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OBJECT
1, The purpos: of this test, suthoriz:d by refcrence (a), was to d:t-rmin:
tse endurance, dive, and crankshaft torsional vibration characteristics of the
Pratt and nhitney Aireraft Model XR—,360-4 engino, in accordance with
Specifications AN-9502b and AN-9504.
CONCLUSIONS

2 The XR-4360-4 engine 1s not considered suitnble for service use in its
present stage of development becauses

(a) The mod 1 test was not satisfactorily completed.
(b) Certain operational characteristics are unsatisfactorye

3. As a result of type and dive tcst operation, thc following unsatisfactory
engine conditions were indicat.d which are considered serious?

() Failure of the veriable spced superchargsr drive couplings.
(b) Failurc of the rear master rod bearing,

(c) Failure of the rcar intermediate main tcaring.

(d) Unsatisfactory appearancc of other main 2nd master rod
bearings (s-e paragraph 31(a)(6)).

(¢) Failur: »f B-2 and B-3 pistons and cylindcr asscmblies by
scuffing.

(f) Ring failures on B-2, B-3, and A=7 pistons.

(g) Crocked cam bearings on A-B, and C-D rows.

(h) Cracked cam retainers on A-B and C-D rows.

(1) Push rod fallurcse

(j) Pitting on inner race of propeller thrust bearing.

(k) Failure of exhaust port inserts.

(1) Burning of the intake and cxhaust valve facss, crosion
of metal on the heads of several exhaust valvces, 2nd
excessive formation of carbon deposit on valve stemss

(m) Failur: of intake m2nifold pipes.

(n) Intake pipe drain valvc failurcs.
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(o) Failur. of ignition harncss conduit.

(p) Failurc of mign:to housings.

(q) Failur- of magncto pressur: pump and altitude vzlves,

(r) Feathered cam drive geers on A-B bank.
Le In a‘idition to the conditions noted in paragraph 3, the following
unsatisfactory conditions consider:sd of a minor or isolate” charact:r w re also
observed 2s 2 r.sult of the endurance test:

(a) Loose push rod brll sockcts in &7 wnd D=7 rock:r arms.

(b) Loose (improperl; staked) oil hole plug in one of the
knuckle pins on the A row,

(e¢) Cracked oil drain line to rear rocker box sump.

Evidenc: of high op.rzting tcemperaturcs on several exhaust
rocker arms.

(e) Cylind.r cooling baffle failures,

(f) Cracked cylinder fins.

(g) Enginc stud failur:s.

(h) Crackesd cr:nkease scsvenge pump.

(i) Scorcd cam followsr, pin, and tappite

(3) Galled fucl pump intermcdiatc drive pinions.

(k) Scorcd impeller oil seal slceve.
Se Opcration of the engine with repard to idline, acc:leration,
deceleration, smoothness (excepting surging within spceific ranges), and
scavenging (4O pessis. oil out pressurc — crankcasc breathing) is consid-red
satisfactory. Poor starting (evidenced by lower manifold and cylinder fuel

lo2ding — not by fallure to start), excessive external oil leakage, and spoed-
power surge tendencies near rated and take—off, ar. decidcdly unsatisfactory.

6. Th. performance of the Bendix Stromberg injection carburctors, sodel
PR1C0A-3, is consideréd unsatisfactory. Th: barrcl typs: mixturc control valve
incorporatcd in this mod:zl carbur.tor is susceptible to sticking and
malfunctioning,

7. The present design of the supercharger drive system incorpor:ting

two variable speed slip type couplings with the attendznt troubles arising
from uncqual division of lozd, bordcrlins oil tempurzturs rise st maximum
slip, and sensitive mgthod of slip control, is not considered satisfacteary for
servico use,
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84 Operation with AN-F-28R fuel and the full spark advance rosition of
35 degrees BTC (nanual control) at 60 per cent rated power and 84 per cent
rated speed at best economy fuel flow conditions was not considered satis-
factory due to detonation.

. Use of the reduction gear type torquemeter as preséntly developed for
the subject engine for determination of brake horsepower output is not
considered satisfactory due to inaccurate results obtained.

10, The use of reinforcing brackets to support the rear section is con-
sidered unacceptable. A strengthened rear section has been designed by the
manufacturer to overcome this condition tut parts were not available at the time
the subject engine was buillt or before the test was started.

13. Mixture distribution during the various periods of operation at the type
test conditions was generally satisfactory.

12, The crankshaft torsional vibration characteristics of the XR-4360-4
engine, employing a 14'-O" diameter Hamilton Standard Hydromatic propeller,
liodel 24E60, with blade design 65174A~14, are considered satisfzctory according
to the manufacturer's specification of permissible maximum amplitudes
(reference (d)). Specification AN-950L4 was adhered to although it is not
specifically applicable t~ four~throw crankshafts,

13, Operation of the Champion C-34—5 spark plurs throughout the test was
generally satisfactory,

RECO.L{ENDATI ONS

14, The XR-4360-4 engine is not recommended for service use in its present
stage of development.

15. It is recommerded that redesign and development work be expedited to
effect improvement in the operation and/or endurance qualities of the following
corditions or assemblies (specific conditions noted in paragraph 3) and that
an engine incorporating the necessary modifications, ircluding a strengthened
rear case, be subjected to an endurance test as soon as practicable.

(a) Supercharger drive systen.

(b) General lubrication including master rod and main bearings,
pistons, and cam drive gears.

(e) Cam bearings and retainers,
(d) Exhaust valve and rocker box operating temperatures.
(e) Intake manifolds and related drain valves,

(£) Ignition system including harness leads, magnetos,
pressurizing pump, and altitude valves.,

(2) Engine torque measuring system.
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le. R:design of the PR10OA3 carbur.tor barrcl typc mixture control valve
and/or employment of more suittbl:e material necessary to minimize malfunctioning
is recammended. It is also reccommended that a carburctor setting based on
engine requirements be installed and the consistency of metering improved.

17. Operation in the full spark advance position of 35 degrces BTC at

60 per cent power, is not recommended for use until engine characteristics at
tie 35 degree condition have been fully investigated by engine calibration.
This work is currently being pcrformed at the Acronautical Engine Laboratory
undcr Project TED No. NAWMOL394.

1R, Requirements for the torsional vibration characteristics of a four—
throw crankshaft should be considcred for inclusion in Sp:zcification AN=9504.

19. It is recommended that the poor opcrating characteristies - starting,

external oil leakage, and surging - be corrected before further model or cali-
bration tests are authorizead.

