800 I1bs} of thrust; vhile takeoff wag ~5°, 1.52

(2360 1n.2), gpg

74,708 N (16,800 ibs), respectively,
installeqd thrust. Thig concluded configurstion #2 acousti

Sound readings No. 163 through 227 wers recorded during

though g mejority of

speed points. §.034

running was at high speeds, over 3000 fan rpm,
performed well vith the two fan rotor balance ghiftg being the culy

The coatrol console and the DMg data system were plagued with
cultieg, tesulting in failure to obtain a DMS resa

.

Thrust wag corrected,
¢ testing,

this test. 4]-
the engine
prebienm,
numercus diffi-

SC€ADZS 2t several scoustic

Run: - No. 21 - Core Treatoent Effec
Test {Configuration 3)

Date: 7/19/78

Run Tigme: 6 hours 57 minutes

Follow~on Tegt Run Time: 25 hours 26 sinutes

£ Acousgtie



Total Engine Run Time: 98 heuras O minutes

M8 Resdings: Fo. 102 through 148
gine Logss ¥o. 142 ¢hrough 17%

Frior to this teat, the follewing configumetion chenges were made:

® Bemoved the bellmouth inlet end installed the composite flight
- ialet. .

e Instelled acoustic splitter.

@ Removed tépe from all acoustic treatmeat and cleened surfaces where
ethesive remsined. ' ~

e Instelied acoustic traverse probes at the fon fsce end inlet threat,

e Resealed the legking instrumentstion lesdout tube at & o'clock on
the aft side of the fan freme.

& Inctalled & microphone in the pylen area to measure undercowl ccol-
ing air aoize esceping throogh the pylen.

@  Servieced lube system with G.011 w> (3 gellone) of RBoyal 899 oil.

e Prepared far-field and accustic array micrephones for agoustic
testing., =

'8 - Termimsted stetic pressure on inlet.

The test begen with Engine Stert ¥o. 16, Al1% 22 far-field acoustic
pointe were recorded without incident. Engime vibratiea levels were low at
all speeds, for all blade anglee (+3 to -8°) apd nczzle srees 1.87 to 1.52 =2
(2509 to 2360 in.2) tested. The T41C limit of 1760 R (2600° F) was encoun—
tered at the -8°, 1.52 m? (2360 in.2) znd 3100 fan rp= condition. The engine
was then shutdown to install the acoustic array. The postrum imspection re-
vesled material iifting slightily from the instrumented core inlet OGV at ap-
proxizmately 12 o'clock. The material wes gn adhesive~epoxy used to blend inm
the flowpath over the vane mounted sensors. Repair was delayed until comple-
tion of the array test.

Two-thirds of the array data was acauired before increasing wind speeds
forced a shutdown to stay within the blade stress limit envelope. The winds
did not subside umtil late that night. During this time, the core inlet OGV
instrumentation was repaired aad the fen znd core exhaust acoustic probes
installied. The fan face probe's strain gsges were inoperative, prohibiting
the prebe frem being traversed.

Bo fan rotor belance shiftg occurred during this rest. In fact, engine
vibration levels were lower then &t any time during the entire test progranm.
The repair of the leeking instrumentation leadout tube, prior to thig test,
successfully controlled o1 consumpticn.
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Bo lube system or comtrel problems were encountered, alrhough due to t?e
kigh embient tempersture, 301 K (82° F), the T4iC limit was approached ar high
speeds and closed nozzle aress. The repeirs mede to the OGY instrementation
remained intact during the probe rum. Acoustic Eeedings Ko. 226 ghrough 274
were recorded during this tese. :

Run: _ Ro. 22 - Splitter Bffoct Acoustic Test
- (Configuretion &)

Date:  7/26/78 through 7/21/78

Bun Time: 8 hours 4 minutes

Follow-on Test Rum Time: 33 bhours 30 miputes
Total Engine Run Time: 106 hourz 4 mirutes
D¥S Resdings: ' No. 151 through 175
Engine Logs: , Fo. 180 through 238

Prior to this test, the following configuration charges were made:
e Removed accustic splitter and instslled bleckoff pada.

° Bemoved the hardwsil core nozzle end centerbedy and installed the
acoustically treated nozzle end centerbody. N

® Rezoved core ezhaust end fan dust dischazge scoustic probe stands.
® Bepaired strainm gsges on the fan face sszoustic probe.

e Pzrogremed Senborn Recorders for control transient testing to imze~
' distely follow this scoustic test. : : S

Testing begen with Engine Stare Fo. 19. Eight far-field dsta points
were reccrded before high wind vpeeds ferced an engine shutdowm after 1 hour
and 29 minutes. The wipds subsided an hour later gagd testing resumad. HNipe
wore far-field and one traverse probe gpeed points were recorded before high
winds forced ancther shutdown. During this shutdown, the core exhaust and fan
discharge acoustic traverse probe stands were installed. The wind gpeed
dropped, and the test resumed vith Start Fo. 21. Four core probe data points
were recorded when the exhaust probe's dymnamic presgure sensors begen malfunc-
tioning, elisinating any further traversing of this probe. The fan face, fan
OGV, end fan ezhaust probes were traversed st takecff and approach power sget=

- tings completing the planned acoustic test program., Total follow~on test run

time was 30 hours, 4 minutes at this point, Sound readings Ko. 275 through

- 288 had been tsken., The control room recording_equipaent was not prepared for

transient control testizg,

With the engine at idle, 1800 fan rpm, the engineering panel potentio-
maters were adjusted to the following values ghown in Teble ZIII.
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Table XIzz, &ntoemstic Control Hode Test.

Fenctien Valge
X18 rate 0.7% s2/gac (1209 in.2/gee.)
%18 roof 1.71 =2 (2652 jip.2)
X18 max 1.87 &2 (2909 in.2)
X18 min 1.42 22 (2200 ip.2)
KF =uto gain Hominal ’
BF servo gain Bominsl
Hax RPR . 11.6
BF rate - 85%/gee
BF flcor +5.0°
Eznual BF gain Bominal
XMy . 0.835%

Nl Schedule 2800%%
% Indicated RMLIT = dctusl XM11 = g,79
%2783 rpm, Physical on 267 ¥ (20° ) day

Hote thet blade angles sre aluwsys set from the clozed position while Bz~
Zle aress are sot from the open position. Unless otherwige noted, an engine
log was recorded ot eseh peine beginning with Exgine Log No. 205. The nozzle
vas opered to 1.87 mf (2305 in.%} end blade pitch edjusted to +8° clesed where
where fan speed stebilized ar 1964 Tem. As the sute forward mede was gcpi-
vated, the fan ineressed to 2100 rpm while the core remagined at 1G,935. Bivce
the fz2 wags now operating in & criticsl blade stregs range, the core idle
speed was adiusted to 10,760 rpm, slowing the fan to 1974 tpm. The conirel
wagz then switched from auto forward to full =2nugl and back to the &uto
forward mode, during which fan speed dropped to 1948 and weat back o 1973

rp=m.

Using Power Demang Pot Fo. 1 (PDP1) succegsive accelerations to 80, 8s,
80, 95, and 100 percent power demand were n&ade without difficulty. W¥hiie
at 100 percent, the 418 reof was adjusted to 1.82 m2 (2817 in.2), fan gpeed
limit rajsed to 3050, ang Engine Log No. 215 recorded, The Al roof was
readjusted back to 1,72 g2 (2670 in.2), the engine pressure ratio (EPR) pot
setting on the engineering panel incressed to 600, and Log Bo. 2i7 recorded.
Inlet Mach nurbder wag incressed from 0.785 to 0.792 on the enginesring panel
with the only change being a slight increase in nozzle ares ag shown in
Engize Log No. 218, & deceleration from 160 to 95 percent then az sccelera-
tion back to 150 percent pover demsnd wag berforned without incident comclude
ing the steady=ztats portion of the controls test. The EPR pot setting was
returnsd to 253 in Preparstion for traznsient testing, Table XI¥ ligts the
parazecters 8t each of the steady~gtate peints recorded,
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Teble ZIV. Steady~-State Sgeed Poines.

Eagine Powar Core Fen Blede Al8 Cozrected
Log Demand, £  Speed Speed  Angle (in.2)  Thrust (1bs)
235 idle 10935 19864 +8.1 25090 . 3889
2907 idle 16835 2100 +8.1 2949 3775
208 idle 10760 1074 +5.8 2503 3350
20% & 12288 2362 +3.3 2843 16169
210 &5 12466 3507 +2.4 2800 10941
211 %0 12675 2099 -1.6 2%09 12455
212 85 - 12765 2083 -2.1 2728 13239
213 g9 12866 297p -2.8 2663 13850
214 i8¢ 12871 2970 -2.5 2817 13636
213 188 - 1287 3931 -2.0 2817 13576
217 L1} 1332 3037 -7.2 24390 16640
2:8 132 13332 331 -7.2 2668 16362
21% €2 1307¢ 3089 ~4.5 2520 14733
229 jled 1332 3044 -7.8 2476 16402

Usging PDP1, o decleration to &9 rercent corrected thrasz, 43,770 & (o850
1ba}, was mcde and log 221 recorded. Pover Dememd Pot Ho, 2 {PE?2) was then
&d justed to the same setting ze PDPl ané the coatrol switched frem PODI te
FPDP2. The engipe acecelerated slightly end PDP2 uves &djusted to ger 40 percent
thrust egain. Coatrel vas switched back to POPI end log 226 recorded. &n ge-
celeratica to 65 percent thruee, 47,415 B {10,660 Ibe), using PDRI ©as per-
formed. A transiens fzom 85 to 60 perceat and another back to 65 percent
power demand was made by switching the control from PDPL to PoTY end back to
- PDPL without incident o8 engine logs 225 through 227 weze tecorded. The
engine was accelerated to 80 percent thrust 38,357 N (13,120 1ba} using PRP]
and PDP2 sdjusted to the s&m2 pot settinz. The control was switched to ®pp2
acd Log 228 recorded, Switchirg back to PDP1, an Zcceleration to 85 percent
thrust, 62,000 w (13,940 1bs) was performed and engine log 229 taken. 4
transient from 85 to 80 and back to 85 percent thrust was then succesgsfully
performed.

Uzing the engineering Panel, the engine wss set to 100 percent thrust,
72,950 H (16,400 Ibs), and then back to 35 percent, 69,300 K (15,580 1bs}.
PDP2 was sdjusted to the czme value as PDPl, the control switched to PDP2,
and engine log 230 recordad. Switching back to FDP1, the engine was scceler-
sted to 102 percent threst, 4 transient from 100 to 95 percenmt thrust snd
back to 180 percent was 2ede without incident by ewitching comtrol from PP
to PD2Z znd back to PDPI, completing the gmaltl transient portion of zhe test,
The EPR pot setting was adjusted to 250 and the engine decelerated to idle
with a core speed of 10,700 rpm and fan speed of 1756 rem.  The control wss
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switched to the full menual =ode, but was immedistely return:d 2o suto forwerd
when fan speed dropped to 138% rpa. The fan pitch floor was sdjusted to +8°
clesed ou the emgineering paonel to prevent & recyrremce of the eveant =nd the
full wanual mode agsin selected. Using PDPL, 45 percent power demand was

set. The nozzle srea and blsde angie were sdjusted to 100 percsnt thrust set-
tings, 1.59 ©2 (2470 in.2) gnd =7.2°, respectively. ' An accelerstion to 2302
fan rpm wes sboited vhen the control comsole failed to display speeds and fusl
flows. The blades were adjusted to +5° and the engine shutdown to effect
repairs on the comsole.  Torel engine run time was 32 hours, 22 minutes.

The comsole was repaired and testing resumed with Start Ho. 22. Wind
conditions were becoming unfaversble for prolonged running, so testing began
with the loag trangients. Nozzle erea snd fam blade angle were set st 1.87
w2 (2900 in.?) and +8.4. The auto forward mode was selected and the blede
angle floor pot edjusted to -3°. An zccelerztion to 62 percent thrust, 45,227
N (10,168 1bs), was performed using FDP1 and Engine Loz 232 recorded. FDP2 w3as
then adjusted to the 62 percenmt thrust setting and the control switched frea
PDP1 to PDP2 and back to PDPl sgaim without incident. 4n accelerstion to 70
percent corrected thrust, 51,060 ¥ (11,480 1bg) was performed follewed by
Engine Log 233. Wind speeds in excess of the blede stress limit emvelope
forced a return to idle speeds. During & momentary wird lull, the eagine was
accelerated back to 70 perceat thrust, and @ transient to 62 percent emd beack
to 70 percent thrust was performed without migshap. An attempted scceleraticnm
to &0 percent thrust was sborted when fan speed incressed to 3150 rp=. The
engine pressure ratio was reduced twice: opce to achieve a fen speed of 3050
and once for 3030 rpm, but in each caze fam speed would imcrease to 3100 rpum
as 80 percent thrust wee epproached. The fen speed echedule was them adjusted
to achieve & fem spaed of 3000 and finally 2900 rpa. The blade angle augto
gain was slgo adjusted upward at this tise. ‘

~ Another attesmpted accelerstion to 80 percent thrust was thwarted when
the power demand pot raa out of travel. Finslly, by adjusting the EPR, 80
percent thrust, 38,360 W (13,120 1bs), was obtained and engine Log Ho. 234
recorded. A transieat from 80 to 62 and back to &0 percent corrected thrust
was then performed with no faults evident., 85 percent thrust, 62,000 N
(13,940 1bs) was then set by sgain adjusting engine pressure ratio and Log No.
235 recorded. A transient from 85 to 62 and back to 85 percent corrected
thrust wes completed without apparent incident. However, inspections of
high speed Sanborm traces revealed that the ergine hed overshot the fan gpecd
- limit of 3100 rpm, peaking at epproximately 3200. ¥o further transient sccele
erations were made, Engine pressure ratio wesz adjusted to &chieve S0 percent
corrected thrust, 65,530 W (14,733 1bs), 2nd a trensient deceleration to 62
percent successfully performed. A normal decelerstion te idle wag made
where the blade pitch pot on the engineering panel was reset to nominal and
the control switched to full manual. Nozzie sres was set at 1.61 n? (2500
in.2) 2nd blade pitch at +5° clioged, respectively, while Engineering consulted
on the fan speed overshoot problem. High wind speaeds forced an engine shut-
down due te fen blade stress limits. During thie shutdown, the decision was




Bade not to continue with further tremsient testing st thie time. Tais com
pleted the planned follow-on test progrem. Tedle XV lists the steady-astate
parameters ot eech of the trensiens peints tested.

