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OBJECT 

It     Thv purposj of this tost, ruthori? d by rtf.renco (a), was to d t rmir._ 
tko endurance, dive, and crankshaft torsional vibration characteristics of the 
Pr-itt and «hitney Aircraft Model XR-4360-4 engine, in accordance with 
Specifications AN-9502b and AN-95CA. 

CONCLUSIONS 

2. The XIWt360-4 engine is not considered suitable for service use in its 
present stage of development because: 

(a) The mod 1 test w-is not satisfactorily completed. 

(b) Certain operational characteristics are unsatisfactory. 

3. As a result of type and dive test operation, the following unsatiefactor; 
engine conditions were indicated which art considered serious: 

(a) Failure of the variable speed supercharger drive couplings. 

(b) Failure of the rear mast-r rod bearing, 

(c) Failun of th«. rear intermediate main bearing. 

(d) Unsatisfactory appearance of other main 'nd mast:r rod 
bearings (tee paragraph 31(a)(6)). 

(<-•) Failur-- of B-2 and B-3 pistons ind cylinder assemblies by 

scuffing. 

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

(g) Cr-cked cam bearings on A-8, and C-D rows, 

(h) Cracked cam retainers on A-B and C-E rows, 

(i) Push rod failures. 

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

(k) Failure of exhaust port inserts. 

(1) Burning of the intake and exhaust valve f ac -a,  erosion 
of metal on th- heads of several exhaust valves, nd 
excessive formation of carbon deposit on valve stems. 

(m) Failurj of intake manifold pip^s. 

(a) Intake pipe drain valv~ failures. 
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(o) Failur. of ignition harnass conduit. 

(p) Failure of magn~to housings. 

(q) Failur of magn- to pressur.. pump and altitude valves, 

(r) Feathered cam driv. geerf on A-B bank. 

4. In -i ;dition to the conditions noted in paragraph 3, the following 
unsatisfactory conditions considered of a minor or Isolated character w r< also 
observed as a r suit of the endurance- test: 

(a) Loose push rod b-11 sockets in A—7 -..nd D—7 rock r arms. 

(b) Loose (improperly staked) oil hole plug in one nf the 
knuckle pins on the A row, 

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

(d) Evidence of high operating toaperaturoi on several exhaust 
rocker arms. 

(e) Cylind .r cooling baffle failures. 

(f) Cracked cylinder fins. 

(g) Engine stud failures. 

(h) Cracked crankcase scavenge pump. 

(i) Scored cam follower, pin, and tapp t. 

(j) Galled fuel pump intermediate driv... pinions. 

(k) Scored impeller oil seal sleeve. 

5. Op ration of the e-ngine with regard to idlinr, acceleration, 
deceleration, smoothness (excepting surging within sp-cific ranges), and 
scavenging (40 p.s.i. oil out pressure - crankcasc breathing) is consid rc<d 
satisfactory. Poor starting (evidenced by lower manifold and cylinder fuel 
loading — not by failure to start), excessive external oil leakage, and spoed- 
power surge tendencies near rated and take-off, ar decid .dly unsatisfactory. 

6. Th performance of the Bendix Stromberg injection carburetors, wodel 
FR100A-3, is considered unsatisfactory. Th^ barrel type mixtur control valve 
incorporated in this model carbur tor is susceptible to sticking and 
malfunct ioning. 

7. The present design of the supercharger driv< system incorpor-tinr 
two variable speed slip type couplings with the attendant troubles arising 
from unequal division of load, borderline oil temp arature rise r.t maximum 
slip, and sensitive method of slip control, is not considered satisfactory for 
service use. 
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8. Operation with AM-F-28R fuel and the full spark advance position of 
35 degrees BTC (manual control) at 60 per cent rated power and 8/» per cent 
rated speed at best economy fuel flow conditions was not. considered satis- 
factory due to detonation. 

9« Use of the reduction gear type torquemeter as creaently developed for 
the subject engine for determination of brake horsepower output is not 
considered satisfactory due to inaccurate resiilts 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 but parts were not available at the tine 
the subject engine was built or before the test w-'is started. 

11. Mixture distribution during the various periods of operation at the tvpe 
test conditions was generally satisfactory. 

12. The crankshaft torsionai vibration characteristics of the XR-^360~4 
engine,  employing a l/*'-0" diameter Hamilton Standard Hydromatic propeller, 
kodel 24E60, With blade design 6517A-14, are considered satisfactory according 
to the manufacturer's specification of permissible maximum amplitudes 
(reference  (d)).    Specification AN-950^ was adhered to although it is not 
specifically applicable t    four-throw crankshafts. 

13. Operation of the Champion C-3^-S spark plu^s throughout the test was 
generally satisfactory. 

I 

RECO^iENEATIOKS 

1A.   The XR-^360-4. engine is not recommended for service use in its present 
stage of development. 

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

(a) Supercharger drive system. 

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

(c) Car; bearings and retainers. 

(d) Exhaust valve and rocker box operating temperatures. 

(e) Intake manifolds and related drain valves. 

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

(g) Engine torque measuring system. 
Page 5 

&  , 

/  s : 



■■■■■■■■■■■■■■I ■i 

16.    Redesign of the PR10CA3 c-irbur tor barrel typ«, mixture control valve 
■■ind/or employment of niore suitable mat'..rial necessary to minimize malfunctioning 
is recommended. It is also recommended that a carburetor sotting based on 
e-ngin^ requirements be ins tall-.-d and the consistency of metering improved. 

17«    Operation in the full spark advanca position of 35 degr.es DTC at 
60 per C'-nt power, is not recommended for use until engine characteristics at 
t; o 35 degree condition have been fully investigated by engine calibration» 
This work is currently being performed at the Aeronautical Engine Laboratory 
under Project TEE No. NUi_C4394. 

13.   Requirements for the torsional vibration characteristics of a four- 
throw crankshaft should be considered for inclusion in Specification AN^50^. 

19»    It is recommended that the poor operating characteristics - starting, 
external oil leakage, and surging - be corrected before further model or cali- 
bration tests are authorized. 

DESCRIPTION OF SUBJECT 

20.    The KR-U360-U  engine is an air-cooled engine having 28 cylinders 
arranged in four radial rows of seven cylinders each (Plat-s 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-rs. The front row (pro- 
peller end) is designated as the 'T" row and the rear row (anti-propeller end) 
is designated the "A" row. The banks ar^ numbered from 1 to 7, inclusive, 
counting clockwise from the rear of the engine, Cylind r number A-l is the 
top rear cylinder. Master rod locations are A—1, B-^, C-4, nnd C—1. Each bank 
of four cylinders is fired by .an individual magneto firing both left and right 
plugs. Each magneto is mounted on thi nose section dir- ctly in front of the 
bank that it fires. Thu propeller shaft and reduction gearing are of the 
single rotation, single speed type, having an integral torqu-smeter for 
determining propeller shaft torrue. The supercharger is a single stage, 
variable speed typ> driven through hydraulic couplings which provide sufficient 
boost to maintain take-off power from sea level to 1500 feet altitude in 
maximum slip. The impeller, shown on Plate 13, hae an inducer on the- entrance 
side of the main impeller wh el for th« purpose of pr.—boosting and improving 
entrance flow characteristics. The variable speed hydraulic drive is of the 
dual drive split coupling type. Sngin.. oil is 3uppli d to th-. couplings 
through a valve which meters the oil flow and reduces the pressure. The oil 
is thea metered out ce-ntrifugally through holes in the periphery of the 
coupling housing until the outflow is equal to the input of oil. The .amount of 
relative slip between the "driver" and "runner" halves of the coupling is 
dependent upon the oil level maintained in the coupling during rotation, which 
is, in turn, dependent upon the ilow of oil regulated by the metering valve. 
The engine as receiv-d for model t.sting incorporated two high ratio variable 
speed clutches, the low ratio clutches having b- en omitted from this model. 
Upon failure of these clutch.s, a fixed ratio sup-rch rger drive system w.s 
installed to complete the endurance te-st. 
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21, Th- following is a tabulation  if the g-n^ral engine ch'ract ristics. 
For a mo;-    c^rapl te d script!Dn s .e r.f r.nct (ü). 