CESCRIPTION OF SUBJECT

20, The YR—4360-4 enginc is an air-cooled engine having 28 cylinders
arranged in four radial rows of seven cylindcrs cach (Platus 6 to 10, inclusive).
The rows are located about the crankcase in such a way as to form a right

hand h:lix consisting of seven banks of four cylind:rse The front row (pro-
pecller ond) is designated as the "D row and the rear row (anti-propellcr end)
is designated the "A"™ row. The banks are numbered from 1 to 7, inclusive,
counting clockwise from th: rear of thc engines Cyrlind.r number A-l is the

top rear cylinder. Master rod locations are A-l, B-4, C-4, and D-l. Each bank
of four cylinders is fired by an individual magneto firing both left and right
plugs. Euch magneto is mounted on the nosc section dircctly in front of the
bank that it fires. The propellzr shaft and reductisn gearing are »f the
single rotation, single speed type, huving an integral torqucmeter for
determining propeller shaft torcue. The supercharger is a single stage,
varizble speed type driven through hydravlic couplings which provide sufficient
boost to maintain take—off power from sea level to 1500 feet altitudc in
maximum slipe Thz impeller, shown on Flate 13, has ~n inducer on the entrance
side of the main impeller whoel for the purpose of pre-boosting and improving
entrance flow characteristies. The variablc speed hydraulic drive is »f the
dual drive split coupling typee Enginc oil is supplicd to the couplings
through a valve which meters the oil flow and reduccs the pressurce The oil

is then metered out centrifugally through holes in the periphery of the
coupling housing until the outflow is equal t» the input of oil. The amount of
relativc slip between the "driver™ and "runner" halves »f the coupling is
dependent upon the oil level maintained in thc coupling during rotation, which
is, in turn, dependent upon the flow of oil regulated by the metering valve.
The engine as rcceived for modcl tosting incorporated two high ratio variable
spsed clutches, the low ratio clutches having boen omitted from this model.
Upon failure of these clutches, o fixed ratio superch:rger drive system wes
installed to complete the endurance tost,
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21, Th. following is =~ tabulation of the gencral cngine choractcristies.
For 2 more complote d seription s_c r.f:orcnec (e).

(a) uanufacturer:

Nome ~ Pratt and Whitney Alircraft Division
of United Aircraft Corporatinn,
Location — East Hartford, Connccticut.

(b) Model cnd Ratines:

Mﬂdcl = m“10360“l+o
Typ: - Air-eonled, four-row, radial,
28 cylindcr, single stage,
. ‘ variable specd supercharger.

Ratings (uanufacturer's
Guarantee)s
Tak:~of f ~ 3000 BHP at 2700 RPY.
Normal
Maximum Slip - 2500 BHP at 2550 RP4 at 5000 fcet.
Minimum Slip =~ 2200 BHP at 2550 RPd at 14,500 f-ct.

uilitary
slaximum Slip =~ 3000 BHP at 2700 RPd at 1500 f.et,

Minimum Slip - 2400 BHP at 2700 RPd at 13,500 f:eet.
Maximum Dive Speed — 3060 RPM,
Engine No, -~ P=17.

{c) Gencral Datas

Borc and Strokc ~ 5475 x 6,00 inches.,
Cylinder Arrangemcnt -~ Four-row, radial.
Total Displ:cement - 4360 cu. in.

Compression Volume Rztio- 7.,00:1.
Impeller Gear
Ratios (Variable) -

Maximum Slio (20%) - 6,08:1,
dinimum Slip (3%) ~ 7.29:1.
Impcller Diamcter ~ 14 inches,
’ R..duction Gear Ratio ~ 0wk25,
Propcller Shaft ~ SeheEs No, 60,
Crankshaft Dampers ~ 2- 3-1/2 ordcr (front and rcar).
Dimecnsions (Overall)
Length . - 96,75 inch:s,
DimCt\;r = 52.5 inch\“So

Dry lleight »f Engine
Including Carbur-tor

and Spark Plugs —~ 13325 1lbs,
lMaximum Specific

dutputs ~ 0,69 BHP pcr cu. in., +90 BHP per 1b.
Grad:c 0il Roquired ~ N:vy Symbol 1100,

Grade Fucl Required Speeification AN-F-28R.
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(d) Cirbur.tor:

Makc and Model
Type

Siorial Noe
Sctting No.

Fuel Pressur: Roquir.d

(e¢) Ignitions

kugnctos
Scrial Nos.

Timing — BTC dight and

Left Flugs -
Starting
Normal
Cruising
Sp=rk Plugs
Firing Ordcr

(f) Acc.ssory Drives:

Rati»

Accessory Drive T> Crankshaft
Starter 3,000:1
Generator 3,000:1
Vacuum Pumps 1,304:1
Fucl Pump 0.800:1
Tzchometer 0.,500:1

agn:tos 0.500:1
Governor (Single 0.956:1

Prf‘p-)

Bendix Stromberg PR100A3,
Injoction,.

3345324,

N Mt o

16-18 1lbs. p.r sq. in.

Seven Seintilla TFLRN-1,
Nod - l+1973, No, 2 - 165666,
No3- 41707, Now & - 41709,
N’Jo5— 165669, N’)o 6 - 161713,
NoJ7 - L4459,

5 degrces.

20 degrecs,

35 dcgr-¢s - menu2l eontrol,
Champion C-34-S,

Al - B5 - C2 - D6 — A3 - B7 - C4 - D1-
A5 - B2 = Cé - D3 - 47 - By - C1 = D5-
A2 - Bb - C3 - D7 - A —~ Bl - C5 - D2-

A6 - B3 - C7 - D4

Cont. Static Dircct., Typ &
To>rque Torgue Rotation Numbe.r
- - C 1 - Type 111
600 3600 C 3 - Typ: 1A
* 2250 W 3 - Type 11
275 1200 CeCe 1
12 200 Left - C, 1 - Type 1
Right - CsCs 1 - Typc II
200 1400 CeCe 7
300 1300 C.C, 1

* If all three drives arc ussd, the continusus torque is
150 inch phunds at -ach sidz drive and 300 inch pounds at

th: center drive.

the ccnter drive is used.

%% Kain ar center pad - C,
- C-CO

Sid.: pads

600 inch pounds arc availabls if only
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224 Prior t- the tctual eo-nduct ~f the type test, data, such as spark and
valve timing, compression volume rutis, weights, etc., were checked. Navy
contraet 1100 grade il and current contract Specification ANLF-28R fuel

were used during all engine operation. The subj:ct e¢ngine was equipped with
Chrmpisn C-34~S type spark plugs and the appropriate acccessorics, including

a propeller governor, starter, tw> gencratars, and three vacuum pumps.
Auxiliary cooling »f the closcd cowl rear suctinn type was used t» maintain
the cylinder temperaturcs at the manufacturer's specified limits, Due to the
mocthad used in ¢owling the engine, no accurate cHiling airflow requircments
were detcrmined, The reductisn geer (0.425) was of the torquemeter type. This
was not used, however, for measuring brake hors:power due t» inconsistency and
variation of the torquemetecr constant over the entire power range, PRrake
horsepower calculations w.-c¢ made from calibratisn data -~btained »» a similar
engine at the Aeronautical Engine Laboratory.