Tadle ZV. Steady-State Parezetvers.

Core Fan Pitch Corrected
Engive | Thrust, | Speed, Speed, bngle, A._g.,&ﬁ_ _ERrust
Log g BPH RPH degroes {i8.2} B (¢4
221 €0 122315 2215 +3.4 1.8710} (2306) 43487 (9770)
226 69 12257 2818 +3.5 1.87161 (2%09) &4347 (2975)
225 65 12538 2972 +3.5 1.8710: (29%035) 47782 | (10752)
226 ) 12238 2782 +3.4 1.8710; €2800) &2118 (2459)
227 65 12681 2872 +3.4 1.8710¢ (2980) 67169 | (106500)
228 &0 12275 3833 -1.2 1.7219 1 (25869} 3838% § {1312%)
23¢ 835 1285% 3046 -1.5 1.58%5 (2463) 6185 [ {1399%)
230 @3 13124 3643 8.2 L.7619 (2709) 63086 | (15207}
231 idle 11730 1788 -7.2 1.5%48 ¢ (2472) —— m—
232 62 12373 2858 +3.3 1.8710 1 (2%00) &5681 | (10270)
233 70 12572 3088 +3.0 1.8710 ¢ (2300) 51332 1 {11542)
234 &0 12831 2912 -1.8 1.582 (2462) 59283 § €13316)
235 &5 12847 2887 -2.9 1.5884 § (24582) 61534 [(1383%)
236 0 13028 2911 =5.3 1.5828 1 (2663) 646832 [ (14559)

&n extensive poet shutdewn inspection revesled nothing unuauai. MNo &p=-
preciable amount of oii was cbserved on the emzime or test fecility. All
hydreulic asd oil syctem filters ead screens were removed, inspected, and
cleaned with nothing unusuel found. Tae composite cowling, f£laps, and bledes
showed no uousual wesr or de=mage of sny kind. A borescope incpecticn of ceom-
pressor, combustor, and EP turbine revealed no demage. A frequency gcan of
the faea blades found no significent changes. This completed the testing
progrem for the QCSEE UTW engine.
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7.0 PROPULSICE SYSTEM PERFDmMANCT

7.1 PERFORMANCE COMPARISOH

Performance testing on the UTw experimental engine was nesp cempletion
on Build ! when the exheust nozzle support ring failure occurred. %haen
testing was recumed on the second builg following repeirs, the performanpecs
goals were limited to verification of previcus Build 1 messurements end
completion of reverse mode testing. Imstrumentetica to Eeggure coznonent
performance was not as extensive 23 that of Build 1 because of the limited
goals. In eddition, the composite nacelle coamponente incorporated ia Build 2
did not have provisiea for es much instrumentation gs the boilerpicte parts
used on Build . . ‘

The gecond build dezonetrated overzll performance cemparsble to that
of Build 1. There was an improvement in epecific fual consumption &t takecff
thrust, At 97 percent fam speed, the sfe from test messuresents was lower
thenr that previcusly estimated from Build 1 data.

Haximms reversze mode thrust achieved wag 27 parceat, compered to the

goal of 35 porcent. Engime stress amd temperature limite restricees opezetica
at higher reverse thrust.

7.2 FAN PITCE &RCLE

ALl UT¥ Build 1 veadings were taken with fan roter pitch engle set by
sctustion towerd the closed (+) direezion. This was necessary becsuse of
scteation system tergue limitations. On Build 2, with the ball epline
actuation systez imstelled, the szme procedure was used for initial testing
in which the bellmouth was used, with the exception of a few hysterieisg
poiats. Following imstallstion of the flight-type inlet, the pitch setting
procedure was changed so that all readirges (again, excepting hysterisis
points) were tzken with pitch set by actuation in the cpen {-) direction.
This change was made because it was felt that actuation against the blade
air loads might improve the consistency of blade pogitioning.

Comparison of the test data shows that actual fan rotor piteh angle wes
different between the engine builds for the same indicated pitch angle. The
difference in pitch angle between two builds is shown in Figure 8. (See Plot~
ting Symbols in Teble XVI.: The trends in Figure 8 alsc show that when pitch
angle was set by actustion in the closed (+) direction, Build 2 ¥&s8 approxi-
mately 1.6° more closed than Build ] ac an indicated +5°, and 2.7° more closed
than Build 1 at +5°. %hen pitch was zet in the open {-) direction, there was
an additicmal difference of approxzimately 1.4° further closed from the Builg 1
position, due to sctustion syatem hysterisis.
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Teble XvI. Plotting Syzbols.
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The shift ia pitch angle Between the two builds may be indicetive of a
basic calibration repeatsbility/accuracy problem, It may be noted that there
&leo appeared to be a shift betwcen the first end second rums on Build 2, The
second run, which was for follsw—ca ascoustic testiag after repeir of the pitch
actuation system, sppeaved to kave pitch engles about 1.4° closed from the
preceding Bulld 2 dsta.

7.3 TERUST VERSDS AIRFLOW

Thrust-airflew cheracteristics for the test readinge taken with the bell-
mouth mounted are shown im Figure 9. For bypass stream ezhaust mossle sreas
(418} of 1.35, 1.61, and 1.87 =% (21090, 2503, and 2209 in.2), the data may be
directly compared to Build 1 results. For am ALS of 1.458 g2 (2259 in.2),
there were ao directly cemparable Build 1 data, 2o the tresd for 1.52 m2 (2350
in.2) 418 on Build 1 is included instesd. The data presented im Pigure 9 show
that the thrust-zirflow tzrends for Build 2 sre consistent with Build 1 results.

7.4 FUEL FLOY VERSUS ATIRFLOY

Fuel flow versus sirflow for the bellmouth rums is presented ii Figure i2.
The treads for Build 2 match those of Build 1, allowing for the dats scatter
ncrmally present im fuel flow. . B

+.5 UWINSTALLED SPECIFIC FUEL CONSUMPTION

The sfc objective for the UNW is 0.00334 gfeW (6.33 1b/hr/i%) 2t 81.4
ki (18,300 1bs) thruse, uninstalled en 8 stendard day, 288.15 K (518.67° R).
Rozinal taokeoff airflow is 405.5 ke (894 Ibe/sec) 2t a corrected fan speed
(PLILR) for ©4.5 percent. During Euild 2 testing, there were mo additionsl
dats obtained at tokeoff thrust amd 94.5 PCYLR. Howsver, there were data at
97 PCRLR which included tekeoff thrust levsl. These data show aa improve-
ment in sfc at tekeoff thrust over previcus projected Build 1 tremds, which
had been extrapolated frem date st lower speeds.

SFC trends are presented in Pigure 11. The Build 1 trends shown in Fig-
ure 11 correspond to Build 2 indiczted values. They ere extrapolated to 97
PCHLR based on the extensive fan mapping data, and allow for the piteh angle

* shift noted between the two ecgine builds. 4t takeoff thrust, the efc on

Build 2 is sbout 6.00925 g/sN {(0.327 1b/br/lb) at -5° indicated pitch angle,
set towsrd closed. (This corresponds to -3.37° om Build 1, which probebly
represents the actusl angle.) The airflow at this conditionm was sbout 1
percent higher then the ncminal value. The data for indicated 0° on Build 2
(#2.10°, Build 1) correspond weii. At -5°, there is less congistemcy between
the data for the two builds.
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7.6 REVERSE MODE PERFORMANCE

Beverse mode performance testing on Build 2 wes dome with the fan pitch
angle set st =-9$5°. At the time this test was conducted, the actuation system
components were being repeired so the blsdes were positioned by meanc of the =
pitch lock adasptor. Since there was some uncertainty during the Build 1 tests
&s to possible effects of the splitter on reverse mode fan performence, it was. :
removed for Build 2 reverse mode performsnce testing. The splitter was re-
ingstalied for later follow-om acoustic tests so it was possible to assess its |
effect oa overall performance. R

The maximum reverse thrust level achieved oa Build 2 wes =21.1 kN (4748
1bs), or 27 percent of forward mode installed thrust et tekeoff. Although the SR
potectial for higher thrust is within engine speed limitstions, either blede c
stresses or LY turbine discharge temperature became limiting when higher P
levels were sttempted. .

Beverse mode thrust tremds versus fan epeed for Build 2 sre shown in Pig=—
ure 12. Also shown in Figure 12 are deta from Euild 1 &nd some of the Build 2 it

acoustic resdings. These datz are not necessarily directly comparabie zg moted
‘below: : X

e  The Build 1 data were tsken with the splitter instalied amrd the
- originsl zotor pitch actustion eystem.

3 The Build 2 performence readings are without the spliteer,
 utiliziog the pitch lock sdaptor.

&t -93° pitch angle, the effect of the gplitter on thrust may be moted
by comparing the Bazild 2 performsnce end acoustic data inm Figuzre 12. A&t 55
BCHELE; the splitter introduces o loes of 1112 ¥ (250 ins); at 67 PCILE, the
splitter loss increase to 1334 N (300 1bs). The differcace in trend betweea
Build 1 end Build 2 resdings at -1060° pitch angle mey be due to differeaces |
in actual blade angle becasuse of the different biade positioning mechenisms. ‘ L
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8.0 UTW rAN AERODYHAMIC PERFORMANCE

8.1 FORWARD MODE PERFORMAECE

The performance cheracteristics of the Build 2 fan were similar to those
of the Build 1 fan in both forwsrd and reverse wedes of opereticn. A dizcus-
sion of the Build 1 fen performance and its comparison with the 20~inch éie-
eeter scgle—model fzn simulstor tests is given im Referemce 1. Although the
Build 2 fan did not have sufficient imstrusentatica for a thorough evalmaticn
of forwerd sode performance, the availeble dsta imgicated that the fan fiow—
puspirg cepacity and pressure rise at blade pitch settings of ~5°, 0°, znd +5°
were essentizlly the same for both builds after adjusting for the shift in
pitch irdication 2s described in Sectien 7.0. Build 2 reverse mode perfor-
mgnce data were obtained with & configuration sceswhat different from that of

Build 1, and the comparizons are discussed in the following sectiom.

€.2 REVERSE MODZ PERFORMANCE

Build 2 reversze mode zerodymamic performance testing was serform:d with a
eirgle configuration. The fen bledes were set &t ~95° from momieal piteh, snd
the accustic splitter in the aft fan duet was vezsved. Soze overzll engime
perforzance data were obtaimed in Build 2 with the spiitter instelled, But mo
fan performance data were obteained for this configuretion since the fan duct
could not be traversed with the splitter ia place. Euild 1 testizg hed been
perforzed et blade pitch settings of -i85° and ~109°, with the acoustic split-
ter in place. The scale-msdel fan, described in Reference 3, was tested at
all three pitch settings without the scoustic splicter, but st speeds higher
than those echieved with the Build 2 fan. There were significant geomesrric
differences between the scale-model fam and the Uf¥ engine fan. The fan aft
duct, or "exlet®, had a bellmouth-ghaped entrance in the sizulater, but this
entrarce in the emgine fan consisted of discrete tabs with large gaps in
betweea. The fen rotor hub fiowpath znd platform geometry of the scale model
was smoother and had smaller geps thsn the cngine fan. Also, the inlet
throat of the simulsator contained large instrumentation rakes which reduced
the physical area by approximately 5 percent, whereas the inlet throat in the
engine was relatively uncbstructed.

4s observed with the Build 1 fan, the reverse thrust produced by the
Build 2 fazn was signlficantly lower than that predicted by the scale-model fan
when operated at the same speed and pitch setting. However, the effect of re-
moving the acoustic splitter in Build 2 showed a noticesble improvement in the
measured thrust. In both builds, the fan produced about 70 percent of the
predicted reverse thrust with the splitter installed, but the Build 2 fan
thrust incresred to 80 percent of the predicted value st the seme speed and
blade pitch angle when the acoustic splitter was removed (Figure 12). Lack of
sufficient instrumentation prevented an evalustion of how much the exlet losszes
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wers reduced whem the splitter wes removed end, thue, how much effect on
thrust might be cmpscted from this chesge. It could net be determimed if
removing the splitter had eny effect upon the fan's basic puzping cherester-
istice.

. Figure 13 presents the engine deta from both builds cozpared to the scale
model 'es reverse mode performsnce. Presgure retio shewn in Figure 13 was
caleulated using the stmoshperic esgime inlet value and date from the fized
rekes located immedietely downstream of the roter bledes in the engime imlet
duct. Feaa overall presssre rise was significeatly lower in the enmgime then
expected from the simulator tests, by en cmount sufficient to be consistent
with the lower-tham-expected reverse thrust. Simce the imlet pressure was
taken az atmsspheric for the data in Figure 13, higher leszses in the engine
ezxlet duct would have contributed to the eppareat low fan pressure rise., Some
cobra probe traverse measurements in the aft duct teken during Build 1 indi-
cated that the exie? reccvery (expressed es the vetio of total pressures froam
Plaae 15 to stmospheric) wes 1 to 2 percent lower thea was measured in ths
sizulator tests, sund the recovery could well have koen even lower then the tra-
verses irdicated. Another possible explasstion for the spparent iow fan pregsure
rise iz that the rotor bub geometry differences poted eerlier; or 2 difference
in the smount of flow estering the core engine inlet duct, might have reduced
the amoumt of seperated flow present nesr the centerlinre of the engins's
inlet duct dering reversce thrust operatien. A reducticn in the size of thigz
deed-water region weuld have imcressed the effective discherge area of the fan
eed lowered its operatinmg line. Finally, the relatively uncbstructed imlet
threat in the enginme, cospsred to that in the scale model with roughly 5
pezeent rveke blockage, centributed to the lower fen opersting lime, sithough
this effect is only emoughk to explsim ebout 25 pereent of the discrepancy.
Yhile iosufficient data were recorded in engine Builds 1 end 2 to resoive this
question, it is a subject thet deserves further testing and enslysis simce it
dizectly affects the ability to predict fan performsnce during reverse mode
operaticn.

