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FNGINES ON CUE CRANKCASES
By C. D. Waldron and A. E. Biermann

SUMMARY

This report describes the installation of six-cylinder blocks
from two in-line aircraft engines on CUE crankcases. The adapta-
tion permits the s=parate opuration of any cylinder as part of a
single—~cylinder test engine. The overhead cnmshaft is driven from
one of the half-speed accessory drive shafts of the CUE crankcase
through 2 chain 4drive. A2l “hs inlet and the uxhaust valves of the
multicylinder block ares left in operation. The cylinder blocks and
tiie valve mecuanisme are unaltered and after use on the UUE crank-
casz they can be r:turned to multicylinder service.

TETROCJCTION

The 1ifficulty of reproduciny in siarle-cylinder construction
the coolant flow, thne heat flow, and the stress conditions that
exist in the multicylinder block of in-line, liquid-cooled cngines
makes it of appreciable advantage to test any cylinder from a multi-
cylinder hlock on a single-cylinder crankcase without rescrting to
A simulated single-cylinder construction. The high rate of coolant
flow passing through cylinder blocks normally results in a small
temperature gradient from one end of the cylinder block to the other
or between cylinders. This temperature grailient is somewhat less
than that of the single-~cylinder construction.

A further advautage of using mlticylinder-engine blocks for
single~cylinder tests lies in the greater availability of standard
angine parts.

A single-cylinder CUE crankcase has beecn set up at the Aircraft
Engine Rasearch lLaboratory for high-output fuel teets with the
Allison V~1710 cyliander block. A CUE crankcase has been set up uoon
which a Holls Royce V-1650 cylinder block is mounted. Thic report
haes been prepared as a result of requests for information conczrning
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detalls of these Installations. Copies of the shop drawings used
for these installations can be obtained upon request from the NACA.

These projects were undertaken by the staff of the Fuels and
Lubricants Division of the Aircraft Engine Research lLaboratory of
the NACA at Cleveland, Ohio, during 19L3.

MODIFICATIONS TO THE CUE CRAKNKCASE

The Waukesha CUE crankcases used for the installation of the
Allison and the Rolls Royce cylinder hlocks are of the standard
type described in reference 1. In both installations the cylinder
blocks are mounted with the cylinder-barrel skirts above the top
plate of the engine. The installations require somewhat longer
connacting rods than are standard for these respective aircraft
engines. The CUE connecting rods for the Allieson and the Rolls

Royce blocks have a center-to-center length of 13%% and 13% inches,
respectively. '

The position of the cylinder blocks necessitates machining a
channel in the camshaft supporting plates as shown in figure 1.
Furthermore, it is necessary to reduce the diameter of the flywheel
to 18 inches to avoid interference when the cylinder block ertends
to the rear of tiae crankcase. Additional plates are installed on
the flywheel hub to partly offset the loss of inertia caused by
reducing the flyvheel diameter.

ADAPTATION OF ALLISON BIOCK TO T'IE GU% CRAMKCASE

The Allison cylinder block is installed on the CUE crankcase
complete with camshaft, camshaft cover, and all vslves. Modifica-
tions to the block are not required. The block is attached to the
encine by mounting it on a long heavy plate shown on top of the
crankcase in figure 2. This mounting plate is bolted to thne top
of the crankcase. The cylinder block is bolted to this plate with
any chosen cylinder in the firing position., The spacing between
cylinder 3 and cylinder L on the Allison block is greater than the
spacing hetveen the other cylinders, which prevents a simple con-
struction with =ix round noles in the mounting plote. Instead,
ons round hole is provided to accommodate the firinc cylinder and
the other five crlinder barrels extend into the irregularly shaped
openings shown in ficure 3. The spacing of the hlock hold-down
studs also varies for different cylinders. The adjustment for
varying stud spacing around the firing cylinder is accomplished
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by having the studs screw into four nuts that can be moved along
inverted T-slots in.the mounting plate. No adjustment is provided
for the studs at the other cylinders and only when c¢ylinder 6 is
fired can all the block hold-down studs be used. When other cyl-—
inders are fired, a few pairs of studs along the block fit into
the nonadjustdble stud holes in the mounting plate and keep the
block in position.

A flat steel plate 1/l inch thick is inserted between the
lower surface of the coolant Jacket and the upper surface of the
mounting plate in order that the edges of the long holes in the
mounting plate, which are shown in figure 3, will not unevenly or
exceaslvely wear the bottom of the alumirmum coolant Jjacket of the
block. When different cylindera are moved into firing position,
the 1/li~inch plate is moved along with the block. A standard
Alllison copper gasket 18 used between the coolant jacket and the
1/l4~inch plate to provide a soft bearing surface for the aluminum
coolant jacket. Th= long overhany of the plate at the front and

at the rear of the engine is supported by two 12 inch 2ngle~iron

braces that bolt to the lower front of the crankcase or bed plate,
as shown in figure 2.