23. Throughout the 150-hour c<ndurcnce test the --wer was absnrbed by a
four-blade, 14'-0" diameter Hamilton Standard Hydrsmatic propeller, Model
24,0 with blade dusign 6517A-14 (Plates 11 and 12), Propcller pitch control
was accomplishsd by mcans of & Hamilton Standard Governsr Model 4ULSM3C,
Scrial No. 285-828, regulating both inboard and outboard -il pressurcs., Prior
t» the endurance running, a torsional vibratisn survey of the propeller-engine
combination was conducted togsther with a propeller stress survey, Rosults »of
the torsional vibration survey arc presented on Plate 5, The torsional
vibration amplitudes were measur<d with Sperry-MIT equipment, the torsingraph
being conn:icted to the rear »f the crankshaft by a2 spceial shaft. Harmonic
components were determined with a Gensral Rz2di» wave analyzer. Since
Sp.cificatisn AN-9504 does not cover maximum acceptable amplitudes for f£fur-
throw crankshafts, those spccified in the mamufacturer's specification,
reference (d), werc used t> govern thesc tests in additisn t» interpolitisn

of the allowable limits of Spccification AN9504 for two and six-throw
crznkshafts,

2. For cll osperation, the engine was mounted ~n a cable supported drum
typ: stand (Plates 11 and 12). A dynamic suspensisn (airplane type) mrunt was
uscd tn supp>rt the cngine nn the stande Engine exhaust, -il, and crankcase
breathing were vented t> atmospheric pressurs. Sea level nperation was
conducted with zero scoop pressurs znd 80 - 90°F carbur-t-or air tamperature
cxcept when c¢ngin: surging required th: use ~f colder corburctor air and
altituds pressurc to obviate the eonditiosn, O0il-in temp:raturc »f 167°F ard
5il-sut pressurc »f 40 pounds per square inch (or pcrcentage thcrenf d-pending
on RPM) were maintained except during the take->ffs and military runs. Dluring
thes: perlods, the nil-in temperaturc was maintained at 185°F in accordance
with Spzeificati-n AN-9502b.

25, The fuel consumptions uscd were thos: specified in rceference (b), and
were sbtained by sperating the carburctor manually, beeausc 5f ineorrect
mixture values sbtained in the automatic positions. Runs at 60 per cent and
42 per cent normal prated power woere mide at bost economy conditions.

Becausc »f detonation (visual indication) with 35 dsgrces spark advance at

Paga 9
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60 per cont rated power, this perisd of speration was eonductced at the narmal
sp-rk advance position >f 20 degrces BTCe The 15 hour bost cesnomy perind
at 42 p.r cunt normal rated power was run with 35 degrsc spark advanca.

26, The subject enginc eomplcted 77 hnurs -f the scheduled 150-hnur type
tust with the variable spsed (hydraulic c-upling) supercharger drivis. At
this point, t-~tal failurc >f thc drives occurrcds The remainder of the test
w1s then conducted with a st ~f fixed rati- (6.08:1) supercharg.r drive gears.
At B89-1/4 hours, the carbur-tor, Scrial No. 334532A, was rcplaced by another
PR100A3 ecarburstor, Serial Nae 334543, in 2n offort to svereme the tendency
t: flwde Th: flooding charscteristic, however, c-huld nnt be overeome by the
changz ~f crrbur tors. The :ndurance test wis terminated as a result ~f cngine
failure during preliminsry dive trinls following c-mplctisn »f the 150-h-ur
endurance test,

RESULTS AND DISCUSSIQN

27. * 'The >utline »f tcst summarized from Specificatinn AN-9502b is presented
as Plate 1. Running data ~n the test are shown in th: formm ~f a graphic 1l-g
(Plates 2 and 3), and a tablc »f avereges (Plate 4), The measured amplitudes
of torsisnal vibration are plotted ~n Plate 5, Plates 6 t» 44 are photographs
°f the engine, test set-up, and vari-us failuris that sccurrcd during the test.

28, Results of the torsional vibration survey indicat: a maximum measured
amplitude of O¢74 degree. Sp-cification AN-9504 d~zs not pravide limits for
f>ur—-throw crankshafts, Hwever, interpnlating betwesn ¥ 0.5 degree for
tw--throw crankshafts and * 1,5 degrees £ar six-throw erankshafts, maximum
allowable amplitude >f * 1,0 degree would bo indieated for four-throw
crankshafts. Sinece n» significant amplitudes werc present f£or hormonies higher
than thc sceond order and the meximum amplitude measured was 0074 degree, the
torsional vibration is not considercd excessives This value is well below the
limits noted in the manufacturcr's specification (roference (d)) which

pernits a maximum amplitude »f * 1,5 degrees,

29. The £511~wing undesirable operating chruract:ristics wire not- 7 during
conduct »f the endurance tceste

(a) Surging:

(1) At rated pwer and speed, an erratic pawer surpe
with an amplitude »f 4 to 5 inch:s manif~ld
pressurc sccurred, This conditi»n was initially
attributud t> the operatisn of the hydraulic
couplings installed in the cnglns and was
assscinted with th: throttle and slip eontrol
positisn, Th: slip control linkage longth was
changad t~ myve the surge range between normal
and takz-~ff c¢-nditi-ns, Tho surse c-nditio-n was
then alsy prosent at 3500 fiet altitude at normal

Page 10
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rated pwore Th. link pe wi's thon cstimnted
to elve 2 slip of 19 p.r cont at take—nff,
The e ntr-l 28 received from the monufactucr
was sct t~ glve an approximate slip »f

15 pur ccnt although it wrs supphsid t- be *
car.fully calibrated and sct t~ 20 por cont.

(2) At 90 p.r cent rated pwer and idnimun slip,
a pronsunc .d ste.dy surge conditisn ~f
1 t~» 1-1/2 inches manifold ~ecurred.