Figure 14 compares the flow-passing capability of the enmgine with that
of the scale model. 4t 2 givea pitch angle and speed, the engine fan pumped
slightly less flow then the simulstor, om the order of 5 percent, zlthough
this percentage is probably within the sccuracy of the engine flow messurement
in reverse-mode operatica. The flow egain is corrected by the atmospheric
pressure at engine imlef, mot the fan inlet pressure. The differemce in true
rotor inlet corrected flow thus would have been less thanm shown inm Figure 14
if flow induction loszes were higher in the engine than in the simulator. .
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9.0 SYST DYNAMICS

The overall vibration responge cheracteristics of the QCSEZ UTW engine
(Build 2) were found to be within scceptsble limits for mormal engine opera-
tion. Fifteen vibretica seneors were used to evelvate the engine respomse. :

The synchromous vidretion levels for both the LP end HP rotor estivities
were sgain very lew threughout the cperating ranges. Levels were still gen~
erally lees than 0.0025% cu (1 mil) double azplitude {BA) indicating well
balenced LP and EP rotor systems.

The fan synchroncus vibration levels were compareble to the Build 1 con-
figuration levels. The meximum steady-state value obeerved for the variocus
pickups on the last dsy of testing at the Peebles Facility {(7/21/78) are shown
in Table XVII. The typical ome/rev fan syachrenous vibration levels were wore
like these shown in Teble XVIII. :

Ehile the fan vibrstion levels for Bueild 2 testing were gemsrally low,

the highest levels were observed in November 1977 during fan blsde pitch
__angle eand fan nozzle ares excursicms. Tucme dats are reported as followa:

Test: QCSER UTH Composite Imlet
Engine Es: 507/001/2 : - _ o
Teet Date: 1173777 ’

Excursions: Change of fan blade piteh angle from =5° to =-10° and éhange
of fan mozzle area from 1.87 a2 (2900 in.2) to 1.33 me (2150 in.2).

Data &nslysis: An examinatiocn of the reduced vibratien date included a

-gradusl increase in vibration levels across the board for both of these

excursicns. The incregse was more significant when the nozzle sres was
reduced. A backoff wes called when the nozzle arez was 1.39 me (2150 in.2)
beceuse of high slipring vibrations.

Teble XI¥ shows the fan synchronous vibration levels at nozzle area values
of 1.87 n? (2900 in.2) &rd 1.3% u? (2150 in.2). fThe slipring radial vibration
Pickup indicated an increage from 10 to 21 mils-DA.  The blade angle for this

excursion was -8° and the fan speed was 2976 rpam.
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fable XVII. Meximum Pen Synchromous Vibratien Respomse for
QCSER UTY Bogine (Bsild 2) Accelercmeters.

vibration Semsor

Pan Speed (zpa)

Maximum Resgonse
ca (=ils) BA

Fan Couwl
Fen Frem - ¥
Fan Freze - B
Fo. 1 Begz —§
"Ko. 1 Bzg - B
Ko. 2 Bzg ~ B
¥o. 3 Brg - V
EBo. .S Bgg =~ ¥
 Eo. SBrg - H
‘Bed. Gzar = B
Comp. Stgtcz -H
Ezhsust Cone
bec. Gearbox - A
; . Ace. Geatbég - B

pigital Control

2958
2958
3100
3106
3106

1976
3104
2815
2625
3104
2808
2615
3104
2800
2800

0.005% (2.5) N
c.conl  (3.8) |
0.0025  (1.0) !
0.0086  (2.5)
10.0087  (3.8)

0.0083 (LD

0.6056  (2.6)

£.0023 (0.9

0.6037 (3.8)

0.0031  (3.2) | :
0.0336 (2.2) e

e.ca87  (3.8)

0.6566  (2.6)

0.0091  (3.6)
0.06097 (3.8)

Test Date: July 21, 1978
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Table XVITT. Typical Steady~State Fan
S (Build 2) Accelerometer,

Synchronous Vibration Response for QCSEE UTW Engine

SteadysState Fan Spoed RPM

1605 1800 2505 2650 2818 2980 3083
Vibrat fon Sensor co  (mils)=DA co  (mils)=pa eo  (miia)-DA e (nils)=DA e (mils)~DA em  (mils)=pa ca  (nila)~DA
Fan Cowl 0.0005 (0.2) 0.0003 - (0.1) 0.0013 (0.%) 0.0030 O.2) :0.0030 (1.,2) 0.0026 (1.1) 0.0013 (0.%)
Fen Frame - ¥ 0.0008 (0.3) 0.0008 (0.3) 0.0013 (0.5) 0.0041 " (1.6) 0.0046 (1.8) 0.0053 (2.1) 0.0033 (1.,3)
Fan Prame .- H 0.0003 . (0.1) 0.0003 (0.1) 0.0005 (0.2) 0.0010 - (0.4) €.0013  (0.%) 8.0013 (0.%) 0.c008 (0,3)
No. ) brg = ¥ 0.0020 (0.8) -0.0015 (0.6) 0.0005 (0.2) 0.0023 (0.9) 0.0058 (2.3) 0.0033 (1.3) 0.06023 (0.9)
N@. 1 Brg ~ H 0.002) (0.9) 0.0023 (0.9) 0.002) (0.9) 0.0023  (0.9) 0.0033 (1.3) 0.0035 (1.4) 0.0433 (1.3
No. 2 Brg - H 0.0033 (1.3) 0.0023 (0.9) 0.0008 (0.3) 0.0061  (1.6) 0.0053% (2.0) 0.0043 (1.7) 0.0013 (0.5)
No. 3 Brg = ¥ .- 0.0008 (0.3) 0.0005 (0.2) 0.0010 (0.4) .0023 (0.9) 0.0028 (1,1) 0.0028 (1.1) 0.G016 (0,7)
No., 5 Brg ~ v VO.OOOZI (0.1) 0.0003 (0.1) 0.0005 (0.2) 0.0030 (1.2) 0.0081 (3.2) 0.0053 (2.1) 0.0928 (1.%)
No. § Brg = W " 0.0018 (0.6) 0.0028 (1.1) 0.0013 (0.9) 0.002%  (0.9) 0.0023 (0.9 0,0003 (0.3) 0.0003 (0.1)
Red, Gear « i 0.0023 (0.9) 0.0018 (0.7) 0.0033 (1.3) 0.005F ° (2.0) 0.0070 (2.8) 0.0023 (0.9) 0.0013 €0.%)
Comp Stator = N 0.0003  (0.2) 0.0003 (0.1) 0.0013 (0.3) -0.0036  (1.4) 0,0033 (2.1) 0.0048 (1.9) 0.002% (1.0)
xhaust Cone 0.0013 (0.9) 0.001% - C0,06) 0.0030 (1.2) - 0.0036 -(1.4) 0.0068 (2.0) 0.004¢ (1.,8) 0.602% (1.0)
Acc Geatbox =« A | 0.0003 (0.1) 0.0003 . (0.1) 0.0003 (0.1) 0.0003 (0.1) 0.0003 (0.1) 0.0003 (0.1) 0.600) (6.1)
Ace Gesrbox -.! 0.000% (0.2) 0.0008 (0.3) 0.0013 (0.0) 0.0060 (1.9) 0.006% (2.¢) 0.0068 (2.7) 0.0038% (1,8)
bigital Cantrod - | 0.0003 (0.1) 0.000% (0.2) 0.,0008 (0.3) 0.0003 (0.3) 0.0008 (0.3) 0.000% (0.2) 0.000% (0.2
K8
g&
g5
9 &
oL
V%)
€ 9
g
sy
3
<

sl



Teble ZIR. Pea Syochresous Videetica Levele for Hssgle Arvea Execuraicn
for the QCSER UTY Esgies (Build 2) - Compesize Imler Tooe.

o

(Pem Blade Piteh 4mgle = <8°)
(Pza Speed = 2976 rpa)

A= 1,87 o2 (2509 #a.2)

A= 1,39 22 (2150 in.2)

Vibraetica Semaser ez (aiisj-Da e (milis)-DA
Siip Ring Redisel 0.0255 (10.6) 0.0533 (21.6)
Faa Preze Vert 0.6843 (1.7) 0.0102 (4.0)
Bigitel Concrol ~0.0825 (1.0) 8.8075 (3.9}
Es. § Brz Yert 0.6383 (5.2} ‘ | &.m (0.33 ‘
¥o. 1 Brg Horiz o005 (1.0 00056 (2.2)
Siip Ring Teag 0.6038 (1.5) 0.0071 (2.8)
Eo. 2 Brg Horiz 8.0013 (0.5) 1 0.6025 (1.0)
Eo. 3 Brg Vert 0.602¢ (0.8) 0.0251 (2.0}

" Bs. 3 Brg Boriz 0.6025 (1.0) - 0.6952 (2.0}
Reduetiss @eaz Vert .6076 (3.6} 0.0127 (5.0)

| Befucticn Gear Bovis  0.0925 (1.0 0.6038 (1.5)
Comp Case Aft Flange B 0.0038 (1.5) 0.0951 (2.0)
Ko. § Brg Vert 0.0038 (1.5) 0.0082 (3.5)

Acces. Gearbox - Axisl  0.0020 (0.8) 0.0055 (2.2)
&cceé. Gearbox Vert 0.0035 (1.5) ‘ 0.€089 (3.5}
Pan Frase Horis 0.0025 (LQ}: : 0@%1 (1.6
Pan Coul 6,002 J(;‘.éf 10,0051 (2.0)
'c@gam - Yert 16.0838 (0.5} 0.0064 (2.5)
Gomp Tnlot - Horiz  0.0013 (0.5) 0.0025 (1.03




- anmm;ummm-m_mm‘« O e b

Teble ZE ghows ehe vibration levels st Blage ezgles of -53° gnd ~38°,
The mozzle srez was 1.87 &2 (2083 in.2) gor the evcursion frem =5° ga
~16° &t g feo speed of 2983 TpaE.

To suzmerise, vibration levels observed vere gemsitive to o chazze in
the fan blsde engle or g change in the fen nozzle gres. Further, a ecebipa-
ticn of a cleses blade eagle (-g° g2 -18°) and g lew zozzle area, 1,39 gl
{2130 in.z), eibited vibration levels which exceeded the estebiished Limies
for the slipries vidbraries Pickup. The ether Pickups vemaines withig the
established limicg, : ' v :

For subzequent testing, the czzbineticn of blede ezgle eng uegele areg
coaditicns which produced high levels of vibration were avoidad.
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Table ZX. Fen Syachronous ¥ibr

Pitek &ngle Excursion

(Build 2} - Composite Inle

aticn lLevels for Fan Blede

for the QoSER UTH Engire

¢ Test.

 (Fen Bozzle Ares = 2985 in.2)

(Fan Speed = 2053 rpam)

Blade Angle
: » B = -5° _ B = ..16°
Beseription ca (=ils)-PA  cm (mils)-DA
‘Slip Biog Radial 0.0330 (13.0) 0.0405 (16.0)
Fan Prese Vert 0.0043 (1.7) 0.0056 (2.2)
Digitel €ontrol - 0.0020 (0.8) 3.6843 (1.7)
Ro. 1 Brg Vert 0.0010 (0.4) 0.2315 (0.5) k.
Mo. 1 Brg Eoriz - 0.0923 (0.9) 0.0625 (1.0)
Slip a’iég Téng © 0.0933 (1 .3) : é.eszs (1.53
Mo. 2 Brg Horiz 0.6025 (1.0) 0.003 (1.4)
Mo. 3 Brg Vers  0.0020 (0.8) 00035 (1.0
 Ho. 3 Brg Boriz "" .e.é;ﬁés"(l;«%} 0.08%6 (i.8)
 Reduction Gear Vert ©0.0076 (3.0 0.0389 (3.5)
Reducticn Cesr Horiz 0.¢051 (2.9) C.@%& (2.5)
CmCase&ft Flange Boriz  0.0036 (1.4) 0.0178 (1.7)
No. S Brg Ve 0.5051 (200 o.0011 (2.8)
Ro. 5 Brg Horiz 0.0008 (0.3)  c.o008 0n
A;cess, ée&rbéx - Azial ‘ G.Q&ZO _'(9.8) ' 0.0525 ."(1;'0)1
a£céss. é¢afb§x - Vert 2 §.§336 a.s) .00 (1.5)
’Faa‘Frazrg' Her;,z : ”-;b.ész.s' sy ) ~ ,6.0945 ("1:‘2.8):?‘_.
Fan csz'f[-' _ oo (i,é)’}L >1 0.6048 (t.s3
| Comp Talet - vert 'e;scés'}(1;5}* 00066 (2.5)
Comp Tnlet - Foris 0.0025 (1.0) 0.0025 (1.0)
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10.1 BLADE DESCRIPTION

The bledesg incorporated in the UTY fan rotor sre of varieble-pitch design
that offer full reverse thrust capability. The design includes 18 cozpssite
fan blades fabricared from & hybrid combinarion of Revlar 48, A8 graphite,
boron, and S-glass filers im s PR238 epoxy resin matrix. The blades incorpo-
rate s metsl leading edge to provide foreign object dsmasge (FOD} and erczion
Protection. Solidity of the blade airfoil is 0.95 at the 0D and 0.95 at the
I3, permitting rotation of the blades into the reverse thrust mode of cpera=—
tion through both the flaze-pitch and stall-pitch directions. & spherical
casing radius and a spherical blade tip provide closz blade tip clearances
throughout the range of blade pitch angle settings. Each bizde iz attached by
a dovetail to a rotor trumnion &t the blade root. The trummiens are retzined
in the ¢igk by ball bearings. Retainer straps, attached to tke frunpion; loek
the blzde in zm axial pesition and vesist trummion cpering deflections under
blade ceatrifugal ioading.

Design requirements for the UTH composite fan blade were estgblighed to
provide realistic long~life operstion of a £ligh? engire. Design details are
provided in Reference 4. Regults of bench and whirligig testing showing that
the blades have satisfactory msrgins for the structural and gevomechanicsl
requiresents of the engine are provided in Reference 5.

The finizhed composite fan blade is shown im Figure 15. It comgiste of
& molded composite blade, e wmoided ccmposite platform, 234 8 mersl culgers
on the dovetail. The blade is wade up of a solid composite girfoil aad s
straight bell~shaped composite doverail. The blade hes a reduced iesding
edge thickness to 2llow z final coating of wire mech/nickel piate for leading
edge protection within the final aerodynamic contour. The dovetail is under~
cut at the leading and tzailing edges to permit betier transitioning of the
cambered airfoil section imto the straight dovetail to mateh the rotor trun-
nion configuration.