(a) Manufacturer: 

Naou 

Lscati^n 

(b) Model    nd ft:.tirws: 

- Pratt -.nd VMtney Aircraft Division 
of United Aircraft Corporation, 

- East Hirtford, Connecticut. 

3000 BHP at 2700 RPM. 

Model -   XR^360-4. 
Typo -   Air-cool-sd, f->ur-row, radial, 

2ft cylinder, single stage, 
variable speed supercharger. 

Ratings (manufacturer's 
Guarantee): 
Tak.-off 
Normal 

Maximum Slip   - 2500 BHP at 2550 RP<1 at 5000 feet. 
Minimum Slip   - 2200 BHP at 2550 Uli at 14,500 f- >.-t. 

Military 
.uaximum Slip - 3000 BHP at 2700 RPM at 1500 f .et« 
Minimum Slip - 2400 BHP at 2700 RPM at 13,500 f et. 

Maximum Dive Spcüd   - 3060 PPM. 
Engin- No. - P-17. 

''c) General Data; 

Bore and Strok-      - 5.75 x 6.00 inches. 
Cylind-r Arrangement   - Four-row, radial. 
Total Displ-cement    - 4360 cu. in. 
Compression Volume Ratio- 7.00:1. 
Impeller Gear 
Ratios (Variable) 
Maximum Sli i (2C$) 
Minimum Slip (3io) 

Irup..ll-r Diameter 
R auction Ge-ar Ratio 
Propell.r Shaft 
Crankshaft Dampers 
Dimensions (Overall) 

Longth 
Diameter 

Dry .('eight of Engine 
Including Carbur tor 
and Spark Plugs 

üaximum Specific 
Outputs 

Grad. Oil Required 
Grade Fu.l Required 

- 6.05:1. 
- 7.29:1. 
- 14 ineh.s. 
- 0.425. 
- S.A.E.  No,  60. 
- 2- 3-1/2 ord.r (front and rear). 

- 96.75 inches. 
- 52.5 inch, s. 

- 3325 lbs. 

- 0.69 BHP p r cu. in.,  .90 BHP per lb. 
- N vy Symbol 1100. 
- Specification AN-F-28R, 
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(d) C-rbur tjr: 

Uak- and *Ddul 
Typs 
Sarial N->. 
S-.tting Ho. 
Fu'.l Pressure K.quir d 

(u) l£niti_m: 

di'sgnotos 
Serial Nos. 

Timing - BTC .iight. and 
Left Plugs - 
Starting 
Normal 
Cruising 

Sp-rk Plugs 
Firinr Ord.r 

B.ndix Strombjrg PR100A3. 
Inj- cti an. 
334532A. 
N?m . 
16-18 lbs.  p. r sq.   in. 

Stv-n Scintilla PF4RN-1. 
No.l- 41973, lo. 2 - 45666, 
No.3- 41707, »K 4 - 41709, 
»0.5- 45669, IK 6 - 41713, 
»0.7- 44459. 

5 d--gr...s. 
20 dogrc&s, 
35 d~pr i s - annual control. 
Champion C-34-S. 
Al - B5 - C2 - D6 - A3 - R7 - C4 - DI- 
AS - B2 - C6 - D3 -- A7 - B4 - Cl - D5- 
A2 - B6 - C3 - D7 - A4 - Bl - C5 - D2- 
A6 - B3 - C7 - D4 

(f) Accssory Driv-s: 

C 

Ratia Cont. Static Direct. Typ   & 

Accessory Eriv-j T' Crankshaft T-raue Torau.; Rotation Numb, r 

Starter 3.000:1 _ _ c 1 - Typ.  Ill 

Qenerator 3.000:1 600 3600 C 3 _ Typ.  IA 

Vacuum Pumps 1.304:1 ft 2250 ** 3  - Typo  II 

Fuul Pump 0.800:1 275 1200 C.C. 1 

T:chaniot'-r 0.500J1 12 200 Left - C. 1 - Type I 
Ripht - C, C  1 - Type II 

ungn-tos 0.500:1 200 1400 C« C. 7 

Governor (Single 0.956:1 300 1300 C.C. 1 

Pr p.) 

* If -ill thr-^ drives arc uaod, the continuous torque is 
150 inch pounds at --ch sida drive and 300 inch pounds at 
thj omt r drivj. 6J0 inch pounds are available if only 
tho c:ntv.r drivo is used. 

** Lain ->r contor pad - C. 
Sid-j pads        - C.C. 

*.g« 8 
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22. Prior to the '.ctual conduct  "f the  typ>.   t> st, data, such -is spark and 
valve timing, compression volume retio, weights, ate, wert, chfcked.    Ifavy 
contract 1100 grade  oil and current contract Specification ATJ-F-28R fuel 
wen.- used during all engine operation.    The sub j-, ct engine was equipped with 
Ch'mpion C-34-S type spirk plugs and th<.   appropriate accessories, including 
a propeller gov-rnor, starter, tw generators, end thr e vacuum pumps. 
Auxiliary cooling of the closed cowl rear suction type was used to maintain 
th    cylinde-r temperatures at the manufacturer's •pacified limits,    Cue to the 
method used in cowling thy engine, no accurate' coiling airflow requirements 
were determined.    The reduction ge?r (0,425) was of th:  torquemeter type.    This 
was not used, however, for moasu.-ing brake hors. power duo f> inc-insistency and 
variation of the torquemeter constant over the entire power range.    Prake 
horsepower calculations w. e made from calibration data  ->btain> d  on ,a similar 
engine at th-- Aeronautical Engine Laboratory. 

23. Throughout th<   150-hour endurance test the    ->wer was absorbed by a 
four-blade, 14'~0" diameter Hamilton Standard Hydromatic propeller, Model 
24E60 with blade design 6517A-14 (Plates 11 and 12).    Propeller pitch control 
was accomplished by meant of B Hamilton Standard Governor Model 4UL0QC, 
Serial No. 285-828, regulating both inboard and outboard  Til pressur-s.    Prior 
to the endurance running, a torsional vibration survey of the propell-r-engine 
combination was conducted togeth-r with a propeller stress survey,    R.suits  of 
the torsional vibration survey arc presented on Plate 5.    The torsional 
vibration amplitudes were uie.asured with 3pe-rry-iIIT equipment, the torsiograph 
being conn-ctid to the rear of the crankshaft by a sp-cial shaft.    Harmonic 
components were determined with a G..;n-;ral Radio wave analyzer.    Sine 
Specification AN-9504 does not ever maximum acceptable- amplitudes for four- 
throw crankshafts, those specified in the manufacturer's specification, 
reference (d), ware used to govern the-se tests in addition to interpolation 
of the allowable limits of Specification A.M-9504 for two .and six-throw 
crankshafts. 