(3) Tnk.->ff operution conducted later at part
throttle amd relatively hot CAT resulted in an
err:tic surge c-ndition, Op:rati-sn 2t approxi-
Lately 1000 foct nltitude was requir:d t~ av-id
the surging condition,

(4) Taki->ff opcratisn with fixed rati~ super-
chorger drive gorrs rosulted in 2 simil r surping
conditi-n. Ti.k:=>'f p.risds werc th:irofor. run
at full throttlc, critical altitude, and with
approximately 45 @:grecs F ¢ rbur.tor nir
teuperatur: t~ climinste th. surging,

Surging was als~ obtrincd with the N>. P-1 ealibr:tio-n cngine ot similor power
c-nditi-ns and it is und-rsts~d thut Pratt and Whitnoey Aireraft hrve als»

:xp ricnccd the st difficulty. It is the ~pininn >f the Naval Adr
Zxp.rincntal Stotion that the surging condition results primarily fron an
im;ropir supercharger—-engin: eombinati-n (prbably ~ver—capieity sup‘.rch"rg.r).
The degree »f surge is belicved to be opprocinbly accentuated by the hunting
tundeney of the hydraulic drives .s influcned by sp:ed, load, -~il pressurs,
tuip-raturc, and wmctcring changus,

(b) Startine.~ During the cnrly portion of the test,
difficulty was .xp.rienccd in starting the cengine, 4
spray of fucl is dischorged frowm the cxhaust stocks of
th: lowcr cylindcrs in the "D" row 2s s~Hn s the cngine
picks up specd after the mixturc e-ontrel is myved wt Hf
idle¢ cut-»ff. N~ reason for the flooding tendoneics enuld
be determinad., In rder to climinste the porssibility »f
hydrauliec 1ock in the lower cylind.rs, a starting proccdurc
giving relatively dry starts was daveloped and adhered to
throughout the tust. This procedurc consistcd »f
storting the .ngin. =nd c-ntinuing t> run »n the prine
’ until "n cnginc speed »f npproxiw toly 600 RP was

sbtain:.d., Fu.l pressurc was then applicd t»> the carbur:tor,
‘With the hydraulic sup-rcharger drive gear systern it is
bclicved that the transitiosn frow prime to» carburctor
runnine is difficult in viow »f littlc »r no drive of the

f inpeller (dmpeller fuol injoetion) at cracked throttle

\ openings. Installition »f fixed ratis supcrcharger drive
gears did not corrcct this c¢onditi-n, A s c¢ond PR10OA3
carbur t-or was tried with sinil-r r:sults,

Prge 11 3




(e) 011 Pressurc - 4 dceerensc in main cngine and ~ther
rclated -1l prossurcs wes “bserved to odccur with < ppli-
eation »f inercased oil-sut bock pressur:, At nopral
rated pow.r =nd sp.ed,2 risc in buck pressurc from 12 to
LO prunds p r squarc inch resulted in » dryn ~f apprwi-
wately 5 pounds in the wmain :ngine ~il pressure which
sindlarly affectid the ‘ther enpine -1l pressur:s. 4
drop in ~il flow of approximitcely /1 prunds psr minute
als> wias noted, During ~prration »f th: variablc sp.cd
couplings, tht nain engine >i1 pressure dre-poed approxi-—
nately 6 pounds per squire inch when ehanging fr-m
naximupm t~ minisum slin cynditisnse It is bolieved that
these voriables may prove troublessne during
engine speration in scrvice if the ailpplancz 11 syster is
not up to prr znd/or the nain <ngine prossurce is not sct
high <n»ough at sea luvel,

(d) The scnsitivity »f th. supvrcharger contrnl link~ge
sctting is quits high - spproxin tily 2-1/2 thread turns 3
on ¢ ntr~l dfustment £or 5 per ecnt slip. This e~nditim
is e-nsid.r<d eritical sinc« any small incrcasc in slip
above 20 per cunt at high KP4 will result in execssiv:
enupling tuaperaturc and failures In viiw »f the
scnsitivity »f coupling slip t- enginc 2il pressurc and
7i1-in tuaperatuwrc, swme positive nethoad »f detcruining
slip wruld bc highly desirable, It is understond that
cqual distribution ~f -4l t> c:ch coupling is als~ quitc
a problem, both 2s to the distribution (by piping) t» the
couplings and us to> n:-toeringe ~f il from th: e~uplings. «
The supercharger contrel was dircetly ewmnect.d to~ the
throttle linkage 8~ that at take—=>ff throttle sctting, E
a value ~f approximatcly 19 per cont slip (1ow r-at,ir)sv
wiuld b: -btained. At throttle openings grezter than
take-off, the superchargsr contrsl deerzascd the clutch
slip until a minimun value >f 2ppraxdmately 3 per cent
slip (high rati»s) wrs sbtained at full throttle.

30, Thrsugh>ut the endurance test, failur.s >f vari.us typus ~ccurred,
reflecting »n the reliability »f the engine. It is the »pinion ~f the Naval
Air Expcrimental Stotinn that the following conditinns arc suriswus and warrant
carly attention amd correcti-nt

(a) Hydraulic supcrcharger drive couplings - after 77 hours °f

endurance, failurec ~f the hydraulie e~upling pini~ns
seeurr:d during a take=off perind ~f ~poration (Plates 18
t> 23, inclusive), Fixcd ratis supercharger drive gears
were installed in plece °f the variable specd hydraulic
chuplings f£ir the remaindcr °f the endurance tost, Simdlar
failurcs houvs boen expiricnced during daveloprent tosts ot
the manufacturcr's plant. The 4360-4 engine, S .rial N-.
P-1, mresently undirghing calibration tests st the Nrval
Alr Txporimental Station, h:s expsrienccd two failurcs »f
a sirdlnr nature, ~ne failure sccurring after a total »f
4846 hours operztisn snd the other after 125.,7 hours.



(b, Piston Secuffing - Failure ~f B-3 eylind.r after 98-3/4
hours cndurance recuired instzll tion of s new eylind r,
piston, and sct °f rings (Plzte 17). Up~n cxaminati-n ~f
the donsged cylind.r, (diseovered by excessive flangc
tenp.ratures) the top ring ~n th: pistsn was f£aund braken
and c¢>llapsed in the grooves The eylind .r walls and piston
faces were sovercly scuffeds  After 61,2 hours »f ~poratisn
on the N», P-1 calibrati-n ¢ngine, bsth B-2 and B3
cylindcrs were reploced because >f scuffing ~f the eylinder
and piston. Thes:s failurcs were probably aggravated by a
dctonation endition noticed in the tw» cylindirs 2s a
result of il leakage at the impcller shaft. Ansther
replaccuent ~f B-3 cylinder was necessary sn the No, P-1
engine at 88.8 hours, The failures were very similer to
thnse wxperienc.d ~n the N>, P-17 engine, alth~ugh n~ ring
failurcs sccurrcd. During the last five hours of
endurance at rated power and 110 per cent rated spced, a
progressively greater am~unt of eo5ling air was required
t> e771 the "B" row o cylinders, The B2 cylinder flange
tzupirature was critical, eventually climbing t> an
cxcessive teauperature prohibiting H~piratinsn 2t this con—-
dition during the last 1/4 hour >f th: cndurance tcst.