The blade is made up of 0.25-mm (0.010~inch) plies of Beviar 49, A4S
graphite, boron, znd S~glass fibers impregnated with PR282 epoXy resin. The
S-glass plies are placed near the surface in the lower region of the blads to
provide high tensile strength and high strain-to-failure characteriszics for
flexurzl loading. Boron 2nd graphite torsional stiffening plies in the gir-
foil rezion of the blade are orieanted at % 45° to provide the shear modulng
required for a high first~tersional frequency. The boron plies are placed
toward the outer surface and graphite in the inner regions. Plies of Revlar 49
are interspersed throughout the blade with the waiority of them being oriented
with their fikers in the longitudinal directicn of the blade. Severz! Keviar
49 plies in the tip region of the blade are oriented st 90° o the longitudi-
nal axis to previde chordwise strength and stiffness to the blade, ALl a2ir-
foil plies extend continuously down into the dovetail and ar interspsrsed
with insert plies which zot to fiil ocut the enlarged dovetail tross section,

e ey
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The composite platform ig g teapered beam, cantilevered from the blade
root, and ccnsists of s honeycomb core stabilized by upper and lower graphite/
epoxy face sheets. The platform is molded arg bonded in place om the blade
forming a one-piece atructure. Structural plies extend arcund the blade rooe
leeding and trailing edge undercuts, entrapping the platfors benecth the aip-
foil overhangs. The Platform construction is shown in Figure 16, and the
overall blsde dimensions and configuration are shown in Figure 17.

10.2 PRETEST PREDICTIONS

The blade stress vibratory characteristics were determined from 2 three-
dimensional finite~element analysis, blzde bench testing and single~blade spin
testing. Figure 18 is a map of calculated radial steady~stste stresses for

The maps of relative radial stresses under vibratory conditions show the
changes in stress locations for the different vibratory modes. Blade bench
and whi:ligig_test data sgreed closely with these predictions.

Blade vibratory Strengths were determined from specimen and QCSEE blade
tests snd are shown on the fatigue S-N curve (Figure 22}, and the fatigue
stress-range diagrem (Figure 23). The fatigue S-H curve shows the mazzizum
blade stress for various members of flexursl cycies that will cause the blade
to initiate delzmination and cause loss of blade frequency. . The UPP2T curve
gives the minimum strength of the composite material based on flat epecimen,
axigl-axial fatigue testing. The allowszble blade fatigue strength was basged
on the meterial minimum-streagth curve ard blade high-cyele~fatigue tese data.
It includes allowance for three standard devigtions of strength property vari-

a functicn of the blede Emean stress. The allowsble stress levelis for this
curve were selected as the point on the S-K curve for allowsble blzde stress
where no loss in frequency would occur after 1,000,005 flexural cycles with
allowance for three standsrd deviations of material property varistion. Mea~
sured strains in the blade radial (spanwise) direction along with z material

modulus of elasticity of 6.9 x 106 N/em? (10 x 106 psi), were used to calcu—-

late all strésses and strengths. This approach provided a comsistent basis
for setting scope limits, gage monitoring, and comparing stresseg during the
various phases of blade testing. Blade "instability" or "limit cycle varig-

tion" was a Primary consideration in the blade degign. Detailed discussion of

this is covered in Reference 4.

€rilical speeds of the coupled blade/trunnion/disk system were calculated
and plotted in the form of a Campbell diagram. The predicted criticals asre
discussed and ccmpared to engine test dats in a subsequent paragraph.
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16.3 BLADE INSTRUMENTATION AND SCOPE LIMITS

Six of the fan blades were instrumented with 13 dynemic strain gages lo-
cated on the blades as shown in Figure 24. The 13 dynemic strain gages were
located st four different locations on the blagdes to provide a2 balance between
having commonality of gages, having gages at different strain levels for gage-
life considerations, having gages responsive to the different vibratory mcdes,
and providing verification of the vibratory stress distributions on the blades
during engine test. The vibratory stress patterns for the blade vibratory
modes were determined by finite-eiement analysis and by laboratory tests., The
blade strain 8age locations were selected so that at least one of the loca~
tions would be responsive to blade vibration in each of the five lower blade
modes.

"Scope limits" or vibratory stress limits for these gages were calculated
for each of the lower-blade modes. Thesge limits normally represent the maxi-

brate without initiating a fatigue failure at scme location on the bizde.

This point where the fatigue crack would be init “ed is referred to as the
“critical location®™ snd is differeat for each vi “2tory mode. 1In the QCSEE
composite blades, the faetigue failure mode would be == internal delamination
which weuld result in a drop in blade natural frequency rather than the usual -
fatigue crack observed in metal blades. v

The critical location and the fatigue Strength normally depend spon both
the steady-state and vibratory stresses; since the blsde steady-state stress
pattern incresses roughly with the speed squared, the scope limirs normally
would be calculated as 2 function of fan speed. However, over the range of
steady-state stresces anticipated for the QCSEE blade, the composite materiazl
fatigue strength is insensitive to the level of steady-state stress {i.e., is
constant}. The scope limits, therzfore, can be considered independent of fan
speed over the operating range of this engine.

Another complication encountered in calculating scope lizits for an
adjustable-pitch fan is that the steady~-state stress pattern is 2lso a func-
tion of the blade pitch angle. This is because the @erodynamic blade lcading
and the twisting moment generated by the radizl centrifugal field are pitch-
angle dependent. The effect of these changes on the blade steady-state gtress
pattern is not insignificant for 2 fan to be tested in a pitch~angle range of
a2pproximately 180°, Technically, correct blade scope limits normally would
require the calculesting of 2 carpet-of-values as a furction of both speed and
pitch angle. Again, it was not necessary to take this approach sinze the.
composite-blade fatigue limit ig independent of the steady-stazate stregs pat-
terns. The fatigue limit diagram wsed was the average fatigue limit curve
minus three standard deviations which represents the minimum expected material
properties,

With the eriticeal point located, the allowable vibratory stress zr this
location avaiiable, znd the vibratory stress pattern kaown, the scope limit
for a particular airfoil strain gage may be caleulated using the following
equaticn: .
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; jmir = 2(0 gage/o critical point)} ce
Scope Limit K1KoKs

where

s = The single-amplitude endurance limit ap the critical point on the
blade in this vibratory mode as determined by the fatigue limig
diagram for the blade material.

S gage
gcritical point

The ratio of the vibratery stress at the location of the
strain gage to the vibratory stress at the critical point
on the blade for the vibration mode being considereq.

Ej = 4 blade-to-blade vibratory response variation allowance factor
(1.3 based on Past metal blade experience).

K3 = A factor for allowaace for tolerance in the strain gage electron~
iecs circuit (1.05). '

K3 = ax allowance for the sensitivity of the meaitoring 8age to slight
‘changes in mode shape, such as might be eéxpected due to manufsc-
turing tolerance, 0.32 cnm {1/8 in.) 82ge mislocation, ete. (1.22),

It is easier in practice to read a vibratory stress signal on an oscillo-
scope from the peak-to-peak of the wave rather than ipg azmplitude. Scope
limies, thereforz, are rormally calculated in this manner. Thig peak-to-peak
or double-szplitude method of Presenating scope limirs is the reasoa behind the
"twe" in the nemerator of the scope limit eguaticn. The scope limits for the
QCSEE fan blzdes are listed in Tazble XXI.

10.4 TEST RESULTS
—_— TEeULiS

thrust testing and to obtain datg 2pplicable to future safe engine operation.
Aeromechanical test coverage was Provided for the initial tests (¢ each con-
figuration affecting blade dynamic response: different inlet configutations,

forward and reverse thrust operation, blade pitch variations, and fan nezzie
variations.

Two inlet configurations were tested during forward thrust operation, the
standard bellmouth and the high throat Mach number inlet. The high throat
Mzch number inlet was alsc used for reverse thrust operation,

Engine mechanica} ckeckout for forward thruse included performance map-~
ping typically along three operating lines [fan nozzle areas of 14,800 cm2



Table XXI. UTIW Fan Blade Scope Limita.

ki/em? (ksi) - double amplitude with
E=6.9x 105 r/ea? (107 psi)

Hode Zero Speed Fiequency, Bz

Group 1F 2F IT 4th 5th
(62) {(186) (292) {395) (613)

A* 4.0 5.0 3.2 3.9 2.8

(5.8) (7.2) (4.7) (5.6) 4.0)

B* 4.7 5.6 —— 2.8 2.6

(6.8) (8.1) — {4.0) (3.8

ct 3.5 21 3.7 a3 .2

6.3 7

v 3

5.1 G.o) (5.4) (6.3} (&.7)
6
(s

* Group Gage KRumber

A SD330801, 806, 868, 813
B S830802, 807
c Sp830803, 804, 811, 816

D $D830805, 810, 817
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(2300 in.2), 16,100 cm? (2500 in.2), and 18,700 cm? (2900 in.2) for the
bellmouth inlet and 13,500 cw? (2100 in.2), 16,100 cm? (2500 in.2), and
18,700 =2 (2200 iﬂ.z), for the hybrid inlet] at five speeds (65, 80, 30,
95, and 97 percent} with variations in blade pitch angles from ~7° open to
+9° closed for the bellmouth inlet and from -10° open to +9° closed for

the hybrid inlet. Reverse thrust operation was performed with fixed pitch:
the blade pitch angle was set at -95° or -100° open. A sketch of the blade
position geometry is shown in Figure 25. :

The predicted Campbell diagrem for the UTW fan blade assembled in the
trunnion and disk was determined from single blade whirligig spin tests. This
is presented in Figure 26, along with the frequencies observed during engine
tests and the laboratory bench test freguencies (blade only). Blade vibratory
overstress condition did occur below the fan idle speed at the 3/rev and &/rev
first flexure crossovers. These conditions, however, do not present 2 problem
from the biade mechanical standpoint in view of the repid rate of acceleration
and deceleration through these points.

The flexural frequency at the 2/rev crossover occurs above flight idle
speed and below the normal operating speed for takeoff, climb, and maximum~
cruise flight conditions. Therefore, the 2/rev crossover was cousidered a
trassient point in the speed range not subject to continucus steady-state
operation. Blade excitation stresses at the 2/rev crossover were monitored
carefully throughout engine testing.

Fan blade vibratory respomse throughout the »ngine tests comsisted pri~
marily of integral order resonances such as 2/rev, 3frev, 6/rev, and 9/rev.
The primary vibratory respomse was the first flexure 2/rev forced excitation.
The second flexure end first torsionsl natursl frequencies were essentislly
nonexistent. Above the 2/rev crossover speed range, the fan blade exhibited
very low response in the first flexural wode. .

- The blades were free from self-excitation vibration at all conditions
tested, slthough stall mapping was not performed with this engine.

Whenever testing was done with the slipring installed, blade vibratory .
stresses were continuously recorded on a 28 channel FM maguetic tape re-
corder and monitored on individual scopes. One of these gages was always dis-
played end momitored or 2 Schlumberger frequency spectrum analyzer. At the
conclusion of the engine tests, six of the original 13 gages were still
functionel. :

10.4.1 Forward Thrust ViBratory Response

During the initial part of the test, the engine had a bellmouth inlet in-
stalled. Subsequently, the bellmouth was replaced with the high throat Mach
nuzber irlet, and the scoustic splitter was installed in the fan exit duct.
Forward thrust testing included performance mapping typically along three
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operating lines (fan nozzle aress of 14,800 em? (2300 in.2), 16,100 co? (2500
1n.2), and 18,700 cm? (2900 1n.2) for the bellmouth inlet and 13,500 cm? (2100
in.2), 16,100 em2 (2500 in.2), and 18,700 cm2 (2900 in.2) for the high throat
¥ach number inlet) at five speeds (65, 89, 90, 95, and 97 percent) with varig-
tions in blsde pitch angles from -7° open to +9° cloged for the bellmouth
inlet end trom -10° to +$° closed for the high throst Hach number inlet.

The vibratory response of the blades, virtually the same for both inlets,
was primarily in the first flexure moda forced by the 2/rev ercitation. Vi-
bratory responses in other modes were insignificant. Figure 27 shows a typical
vibratory response for decelerating through the operating range and threough the
2/rev crossover. The magnitude of the vibratory stress at the various frequen-
cies is shown by the length of the vertical lines on the diagram. Here it cen
be seen that almost all of the stress (the maximum is about 150 percent of
scope limits in this case) is due to the first flexure mode forced by the 2/rev
excitation. During forward thrust testing, blade stresses reached about 250
percent of limits for a few cycles while accelerating end decelerating through
the 2/rev crossover. ' T

epo

At a given fan speed, variations in nozzle area had no significant effect
“on the blade vibrstory stresses with either the bellmouth or the high threst
Mach number inlet. Also, for either imlet, blade vibratory stresses ip-
creased slightly as the blade pitch was changed from closed to open, near
the nominal blade stagger ~- sometimes by a factor of Ewo, and they tended to
decrease with increasing fan speed. However, for the high throat Mach muzmber
'i> = inlet configuration during a moderate azccel/decel with 2 13,560 em? (2100
7 ©in.2) nozzle area (highest throttled condition), the blade stress levels de-
: creased with increasing fen speed; but for a 18,700 em? (2900 in.2) nozzle
srea, the blade stresses increased with incressing fan speed.

Other than the aforementicned forced resonance condition, all overstress
conditions on the fan blades were due to high winds/inlet distortion. Inlet
distortion/crosswinds caused blade vibratory stresses to exceed the current
fatigue criteria ~-— reaching as high as 200 percent of limits., The blade
vibratory responses are extremely sensitive o wind conditions. In general,
almost any tailwind or crosswind, st any engine speed, is capable of preducing
an overstress condition. However, the blade vibratory response seems ro be
the most sensitive to tailwind {possibly with some reingestion and infet lip
separation) conditiens. .