24. For -'.ll operation,  the engine w;.s mounted   ■■n a cable supported drum 
type stand (Plates 11 and 12).    A dynamic suspension (airplane typ<j) mount was 
used t5 support the -ngine on the stand.    Engine  exhaust,   oil,  and crankcasi: 
breathing wer. vented to atmospheric pressure.    Sea level operation was 
conducted with zero scoop pressure   .nd 80 - 90° F carbur tor air temperature 
except when _ngin   surging required th■-. use   of cold r carbur.tor air and 
altitude pressure  to obviate the condition.    OiL-in temp raturc   of 167°F and 
oil-out pressure  of 40 founds per square inch (or percentage thereof d pending 
on RPM) were maintained except during the tak.~-offs and military runs.    Curing 
thes. periods, the oil-in temperature was maintained at 185"F in accordance 
with Specification AW-95C2b. 

25. The fuel consumptions used were thosa specified in reference (b), and 
were  obtained by operating the carbur .tor manually, b.-caus^   of incorrect 
mixture values  obtained in the automatic positions.    Runs at 60 p=r cent and 
4-i per cent normal rnt..d power were made at  b- st economy conditions. 
Because   jf detonation (visual indication) with 35 degrees spark advance at 
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60 per cnt rated pow r,  this period   if operatim was conducted it the normal 
sprk advance j osition of 20 degrees BTC.    Th-. 15 hour b st economy p-ri->d 
it 42 p r c.nt normal rated power was run with 35 degree spark 'dvance. 

26. Th>. subjict engine completed 77 hiurs   if th- scheduled 150-h-ur typo 
test with thK  variable  speed (hydraulic coupling) supercharger driv s.    At 
this point, t^tal failure  if the drives occurred.    The r-maind-r  of the- test 
w".s then conducted with a .-.- t   if fixtd ratio (6.08:l) supercharge r drive gears. 
At 89-1/4 h->ur3, th-' carbur-t">r, Serial No. 334532A, was replaced by another 
PR100A3 carbur tir, Serial N->. 334543, in an -ff-rt to ov.remit the tendency 
t- fl->od.    Th    flooding characteristic, howovr, cmld not b-   overcom   by th-^ 
change  >f c" rbur tors.    The   .ndursneo test was terminated as a r< suit  if engine 
failur. during preliminary dive trials f ill-winf c-*npl, ti->n if the 150-h->ur 
endurance test. 

H35ULTS ANC DISCUSSIJ.. 

27. '      Th~   ^utlin.,   ^f test summarized from Specification «N-9502b is pr-sonted 
as Plate 1.    Running data on the tost are  shown in th    form ^f a graphic log 
(Plates 2 and 3),  and a table   if averages (Plate 4).    The measured amplitude's 
of torsion-1 vibration arc- plotted   ->n Plate  5.    Plates 6 to 44 ar^ photographs 
if th«.   engine, tost set-up, and various failures that  ->ceurr A during the test. 

28. Results   >f the- torsional vibrati.n survey indicate   a maximum measured 
amplitude   if 0.74 degree.    Sp cificatim Art-9504 doaa not provide limits f->r 
f mr-throw crankshafts.    H»,v^r, interpolating between ± 0.5 dagrrc for 
twT-throw crankshafts and ± 1.5 degrees f->r six-throw crankshafts, maximum 
allowable amplitude   if ± 1.0 degree w-.uld be indicated f->r f iur~thr ->w 
crankshafts.    Since n-> significant amplitudes w^rc. present f">r harm->ni<'s higher 
than the second  order and the oexiaum amplitude measured was 0.74 dogr-.e, the 
tirsimal vibration is not considered excessive.    This value is «all b.-low the 
limits mtod in the uanufacturi r's specification (r fcrence (d)) which 
p.r:.J.ts a maximum amplitude   if ± 1.5 degrees. 

I 

29. Th.. f illiwing undesirable  operating charact ;ristics w re  nit 
conduct    f the endurance teatI 

(a) Surging: 

(l) At rated piwer and speed, an erratic power surre 
with an amplitude  of 4 to 5 inch s manifold 
pri.asure  iccurrod.    This cinditionwas initially 
attributed t-> the-   operation of th J hydraulic 
couplings installed in th^   engine .and was 
associated with th    thr-ittle and slip control 
position.    Th-   slip control linkage  length waa 
changed ti m->vo the surge range be-twie-n normal 
and tafe-off cinditi->ns.    The sur?e condition was 
then als> pr sent at 3500 f et altitude at normal 

during 
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rated p-w r.    Th. link- „■••   ws thon  .ctinrtcd 
to givu a slip jf 19 p.r e nt at tak.-->ff. 
Th.  cintr?l as received fr->n th» manufactuc-r 
was Sv-t t^ give an appriximat'   slip if 
15 p.r c nt alth iugh it w-s suppoai d t - b^     ' 
car fully calibrated -md s< t f> 20 px c ;nt. 

(2)    At 90 p,r cent rated pilfer and .ninLinir. slip, 
n prmjunc.d ate .dy surge- cinditim  -t 
1 t-i 1-1/2 inch»s manifold iccurr»d. 

(?)    Tak -off op»rati -n c nductcd later it part 
thrittl» and relatively hit CAT r"3ulted in -in 
erratic surg» c nditi m.    Op r-iti^n it approxi- 
mately 1000 feet -.ltitud^ was roquir-d t • iv>id 
the surging c-nditiin. 

(4)    late -off oporati -n '.vith fixed rati ■ sup..r- 
eharger driv» ge?rs r.suited in r.  simil r surging 
condition.    T k:--> f p ri ds wor». th .r f->i*   run 
at full thr-'ttl-, critical altitude-, -nd vith 
appr ixii.tf taly 45 degrees F crbur.tar air 
teuperatur   t * »-lij:iin:t» th    sur.-ing. 

Supping   -as als^ obtained with the Ni. i-'-l calibr tiin »ngin.- "t siiail'r pow-jr 
conditions and it is und rst ■ id that Pratt and Whitney Aircraft h-vo als> 
xp ri-nc.d the sa;..» difficulty.    It is th-  ^pini-m if the Haval «ir 

Sxp rinental St: ti^n that th    surging c >nditi >n r suits primarily fr->n an 
ijnrr^p r sup»rcharg»'r-cngin.-■ c uibinati n (probably  "'Ver—eapaeity sup<.rch'rß r). 
Th*. d»gr»-u  if surfe is believed t-> b~ appr ciably accentuated by th>' hunting 
tendency    f the hydraulic ririv s    s inf lu jnc d by sped, lo'id,  ->il pr-s-urj, 
temperature, and iik.-tv.rinf changes. 