An exanin=tinn ~f the B-2 cylind:r upnn disassembly ~f the
engine discloscd Nose 1, 2, and 4 piston rings broken
(Platc 39)s A portion »f the top edge ~f the tap land

»f the piston was feathered by pleces ~f the broken ring
spreading thc grove spen and distorting th- t~p lond,

In vicw »f the 1realized failure ~f cylinders -n the “B"
row, it is belicved that a marginal lubricati n e nditi-n
exists -n this bank. Relative leannsss ~f the Nas. 2 and
3 bunks »f cylinders tends t> aggravate this ¢-nditisn,
Sce refirence (f) £ a discussion ~f failur:s »f a.sinilar
natur:,

Push Rods - at 49-1/2 hours ~f cndurancc, erratic firing
of the C—5 cylinder was investigated and found t- result
frou o broken intake push rod (Plite 15). Upon exandnation,
the rod was found broken in two, approximntely 1 inch from
the rockcr arn end at the swested shoulder ~f the
reinforeing slceves The push rod was so badly mutilated

a2t the print of failure that it was impossiblz t» ~btain
any infonaatisn 2s to the type » cause »f failure fron

the fricturcs A undero cxamination eloase to the point »f
failure rovezled deearburizati-n 004" t~ ,006" d ep with
cracks extcnding radially from the deearburized area,

The hirdness ~f the rod as detcrmined ~n o Rockwell toster
wns B 97-98 which clascly agrees with the menufzcturer's
spceificatin £ heat treatment of the parte Aftir 81,7
hours spuration, 2 slidler foilurs on the D-7 cxhnust ~f the
No, P-1 ¢zlibration cngine ~ccurr.d. It is beclicved that
the intake push rod on the D=7 cylinder which was f-und
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b:dly bent resulted fraa the £ailed exhaust push rods
hat failure »f the push rod ~n the

It is beliovcd t
Nobe P-17 cnginc rssulted froi fatiguec crocks initiatcd

in the dsearburized srea where the physical propirtics
werc considerably lowered. The f-ilurc on the Noo P-1
calibration engine probably rcsulted from similar causes.
(d) Intake Pipss - S-verzl intake pirc failurcs ~ccurrad
during the tests. The B-1 intnke nipe w2s f~und eracked
at 96 h~urs and rcpair-d by brazinc. The B-2 intuke
pipe failed after 98-3/L hours (Plate 24). At 116 hours
further failures on the B-1 intake pipc
zPlute 25), At 121-1/2 hours cndurzanes, the
B~7 intake pips fail:d by cracking. At 145 hours
endurance, 2 broken intake pipe h-:se c~nn-ctinon betw cn
the C-5 and D=5 cylinders wis replrced (Plate 42),
Cracking »f the intake pipes appenars t> hove resulted
fron relative vibration of ~djecent cylinders which w=s .
probably nccentuated by soue cngine packfiring. Intake
pipe failure ~f the C~, and D-1 intake pires "n the
N». P-1 engine after 81,7 and 4043 hours, respectively,
further substzntiates the wonkncss ~f the present design.
Sine: ~n¢ manifold supplics cwrbustible mixture t~ »ne
bank, a broken intoke pipe adversely affocts the firing
of four cylinderss Sse ref.rence (f) f~r further
discussion >f this type failure =nd remedy effected for

the tust of reference (eg)e

cndurance
necurr.:d

(¢) Exhanst Port hdoptcr Elbws - Failurc °f cxhaust prt

adaptur elbows ~courred sev.ral tincs thr~ugh-ut the
test (Plote 14). The -xhaust systen consisted of
individual flang:d stacks apprxinatcly 10 inchus 1onge
At 81-3/L hours endurancc, the ¢xhaust systol was
odificd to pereit the usc ~f short stacks approximatsly
5 inchss long. This appearcd to watoriaily reduce the
nurber »f adapter elbw failur.s. Fnilure of the
adapters is bclieved to heve r-sultcd from excessive
weight of the cxhaust strek cwbined with a rclatively
poor adapter d:sign. During praclinin:ry runs °n the
P-1 cngine 2 similrr failurc was exp.rienccd whilec
employing the snue type »f stacks (10 inch), H-~wever,
since the install-ti»n »f an cxhaust ¢nileetor nd

! furth.r trouble hos becn expricnceds It is b-lieved
that 2irplanc jnstollations craploying individusl or
sicmesc stacks will oneounter similar exhaust port
adapter clbw failur-se.

(f) Exhaust Valve Stickins =~ At 121-1/2 hours, mis-firing
o»f the b-5 cylindcr w:s inv.stignted and f£ound to
result from o sticking exhnust valv:, The uppdr end »f
the valve stew h d a thin cnating »f hord carbon bak:d
on th: surface, which causcd the valve to stick in the
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open pasitin. This was e~rr.ctcd by romwing the

carbon and polishin: thc valve staae This e-nditi-n
again accurr<d sn the B-5 cylind-r at 139-1/2 hsurs

and was corrccted in the sanme manncr,  No sther

instances of sticking valves occurrcd on the No, Pl

or P-17 engince It is possible that insufficient valv:
gulde clearance conbined with high rncker box temperaturcs
are respnsible for this eondition,

Carburetor siixturc Control Valve (Barrcl Type) -
Considerable trouble ~nd dmmage to thz mixture eontr-l
mechznism sccurred during the test as a result ~f the
barrcl type mdxturc contr~l valve employed in the

subject cngine. & sticky gun substancs (probably from
the fuel) forus between the barrel valve and the housing
causing the vzlve to scize and bcewac innap-rative,
Prcssurc appli.d by the hydraulic eontrol mechanism, uscd
at this lsborat-ry for cnginc eontrols, is sufficiently
graat to sheor the taper pin in the "elick" positioning
arrangzrnent and prevent further functi-ning ~f the valve.
This sticking conditi-n was corrcetcd by remwing the
barr<l valve nd housing and p>lishing the m-ting
surfaccs. Similsr tr-ubles were expcericneczd with a
sceond PR100A3 carbur. tor supplie.d by the ranufacturcr,
The type of fuel used during the subject tests conforned
to Speeification AN_F-28R. It is t» bc nnted that this
ccnditinon cccurrcd during shut-down perinds ~f the cngine.

Ignition Harness® - During the 150-h->ur ¢ndurance tcust,
it was nccessary to replace 211 of the seven igniti-n
h:rnesses baeaus: ~f shiclding ennduit failures (Plate
44). The floxible e~nduit failures seccur near the
soldured end eonncetions >f the spark plug eonduit

and th: middle »f the sh-ort length »f magnet~ eonduit.
Failure »f the spark plug clbow tubc body 21s» »ccurs
near the eosupling nut. The failur:s appcear t» result
from vibration, With the present design, the ipgnition
harness is nst supported to the cngine at any pleoce
along the entire length »f thc nunifsld, The only
:acans of holding it in place is by thc spark plug ¢lbws
znd the attachisicnt 3t the uegnety distributor cover,

The design >f the s»lid "U" tubing used f~r sp-rk plug
clbows »n the"D'row is condueive t» failure. As this
harness does n~t cmploy detachable ~r rowirsble leads,
failure »f -nc lezd neccssitates replzcencnt »f a
couplcte hirness asscobly. Gimilsr horness failurcs
have n~ccurrcd »n ths No. P-l engine which cnploys

the sunie installatisn.