As mentioned earlier for the QCSEE composite blades, the fatigue failure
mode would be an internal delamination of the blade filsment plies which would
result in a drop in blade natural frequency rather than the usual metal blade
fatigue crack. Frequencies versus speed were monitored during 2ll phases of
testing for the instrumented bladez, and zero-~speed (berch) frequencies were-
measured after each major phase of testing on all the blades. There vag no
detectable change in either the static freguency on any blade or the frequency
at speed during test on any of the instrumented blades. If some slight in-
ternal damage (delamination} had occurred from overstress conditions, it would
take approximately 1,000,000 cycles (3.5 hours) at 21 k¥/em? (30 ksi) DA to
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-‘propagate the delaminstion to the point of losing 1.5 percent in the first

flexure natural frequency. Even at this point,; the blede would be gtructur-
ally souad. During single-blade whiriigig spin testing, a drop in frequency of
3 percent was considered to be a failure even though the biade was still struec-
turally sourd from o ceatrifugal load standgpoint. :

10.4.2 Reverse Thrust Vibratory Response

There were two reverse thrust tests with aeromechanical coverage comduc-
ted with Build Z of this engine. The first test was done with a fixed pitch
blade angle of -95° open with the high throat Mach number inlet installed and
initially without the acoustic splitter in the fan duct. With the blede st this
angie (Figure 25) the trailing edge becomes the leading edge and the chamber ig in
the right direction for reverse thrust. Run time at this blade angle wag zbout 2
hours, with the acoustic splitter being instalied after the first 90 minutes.

Set at -95° open, the blades exhibited highly modulated separated flow
vibraticn (SFV) from idle (1800 rpm) to 2485 rpm, the highest speed attained
at this blade angle due to both the T5 limit end the high blade stresses.
Throughout the above speed range, the bla&e'vibratory stresses, consisting
mostly of SFV, exceeded scope limits from 180 to aboutr 250 percent for & few
cycles. It was observed that higher speeds preduced more severe SFV. At -95°,
the least open blade position for reverse thrust, the fan blades were operating
close to stall -- hence the highly modulated SFV.

During the initial portion of this reverse thrust teet, the wind was very
erratic, varying from 2 to 10 mph &t 0° to 360°. For the latter portion of
this test (during the accels), the wind calmed to 3 to 5 =ph 22 130° to 150°.
Wind effects on blade stress seemed to be negligible, but they were probably
being masked by the high SFV. There was nc apparent chezge in the blade first

Also, if there was any difference in the biade vibratory response depending
upon whether or not the acoustic splitter was installed, it was entirely
masked by the SFV.

The second reverse thrust test was done with a fixed pitch blade angle of
~100° open, with the zcoustic splitter installed, and with the high thrust
Hach number inlet. ' The rum time in this ceafiguration was only 30 minutes due
to excessive vibration of the upper left-hand (aft looking forward) nozzle
flap.

At idle, the blades still showed a considerasble swount of SFV, although
ROt as severe as that for the -65° blade angle; however, the blade stressges
were within limits. As the speed was increased to a maxizum of 2600 rpm, the
SFY =ndulation approzched that of the -95° test, but the vibratory stress
levels remained below 200 percent of scope limits, During this test, the wing
varied from 4 to 8 mph a2t 250° to 230°. Again, if there were any wind effects
on blade stresses, they were hidden in the 3FV.

111



N

10.4.3 Effects of Inlet Distortion on Blade Stresses

There were basically two factors which produced aercmechanical concerns
on this fan: the first flex response forced by 2/rev (crossover) as previously
mentioned and resolved by maintaining a rapid accelerationm rate through the
2160 to 2400 rpm speed range, and the sensitivity of the blades to inlet
distortion caused by wind conditiecns.

Wind velocity and direction relative to the inlet seem to be the major
contributors to overstress conditions observed on the fan blades. Limited
data precludes conclusive vibratory stress response correlation with wind
speed and direction, particularly for winds from the west and southwest
(engine inlet centerline was at 190° from the morth}. As previously
mentioned, any appreciable tailwind or crosswind may result in a fan
blade overstress condition.

Utilizing the svailable data, blade stress wind limit envelopes can be
constructed for different engine speeds. Figures 28, 29, 30, and 31 depict
such envelopes for idle, 80, 90, and 95 to 97 percent speeds, r-.spectively.
The ‘lack of wind date from the south, southvest, and west can be seen on _
the envelopes for idle and 90 percent speed (FPigures 28 and 30). In addition,
if all the absve wind envelopes are superposed, the blade stress wind envelops
for any engine speed (Figure 32) is obtained. This composite plot can be
used as 2 limit curve when operating the engine in forward thrust without
stress monitoring. » :

For reverse thrust, the fan was close to stall with 2 fixed pitch
blzde angle of -95° open, and very limited wind/stress data was obtained
with the blade set ar -109° cpen. BHowever, if the data is enveloped, the.
blade stress wind limit envelope for reverse thrust shown in Figure 33 results.

10.5 CORCLUSIONS

106.5.1 Forward Thrust

s At constant fan speed, variations in nozzle zrea hzd no significant
effect on blade vibratory stresses.

® At constant fan speed, blade vibratory stresses increased slightly
as the blade pitch was changed from closed to open in the 0° to -5°
range. ,

& Hith either the bellmouth or the high throat Mach number inlet,
blade stress levels tended to decrease with increasing fan speed,

® With the high throat Mach number intet during a moderate accel/decel
and a 13,390 cz2 (2100 in.2) nozzie area, the blade stresses decreased
with increasing fan speed; but with an 18,700 cn2 {2900 in.2} nozzle
area, the blade stresses increased slightly with increasing fan speed,
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Blaede vibratory responsze is extremely sensitive to wind/inlet dig-
tortion cenditions.

Tailwinds {possibly with some reingestion or inlet lip separation)
seea to be the worst wipd condition. '

10.5.2 Eeverse Thrust

With the blade pitch set at ~93° open, overstress conditions due to
kighly medulated SFV were observed from idle to 2485 rpa,

With the blade pitch set at ~160° open, the SFV was less severe
than that at ~95°, with idle speed stress levels below scope limits.,
But as the speed was incressed, the SFV blsde stresses incressed to
levels zbove the estsblished scope limits, :

10.5.3 General

There are conservatisms inherene in the fatigue eriteria/scope
limits, and it ig unlikely thet any blade damsge has eccurred thus
far. o

The fanm speed st which the 2/rev first flemure CTCEROVET securred
was lower for Build 2 then for Build 1 of this engine. However, the
Build 2 first flewure matural frequency did not chenge throughout the .
tests reperted herein. ' '

10.5.4 Eecormepdations

[N

The blade stresses should be monitored during further engine tests.

Reverse thrust testing with the blades open should be done at angles
more open than —95°.

The present scope limits, although conservative, should be maintained
for overall engine safety.



11.C¢ HAIB REDUCTICN GEAR

The UTW engine has a star-type epicyclic reduction gearset located in the
forward engine sump to reduce the low~pressure turbine speed to fan rotor
speed. The gearset is shown schematicslly in Figure 34. The gearset consists
of a flexibly mounted sun gear, which drives six star gears, which are mounted
on a fixed carrier end which drive a ring gear. The ring gesr is flexibly
mounted to the fan shaft. Principle design characteristics of the gears are
listed in Table XXII. .

During testing of the UIW engine, the main reduction gear operated with-
out problems. 4&s in previous testing, ring gear strain gages indicated vi-
bratory stress well within allowsble limits. Maximum besring temperature did
not exceed the 403 K (265° F} limit. Eugzne heat rejection data reported inm
Section 12.0 of this report, was 31.16 xz 10% J/sec (17,708 Btu/sec) at takeoff
speed Although the contribution of the main reduction gear to the total heat
i " rejection cennot be accurately determined, the gear efficiency appeared to be 1
to 2 percent below the design objective value of 99.2 percent.

é

- o~

. The engine was not disassembled at the ccncluszon of testing however, the
"variasble pitch mechanism was rewoved on March 11, 1978 and the main reduction -
gear was exposed. The gear tooth patterns zﬁdzcaueé noresl uniform wear across
the tooth faces. Total engine rumning time con the gear at that time was

’:) : 136:13 hours. : :
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Teble XXII.

[Tekeoff, 306 K (S0° F) Day]
(100% Power, 100% Speed)

UTH Reduction Gear Design Details.

Gear Ratio
Turbine Power
Turbine Speed
Gear Pitch Line Velocity
Star Gear Speed
Bearing Load
Humber of Stars
Rumber of Gear Teeth
Sun Geai
Star Gesr
Ring Geazr
Bunting

Nonfactoring

2.465

9832 kw (13,256 &p)

7747 rpm

97.1 m/gec (19,11? ft/min)
10,577 rpm

33,925 ¥ (7627 1b)

6

71

52

175

Yes

Yes
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12.0 LUBRICATION AND ACCESSORY DRIVE SYSTEM

12.1 STYSTEM DESCRIPTION

The UTW engine utilizes six main shaft bearings to support the rotgting
turbomachinery. The short construction of the coacentric UIW rotors permits
& two-bearirg support systez for each rotor. The No. 1B ard IR bearinge sup~
port the fan roter. The high pressure core rotor is supported by the Ho. 2
and Ko. 4 bearings. The Ho. 2 and Ro. 5 beerings support the low pregsure
turbine and power transmission shaft. Both the fesn and low pressure turbine
shaft are soft coupled to the engine main reduction gear to minimize induced
loads on the gears. The core thrust beering locsted in the engine forward
sump provides more precise control of the compressor blade clearznces.

Application of a main reduction g2ar between the fan and low pressura
turbive requires that the normsl axizl lozd "tie™ betwesn fen and low pressure
turbine components be severed; &3 a rvesult, the Ko. 2 thruet bearing must
rezct the full afe load of the turbime without amy negating forward thrust _
from the fan. In order to reduce the bearing lozd to en acceptable level, a
thrust balance cavity has been szdded to the resr sump. This cavity uses com~
pressor discharge air te pressurize = balance piston, providing a forwerd com-
peasating ferce on the turbine rotor. A high-lozd-ecapscity CFS Ha. 1 thrust
besring is used in the design 2o react the fem exial ioads,

A top-mounted &ccessory gesrbox iz drivenm froem the core by an Fifl inter-
nel bevel gearset and a long radisl érive shafe. The length of this shaft
requires a midspan bearing to provide eriticsl speed murgin, 4n additional
Fi01 internal bevel gearset locsted in the bottom half of the engine is com—
bived with a short radial shaft ead a second bevel gearset locsted im the core
cowl ares to drive a vane=type pump that scavenges 6il frem both the forward
eand aft sumps.  This puap, elong with 2 rexctely mounted pump, scavenges the
top-mounted accessory gearbox.

The lubrication system ig designed on the basis of current dry sump tech-
nology utilizing 2 circulating oil system. Internal engine and gearbox pas-
sages are used wherever possible for oil deiivery srd raturn, Venting ang
pressurization functions alss make uss of internal engine passages where
pessible.

12.2 IESTRUMENTATION

Each sump of the QCSEE UTW engine was instrumented ag follows to ensure
safe operation of the engine: : .
~®  The outer race tempersture of each main shafg bearing wes measured
in twe plsces.

)
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The sump pressures and the carbon sesl AP were measured for each
mein shaft sesal

. Temperature in the aft sump cavity was measured.

The pressure and temperature were measured in the balance piston
pressurization and exhaust cavities.

The inner race temperature of each star gear bearing was measured.

Tae lube ptessute in the manifold supplying oil to the reduction
gearing was measured.

The Iube supply and scavenge pump discharge pressures were measured

~ &P across the supply filter was measured.

The lube system‘éackage'was inét:umenzed to measure the following paramsters:

@

“iube supply tempersture

0il reservoir lube level

0il reservoir imternal pressure

l Scavenge filter &P

Scavenge discharge temperature

Heat exchanger AT on oil side .

‘Eeat exchamger waterflow and AT on water side

12.3 TEST EXPERIENCE

124

The sump and the accessory system, with the exception of a radial shaft
failure, parformed well throughout the test phase of the second build of the
QCSEE UTW engine.

12.3.1 Main Sbaft Bestznos

" The test limits of 450° C (350° F) were not exceeded during any of the

'téstAng.

Figures 35 through 37 show representatzve temperiture data fcr these
bearings as a function cf engxre speed. :
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12.3.2 Lube Supply and Scavenge System

The lube supply and 8cavenge pressures gg g function of core speed are
ghowa in Figures 38 and 39. These pressures are compared to the first build

date. The supply svstem pressures in Build 2 were higher than Build 1 for two
reagsas:

®  Sump pressures were bhigher because eductor was not used. An eductor
was used in Build 1 to lower 8ump pressures to minimize frame oil
legks.

© Cooler oil temperztures were provided in Build 2. The cooler oil,
being more viscous, requires a higher pressure to flow the seme
network. :

" The Scavenge pressure was higher then Builg 1 becsuse of the higher preg-
8ure drep of the two heat exchangers uzed versus the ome uged in Build 1. The

8cavenge pressure levels were similar to the QCSEE OTW engine which aiso used
£%w0 heet exchangers.

12,3.3 .Eea: Reizction

For the second build of the QCSEE UTW engine, two LM2500 heat exchanzars
rounted in series were used, This iz the seze Zrrangement eg the QCSEE OTW

_engine. Table XXIII shows 2 comparison of the first ang second build hest

rvejection for the QCSEE UTW engine. Figure 40 aiso shous heat rejected to the
heat exchangers agz » function of fan gpeed,

12.3.4 Accessory Drive System

The second build of the QCSEE UTW engine featured an accessory gearbex
(458} modified to the same configuration which was run on the OTW engine. The
modification includes the following:

e A remote scavenge pump was used which scavenged directly from the
bottom of the gearbox.

s Windage shrouds were 2dded to the vertical bevel gear and the
forward side of the horizontal bevel gesr,

& Holes were drilled in the horizontal bevel gear and through a
vertical partition in the gear housing to improve the internal
venting of the gearbox.

A% no time during the engine testing did the ze
oil temperature exceed the allowable limit of 432° c
ity of testing, it was below 400° C (260" 7).

c Iy g2arbox scavenge

° F). For the major-

OO
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Table XXIII. Engire Hest Rejecticn.