(b) St.rtinr-  During th» early portion of th» t^ st, 
difficulty was ..xp riencod in starting the engin>..    « 
spray of fuel is disch-rg' d fr-?:^ th^ .xhiust stacks   if 
th- liw»r cylinders in th» "D" nw as sun as th.   »ngin»- 
p.cks up sped after th» i..ixtur ; control is nnv-d   mt   if 
idle cut-iff.    N-> r»-asan fir th^ fielding tendenciea cmld 
be; determined.    In   ird.r t^ eliminate th^ possibility ->f 
hydraulic lick in th» law»r cylind rs, a startinc proc dur. 
giving relatively dry starts was d;v.lipjd and adh»red ti 
thriugh->ut th>  t»st.    This    procedure c >nsist»d if 
starting th-    >ngin-. "nd continuing ti run ->n th    prime 
until   :n '.ngin-  sp~»d  ->f -ppr xii.v tely 600 HPia was 
ibtain.d.    Fu 1 pr> ssur» was th»n applied ti th» carbur tir. 
'.7ith the hydraulic supercharger driv.  g.nr syst»-:. it is 
b-li^v.-d that th» transition from prime ti carburetor 
runninf is difficult in vi-.w   .f iiftl» ~>r n? driv» if tho 
ixiP'-ll^r (impellbr fuel inj cti >n) at cracked thr-'ttl»- 
ap»»nin,-s.    Installation of fix^d ratio sup-rchargar driv; 
gears did nit cirr»ct this oondition.    A s cmd PR1Ü0A3 
carbur t^r wis tri»d v/ith sir.d.1-r results. 
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(c) Oil Pressure   -   k decrease in nain engine and  other 
r.lat.-d    il pr-.ssures v: s  ->bs-rvtd to occur vdth ■ ppli— 
cation  >f incr-as.d   dl--ut bck prossur ,    At n->rr.al 
ratbd powvr   .nd sp.od, I ris~ in b'ck pressure   fron 12 to 
40 pounds p r squar*   inch r-sult d in -■> dr>o of "ppnxi- 
l.wtcly 5 piunds in the uain   .ngino   dl prassur, which 
siuilarly aff.. ct,d th.    ther engine  -dl prcssur s.    « 
drop in ->il flv.» if appr oximat.ly   1 p->unc!s p r irinute 
also w.-i3 noted«    During ^p ration if th   variable sp . d 
couplings, the bain engine   dl presauri   dripoed anprixi- 
mnt<ly 6 pounds per squ.r- inch when chanping fr-ni 
lapjdiiiun t> ainiaUB slir  conditions.    It is b li-, vt.d that 
these variables may prov-! troublesome during 
ongin«    :.p rati >n in service if th.; airplane   dl syst«r.  is 
not up to p'T and/or the main   npine pressure is n^t set 
high enough .it seca level, 

(d) Th-. s nsitivity if th   supurchargtr control link"ge 
setting is quita high -   .pproxiia t-ly 2-1/2 thre?d turns 
on control   d/ustnient for 5 P'T c nt slip.    This c^nditi >n 
is c-nsid r<d critical sine, any small increase in slip 
above IV p- r Cent it hirh KPrf will r< suit in estesaive 
coupling tuup rature and failun .    In vi w   >f th- 
sensitivity  if coupling   slip t-> engine ill pressure and 
dl-dn temperature, son;- positive Method  if determining 
slip w-uld b. highly desirable.    It is understood that 
equal distribution if   il t ■  ..ch coupling is ^ls^ quit, 
a problem, b->th -is to th- distribution (by piping) t~ the 
coupling's and . s t~> autorin? of  dl from th    couplings. 
The supercharger c?ntr-l was directly c mnect d t- the 
throttle linkage s-> that at take-jff thr.'ttle setting, 
a valu'-   if appr sdaately 19 P>-r Cent slip (low ratio) 
w mid be   obtained.    At throttle openings greater    than 
take-off, th» supercharger c intr >1 doereased the clutch 
slip until a rdninur.. value if appr oxii.r.t jly 3 per cent 
slip (high ratio) w-s   'btained at full throttle. 

30, Throughout th- «ndurance test, fiilur.s   if vari ,us types  occurred, 
reflecting ->n the reliability ^f the engine.    It is tho  ipiniin  if th   Naval 
Air Exp,.riin.ntal Sfti^n that the following conditions ar.- s.ri ms and warrant 
early attention r.nd c >rrccti--nt 

(a) Hydraulic sup.rchar»:»" driv. cmplings -    Aft^r 77 lnurs   --f 
ndurance, failure   of the hydraulic c-»uplinr pinions 

iccurr.-d during a takj-iff pi ri^d  if ip-.ratim (Plat--s 18 
to 23, inclusive).    Fix<-d rati ■> supercharger drivj g-.ars 
were installed in pl^cc ^f the variable 3po.d hydraulic 
c .'uplinps f-«r th» reir.aino\ r   f the < ndura.nc    t.-st.    Sirdl-.r 
failur s h'.v; b en ^xp ri .nc-^d during d'vclipr.^nt t. sts it 
tho ^anufr-ct'or- r's plant.    The 4360-4 engine, S rial So, 
F-l, preSentlj* undergoing calibration tests at tho N'val 
Air ivxp rir.ental Stati ^n, h-s jxp-rienc-d two failur- s of 
a sir.il'T nature,   ->ri<- failure   .ccurring aft.^r a total ^f 
48.6 hours  iper'_ti-<n -^nd the other after 125.7 hours. 
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(b,  Piston Scuffing    -   Failure   ^f b-3 cylinder after 98-3/4 
hiurs    ndurancc required install ti^n of o. no« cylind» r, 
pist-m, and 3et  if rings (Plate 17).    Up->n oxaaination  -if 
the d' u'.gjd cylind r, (disc iver-.d by excessive flange 
tei,.p.ratures) the top ring  -«n th    piston wos f iund br->kon 
and collapsed in the grnvc    Th~ cylind r walls ind pist->n 
faces were SJV r>.ly scuffed.    AfUr 61,2 h^urs of op ration 
Ml the N->. P-l calibration e-ngin~, bith B-2 and B-3 
cylinders wcrd replaosd because   if scuffing if the cylinder 
and piston.    TheS- failures wer! probably aggravated by a 
dctination condition niticed in the tw-> cylind .rs as a 
result of   -il leakage at the iupoller sh^ft.    Anither 
r-.pl-.coj.icnt ->f B-3 cylinder was necessary on the N% P-l 
engine at 88.8 h ?urs.    Th<:   failures were v^ry siiail-r ti 
those exp rionc-d    n the HJ. F-17 engine, although n-> rinr 
failur« s  occurred.    During the last five hmre ?f 
endurance at rated power and 110 per c.nt rated sp.td, a 
progressively gr-ator amunt  of cooling air was required 
t; ciil the "B" row   '   cylinders.    The B-2 cylinder flange 
temperature was critical,  eventually climbing to an 
excessive t-j.ip>.roture prohibiting iperatim at this con- 
dition during the last 1/4 hour of th-.   endurance test. 
An examination of the B-2 cylind.r upon disissoir.bly  if the 
..ngine disclosed Nos. 1,  2,  and 4 piston rings broken 
(Plate 39).    A portion ->f the tip tdpe -if the top land 
of the piston was feathered by pieces  -if the broken rinp 
spreading the groove ^pen and distorting th    top l-.nd. 
In vi,.w   if the localized failure   if cylind.rs  -n the "B" 
row, it is believed that a marginal lubricati a condition 
exists   m this bank.    Relative leanness   if th? N->s. 2 and 
3 banks  if cylinders tends t; aggravate this enditim. 
See reference  (f) fir a discussion if failur-s  if a.aiiiilar 
nature. 