Page 15




LEL-RC3

(i) Magnctn -~ At 145 hours ~f endurancc, failure ~f the Na, 1
bank to fire satisfactorily ~n the left ragnets was 1
investigatcds Inspectisn showed that the nagnoets h-using
was cracked three—quarters ar~und 2t a p~int approxinately
2 inches fron the flonge (Platc 42).  Upon disasscnbly ~f
the engine after 150 h~urs »f endurance, a fine crack was
noticed in a similar location ~n Ns, 2 magn-tn (Plate 43),
It sppears that Typ: I magneto and harness system uscd
during the endurance tests is not able to withstand the
vibration accmpanying normal cngine nporati-sn. Modificd
versiona ~f the ungn to and h~rness syster. hnve since been
manufacturad and are presently undergnhing tests at Pratt
and Whitney aireraft,

(3) Magnct» Pressure Pump and altitude Vent Velyes - At 31-1/2

hours ~f cndurance, failure >f the nagnets pressure punp
occurreg. Inspecti-n indicatcd that several »f the altitude
vent valves wzre found closed ~nd the fibre key locking the
pump rator to the shaft was found sheared (Plate 40). The
shearcd key resulted frowm an ovirlo:d ennditi-n imposed on
the puup by reason >f the fallure of the altitude vent
valwes, 4 second set >f altitude valves instelled after
repalr ~f the pump alsc failed ufter a short perizd of
op-ration. Further details »n the magn:t» pressurc punp
and altitude valve will be reported und:r Projecet TED No,
NAM=04170 which c~vers testing -f these itens,

(k) Carbur.tor Fucl Tronsfer Bipc -~ At 99-3/4 hurs of
. enduranec, fucl lcakage 2t the banj> fitting -f the
carburctor transfor fucl pipc occurrcd as the result »f
a slight cracke This failure was repair:zd by brazing the
cracks A supp~rting bracket wns installed to restrict
vibration >f the transfor tube. S:¢ r-f-.rance (g) for a
sipilar type failure,

(1) Engine Studs -~ Suring the tost, tw> studs an the gencrrtor

drive pud (sidc drive) and ~ne stud on th: rear case were
replaced due to breakage., It is belicved thet thesc stud
fallures nay have becen induced by the additi-n ~f the rear
case supporting brackets which wire installed bzanzath the
stud #nd the nut. These brackets will be eliminsted in
subsequent Lindels which will employ strengthened rcar cases.

(w) Intake Pip: Drain Valves - after 77 hours endurance, the
’ intake pipe drain valves »n Nos. 3, 4, and 5 banks were all
replaced because of nechanical failure »~f tw~ sf the valves
(Platc 16). Pratt and Whitney airer:ft are fardliar with
the unsatisfactory operational lifc »f these valves (ref-rence
(£)), and at mresent arc developing a unit designed tn give
more satisfactory operatisne
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31. A sumnary of the unacecptable esnditisns of the cngine, based n eomplot
visuzl 2nd nogn:tic inspietisns upon disasserbly aftor the final failur. is
as followss

(2) In the »pinion >f the Noval Air Exp-rinental Stoti~n, the
mast sericus conditd ons which require prapt attentisn and
correctinn ares

(1) Rear Interiiediate idnin Bearing Fajlurs -

This benaring was scvaercly seored and burncd,.

The rain beoring support was els» danaged by the
pounding zction of the crankshaft (Plates 29 and
31). It is bclievad that this failure caused

the rcar int. rrediatc erankenss t- erack 2t the
can tearing support (Plate 38). An inspeetisn of
the rear internzdiate journzl show:d scoring and
grooves sn the side adjocent to the counterweight.
Fzilure »f this bcaring is believ:d t- rosult fro:
inadequate lubricati-n aggravated by unzqual 1»:d
distributi-n aver the bearing width (ns caused by
crankshaft d¢fl ction)e For 2 discussi~n by
Pratt 2nd Whitney Aireraft relative to this type
failure sce rforence (p).

Rezr Row "AM ui:ster Ryd Bearine Failur: - The
eondition »f thc naster rad bearing on the "AT

row wns simdlor to that »f the rear intirmodiste
main buenring, the benring antorial being bndly

scored and burn-d (Plnte 28), The yoke scetisn of
the riaster rad 2nd the lower half »~f the ryd wers
dist-rted s a result of the intonse hznt and prunding
to which it wcs subjected boetwien th - tinc of cngine
failure and stopping ~f the c¢ngine, The "A" row
crankpln was sevirely scored »n the battom side
indicating the fzilure to have probably accurred
during dive (incrtia 1oad) oporatisn (Plate 27). It
is believed that this failure cnn als~ be attributed
t~ inadequate lubricatisn rathcer thon local chippi

of the silvcr as discussed in reforences (f£) and (e

(3) Caum Bearings - The roer internediats cam besring
(4B rw) was cracked in tw> places while the front
interncdiate e besring (C-D row) wes cracked in one
place (Plat: 37). Thes: cracks did n~t ~ppaar t»
affecet the ca. nperetion in any raye Failure »f the
rezr ca: bearing Light have bzen caussd by thc crrcked
ca.i bering support but n> sinilsr reason can be
given fr th: creek in the front bearing, For a
discussinn of ~ther failur:s sce refcrences (f) and

(a).




(4) Can Hotainer ~ Bath the rear and front inter—
nedintce can retainers woere crucked thr-ggh at
sindlor positi-ons. The cricks sccurr:d at a
slot cut scveral inchcs frow the end »f the
retaincr which is uscd to lncate the nain bearing
support (Plate 36), Failure »f thesc rotainers
did n»ot affcct englne operation »r the c-nditinn
of other parts.

(5) Ring Failur:s - While the general c-nditi-n -~f
the rings was satisfactory upon complotion »f the
tests, the top tw> compressiosn rings and the tws
~i1l emntrol rings on the B2 cylinder w.re found
t> be broken upon disassembly >f the onginz (Pl-te
39). The cuipressinn rings were broken into
nuncrous pieces, tw- ~f the picces becoming wedged
one aboave the Hther in the top groove, sprerding
the grosve apart and raising the top land »n the
piston.s In addition the »il scraper ring -n the
A-3 piston was found to be broken about 3/4 inch
from the ende The XR-4360-4 engine auplays the
sane ring arrangenent as the R—-2800-B s rics engines.,

(6) Bearings - In general, the conditisn ~f the main
and master rad bearings was unsatisfact-ry (Plates
26 t3 32, inclusiv.)s The top half »f the VBM
master rod bezring hod a erick ab-ut 1/2 inch long
starting 2t the cut--ut in thc side ~f the beuring
half uscd t> prsition the besring in the master rod.
This crack probably r<sulted from the shorp corncr
left in the eut—rut. The front main bearing hnd
several deep grooves cut into it while the rear na2in
be.ring hnd 2 serics f fine grooves., This scoring
condition is probably the r:sult »~f f-reign material
in the lubrication systems The front intermediate
wain bearing haod approximately 50 per cent »f the
lead washed oute The lead facing on sther bearings
wos 2180 appriciably washed in varying am~unts. In
goneral, inspcetion indieated nany loeal high
pressure arc<as which probably resulted fr 2
combinatiosn of crankshaft deflectiosn, impropcr
bearing (cloarance) rolief, and inadequatc lubri-
cation., For a discussinn >f failurcs attributed
t> locol chipping of the silver s:e refcerences
(£) and (S)-