Build } Buiild 2
Heasured Heasured

EPT, % rpn 80.6Z ' 88.1%

LPT, 2 rpn - 9.5% 98.782

Lube Flow 2189.2 cm3/sec (34.7 gpm) | 2290.2 cm3/sec (36.3 gpm)

Scavenge Temperature
Lube Temperature

Total Engine
Heat Rejection

< 393 K (< 248° p)
< 331.9 K (< 138° F)

28.04 x 10% J/gec
(15,933 Btu/min)

< 366.3 ¥ (< 200° F)
S3BIRK(KUS' F)

31.16 x 10% 3/sec
(17,708 Btu/min)
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12.3.4.1 Radisl Shaft Failure

On November 3, 1977, zhe engine sustained a failure in the radial drive
shaft comnecting the PTO gearbox with the &ccessory gearbox. The failed shaft
is shown in Figure 41. & visugl inspection showed heavy spline wear on the
loaded faces of the teeth but concentrated st the tooth ends. It wae con~
cluded that the shaft failed in fetigue which started near the root of a spline
tooth, progressed axially zbout 5.08 == (0.29 ineh}, disgonally across the
spline, and then circumfereatialiy around the shaft.

Celculste”’ stresses im the splinre ere low unless the shaft is severely
misaligned. Just adjacent to the failed erea, two teeth sre cut back te slicw
for a retaining Pin vhich gecures a presged-in plug in the end of ths ghaft.
Removing these teeoth causes the adjacent teeth to Carry =ore lcad in 8 mig-
aligned condition. Dimensional checks on the fan freme AGB =ounting cup
shoved the cup cocked relastive to the AGB which caused shaft aissligoment,

The pressed-in plug ia the shaft end aleo increases the stresges in the
area of the spline tooth root. ‘ :

The following was done to reduce the spline tooth lozdipg:

e The AGB alignment procedure was changed to ensure proper shafg
alignmwent,

e The press £it of the shafe plug was reduced to minimjze the stresses
in the zrea of the spline roots.

@ The spiine teeth were cut back 12.7 mm {8.50 inch) to make 21l
spline teeth equal length.

After instailing the modified shaft, testing was cczpleted without
incidence.
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Figure 41, Radial Drive Shaft Failqré.
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13.0 FAN FRaMs

The QUSEE integrated fan frame is a graphite/epoxy structure which incor—
porates the fen caging, fan bypass vanes, and core frame. It provides the
primary support for the engine end is 2.00 m (78.8 inches) in diemeter, 0.9325
m (37.5 inches) in length, and weighs 315.2 kg (€95 1bs} at engipe egs~mbly not
tncluding the engine mounts,

During the second buwild of the UTW, the frame was instrumented with &
total of six strain gages. Three of these were located in the engine mount
area as shown in Figure 42. The other three gages were located om the fan
bypasa vanes &s shown in Figure 43,

None of the gages in the mount area showed any significant response
during engine operation. This was expected since nosmal cperating loads are
quite low compared to the five blade~out leoads for which the structure was
designed. The highest stress observed during engine test was only 2 percent of
the ultinate strength of the wmaterial. Stresses that low cannot be detected om
the engine monitor scopes. ‘

The only freme gages showing any activity during engine cperstion were
the working gaget on the bypass vames. All ocbserved stresses on these vanes
were low, less thsn & percent of the uvltimste streegth of the material at the
woret case of 93 percent fan speed, an Al of 1.87 =2 (32903 in.z), end 3 bisde
angle of -3°. These stresses ware caused by a 2/rev forced ipput. The
stresses became less as 418 was cecreased andfor the blade zngle moved froo
negative angles toward positive angles.

It was possible, by increzsing the scope sensitivizy, to detéct the
vaze natural frequencies (first flex oaly) as they were excited by & fan
18/rev. Thesce frequencies were lower than expected based on bench testing of a
single vane. It is probably that the actusl end fizity of the vanes is some-
what less than it was for the beach test specimen which had its ends caat in
Bevcon (a filleg epoxy). The bench test results are shown in Figure 44 aleng
with the natural frequency dats obtained during engine running. The "open—~2"
expected values shown in Figure 44 were analytically extraspolated from the
“closed-2" bench test data. Stresses increased mementarily as the fan speed
passed through these freguencies but never exceeded 4 percent of the vltimate
strength capability.

The first engine problem encountered which involved the fan freme was
on 11/3/77. After 50 hours 53 minutes of engine running, the UTW engine
was shutdown due to a severed radisl drive shaft. Since the breask in the
shaft occurred at the top end near the gearbox, the remaining length of shaft
was allowed to orbit witain the cavity formad by the pylon airfoil panels.
This orbiting punctured holeg in both pylen panels at the top, midspan region.
in addition to the parel damage, an unbond also occurred in the fairing *hoots"
that wrap around the pylen vane/casing interface. The repair waas made by
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grivding away the dezzged “boot® and skin saly im the 5 em (2 inches) by 7.6

cm (3 inches) damaged region, and then rebonding an overlep patch on the a2irfeil
panel. After the patch was cured, & mew section of fairing "boot™ wag bonded
over the patched region, After curing, the pateh and fairing "hoop™ were

ground to form a smoozh blend with the origiral csaporentg, '

Although no visusl damage was detected on any internsg}l pylon hardware,
the intersections of ell Bstal~to-corposite ccuzponents were sealed with either
Dow Corning DC 24-002 fluorosilicone rubber or Furane 8310 adhesive. Aftor thig
sealing, the frame was helivm~lesk checked, and g sump lesk was detected in the
aft cavity of the 2 o'clock core strut. The cevity wag elesnad with MER and
then Furspe $210 adhesive wag poured inge the cavity., This repair proved
effective since the oil consumption dropped dramatically to spproximately one
quart per hour for the remaining testing,

The next repair eccurred after 55 hours 33 wirutes of engine running, A
portion of the ccacave airfoil panmel on the 8§ o'clock bypass vane was ripped
from the leading edgs afe approximstely 3.8 em {1-}/2 iach). Beyond this
poinz, the top two layers of graphite plies were peeled off the pamesl
for approximately the entire vane. Bamsge near the vane hud indicated FoD
ingestion. The repair wag &ceomplish by removiny the ocuter fairing “hoor®
and then grinding the entire vane panel until a1l demaged plies were removed.,
& new ceoncave bypass vema penel was then bonded over the remzining pansl
ard @ new cuter feiring bondeg &8t the outer czge region. 4 curved rectanzulay

- Panel wes bonded over the inner edge of the pame: 2ad the immer fairing "boot .

ALl bondinz wes rerformed with Fursne 2210 adkesive. Sipes the pansl ugeg for
the repairs hag mo acoustic holes, the 10 ea (£ ipeh) By 28 e (10 inch} asoustie
regics was peresnentily plugred, To Prevent any fupthep leaging edge damage, the
leading edzges of gl rempining bypasg vanes were covered with one layer of 7.8 o5
(3 inch) wige 181 gtyle fiverglass cloth impregnated with Furare ©2:0 adbegive,
After curing, pew 10 om {4 inch) wice urethane toge wag epplied over gll o2 the
bypass vane leaging edges.

The final repsirs were performed after 59 hours 1 mimute of Tunning.
The repair required three new 15 cm (6 inch) by 2.5 cm (2 inch) fiberglass/
€poxy patches to be bonded onto the forward side of the szecond tip~treatment
cathedral. The patches were precurved and then bonded with Furane 9210
adhesive,

In summary, no structural problems or unexpected stresses were encoun=—
tered during engine testing, The vane natural frequencies were somewhat lower
than predicted and caused no problems, Several damaged zreas were found ip
the frame during engine operztion but thege were repaired on the test stand.
Damage sustzined from foreign object ingestion was minor and easily repairable.
0il lezkage from the frame, which had been a preblem during Buyild 1 testing,
wae effectively sealed by potting the eritical areas with Furane adhesive, Fo
oil censumption wag reported during the final test rung '
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14.0 COMPOSITE NACELLE

Figure 45 shows the nacelle components installed oa the UTW engine on
the test stand.

14.1 INLET

The composite inlet is a honeycomb sandwich structure with Kevlar 49/
epoxy face sheets 2nd aluminum core. Hounting to the fan frame is provided
by means of quick disconnect rotary latches. The overall length is 184.07 cm
(72.47 inches) and the outside diameter is 200.15 ce (78.8 inches). A cross
section through the iniet is shown in Figure 46.

Instrumentation consisted of 40 wall static pressure pickups, pressure
indicators for the digital control, plus provisions for mounting a pitot
static pickup, an inlet temperature sensor, six inmlet/distortion rakes, a
boundary layer rake, a cobra traversing probe, and four wall Kulites.
‘Supporting provisicas were also made for the slip ring strut. As static
testing inlet loadings are very low, no strain gages were installed.

, Fnen the inlet was first mounted on the fan frame, it was discovered
that the inner flowpath at the fan frame interface was uader size by approxz-
~imately 6.635 cm (0.25 inch) on the radius, This was corrected by filling
the last 15.24 cm (6.0 inches) of the inlet honeycomb with microballoon
filled epoxy, machining a straight taper from the existing contour to the
correct exit diameter, and covering this repair with a & ply, 181 figerglass/
epoxy lamination. This resulted in the loss of approximately 0.84 square
meters (9 square feet) of acoustical suppression area.

It was also discovered that there were some unbonded areas in the imner
panel axial splice joints. These were repaired by injecting room temperature
curine EA 901/Bl1 epoxy adhesive into the bondline. No further problems were
encountered with the inlet during testing and posttest imspection did not
uncover any indications of damage or delamination.

-14.2 CORE COWL

The core cowl consists of two semicircular honeycosb sandwich doors made
of fiberglass/polyimide cores faced with T300 graphite/polyimide (P¥R) skins.
The cowl is 181.83 cm (71.59 inches) long and the maxirmum outside diameter
is 112.42 cm (44.26 inches). Instrumentation consisted of four static wall
taps, 16 inner skin surface thermeccouples, and 12 core cowl cavity air thermo-
couples. To assure that no overheating of the cowl would occur during static
engine testing, ¢ stainless steel foil covered Min-X insu ation blanket was

140



(14

Figure 45,

Nacelle Componeﬁta_lnatal;éd_dh the UTW Engine.
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-the delaminated area throug

incorporated over the last 82 cam (32.3 inches) of the inner skin surface,
this blanket being held approximstely €.635 cm (0.25 inch) off the ski. sup-
face by standoff blocks. In addition tc the fan cooling air, shop air was
directed between the blanket and the cowl inner skin during engine testing,
The cooling system operated satisfactorily with the =aximum recorded temper-

~ature reading 232.2° € (450° F) on the steel aft ring which was not insula-

tion blanket covered and 133.9° € (273° F) on the cowl innay skin. No dam-
age or delamination was observed during test or posttest inspecticas. A
view of the imner wall of the core cowl with the insulation blanket in-
stalled is shown in Figure 47. :

14.3  PAN EXHAUST DUCT OUTER COHL

The fan exhaust duct outer cowl is composed of two semicircular honey-
comb sandwich dsors hinged to the pylon and latched together along the bottom
centerlire. The comstruction ie a full depth aluminum honeycozd with a
Kevlar/epoxy outer face sheet and a porous graphite/epoxy inner face sheet to

.provide acoustic treatment. Three fan nozzle actustors are mounted in cav-
ities in each door, these actuators being covered by streamlined fiberglass/
“epoxy fsirings. Provisicne for mounting the variabie fan nozzle flaps were

‘provided in the graphite/epoxy fan duct aft ring. The fan duct is 124.3 cm
(48.92 inches) long and the outside dismeter is 205.2 cm (78.8 inches). Fig~
ure 48 shows a cross section through the outer cowl st an actuator imstallg-
tion; while Figure 49 is a view of the completed cowling pricr to installa-

".»:iea on the test stand,

~ The fan duct outer cowl instrumentation consisted of 12 ianer flow sur-

. face static pressure taps, along with provisions for mounting four wall

Rulites, one traversing total pressure/total temperature proebe, two travers-—
ing dynamic pressure probes, and four strain gages which were applied to the

~outer gkin in the vicinity of the lower left-hand nozzle flap hinge. Highest

observed skin stresses during static engine testing were less than 13.79 HPa
(2000 psi) versus the allowable of 314.4) Mpa (45,600 psi}.. :

During the engine installation, a large facility fuel fitting was inad-
vertently dropped on the right~hand cowl causing a half-moon shaped gash,
approximately 6.35 cm (2.5 inches) long, through the cuter skin. 4 gection
of the skin approximately 2.8 cm €1.5 inch) by 7.6 ¢m (2.0 inches) surround-

‘ing this area was removed znd repiaced with three plies of 18: fiberglass

using EA 901/B! room temperature curing adhesive. In additiocn, during the
testing period, a delamination of the outer gkin in the left-hand door con-

located about 25.4 ecm {10 inches) from the aft end and 5.1 cm (2 inches) above
the lower actuator cavity was repaired by injecting Furane 9210 adhesive into
& a series of holes drilled in the skin. o fur-
ther damage or delaminations were suffered during the balance of the testing

either in the repaired ares or the rest of the cowling.

"sisting of an area approximately 6.4 cm (2,5 inches) by 14.0 cm (5.5 inches) and

14
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14.4 FAR EXBAUST KOZZLE

The fan exhaust nozzie consists of four fully modulating variable flaps
capable of providing various areas for forward thrust and also of flaring
outwards lo provide increased arez for inlet flow to the variable~pitch fan
in the reverse mode of operation. Each flap is 44.96 ca (17.7 inches) in
axial length fream its hinge centerline to its trailing edge. The upper flaps
are 83.7° wide and the lower flaps are 84.5° wide. The flaps are attached to
the aft ring of the fan duct by means of hinges, each flap having a pair of
hinges 30.5 ca (12 inches} apart at the flap centerline along the flsp for-
ward closecut. The flaps are conrnected go the actuation system in the cuter
fan cowl by links and link clevises located outboard of ezch hinge. Fig-
ure 50 shows the nozzle schematically. Located along the axial edges of each
flap are seal assemdlies which were designed to give full sealing up to 3
nozzle area of 1.678 m?2 (2600 in.2). From this point to the full-reversge
flap position, the seals disengaged. Figure 51 shows link instsliation and
seal positions at warious nozzle openings. The flaps are of a fulil depth
aluminum honeycomb coustruction with Revlar/epoxy cuter skins and perforsted

graphite/epoxy inmer skins.

The actuation linke of the lover left-hand flap were instrumented with
strain gages, while the flap inself had a series of dynemic and static preg-
Sure taps and accelercmeter installed. .