( 

(c)    Push Rods    - At 49-1/2 fnurs   if endurance, erratic firing 
of th<.   C— 5 cylinder w-s investigated and fiund t^ r.su?t 
froiü a broken intake push rod (Pl.te 15).    Upon ox-i.inatim, 
the rod was f >und broken in two, apprixizrtoly 1 inch from 
th^ rocker arr.i end at the swe-.ted shoulder  ^f the 
reinforcing sl.-ove.    The push r-d was so badly ir.utilat-.-d 
at the point   )f failure that it was iupossibli t-1   ibtain 
any inf omati in as t^ th- type   ir cause  of failure  frirc 
the fr.cture,    1» :;J.cro examination close t- the point  if 
failure rev-.al-d decarburization .004" t->  .006" d «p with 
cracks extending radially frou the de-carburized area. 
The hrdne:s   -f the rod  as d.tereiined in e Rockw-11 t- ster 
was B 97-98 which closely agrees with the r.i-onuf-.cturer's 
specification for heat tr-atnent of the part.    Aft.r 81.7 
hours   .peration, a siuil-r failurs m the D—7 -xh^ust  ^f th-- 
No,  P—1 calibration ..ngine   iccurr.d.    It is believed that 
the intake push rod   on the D-7 cylinder which was fiund 
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b.dly bent resulted from the failed exhaust push rod. 
It is believed that failure  of the push rod -n tho 
No. P-17 engine resulted from fatigue crocks initiated 
in the d jc-.rburized "re. where tho physical pr-op.rties 
W3rc considerably lowered.    The- fdluro   .in the No. P-l 
calibration angina probably resulted from similar causes. 

(d) Intake Pipes Several intake pir.o failures oecu-rcd 
during the tests.    Tho B-l intake pipe was f->und cr eke-4 
■at 96 h~urs and repair d by brazin .    Tho B-2 intako 
pipe failed aft.r 98-3A hym (Pl^te 2/»).    At 116 hrars 
endurance, further failure! an the B-l intake pipe 
occurr d (Pl^te 25).    *t 121-1/2 h-«urs ondurance, tho 
B-7 intake pipe failed by crackirv.    At 145 hours 
endurance, a broken intake pipe hoöe connection betw en 
the C-5 and D-5 cylind. rs was replr.eed (Plrt-  42). 
Cracking -<f tho intake pipes appears ti have resulted 
from relativ«- vibration of adjacent cylinders which ws 
probably accentuated by some engine backfiring.    Intake 
pipe failure of the C-4 and D-l intake pipes ->n the 
No, P-l engine after 81.7 and 40.3 h->urs, respectively, 
further substantiates tho weakness ->f the present de-sign. 
Sine . one manifold supply s combustible mixture t"" one 
bank, a broken intake pipe adversely affects th.   firing 
of four cylinders.    S-e ref.ronce (f) f->r further 
discussim of this typ., failure-    nd remedy effected for 
the test of reference (g). 

(e) Exhaust Port Ad'-pter Elbows     -    Failure   ^f exhaust p >rt 
adapter elbows -,CCu red sev ral tim.s through out tho 
test (PI te 14).    The    xhaust system consisted  of 
individual flang-d stacks approximately 10 inches long. 
At 81-3/4 hours endurance, the exhaust system was 
modified to permit the use of short stacks approximatjly 
5 inches long.    Tnis appeared to materially reduce the 
nuiib-r  of adapter elbow failures.    Failure  of the 
adapters is believed to h-Ve r suited from excessive 
weight of the exhaust st-ck combined with ?. relatively 
poor adapter design.    During preliminary runs ^n the 
P-l engine a similar failure was  exp.rionc-d while 
employing the same type  of stacks (10 inch).    H~wover, 
since tho installation of an exhaust coll .ctor n-1 

f'irthr trouble, h-s been exp-ri.nc.d.    It is  b.lieved 
that airplarc  installations employing individual or 
Siamese stacks will encount.r similar exhaust port 
adapter elbow failur.n. 

Exhaust Valve Stickir.,-   -   At 121-1/2 hours, mis-firing 
of the B-ö cylind.r ws inv.stig*t<:d and found to 
result from a sticking e-xhaust valve.    Tho upper end of 
the valv^ stau h d a thin costing of hard carbon bak.d 
on the surface, which caused the valve to stick in the 

CO 
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optn position.    Thla wai corr.ctod by removing the 
carbon and polishing the valve stem.    Tils condition 
again occurr'd  -n the B-5 cylind r at 139-1/2 h->urs 
and w-!3 corr-ctod in the same mann, r.    N-> other 
instances  of sticking valv„s   occurred on the No. P-l 
or P-17 engine.    It is possible that insufficient valv 
guide clearance cabined with high rocker box temp.-rntures 
are- responsible for this condition. 

(g) Carburetor fixture Control Valve  (Barrel Type)    - 
Considerable trouble  "nd damage t-« th. nixtur    contrl 
mechanism occu-r-d during the te:.t as a result rf the 
barrel type mixture control valve employed in the 
subject  engine,    k sticky gun substance  (probably from 
the  fuel)  forms botw-on th- br.rrul valve  and the housing 
causing the- valv- to  seize and becxie inop.mtivo. 
Pressure; appli.-d by the hydraulic control mechanism,  us .d 
at this laboratory for engine controls, is sufficiently 
great to sherr th-. taper pin in the "click" positioning 
arrang-nont and prevent further functi oning -of th« valve. 
This sticking condition was corrected by r.moving the 
barrel valve-    nd housing and polishing the- ■ ting 
surfaces,    Simil'r trebles were  exp-.rienced with a 
second PR100i»3 carbur tor supplied by the r. anufactur r. 
The typo  of fuel used during the subject tests conformed 
to Specification AN-J-28R.    It is to be noted that this 
condition    ccurred during shut-down periods  ^f the engine. 

(h) Ignition Harness    -    During th-- 150-h->ur endurance t  st, 
it was noce-ssary t-> replace all of the seven ignition 
harnesses because   >f shielding conduit  failures (Plato 
44).    The flexible onduit failures   occur near the 
soldered end conn.ctions   >f the spark  plug conduit 
and the middle  of the  short length of magneto conduit. 
Failure   of the- spark plug elbow tube body also  occurs 
near the coupling nut.    Th<   failur-s appear t^ result 
from vibration.    With the present design, the ignition 
harness is n->t supporte-d to th^  engine at any rircu 
along the entire, length of the Manifold.    The  only 
Means of holding it in place is by the sp'irk plug >;lb -ws 
and the attachment at the inpgnoto distributor cover. 
The design of the solid "U" tubing used f^r sp'rk plug 
elbows   >n the"D"row is conducive to failure.    As this 
harness does n^t  employ detachable   v rewirable loads, 
failure   of  one lead necessitates replacement of a 
complete h'.rness assembly.    3imil-r harness failures 
have -occurred  on th- No.  P-l engine which  employs 
the  same installation. 