The Allison cylinder block requires a coolsnt flow of 120 gal-
lons per minute at an engine specd of 3000 rpm. This flow is
supplicd by a centrifupgsal pump driven by a S-hnrsspowsr motor,

The rate of flow is m:asured by an orifice and a2 manometer.

The soparate intake and exhanst ports with similar bolt spacing
of =ach cylinder of an Allison block makes it possible to use the
same intake and exhaust pipe connections vhen changing from onc
cylinder to another.

ADAPTATION OF ROLLS ROYCE BIOCK TO CUYX CRAKKCASE

The inatallation of a Rolls Royce block of six cylinders is
patterned after the Allison setup with a few changes neccssitated
by the differance in blocks. Because the Rolls Royce block has
equally spaced cylinders, the plate corrzsponding to the one shown
in figure 7 has a round hole for each cylinder. The cylinder hold-
down studs, however, 4o not have squal specing and a sliding nut
is nsed in the inverted T-slots for the atuds around the firing
cylinder. One principal differcnce between the Rolls Royce and
the Allison adaptations is the method of sealing the shaft that
extends through the camshaft cover. Thz Rolls Hoyce block has no
opening in the end of the walve compartment, which makass it neces-
sary to cut a hole in the valve-gear cover as shown in firure L.
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The Rolls Royce block has separate exhaunst ports and -the
exhaust pipe can be bolted onto whatever cylinder is in firing
position. All cylinders, however, have a common intake port,
requiring separating baifles in the intake port hstween each two
adjacent cylinders, as shown in figure 5.

CAMSHAFT-DRIV®E MECHANISM

The camshaft is driven from one of the engine half-spesed
accessory drive shafts, as shom in figure 2, In the design of
this drive, consideration was given to the use of bevel gears and
to the use of sprockets and chain. The chaln drive was chosen
only because of the facility of construction. The camshaft and
the engine accescory drive shaft are each coupled to the chain
drive through autrmobile drive shafts comprising two universal
counlinzs with a eplined joint,as shown in figure 2. This assembly
allows for both radial and axial misalinement:.

The upper drive shaft is cormected to the camshaft through the
combinatlion adapter and flywheel shown in fijuree 2 and 6. This
flywheel was found necessary for smoothing out the torsional vibra-
tions of the camshaft. The circumference of tais flywheel is grad-
uated for use in timing the vrlves.

The method of sraling Lhe camshafl drive at the cylinder blocks
against 0ll leakige is sho™n in figures L and 6 for the Rolls Royce
and the A'llison, resiyectively.

The chain mechanism is encloseed in a box that is bolled to the
end of the plate on which the cylinder block is mounted. The chain
box has identical unper and lower sprockets mounted on shafts and
ball bearings. The chain ls a double strand, 5/8-inch pitch,
roller type. Slack is eliminated from the chaln by an idler
sprocket located on the top side of the chain bor approximately
halfway between the main sprockets. The chain box is supplied
with oll fron a sight-feed drip valve on top of the box. FExcess
0oil is carried off through a drain so located in the bottom of the
hox that the chain always dips into oil.

The camshaft timing is adjusted through the splined coupling
and tho chain and the sprock:t. The sglined coupling has 16 splings
and .3ch of th: sgrock..ts hac 21 teeth. The timing is advanced 67.
when the splined shaft is advanced three splines; whereas the timing
is retarded éR.6° when tho snrocket timing is retarded four teeth,
thus producing a net retardation in cqmshaft timing of 1.1°.
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During engine operation all the valves in the block function
normally and receive a normal amount of oil from the camshaft.
This fact causes small amounts.of oll-to run down-the inside -of -
‘the cylinders that are not firing. A drip pan is placed under
each of the long holes in the plate to catch the leaking oil.

OPERATION

The accuracy of the valve timing is checked during operation
by observing the timing scale on the camshaft flywheel with a
stroboscope. Variation in camshaft speed and twist In the drive
system, which might be caused by flexibility in the drive mechanism,
has heen found to be negligible.

Satisfactory operation of the Allison block CUE installation
has been obtained over a period of extensive testing, most of which
was done at 3000 rpm. Tests have been conducted with indlicated
mean effective pressures up to L22 pounds per square inch.

Aircraft Engine Research Lahoratory, '
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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Flgure 1. - CUE crankcose showing ol terotions to top plate.
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Flgure 2. - CUE cronkcose with Allison V-1710 block.
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Mounting plate for Allison V-1710 block.
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Figure 5. - Intoke boffles for Rolls Royce V-1650 block.
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Figure 6. - Comshaft oil seal for Allison V-1710 block..
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ABSTRACY

Adaptation of CUE crankcase permits the separate operation of any type of cylinder as
part of a single-cylinder test engine. Overhead camshaft is driven from one of the half- !
speed accessory drive shafts of the CUE crankcase through a chain drive. All inlet and :
exhaust valves of the multicylinder block are left in operation. Cylinder blocks and
valve mechanisms are unaltered, and, after utilization on CUE crankcase, can be returned
to multicylinder uee.
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