Propeller Thrust Besring - The rear inner race -n
this bezring had a deep pit, probably the rcsult »of

a defcetive raceway (Plate 35). The surface »n dne
of the balls had 2 sa2tin finish instead »f a bright,
kighly polished surface, It is beliceved that this




on: ball wrs not e~nplotely finishod nt the tine
~f installation in the beoringe  Neither ~f thes
conditions 2ffectcd any ~ther ports -n the enedine
although it is believed thnt the pritted inncr poce
would eventually gnll the bolls and result in

total failurc »f the benringe A& niopc ndvenecd foi.ur
is discusscd in rofercnce (g)e It oppears thot a
eonditinn 2ppronching sverl-ading nay be present here
which in cxbin-ti-n with p-ssibl: v.ri-blc and
nedioserc dinnufncture nnd inspeetisn ~f the bo ringe
and additio-n-l short tine 1--dineg ~pplicd when
sperating in 1inneuversble airplon:s uny eausc eone-
sidcrable trouble in the futurs, It is bclicved

that inst=llzticn of 2 dual (boll-r-ll.r typs)
beuring sh:uld be e-nsidercd.

(8) G Drivc Gears -~ The tzeth on the twy can drive
gcwrs ~n A-B rew wore b dly feathercd ~nd the cut
ge'r pinion shafts were bluc ns a rosult of
speration 2t high temper2turce Simdlar genrs ond
shafts -n thz sther rws were in 2 satisfretory
c~nditi-n.

(9) Push R~ds ~ Segven cxhrust push r~ds hod slight
bulges at ~ne e¢nd near the sceti-n 2t which the boll
cnd tip is brazed. During the tost, failure ~f an
intake push rad securrzd ot this scetion. Eight
exhnust r~ds ~nd -nc intike push r~d hed slight
indiesti~ns>f bcing bent. The bent push rads ond
rods with bulged ends ennnst be d:finitoly cstab—
lished s hoving resulted froa cnpine ~pcrotion,
Hwever, in vicw »f sindl-r failupzs ~xp.rienced
in bath N-s, P-l and P-17 c¢ngincs, it is recommended
th't push rads be Larv closcly inspceetod upon rnanu—~
facture t> proclude the prssibility ~f installing
defective rods in cngines duringe asscubly.

(1C) Valves -~ On. intake valve h:d 2 burn:d arcn of
approxinntely ~ns inch ~n the scnt while a szeond
intake valve hnd 2 fine circwifcrentinl groove,
1/16 inch widc poundad int»> the centcr »f the vilve
seat (Plate 33). Three exhaust valves hod slight

| guttcred notches ond burnsd arcas on the top edge
af the seat (Plote 34). Slight indieatinns Hf
ersysion were 2lso noted Hn the heads nenr the :dees
2f scveral exhzust velvis,

i (11) Exhaust Valve Stuiss - All ~f the cxhrust volwve
stecms h=d 2 thin laycr »f earb-on baked ~n the sten

i ab~ut >nc inch frv. the kscper ande It wos necessary
tHy ruiove this ezrbon bufor. the valvaes c~uld be
reooved freon the eylind.ors, This e~nditi>n indientcs
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(12)

high rocker box tempersturcs which is ¢ nduciv

t» stickin; volvise During the taost, N+, B-5
:xhrust volve wns stuck in the npen prsition at
121-1/2 2nd 13%-1/2 hwurs ~f cndurance s a r.sult
~»f carb-n doprsit.

Intake Pices -~ Tw- intzke pipes were er:cked nosr
the flonie: while 2 third hod stort.d t-~ crock near
2 prim.pr fitting., Failure of intnkc pip.s -n this
Lirdel engine sappears quite cwi~n,  Sce als-
referencss (£) and (g)e In vicw ~f the scrdous
conscquencts which rosult fron intcke pipc foilur s,
it is inp.rative th't o satisfrctry s-luti-n f-r
this ¢ 'nditi-n be cxpeditiede Soeversl intake pipe
failur:s ~ccurr<d during the cnduroncc test =s
uenti~ned previ -usly,

(b) Other conditins of 2 zinsr ar isolated chorncter “re s £o11 wss

(1)

(2)

(3)

(&)

(5)

The push r>d bz1ll sacket in Nos, A=7 ond D=7 racker
nrrs w2s 1vvse.  This esnditisn pr-bably r-sults
fra: cidther on und 'rsize socket ~r ‘sversize b-re.

The »il h~1l¢ plug in ~n: ~f the knuckle nins ~n the
" pow of cylind.rs wos fhund 1-~s., This plug

is hiel¢ in prsition by stzking., Duc t- inpraper
worknonship, the plug workzd 1~-s¢ during the test
and was found partinlly b:cked wt. Sh-uld the plug
huve evi: ~ut wntiroly during ongin: ~poaration, it
w-uld h-ov. rcsultcd in 2 crankshaft lubricati-n
failurc with its attondant rosults.

On: ~f th: »il drain lines t~ the resr racker box
sw.p w:s frund cr ckedse This cngine h' s nuniir-us
externnl il lincs subjcet t- foilure ~r l-~scning
by vibratin unless ndequatcly brac:d,

Szveral »f the exhaust rocker arns shw:ed ovidence

~f op'rati-n ~nt hizh tenporaturcs, The nren noar

th: adjusting scrow wes bluc, This ¢ nditisn was
rnst scrisus on the No, 3 bank ~nd part ~f the Hye 2
bsnk. Remwal ~f the »djusting sercws fron the racker
ariis on bath the intake ond cxhnust vnlves wns quite
difficult duc t= -~il corb>ni2ati-n in th< thro ds,

It is bclicved th=t the 2bwe c-~nditi-ns result frou
speration at high rockir b tauperaturcs,

s nderate anount of baffle failures sceurr:d 2s a
rzsult ~f the type test, Thoe iost seri-us frilur.s
~ccurr.d on five -f the seven beffle rmounting strips
which attich t- the crankense by anglc clips., Thes
angle clips were crocked nnd separatcd fro the
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baifle strips. Nine of the cylinder baffle strips

. which attach the cylind r baiflesto the rock r
boxes were broken. However, none of the baffles 1
were split or cracked. idodifications to the above
attaching parts will probably be necessary to insure

satisfactory endurance operation,

The impeller oil seal sleeve in the impeller case
had deep grooves on the bottom half which were
caused by the impeller oil ssal ring carrier lands,
The position of the groowves 'in the sleeve seems to
indicate misalignment of the impeller shaft bearings
and seal sleeves. However, the scoring may have
. resulted from the supercharger drive failure at 77
hours endurance and/or unequal load distribution of
the high ratio supercharger drives,

The outer gear on the crankcase seavenge pump of
"A" bank (geroter pump) was cracked. This condition
may have occurred as a result of chips from the

failed bearings entering the pump.