< 
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(i) Mftffli t"    - At 145 h.iurs   ->f anduraoeo,  failure if the N->. 1 
bank t7 fire satisfactorily on the Left magneto was 
investigate 1«    Inspection showe-d that the magneto housing 
was cracked three-quarters around at a point approximately 
2 inches fron th- flange (Elate 42).    Upon disassembly -f 
the, sngine after 150 hmrs   >f endurance^ a fine crack w->s 
noticed in a simil-.r lication ->n N->, 2 magn to (Plato /*3). 
It -ppears that Typ. I magneto and harness system used 
during the endurance tests is mt able to withst-nd the 
vibration ace onpanying nomal engine '•p.rati^n.    Modified 
versions of tha saga t« and harness syster: h^ve sine*, been 
manufactured and are presently undergoing tests -it Pratt 
and Whitney «irenft. 

(j) Magn-to Pressure Pump and Altitude Vent Valves    -   At 31-1/2 
hours if endurance, failure  if tho magneto pressure pump 
occurred.    Inspection indicated that several -if the- altitude 
vent valves were fiund closed ' nd the fibre key lacking the- 
pucp rotor to the shaft was found sheared (Pl^te 40).    The 
sheared key resulted frx; an w.rla d condition imposed on 
the pump by reason :>f the failure of the altitude v^nt 
valves.    A second set of altitude valves installed after 
repair ->f the pump also failed -ifter a short period ot 
op.ration.    Further details  on the magn.to pressure pump 
and altitude valve will be reported und;r Project TED N% 
NAll-04170 which covers testing    f these items. 

(k) Cur bur tor Fue-1 Tr'-nsfer Pipe -   At 99-3A hiurs jf 
endurance, fuel leakage  '.t the banjo fitting ?f the 
carburetor transfer fu:l pipe occurred as the result ->f 
a slight crack.    This failure- was repaired by brazing the- 
crick.    A supporting bracket was installed to restrict 
vibration of the transfer tube,    St rf.rence (g) for a 
similar typ-   failure. 

(1) Enrin-- Studs    -   luring the t-st, two studs on the genor* t->r 
drive p-.d (sid>. drive) -:nd ^nc stud ->n th. rear case wore 
replaced due to breakage.    It is believed th't these stud 
failures may have been induced by the addition if the rr.*.r 
case supporting brackets which w.re install-d b?n-oth the 
stud ■•nd the nut.    Thes. br.ckets will be eliminated in 
subsequent models which will employ strengthened rear eases. 

(JU) Intake- Pip-   Drain Valv.s    - Ai'ter 77 hours enduranoe, the 
intake pip^. drain ralvee  ">n Nos, 3, k, and 5 banks Were ill 
replaced because  -f mechanical failure if two   -if the valves 
(Plate 16).    Pratt and Whitney aircr' ft are familiar with 
the unsatisfactory operational life of these- valves (ref renc; 
(f)), and at present are developing a unit designed to give 
more satisfact ry operation. 

I 
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31« A aucBarjr of the unacceptable conditions  of the cng'.ne, baaed   in cuaplotc 
visual and oagnetia insp ctions upon disassei-bly after the final failure in 
•is fallows: 

(a)  In the opinion  'f th - N'val Air Kxp rL.-ntal Stetlon, tho 
ivost serious conditions which require proi..pt attention and 
corr^ctiin are: 

(1) fell Inter...odiat». jjgjfl Beariiy Failure    - 
This bearing was s.v-r^ly scared Tnd burned. 
The uain bearing support was also damaged by tho 
pounding action of the crankshaft (Plates 29 '<nd 
31).    It is believed that this failure  causod 
tho r ar int rr.cdiatc crankcase t' crack at the 
car.: baaring support (Flat* 38).    An inspection of 
th. roar int .n.ivdiat.; journal showed scoring and 
grooves  -.n the  side -dj'cont to the count^rweight, 
Fv.ilure  of this bearing is beliov,d t-> r.suit fro.r. 
inadequate lubrication aggravated by unequal Liad 
distribution over the bearing width (as causod by 
crankshaft defl ction)»    FT a discussion by 
Pra*.t and Whitney Aircraft r<lativ~ to this type 
failure see r< f ;rence (p). 

(2) Roar Row "*" M.SUT Rid Bi.--.rint: Failur.;    -    The 
condition of th- L/.st.r r->d b-arin,"   ->n th^ "A" 
row «ma alaUar to that  of th- rear int .mediate 
main bi.'.riru*,  th- b„ariru: material bein« badly 
scored and burnd (Plate 28).    Th'.. yolo s ction of 
th« raster rod and  the lower half   if t,h J rod w^-re 
distorted  as a result of th- intnsc heat and p-unding 
to which it m subj. cted b>-tw.c-n th    ti;.e   )f i ngin»> 
failure and stopping  of the engine.    The "A" row 
crankpin was sev-rely sc -»rod on th- bottom aide 
indicating the failure to have probably occurred 
during div^    (inertia load)   operation (Plato 27).    It 
Is believed that this failure can als-> be attributed 
to inadequate lubrication rather th-n local chipping 
of the silver as discussed in references (f) and (»?), 

(3) Sag Bearing3    - The r ar lnteroediata Das bearing 
(A-B row) was cracked in tw> places while th^ front 
int-. mediate car. bearing (C~r row) wca cracked in   me 
place  (Plat- 37).    Th.se cr.cks did not  appj'-.r t J 
affect the cai.. oper-^ti^n in any   -ay»    Failure   if the 
rear cai.. bearing Bight hav^ been caused by th^ cr' ckud 
ca..i b-.-.ring support but no sii..il-r reason can be 
givnn f v th.= cr1 ck in th--   front bearing.    For a 
discucsion of  other failur ^. see r'-fer^nces  (f)  and 
(g). 

c 
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(4) Cam .t„tain^r   -   B->th the roar and fr >nt inter- 
mediate cam retain rs w. re crsck.d thr^itgh at 
simil-r positions.    The cr cks  occurr d at a 
slot cut several inches find the end  of the 
retainer which is us d to locate tha imain bearing 
support  (Plato 36).    Failure   ->f these retainer« 
did not aff-ct engine operation or the endition 
of other parts. 

(5) RinK Failur.s    -   While th.   general c>nditi->n -f 
thd rings w.-.s  satisfact ory upon compl tion of the 
tests, thu top tw> compression rings and th~ tw^ 
til c >ntr '1 rings   ->n the B-2 cylinder w-.r e found 
to br broken upon disassembly  -if th^ engine  (Pl'te 
39).    The compression rings were broken int"> 
num rous pieces, tw -«f the pi-ces becoming wedged 
one above the -»th-r in tfu top groove, spreading 
the groove apart and raising the top land ">n the 
piston. In additi on tha oil scrapur ring on the 
A-3 piston w?s found to be broken about 3/4 inch 
fror.i the end. The XR-4360—4 engine employs the 
3one ring arrangement as the R-2800-B s riea engines. 

