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(1) OBJECT: The object of this test was to investigate
the durabi lity of the P-l1 engine and to obtain information
upon which to base the further refinement of the engine.
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(2) 1In order to give a clesr idea of the work of development of the M1
nine oylinder engins, a shert description of the differences betwsen the.
original engine and the finsl engine will be necessary.

(3) The P-1 nine cylinder engine as asseubled on Feb, &, 193¢ differsd
from the final engine as followg: .

(4) 4. The ocutside diameter of the original engine was AT§" while the ﬁml
engine is 50". To affect this change it was necessary to lengthen the mamter
and articulatod rods and the uylindar sleeves. :

(6) B. fThe main eranikcase of the original engine was made to ingorporate

the inteke manifold system at the rear. A cone shaped section was garried m:t
from the oylinder pads over the mauifold system, whioh terminated in the
wounting flange. The intermediate section was centered pn.%ha ingide of the

" main orankcase and secured by studs snd dowels. Onm the final engine the main
crankcase is built in the form of an ennular ring with the cylinder pads en

the periphery, bridging the front and rear faces. Deep ribe join the fromt
and rear faces at the intersection of the eylinier pads. A manifold casting .
as shown in sketch page 69 is bolted with studs to the rear of the main eesting
and the intermediate section is secured at the front, fitting over a centering
ring on the main crankcass. A larger sise and greater number of studs are
used to secure the main orankcase and intermediste section.

(6) 0. The size of crankshaft of the first eugine at the main bearing wae
2-25/32", The final engine Bas a crankshaft of 3" diameter at the forward
maln bearing and correspondingly larger ball besringss Tha size of the resr
end of the crankshaft was not changed. The larger shaft uqulna the use of
a larger propeller mb, cam bearing and orankcase bearing housings. 3 hew
‘layout of gear centers was necessary together with a number of amnn
changes.

(7) D. The master rod of the original P-1 was lighter in the mtm at
the crankshaft bearing and shorter in length.

(8) 2. as mentioned under "A" the oylinder sleeves Were shorter on the
original engina. The valves and valve guldes were also shorter than the
final dimension. The valve linkage had smaller bearing surfaces.

{9) P. The original P-1 pistons were of the slipper typs with a amll end
short wrist pin carried between two bosses supported by 2 parallel ribs
placed just under the head. The final pisten shosn on page 66 1s of the
gemi~-slipper type.

(10) G. No magnesium castings were used on the first engine., The final
engine had magnesium castings as noted in sub-assembly weights page 84:

(11) H. 4 number of minor differences in the two ‘engines exist such as 04l

scoops on the crankshaft of the first engins, no pins in the cam bearing
first engine, Splitdorf 55-9 magnetos first engine.
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{12) The devedopment of the P-~l nine cylinder engine started with single
oylinder tests from which a cylinder and piston were designed which would
run 50 hours at full throttle on the universal engine. The nine cylinder
engine fitted with oylinders of a design similar to that developed om
the single oylindor engine, was then constructed.

(13) Tests of the 9 cylinder engine started Feb. 27, 1924, bdrought out
several defects, The engine would not run for any length of tims without
seizing a piston on the cylinder wall. The spark plugs #ould not fire
consistently dus to excessive 0iling and the valve springs broke continually.
Experiment with different piston clearances and modifications in the oiling
system did not cure the trouble. The slipper type piston was finally
discarded. :

(14) A very short trunk type pis‘ton was then used which after a number of
alterationsin engine oiling, ete., was run at full throttle developing
402 horse power. The oil and fuel consumption were high however.

(15) 1t was decided that an engine of this size would require a larger
outside diameter to increase the bearing surface on the pistons, to decrease
the angularity of the connecting rods and to psrmit the use of an oil
scraper ring to control the 0oil consumptiones The short cylinders and
master rod were therefore stored znd new ¢ ylinders with lone:er sleeves
constructed.

(16) The engine was then rebuilt with the longer cylinder slgeves, cylinder
heads with longer valve guides, longer master and articulated rods and
trunk type pistons with longer skirts and oil ring grooves at the bottom.
Three single NA-57 Stromberg carburetors were used ss it was believed that
the maxirmum power and best fuel consumption characteristies could not be
obtained with one double carburetor. A new type crankcase was used to
vhieh a section forming the induction system was bolted. “+he new crankcase
was constructed to secure a steel mount ing plate by a ring of studs at the
resr of the orankcase. 7The mounting plate was designed to be supported
from the airplane with a tubular mount ing strusture.. 7Tith the new
equipment the engine ran well but ®as low on maximum horse power.

4 number of sett 1ngs of magnetos and carburetors were tried which improved
the performance. The valve springs were finally chan-ed to springs of
groeater tension whish brought the horse power up to a reasonable. figure.
The valve spring breskage was also checked by better heat treatnent.

(17) During the above experimenting the pistons cracked in the piston pin
bosses and the mster rod cracked around the bolts.

{18) Magneslum was triled on the cranicase rear section, intermediate
ssotion and front section. ¥he intermediate section broke around the
centering ring to the main section. The front section broks at the cam
drive gear shaft support%. These parts Were replaced with the original
alumimum castings. 4 new design of semi-slipper type pistons “was fitted
with a ring at the skirt. The engine was then started on a 50 hour test
on Oct. 8, 1924 with the equipment just described including the crasked
master rod.

(19) The 50 hour test and the subsequent rumning is fully covered elsewhere
in this report. A rosume of the engine rumning time included in this
outline will be found on page 20.
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