One cam follower, pin, and tappet was slightly
scored, In general, the condition of the rest of
thesz parts was satisfactory,

Both fuel pump intermedi2te drive pinions were
lightly galled. The location of the galling

o indicates poor tooth contact resulting from mis-
alignment of the pinion and the driven gear.
Neither of these accessory pads was loaded during
the engine tests as an auxiliary external fuel pump
was used. Similar trouble was experienced during a

test run at Pratt and whitney Aircraft -~ reference
(8)-
32. Crankshaft — A general examination of the crankshaft journals and

bearings indicatcs that there is considerable deflection of the shaft present
at least under inertia loads and that the two bearings which failed were over—
loaded due to inertia forces (Plates 26, 30, 31, and 32), Each crankpin journal
of the shaft showed high pressure louding and scratching on the inside (inertia
load area) and each main bearing journal showed similar conditions on the sid=
of the journals adjacent to the loaded crankpin area indicating bending due
to inertia loading. The front intermediate main bearing which had most of the

’ lead vashed off showed a very high pressure area nearest the "B" bank
crankpin. It is believed that this bearing whuld have failed in a short time,

33. Rt is understood that the manufacturer is presently modifying the follow-
ing parte in an effort to correct some of the conditions experienced on the
No. P-17 engine:
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(2) Cronksh:ft — Th u~dificd eronksh~ft will h-ve tw~ ~il holes
in the ninin Journnl instend »f snc, 2nd the rain besrings
huve bucn topored sp rolicved townrd the dpes £ allaw £or
shnft defloction.

(b) Lubricati-n - Th= locotisn °f the ~il j:t in the "B" bank
is being changed in nn attenpt to luprovs lubricntin of
the cylind.rs,

(c) Intake Pips - a’diti-nsl clinrznee betw un sceti-ns ~f
intakc pipe and s~ftur rubbor connecetisns ~r. being tricd to
crreet the crackine esndition ~f thuse pipes.,

(d) Intake Pipe Droin Valves - Thes: valves ars being esnpletely
rod-signed for bettoer endurance,

(¢) A now hurness and nognot~ systai has boon doesigned for this
cngine which is presently und.rgiing lobaratwy tcsts,

(f£) A Bendix PRIOOB-3 and C=3 errbur tor are boins developed t-
overe wie difficultics encruntired with the A-3 nixdel.

(g) The supurcheorger design is undirgning 1ndificotion t corr ot
th. surging cond.tisne.

(h) Modificati-ns to the torquenster design sre being wmde to
give nceurntc torque results.

(1) The sup.rcherger drive syste. is boine rovised t» ine rpirate
tw> 1aw geor eohnstint speed hydreulic chuplings nd tw>
varinble specd hich genr clutch-se Exp.rinicntnl develnprient
on sverriding elutches is -1s> buing e ntinu:d, It is uncder--
sto¢ that the subsequent type >f low gerr couplings is
perrdtted ¢ run full »f dil, peridtting 2 wide v-riation in
il flow t~ the 1w genr e~upling while nnintainine o constont
slip, ‘tThen the flow »f -~il t~ the high ganr c-upling porndts
the high genr clutch t: =sverride the low gear cluteh, tho il
surply t» the low gear corupling is cut »~ff, idc frecd drive
g nrs h ve buen installed to preclude pnssibility »f failurcs,

(3) A4 wundificatinon ta the spark ndvance ii:ch-nism design hns boen
mnde for production engincs,

(k) The crnnkcase sc:venge systoii is baing mndified t- perit
better scavenging.

4 (l) A strengthened renr section, conical nase h~using and
strengthened crnnkenses arc planned £or productisn cngincs,

() Slight uxdifications t~ the cylind.rs -rc bedng inde to
freilitate cowl installatisns,

Puge 22



s g, i g pr— — _— > l

AEL-803

(1) Pprject authorizstion - Burcau of a.rontutics Restrictod
Letter A-r—B-41-R7S 2855 ~f 6 donu.ry 1944.

(b) kordel T:st Conditions - Burcnu of acronautics Rostrictud
Lettor Acr—E-41-R4WS 51719 ~f 18 ucrch 1944,

(¢) odel Tost Specifiestion - Spseificatisn AN=9502b dntcd
11 August 1942.

(d) Modcl Test Spccification (R.strictod) — Pratt and Whitney aircraft,
Spceificatisn N-7039 datcd 1 Dacenbar 1943, £or wndcl R-L360-4
Enginc, Paragraph E-22.

Pr.lininary Overhaul snnual (Rostricted) — Pratt and Whitney
Aircraft - Pr.lirinory Instructi-ns, Wasp uajor (R-4360) TSB1G
(Sui-Production) dated 27 knrch 1944

(£) Rolinbility Test >f Tasp w.ojor Enpine N-, X-117 - Pratt and
ihitney airer: ft Rocort Noe 512 of 23 August 1944,

() 150 Hour Type Tust Endurance n Lisp Uaj>r Enpin. X-117 -
Pratt and Vhitney aireraft Rzport Na, 516 ~f 15 Septemb r 19ik.
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ABSTRACT:
In accordance with spec. AN-95028 and AN-9504, a P & W XR-4360-4 recxprocatmg aircraft engine was
tested to determine its endurance, dive, and crankshaft torsional vibration characteristics. The P & W .
XR-4360-4 engine is an air-cooled, four-row, radial, 28-cylinder power plant with variable-speed super-
charger. The engine was scheduled for a 150-hr type test endurance run, but due to the various failures
which occurred, theendurance tests were terminated at the half-way m~-'t. On account of the test results,
it was decided that, in its present stage of development, the XR-4360-4 2ngine is not suitable for service
use. Itis recommended that the engine be redesigned and development work be expedxted to correct

improve the endurance qualities of all defective parts.
"E0 10E01 dd B NOV 1233

v
DISTRIBUTION: Copies of this report obtainable from Air Documents Division; Attn; MCIDXD
DIVISION: Power Plants, Reciprocating (6) & 7 l SUBJECT HEADING$: Engines - AN specifications (32860.5);

SECTION: performance (13) 2 .= Tagines, Reciprocating - Performance evaluation (34078.15);

1gines, Reciprocating - Vibration’ analySIS {34079.8);
A@z -4360 (76750)

reammg e TR CHMICAL INDEX Wright-Patterson Air Forco Base

TS Bt B s Ll SpBL TP, FPule’50™ -

A

w  POWFR i Aniro

M, a -