(6) Bearings    -   In general, th. condition of th« main 
and master r^d hearings was unsatisfactory (Plates 
26 to 32, inclusiv).    The top half of the "E" 
master r >d be-ring h'd  a crick ibout 1/2 inch long 
starting at the   cut-out in the side   ^f the be- ring 
half us.,d ts position the bearing in the master r->d» 
This crack probably resulted from the sh^rp corner 
left in th>- cut-out.    Th'   frint main bearing h'>d 
several deep grooves cut into it while th ~ rear rain 
be..ring h'd a scrips  )f fine grooves.    This scoring 
C5nditi">n is probably th« r suit of foreign material 
in the lubrication system,    Th.   front intermediat' 
main bearing h'd approximately 50 per cent of the 
lead washed   mt.    Th- lead facing  on  Jther barings 
was also appr.ciably wash-d in varying ar-unts.    In 
general, inspection indicated m-;ny local high 
pressure areas which probably resulted from a 
combination  if crankshaft deflection, improper 
bearing (clearance) r-lief, and inadequntc lubri- 
cation.    For a discussion of f-^ilur-s attributed 
to local chipping  of the silver tea r^f-ronces 
(f) and (g). 

(7) Propeller Thrust Be-ring    -    The- rear inn.r race on 
this beiring had a deep pit,  probably th^ result   of 
a defective raceway (Plate 35).    The  surface on int 
of the balls had a satin finish instead of a bright, 
highly polished surface.    It is believed that this 
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an- bill ws nit cx.pl t-.ly finish d at the tii.c 
if installation in the bearing,    neither ^f th-.s,* 
canditi :ns iff. ct-d any ath-.r parts ->n th- engine 
although it is b-liov-d that the pitt-d inn r r c«: 
would eventually gall the b~lls and result in 
total fiilur-  if the bearing.    A &or<J advanced fai 
is discussed in reference (r:).    It appears that a 
Condition appro-:ching averlo.iding bay bo present h- re 
which in coj^bin-tian with p^ssibl- variable and 
i..edi:>cre ;:;anufactur- -nd inspection    f the b.  rini: 
and additional short tins Iodine appli.d whe-n 
ap-rating in j.aneuv-rabl<- airplane« nay causj con-- 
sid, rabl- trmble in th- future.    It is believed 
that installation ;f r. dual (b->ll-r ll~r type) 
bearing sh uld bo considered. 

(8) Ca:. Driv- Gears    -    The t,<=th on tho twa car.. drive 
gears    n A-B row iv-ra b dly foathorod "nd th_ ca.. 
go-' r pinion shafts wer- blue as a r suit   'f 
op,ration at high t&nperaturo.    Similar gears nnd 
shafts  ->n the  ^ther rows w-r-j in a satisfactory 
condition. 

(9) Push R-»d3    -   Seven ;xhaust push rods h"d slight 
bulge« at   ^no end ne'T th.; socti ^n at which the b"ll 
end tip is brazed,    luring tho test,  fnilurt    >f an 
intake push rod occu;*r-id at this section.    Eight, 
exhaust rods and  one intake push rod h"d slight 
indications if being bent,    Th.   b-nt push r->ds and 
nds with bulged ends cannot be- d f inlt ,-ly estab- 
lished ■ s h'ving resulted fro;.: engin«.   ">percti">n. 
Hawevo-r, in view  if similar failures    xp rienced 
in bath W^s. P-l and P-17 engines, it i3 r cai.jiended 
th-t push rods be x..-«r\   closely inspect d upon manu- 
facture tn pr.elude the possibility -it installing 
defective rods in engines durin.» asseobly« 

(10) Valve-B    -   On.   intake valve- h .d  n burned area "f 
-approximately "n; inch   >n the «eat while a second 
intake valve hod a fine circunfor-ntial groove, 
1/16 inch wide pound.'d into the center of tho valve 
scat (Plate 33).    Three exhaust valve« h-d sli^it 
guttered natchJS • nd burned areas ?n the- tap edge 
at the s^at (Plat.. 34).    Slight indications -f 
erosian were also nated  an the heads m'r the   dges 
af several exhaust valvca. 

(11) Exhaust Volve ot„...s    -   All ?f the exhaust valve 
st.rs h"d  a thin layer af carbon baked  ~n the steo 
ab Mit an- inch fran th>- keopor and.    It was necessary 
ti ru;:.ave- this c-.rban before the valves cul^ be 
reaived fror, the cylind .rs.    This conditi on indicates 
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hi.-h r JCk-T b.-x te-ir.p .r-.tur-s which is c -«nduciv- 
to stickin,   v;:lv-s.    During th;- tist, N . B-5 
jchiust v".lv_ w.is stuck in the op^n position .it 
121-1/2 Ud 139-V? h-urs   -f ,;ndunnoj is n r suit 
•f c;rb >n d^p-'sit. 

(12) Int.-.k-- Pi es    -    Tw   int-ikj pips wer- OK eked no-:r 
the fl-n.v whil-.   i third h-d ttcrtod t^ cr'xk near 
i pritt-r fitting.    Fiilu~     f intike  pip.s   >n this 
r..odol _n;;dn; appear! quitj c\.j..^n.    S. o ils* 
referine s (f) -nd ((_•).    In vi w   f the s-rlous 
c msoquenc-s which r .suit fru. intike rip-. fiilur. s, 
it is i.'..p.r-:tiv. th t B stitisf-ct Tjr s^luti^n f^r 
this c^nditi^n bo   xp dit..d.    S.v r.-l intiki   pip-j 
failur s   'ccurr.d duriru: tho aadurutto teat -a 
i-ionti <n.d prorl usly. 

(b) Other c->nditi>ns ?f i rin^r » is tint d chir'cter arc "s f-«11 <ws: 

(1) The push nd b-.ll s^ck-t in Hoc, A-7 rnd D-'> r >ck,r 
area w-s l->-is^!.    This c^nditi.->n pr'bibly r suits 
fr->n either "n und rsiz- socket or oversize b"re. 

(2) Th--   ul h lo plu^- in  -n--   tf th-- knuckl ■ -ins -n the 
"H" row  >f cylind.rs wis fiund l^s..    This jlug 
is h..lc in p^siti.^n by st':kint*.    Du^ t- ij.pnpor 
w-rta.-'mship, tho plu.j w.rkjd looad during ths tost 
und xris f >und p-'rti-lly b eked   nit.    Sh >uld the plug 
h;Ve ci...=   ut   Jitir ly during   ji^in..- ->penti^n,  it 
wuld h v   r.suited in a orankahaft lubriciti^n 
failure with its attendant r. suits. 

(3) On,  ^f th-  >il dr-iin lino a t- th- rear rtLr b-^x 
sui.p w.s f?unc' cr ck-d.    This   -nnlne h s nun.r~us 
exterrr.1  >il lin.s subj.ct t- fiilur-  w ltnaening 
by vibriti n unless idcqu::t-ly bncid. 