Ko problems ware encountered with the fan nozzle during amy of the for-
ward or reverse thrust testing. Posttest inspection did Bot reveal any dem~
age or delaminations. Highest observed iimk Stress was less than 34.47 Ha

(5000 psi) versus an aliowsble of 289.58 MPa {42,000 psi).

Buring imstallation and checkout of the nacelle for the final scoustic
testing, it was noted that the fan nozzle flaps on the right-hand door were
out of phase with those on the left-kand door by approxzimately 0.64 cm :
(0.25 inch) in the radial direction. A check revealed that the actuation system
on the left-hand door was not achieving full required actuator stroke indicat~
ing that the actuator stops were incorrectly rigged. Resetting the actuator
stops would have entailed removal of the actustors from the installation and
resetting of the stops on the bench with itg attendent several days loss of
testing time. As the flaps could be rerigged so that only the reverse thrust
rozzle area was affected, and as no reverse thrust mode testing was planned
the flaps were rerigged to the required forward thrust areas angd the actuator
Stops were left as is. It was also noticed during this fan nozzle calibra-
tion, that the upper left-hand flap, to which the feedback actustor is
attached, oscillated in a slow, continuous rate with the amount of excursion
increasing as the actuation system pressure was iIncreased. This would ex-
Plain the variations in nozzle zrea observed during testing. No preblemg

were encountered during the finaj testing phase.
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15.0 DIGITAL CCHNTROL SYSTEM

15.1 CORTROL SYSTEM DESCRIPTION AND TESY SIRMMARY

Buildup No. 2 of the UIW engine included a system which controlled four
engine variables: fuel flow, compressor variable ststor position, fan pitch
angle, znd fen nozzle erea. Figure 52 is a schematic of this systesm.

The key QCSEE control system elements are sa engine-mounted digital
e¢lectronic control, designed specifically for the QCSEE, and a modified FIQL
hydromechenical control. The digital control provides primary control of
fuel flow by controlling an electrohydraulic servovalve which serves as the
primary input to the fuel metering sectiocn of the hydromechanical control.
The fuel-operated servcmechanisms in the hydromecheniczl control serve pri-
marily as back-up controlling elements znd limits, zlthough they ave the
primary controlling elements for the compressor varizbie stator actuators.

The hydromechanical control is mounted on sn F101 fuel pump which iz a
centrifugally boosted, positive displecement, veme pump. Pump discharge flow
is delivered to the contrel through the mounting interface and the comtrol
returns excese fuel to the vane element iniet through a similsr channel.

The fuel system includes sn eductor to evacuate interstage seal cavities
with fuel-handling compoments and thus reduce the possibility of external
fuel lesksge. : o ’ :

Fan pitch angle and fam exhsust nozzle ares sre both controlled solely
by the digital electronic control vwhich furnishes electrical signals to elec-
trehydraulic servovalves in the servovalve assembly. These servovalves di-
rected bydraulic fluid to the hydraulic motor which positions the fan pitch
mechaniem and to the six hydraulic rams which position the varisble fan ex-—
hsust nozzle in response to the signals from the digital control.

The hydraulic system which supplies the pitch and nozzle servovalve

-sssembly consists of an engine-driven, variable displacement, constant pres-—

sure piston pump, a filter, and the servovalves. The system is essentially
a closed circuit with only a small fluid interchange with the engine )ibri-
cation system for cooling and to transiently account for differential sctu—
ation areas. )

In order to achieve cperational flexibility, the input commands to the
digital electronic control are introduced through the control room elements
shown on Figure 53. The interconnect uait, operater panel, and engineering
panel are actually peripheral elements of the digital ceontrol. They provide
the means for the engine opervators to introduce cemmands, switch between
available operating modes, edjust varices contrel constants, and moniter com~
trel and engine data. The transmicsion of data in both directions between
the control room and the digital control is done by means of multiplexed
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digital electronic signals. This data cable was pproximately 274 weters
(900 feet) long in the QCSEE instellation in the Peebies tes: facility.

In sddition to digital commands froem the control roocm, the system slso
Teceives a mechanical input in the form of g pover lever angle (PLA) trans-
mitted to the hydromechanicsl contrel. This serves as en input to the back-
UP governer and cperstes g positive fuel shutoff valve in the controi.

The QCSEE contzol eystem has several different modes of operation, a
wanual mode designed to accommodate experimental wapping of engipe charscter~-
istics, an &utcmatic mode providing integrated cperation of engine veriables,
and seversl partially sutomarie modes which allow g contiavous and orderly
approach to fully sutomatic cperstion. 4 majority of engine testing was done
in the manual control mode but satisfaetory operation wss demonstrated end
data were accumulted in the zutomatie preéssure ratio eontrol mode, the auto-
matic inlet Mach number control mode, and the fully avtematic contrel =ode,
These are discussed below along with othep aspects of econtrol syelem opers-

15.2 controL mwmIng ENGIRE STARTS

Engine starts were gererally satisfactory throughout the test progrea :
with the trdromechanical control scheduling fuel flow and Compressor stators
to bring the engine smoothly to idle speed without ezail or svertempersture,
A typical start ic shown on the dats traces of Figure S4. 4s the traces
indicate, fan pitch ie closed end the fan neszle is opem during the spare
entil ehe Core-engine-drivea contro} alternator develops sufficient volzage
to preduce proper digital control operaticn. This occurs ar approximately
20 percent speed, 2%00 rpn, as indicated by the imitistion of digitsl coa-
trol data signais such as PS3/PI0 on the trace. This off-schedule pitch
angle and nozzle ares at the low end of the start region cauged ne opera=-
tional problems. :

15.3 MANDAL FaR SPEED CONTROL

Much of the testing was done in the full manual mode. In this mode,
the control system medulates fuel flow to set fan speed in accordence with
a potentiometer lever on the operator centrol Panel in the control rocm
except as limited by Fuel schedule, temperature, overspeed, or minimm idle
speed limits. With the fan speed lever, it wag possible to set fen spead
at the exact level desired and the control maintained that speed withir
%5 rpm regardless of the fan pitch or nozzle area. Figure 535 ghowg egg.ne
data plotted on the manual fan spead schedule. :

153
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N

]

15.4 MARUAL FAN PITCH CONTIROL

In the manual control mode, fan pitch is positioned by the digital con-
trol in respoase to a votary potentiometer on the operator control paael.
With this control loop, it was possible to set fan pitch to any desired
setting with a resolution of 0.1° ané the pitch remsined within 0.4° of this
setting as engine speed and nozzle area were varied ocver a wide renge. Sta-
bility of this control loop alse proved to be excellent. Figure 53(b)
is a data trace showing a fan pitch change using the manual contrel potenti-
ometer.

Data from engine testing with faza pitch manually controlled revezled
hysteresis in the pitch acutation mechanism. Figure 56 shows dzta from a
run in vhich fan pitch was moved in increments in both directions between
+10° and ~10" at two different fan speeds with the fan nozzle constant.

At any particular thrust level, if corrected fan speed, nozzle area, and
ambient conditions are coastent, them actuzl fan pitch must alsc be con-
stant. Thus the spread in indicated pitch (mezsured at the input to the
actuation mechanism) at constant thrust and corrected speed on Figure 56
indicates hysteresis in the actustion mechanism between the positicn trans-
ducers and the fan blades. To compensate for this, pitch settings were
approached from the closed direction and calibration data were tzkea in the
same way. The source of the hysteresis has not been identified.

15.5 MAMUAL FAN NOZZLE CONTROL

Hanual control of the fan nozzle on the [TV engire is accemplished in
the ssme manner as manual fan pitch control in thst £2n nozzle ares is posi-
tioned by the digital contrel in response to a rotary potentiometer oum the
operator control panmel. '

This potentiometer signal was converted to a digital signal and trams-

‘mitted to the engine digital control. During engine test, this control ioop

proved to be accurate and stable with the nozzie in the forward thrust re-
gion; but near the reverse position (divergent flaps), some instability was
encountered. Figure 5%(b) shows 2 manuzi nozzle arez change in the

forward thrust region. The change is smooth and operation before and after
the change was stable. It was possible to set the nozzle with a rezclution
of 6 sq ca (1 in.2) and it would remain within 26 sq em (4 in.2) of that
setting as speed and pitch were varied over a wide range.

During engine operation in the reverse thrust configuration, with the
nozzle under manual control, nozzle oscillatiocne were encountered. Ty%ically
the peak-to-pezk mangitude of the cscllations was %480 sq cm {+ 75 in.4)
and the frequency approximately 8.3 Hzrtz. The reason for this
at the reverse position has not been identified. One pessible
reverse flcw of air past the flaps but this canmmot be the sgle

Toblem because an intermittent, smwali oscillation at the fuil ¢

illation
or is the
of the
. vositiocn

Pt
193]
3
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Figure 56, Fan Pitch Hysteresis Check, QCSEE UTW 507-001/2.
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was noted when the uozzlevsyste@ was being calibrated with the engine shut-
downi. A simple correction for the problem would be to schedule the mozsle
20 that the actuator pisteons bottom out in the reverse thrust wode.

15.6 AUTOMATIC CONTROL MODE OPERATION

In the sutomatic contrel mode, control of the wanipulated variebles is
integrated so that the engine is contrtolled by a sizgle power demsnd input.
Ia this mode, the comtrel system baeicelly mznipulates fuel flow 2e coagrol
thrust, exhaust area e coalrol inlet. throst air velocity, ead fea piech to
control fam rpm. The ratic of comsressor discharge stetic pressure to froe-
&trezm total pressure (PS3/27T0) serves as the thrust parezster go that it is
actuelly the parameter controlled by fuel flow. OQvezrides are applied to
each of the manipulated variables under certainm conditions for safety or

. operational reasons.

Because the integrated control concept just described had not been
tested previously on aa engine, sutomatic operetion was introduced gradually,
One test rua was made in the partial autometic mode veferred to 28 Mamusl
&l8/8F. 1In this mode, fusl flow is wmanipulated 2o comtrel FS3/PI0 in re~
sponse to the power demsnd input vhile fan pitch snd meszle azes sre con=
trollied manuslily. In this run, the engine was svitched from the full
msnual mode to the masual A18/GF mode at idle ond gcceleorated in increments
uzing the pever demand input with piteh snd grea comstent.

Engine operztion proved to be guite stable and sstisfactory withk osei
lations in P83/PI0 less than 20.05 ratio units vhich is equivalent to less
then 20.5 percent thrust at takeoff. : ;

&% bigh power, fan pitch 2md nozzle area were independently varied %o - -
determine the effect on PS3/PFT0. A 6° pitch chenge czused PS3/PTO te change
less than €.2 percent snd a 2600 sq cm (400 in.2) area change cause less
ther 0.5 percent pressure ratio change. ‘

Figures 57, 58,'and 59 are data traces sheaiag‘opersticn in the Manual
Al18/8F mode. :

Another run was made in the partial automatic mode referred to ae Manual
BF. In this mode, fuel flow is manipulsted to control PS3/PT0 in rezponse
to power demand, nozzle arez modulates to set a fized inlet Mach number (ex-
cept as linited by maximum 2nd minimum area limite), and fan pitch remeing
under manuzl control. The control syetem wag switched into the Mznual gF
mode at idle. At this peint, airflow and inlet Mach number were low and
nozzle areez was on the maximum limit of 1.87 square meters {2900 in.%). Power

‘demand was then advanced into the high power regionm where imlet Mach number
. would be above the desired level if the nozzle remsined on the meximmm limic.

Tae control system reacted properly aad reduced aves to mzintain the correct
Mach number. Operation in this cendition wae quite stable with fuel flow

165
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controlliag PS3/PTO and nozzle area controlling inlet Mach number. Oscilla-
tions in PS3/PTO were less than £0.05 units as they were in the Manual AlB/8F
wode and inlet Hach number cscillations were less than 20.005 onits at a2 base
level of 0.8. & steady-state dats trzce of this operaticn is shown cn Fig-
ure 60. : : ‘ ,

Bhile operating in the mode just described, inlet Mach number - ad just-
Bents were made to demonstrate the area to Mach number relatioaship at con~
stant thrust. Data from three different adjustment settings checked during
this emperimeat sre plotted on Figure 61. The spreed in each of the three
groups of points gives an indication of the Mach number control accuracy.
&nother aspect of inlet Mach number control accuracy is shown in Figure 62
vhich compares the inlet Mach nuabers indicated by the control system and
the performaace Qata =easuring system. The coamtrol system read consgis-
tently high by apprexzimately 0.015 units. This variztion was caused by an
error in the empirical equation which converts sensed AP/P iste throat Mach
number., . D

Sebseguent to the tus partial sutomatic coatrol mode runs desgcribed
‘zbove, the engine was rum iz the fully automatic mode with fuel flow modu-
lating to comtrol PS3/PTO, area eodulzting within mazimus snd minimum iimits
Lo centrol inle: Hach number, and fan pitch modulating between maximun clogad -
and mexinve open limits to coatrol fan rpm. Cperation in this wode was ham~
pered scmeshat because of a digital ceantrol Programming erver vhich caused
the manual mode fan rpm schedule (versus pover demand) to remsin in effect
in the sutomatic mode znd conflict under seme conditions with the PS3/PT0
schedule. A A et Y L e e L sy e

The applicable comtrsl system schedules for the sutenmatic coutrol wmode
ren are shown on Figure 63. The key schedule is the P83/PTO schedule. Fuel
flow is meripulated to set ES3/PT0 in accordance with this schedule uniess
the erronecusly included fan rpe schedule interferes. The fan nozzle bagic-
ally tries to set takeoff inlet Hach number; but at low power demand airflow
is not high enough to achieve this Mach number so the area runs at the maxi-
mum open {rocf) schedule shown. Similarly, fan pitch tries to set takeoff
fan rpm; but this, likewise, cannot be achieved at low power; therefore,
pitck runs on the maximum ciosed (floor) schedule.