(U) Sw.vi.rnl   <f th-  exhiust r KJker ?.ri.s show.d jvid-.-ncc 
of ->p riti -n "t hi/.+i taopcraturoa«    Th- ir tfl n-ir 
th- id Justin,- scr--w rs blu-.    This o?nditlon ima 
atat s>.riius   <n th<= M-<, 3 bink ' nd p-.rt    f th-- Hi« 2 
b-ink.    BöCi^ral    f th. ■ djusting scr «rs fr->:.. the r-«ck;r 
an.s ^n both th; int-'.k-   \nd    xh^ust vlv.s wis quit.'i 
difficult du. t'   vll c- rb->niz~.ti \n in th« thr..■ da. 
It is bdloTbd that th.  -ib-;vi: c-nditi <ns r-suit trna 
operation at high rock, r b->x t.j, poriturcs, 

(5) «i i;.'d ntu aa-tunt   'f baffle fallurea loeurr d r.s a 
r-sult   ^f the type tint.    Th»  ;..-st serious f-:ilur s 

■»ccurr-d   m five  -if the iev<*n b-fflo r.ountin»' strips 
which .-itt'.ch 11 thj orankeaae by ingle clips.    Thus..- 
-inglo clips w^re crocked *.nd aepnr&tod froi:. tho 
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baffle strips. Nine of the cylinder baffle strips 
which attach the cylind r ba flesto the rock r 
boxes were broken. However, none of the baffles 
were split or cracked, modifications to the above 
attaching parts will probably be necessary to insure 
satisfactory endurance operation. 

(6) The impeller oil seal sleeve in the impeller case 
had deep grooves on the bottom half which were 
caused by the impeller oil s ;al ring carrier lands. 
The position of the grooves 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. 

(7) The outer gear on the crankcase scavenge 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. 

(8) One cam follower, pin, and tappet was slightly 
scored. In general, the condition of the rest of 
thes:- parts was satisfactory. 

(9) Both fuel pump intermediatc drive pinions were 
lightly galled. The location of the galling 
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 nThitney Aircraft - reference 
(g). 

32. Crankshaft - A general examination of the crankshaft journals and 
bearings indicat-s that there is considerable deflection of the shaft presen1 

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 loading 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 'ashed off showed a ver.y high pressure area nearest the "B" bank 
crankpin. It is believed that this bearing would hnve failed in a short time. 

33. * is understood that the manufacturer is presently modifying the follow- 
ing part« in an effort to correct some of the conditions experienced on the 
No. P-17 engine: 
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(n) Cr-.nksh-.ft - Th   uodifirf) cnnksh-ft will h-.v-   tw ^il holes 
in the j...iin j->urml lastend ^f  ^ne, ;.nd the nin bearings 
hive been t-ipor.fi  T r-liavid fw-.rd tho   dg.-s t^ ill->w f-r 
shift dofl cti ->n. 

(b) Lubriciti m -    Th-■ loeatiMl   -f th--   41 Jet in th*. "B" h-nk 
is beinr ch.in^od in an atteopt t-> i..ipnv~ lubric-ti ^n   if 
th(: cylind.rs. 

(c) Int£ko_Pi£~ -   « ditiin-l cl.-r-.nco b^tw ~n socti ns if 
int-:k^   pipe :JIO s^ft-r rubber cmv.ctiins arc   being tri* d t"> 
c rr. ct th. crickin • C'nditi-m  *f th.. so pip.s. 

(d) Intake Pip, Driin Vilv-.s -   Th^s    valvus are being eonple tely 
r. d sign..d fir bwtt r . ndurmce. 

(e) A n. w harness ind i.-ignt"1 systei.i has b.vn d.signed f-r this 
engine ivhich is presently und.rgiing l"biritTy t^sts, 

(f) A Bendlz ER100B-3 and C-3 c rbur tir ire be-in/  dov-lnpod t-> 
overcu.e difficulties enc^unt-r.d with th-j A-3 nod el« 

(g) Th.   supareharger design is und.rgrLng uodification t- orr et 
th.   surging end tisn. 

(h) «odificiti ns to th- tjrqueUot.r design • r^ b«ing i.-d. t-> 
givo -ccur-tj tirqu- results. 

(i) Th.. sup. rchirger driv<- syste.   is b.in   r ..vised t^ incrp irate 
tw^ low ge ;r onst-nt sp.;>:.d hydraulic c ~uplinf:s ".nd tm 
variable sp..d hi"h ge-.r clutch, s.    Exp. ri;;entil development 
•>n -vurriding clutch, s is   lsr t>ein,-   ent.inud.    It is und..!"-- 
st-^d th'-t the subsequent type   of l>w gj-r c *uplings is 
pendtted t' run full ^f   11, permitting a «id : vriiti">n in 
ül flow t-« th<. low g^-r coupling whil- oaintalnlnc ■• oinstant 
slip,    "Jh.n the flow ->f  ^il t- the high gaar euplinr p-jnaita 
the high ge-^r clutch t ■ overrida the low goir clutch, tho -dl 
supply t    tho l-*w gear coupling is cut  -iff.    "7idc faced drive 
g irs h VL boon instill, d t J preclude possibility of failures. 

(j) A modification t-> the sp'Tk advance ;::. ch nisn d sign his b.icr. 
Bade for pr^ducti ->n engines, 

(k) Th.   cr-.nkc-iso sc'Vcngc syst-n is boirv juidifiud t-> p.r;..it 
better sc:venging. 

(l) A strengthened ro-;r section, cmic-il rnse h^usin*' ind 
strengthened crinkcis^s iru plinned f^r pr-^ducti 'n   r.^ines. 

(iTi) Slight uadlfieationa t" th- qj-lind rs    re beinr laadö to 
feeilitate c«l install.iti->ns. 
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('') Pr'j^-ct authorisation - Bur^-.u  -f « r m-.utics Restrict d 
Lettor A r-S-^l-R'/S 2855   )f 6 Jamr ry 1944. 

(b) ftodul T.,st C^nditi'ns - Burjau 3f Aur.wtiM rt.strict id 
Uttur A..r-E-41-R';S 51719   >f 18 n-rch 1944. 

(c) Lodv,l T_st Sf>-cific'.ti->n - Sp-.cificati ->n AN-9502b dat-d 
11 *ucust 1942. 

(d) Lt~dol T^st Specificati?n (R strictod) - Pratt and Whitney >»ircr' ft, 
Sp>-cific-fi->n N-7039 d.at..d 1 Daoecber 1943, f >r feidel R-436:-4 
Engin-. , Paragraph E-22. 

(a) Pr lL'.i.a-.ry Ov.rhaul kanual (h-strictcd) - Pratt inr' "Vhitney 
Aircraft - PrlL-r.in :ry Instructi ns, "J?sp ilaj >r (R-^436o) TSB1G 
(Soii-Pr^ducti-m) datk;d 27 taoreh 1944« 

(f) Reliability Test  -f "flap ^.«Jop En.-ine M-. Xr-117 - Pr^t.t ind 
.Jhitn^y ,drcr ft Re. -,rt N~. 512   >f 23 «u^ust 1944. 

(r) 15u H-'ur Typo T-.st Endur-'nct   -n   .'■ sp Uajw Enrin   X-117 - 
Pratt and '.Thitnoy Aircraft R.pirt »•», 516  >f l5 St,pterab r 1944. 
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ABSTRACT: 
In accordance with spec. AN-9502B and AN-9504, a P & W XR-4360-4 reciprocating 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, theendut'ance tests were terminated at the half-way ro'",:-~r. On account of the test results, 
it was decided that, in its present stage of development, the XR-4360-4 zngine is not suitable for service 
use. It is recommended that the engine be redesigned and development work be expedited to correct 
improve the endurance qualities of all defective parts. 
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