Operating characteristics in the automatic mode zre shown on Figure 64.

simply follow the normal schedule, line (1). Instead, it followed the heavy
dotted line. &t low power, fuel flow was basically controlled by the fan
rpm schedule; except that Below about 37 percent, the minimum core engine
idle limit was in effect. With the PS3/PT0 schedule adjusted to line (2)
the engine was accelerated in increments on the fan Trm schedule (heavy
dotted lime} until the"ad justed PS3/PT0 was encouatered at about 82 percent
power demand. When power demand was advauced further, fuil autematic oper-
ation was achieved. Figure 65 is a trace showing steady-state operatica in
this condition. "(Note: At this point a PS3/PTO ad justment hzd been made to

ise
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get 100 percent thruse resulting ia operasticn at 100 percemt power demand
between line (4) and (B} on Figure 64). Stability was excellent with oscij~
lations less than 20.85 unics PS3/PT0, 20.005 inlet M2ch nusber units, end
220 rpa fan speed. o

The steady-state cperating characteristics of the control lcop which
controls fan speed by Earipulating fan pitch in the automstic mode are shown
on Figuze 66, The slope chenge in the fan pitch characteristics js &ssoci~-
ated with interaction between fan pitch znd nozzle area. bBelow 29 percent

. pover de=and, the fan nozzle ig opened to the roof limit ang relatively
lerge fan pitch change is required to msintain fan speed. sbove €0 percent,

A series of sutcmaric wode transients were run on the eagine, starting
R : with small megnitude (5 percent thrust) power demand chops and bursts. These
o - @re shown in Figures 67 through 70. 1Ia addition, a chop and a burst were
made between 62 and €0 percent thrust.. These are shown in Figures 71 ang 72.
« Times for the latter two transients (for ¢35 Percent of the total thrygst
~ change) were 8.5 szcend for the chop and 1.0 second for the burst. During .-
‘ - the burst, an excessive fan speed overshoot occurred with speed going to
3200 rpm before setting back to the scheduled level of 2900.  Fan piteh
should have opened faster than it did to prevent this speed overshoct, The
‘trace indicates that the control began increasing Pressure to the pitch actu-
ation system when rea first begzn to increase, but the Pressure built wp grad-
ually and the actuation system did nog move immediately. It ig probable that
internal leakege in the actuation motor, which ¥as keown to be somewhat high
: (1.5 gom versys 0.3 gpm when new}, cozbined with the relatively low comtroi
t) : loop gain and high actuazion lozds caused the slow response.

Fo further trancients were run on the engine because the engive test
program was terminated at thig point, before the overshoot preblem could be
investigated and corrected. Taus the origiral Program cbjective calling for
a 1 second acceleration from 62 to 85 percent thrust ¥as not demoastrated.
41so, tramsients between forward and reverse thrust were not demonstrated.
Fevertheless, the automatic control mode testing was considered a2 success
because it demonstrated the feasibility of the unique QCSEE UTW three~
variable power control coacept.

15.7 caLcuraTED TURBINE TEMPERATURE FURCTIONS
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Fan Pitch Angle, degrees

Fan Speed, rpm

3100
3000 "& C‘ O f“g
2800 I l

85 €0 53 109

Power Demand, percent

FPigure 66. Fen Specd Control,
Engine 507-001/2.
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One of the functions calculates turbine inlet temperature (T4I1C) from
compressor discharge temperature {T3), compressor discharge pressure (Ps3),
and fuel flow (WF) as indieated by the fuel wmetering valve position. The
formula in the digital control for this function wasg:

T41C = 14.6 + 1.06468 (T3) + 23.9437 (Wr/ps3)l.245

Testing showed this temperature to be 60° to 150° F higher than T4l as
calculated from engine performance data. This is shown on Figure 73. In-
vestigation revealed that most of this error was caused by an apparent cali-
bration error in the fuel metering valve position sensing elements resulting
in an indicated fuel flow in the digital contrel 114 to 160 kg per hour (250
to 350 pounds per hour) above the flow measured by the engine flow meter.

It appears that a recalibration of the metering valve sensing systea would
correct most of the error and provide an accurate T41C.

The second calculated temperature function calculsates turbine inlet tem—
perature from exhaust gas temperature (T5) as measured by thermocouple down-
Stream of the low pressure turbine compressor discharge pressure (Ps3), fan
inlet temperature (T12), and freestream total pressure (PT0)} in accerdance

with the following formula:

1.0407
[t (552 ]
T41CB [ @12).16} | + Ti2 {;PTO .27%] 1

Data from the engine on this calculated turbine temperature is shown on
Figure 74. Here the error appears to be in the formula and it appears that
a new formula based on empirical data could provide an accurate turbine inlet
temperature calculation. Considerably more data at different operating condi-—
tions would be required to prove this point.

15.8 DATA MONITORING

The QCSEE control system includes a data monitor feature which exploite
the irherent capability in the digital control to process data and transmit
them to a remote location. The control is capable of pProcessing and trans-
mitting 48 data items. Many of these are control-system items for which no
corresponding engine instrumentation was available for data cerrelation.
However, it was possible to correlate several key variables as described

. below.

15.8.1 Fan Inlet Temperature {Ti2

Oz the engine, TiZ was measured with four S-element thermocouple rakes
and data from these rakes averaged (after elimination of obvious bad readings}
by the engine test data system. A comparison of dzta from this source with
T12 data from the control system, which utilizes a single, resistance-type
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temperature detector in the inlet at the 11 o'clock positicn, is shown on
Figure 75. Haximum devistion of the control sensed T12 was 1.6° R.

15.8.2 Freestream Total Preassure {PTO)

For this engine test, which was all done at sea level static conditions,
the control PTO values were compered with barometric pressure data. Compari~
son of a large number of data points showed the coatro! PTO to be from G.09
to 0.14 psi higher than the barometric readiag, a consistent error for which
compensation could be provided.

15.8.3 Inlet Stastic Pressure (PS11)

Here, engine data bzsed on 8-pressure tap average in the engine inlet
was compared with control PS11 as gensed on both sides of the inlet at the
horizontal centerline. This comparison is shown in Figure 76. Again, the
error is small aod consistent eo that compensation could be applied.

15.8.4 Compressor Discharge Temperature (T3}

A compariscen of T3 as sensed by the engine data system from a single
thermocouple within the engine with comntrol system T3 as sensed by a sepa-
rate, single thermocouple probe, is shown on Figure 77. Control system T3
was consistently low by €.5 to 2 percent.

15.8.5 Compressor Discharge Pressure (PS3)

The control sensed value of PS2 proved to be consistently above the
engine data system 'S3, the errors varying from 0.7 to 2.0 percent. It is
suspected that there was a leak in the engine sensing system because similar

datz from the digitallcontrol on the QCSEE OIW engine was within 0.4 per-
cent.

15.8.6 Fuel Fiow

As noted above in the calculated turbine temperature discussion, the
fuel flow level determineg by the control system from fuel metering valve
position suffered from an apparent calibration error and was consisteantly
higher than engine test flow meter readings, the error varying from 114 to
160 kg (250 to 350 pounds) per hour. Recalibration would have produced an
accuracy within 1 percent for this sea level static testing.
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16.0 VARIASLE PITCH ACTUATION SYSTEM

In the second build of the QCSEE UTH engine, the Hamilton Standard cas/
harmonic drive actuator was replaced with the General Electric ball spline
actuator. This actuator, shown in Figure 78, operates in the following
manaer.

A hydrualic motor located on the fan centerline drives a bzll screw
actuator through a differential gear and no-back. Linesr motion of the ball
nut of the ball screw causes the translating sleeve (middle member) of a
ball spline to move in a fore or aft direction. The ball spline is a doubie-
acting member with helical ball tracks between the tranmslating sleeve and
inner member and straight ball tracks between the sleeve and the cuter ball
spline member. The inner member is attached to the aft ring gear while the
outer member is attached to the forward ring gear. Translation of the ball
spline sleeve fore and aft drives the two ring gears in tangentially opposite
directions. The ring gears, in turn, are mated to 18 pinion gears thit are
splined to the corresponding fan blade trumnmion.

Gear ratio between the hydraulic motor and the fan blade is 479/1. Two
LVDT's driven by the hydraulic motor provide a blade angle feedback to the
eagine digital control systenm.

This actuator hzd been whirligig tested (see Reference 6) using a
7.21 ce3/rev (0.44 in.3/rev) motor which was changed to a 8.52 em3/rev
(0.52 in.3/rev) motor for the engine build. This was done to obtain more
torque capability for actuating the blades since problems were encountered
in the first buiid above 2654 rpa using the Hamilten Standard actuator.
The Genmeral Electric actuation system actuated blades at the maximum fan
speed of 3130 rpm (95 percent speed}. At this speed, actuations were made

from blade angles of +9° closed to -5° open and the motor AP was 1875.4 Hfcm?
(2720 psid). ‘

16.1 ACTUATOR PROSLEHMS

16.1.1 Geer Shimming

Early in the testing of the QCSEE UTW Build 2 engine, it was found that
the actuator was shifting, which caused engine vibration problems. A shim
which controls the clamp-up on the 18 pinion gears was reduced by 0.38 mm
(6.015 inch) to increase the clamp-up on the gears. All subseguent testing
showed no indication of actuater shift. '
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16.1.2 Backlash

The apparent backlash of 5° in the actuator is more than originally cal-
culated. When the actuztor was reshirmed to improve the engine vibrationm
problem, various checks were eade to determine the location of this backlesh.
The majority of the backlesh was found to be in the ball spline. This back-
lash has not been a major problem in testing at the Peebles Test Site.

16.1.3 Differential Geer Failure

On March 10, 1978, a failure of the differential gear in the variable
pitch mechanism ceccurred. This is shown in Figure 79. Because of the physi~
cal condition of the failed parts within the differential assembly, it was
not possible to conclusively define the failure cause or sequence. The most
likely areas of failure initiation were:

e  Aft sun gear bearing

@ Planet bearings in the first stage

e Plane bearing carrier

"With these areas identified, mew hardware was obtained and the differential
was rebuilt with the following changes:

-] Additicnal oil was sdded to the afe sun gear bearing.

e A scoop was added to the differential coverplate so more cil could

be introduced into the differential gearing. '

@ The original three-pianet differeétial-design was replaced with a
: five-planet design to reduce the individual plane:'bea:iug and gear
loading to 60 percent of original loading.

® The planet bearing carrier materizl was changed froa aluminum to
steel for additional strength., ~

Py The differential output ring gear was modified to let additional
oil into the differential gearing.

While changes were being made, ehéing testing continued with a device
installed to "lock out" the differential_gear where blade angles were changed
by manual actuation. S . : L .

The new differential hardware was installed and a2 mechanical checkout

... wag made with no problems.

196



Differenrial

Gearing

™

1 Gearing.

ia

iable Pitch Different

Var

igure 79,

F




Y

-

kit

17.0 TEST RESULTS

marized as follows:

The msjor results of testing the QUSEE UTw propulsion system are sum-

In the forward thrust mode, unsuppressed source noise exzceeded
estimates. The reasons for this are not fully uvnderstood, and
further testing with noise probes is suggested to determine the
exact source. The acoustic suppression system performed as ex—
pected, so that the suppressed noise slightly exceeded the

95 EPNdB goal as follows: '

152.4 = (500 ft) Sideline Roise jevel
Based on Four-Eagine 58,962 kg (130,000 1b) Aireraft

' Tekeoff 97.2 EPRd2
Approach © - 95.7 EPH4R

In the reverszzs thrust mode, 27 percent of maximm forward in-
stalled thrust was achieved with -100° open blade angle. 'The T5
limit was reached at this point, preventing further increasse in
power setting. At the maximum reverse throst point, the peak sup~
pressed sideline noise level was 105 PEIE compared to the 100 PNRIB
goal.’

The ball splipe varieble pitch actuation gystem was capable of
varying fan blade angles at all zam speeds. Approzimately 1.4° of
running hysteresis existed in the system, probably due partly to
ball clearance in the spline tracks. Fer eteady~state testing,
blade settings were approached against the load, a0 that the blade
twigting moments would prevent the hysteresis frea affecting the
blade angle. Performance data indicated a difference in blzde
angle of about 2 compared to previous data with the cam~harmenic
pitch actuation system.

The composite blades, which had been damazged by ingestion of an ex-
baust nozzle flap during Build 1 reverse thrust testing, were re-
placed with blades of the same design, although it was recognized
that this design was incapable of meeting F4A bird strike require~
ments, and had exhibited a vibratory sensitivity in the range of
the two-per-rev/first flex cros.asver. The vibratory problem was
aggravated by high crosswinds and tailwinds. During Build 2 test~
ing, delays were caused on a number of cccasions By adverse wind
conditions. Previous plans to test the engine in the cresswing

" facility were zbandoned, and ferward to reverse thrust transients

vere not attempted.
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The digital control system functioned very well during all steady-
state testing. Stsbility and accuracy in holding 21l engine vari-
ables were excellent in the manual mode of operaticn. Two semi-
automatic modes were demomstrated: inlet Kach number control and
engine pressure ratioc contrei. No problems were encountered during
these desonstrations. The fully automatic control mode, in which
the operator calls for a percent rated thrust and the control sets
all varizbles, operated well at steady-state conditions, and over
swall thrust traansients (52}, but allowed a 30¢ rpm overshoot im
attempting to accelerate froam 62 to €5Z thrust. This was believed
to be a result of internal leakage in the hydraulic ©Botor, and

future testing should include acceleration tests with the electri~

cal gain of the control circuit increased.

The main reducticn gear continued to operate very satisfactorily.
Further development is warranted, however, to develop the lube

- System te reduce oil churning and achieve the design levels of

gear efficiency.

Composite mnacelle components and the composite fan frzme were very
satisfactory. Some delamination cccurred in the frame vanes and

in the exhaust nozzle flaps, but parts were readily repaired with-
out removal frem the engime. ' '

At £3:37 hburs, the radial accessory drive shaft failed, losing

. driving power to the zccessories. The failure occurred in the top
-spline with comnclusive indication of fatigue propagation. Angiysis

showed that the spline design was marginal, and that the method of
aligning the accessery gearbox was umsatisfactory. 4 replacement
shaft was procured, with a modified spline. It was imstalied with
an improved gearbox aligmment techinique and no further trouble was
experienced. A : o

After 59 hours of engine testing, the differential planetary gears
in the pitch actuation system failed. This failure apparently
originated in the bearings. Replacement parts were ordered with
several design changes to reduce bearing loads and improve lubri-
cation. thile these parts were being procured, an adapter was
fabricated to permit enine testing to continue with the fan pitch
fixed. The replacement differential parts were installed and
checked ocut before the end of the test period.
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