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Frontenac

The

Aluminum

Racing Car
By CHESTER S. RICKER, M. E.

It la particularly interesting to note
that the Frontenac motor developed by
Chevrolet weighs 390 pounds complete
and carries 354 pounds of fuel and water
for a six-hour run. The tanks and radia-
tor necessary for carrying this fuel prob-
ably weighs 150 pounds more, making a
total weight of 994 pounds, or 7.65 pounds
per horsepower. This is assuming 130
B. H. P. is developed by this motor.

The weight of the motor, with all ac-
cessories, is 3.77 pounds per B. H. P.
Comparing these figures with those given
by Mr. Louis Coatalen for the modern
aireraft motor is quite illuminating. He
gives antebellum alr craft motor weighta
as follows: Mercedes, 3.5 pounds per B.
H. P. and 26 pounds per B. H. P. as
the latest results. For pre-war motors
complete with fuel for five hours’' run, he
gives 7.3 pounds for rotating motors and
11.9 pounds for water cooled stationary
types per B. H. P, Larger units are now
being bullt with 5.36 pounds per B. H. P.
The fact that this motor is light enough
for aeronautical work shows how ad-
vanced the deslgn really is.—Editor,

IVE years ago, on the 26th of June,
1912, Boillot, driving a Peugeot
racing car, won the Grand Priz

race over the Dleppe course In France
and demonstrated conclusively the ad-
vantage of the 16 valve in the head mo-
tor, a construction now familiar to every
racing enthusiast. Since then, all of the
big road and speedway races have been
won by cars equipped with motors of this
type, for Stutz, Peugeot and Mercedes

View of Car with Engine Exposed, Alse Showing Lines of Torpedo Shaped Aluml-
num Body Which Secures a Minimum of Wind Friction.

cars were equipped with this type of 16
valve overhead motors. For racing pur-
poses they have no peer.

The Aluminum Motor Established.

At the New York Automobile Show in
1516, the motoring public first saw the
famous Marmon “34" chassls with the
aluminum motor and light weight chagsis
construction which set a new standard in

" automobile design. Last year at the au-

tomobile show another aluminum motor,
the Premier, wae exhibited. The de-
velopment of these motore extended over
a period of nearly two years prior to
their introduction to the automobile
trade and to their being placed in the
users hands. Hence the idea of an alum-
inum automobile motor, now two years
old, but untried in the public's handa.
Therefore, when Louls Chevrolet con-
celved the idea of building an aluminum
racing motor, or what might be called an
aluminum racing car, there were “knows
it alls" who said that the scheme was
not feasible, However, during the winter
and spring of 1911 Louls Chevrolet de-
glgned an aluminum racer and with the
cooperation of the Aluminum Castings
Company, the makers of Lynite, a spe
cial high grade aluminum alloy, and par-
ticularly suitable for motors and pistons,
he was able to produce a new car which
wae first Introduced to the racing world

at the Indianapolis Motor Speedway on

May 30, 1916.
The Race Car Problem.
Suppose you were in Chevrolet's posi-
tion in 1915. With many yearas of stren-
uous experience in racing he knew that

the motors of the Peugeot type had been
developed in their highest eMciency and
therefore that some other tack must be
taken by engineers in order to make a
car which would be superior instead of
being the equal of the Peugeot and Stuts,
which were then supreme on Ameriean
speedways and tracks. By the extensive
use of aluminum in the designing and
construction of his new racing cars,
which he named*Frontenac, he was able
to use a 300 cubic inch aluminum motor
and chassis, which complete weighed 500
pounds, less than any similar car. Thie
light weight did not mean 8o much in
the way of speed as it did in the saving
of tires, and, therefore, in the reduction
of the number of stopa reqguired during a
long distance race. What ia true of the
reduction of the tire troubles on the race
car is equally true on the commercial or
pleasure car. This Is exemplified in the
long life of the tires on care of the Mar-
mon, Premier and Franklin type, all
three of which are noted for their partic-
ularly light welght and the extensive use
of Lynite aluminum alloye.

With characterietic foresight, Chevro-
let was not far wrong in his conception
of the requirements for an uap-to-date
racing car. The motor was designed
along Peugeot lines, but at the same time
was far lighter, dus to the extenslve use
of aluminom. That he was immediately
successful In the first races I8 no dis-
credit to the motor or the car design, for
ag all race fans know, there have been
very few race cars turned out at any
time in the history of racing which were

L

ey
R
e

..--.-'\-"""'"II

Left Side of Engine Where Method of Promoting Air Circuia- Right Side of Engine, Showing Compact Mounting of Magneto

tion inthe Crank Case amnd the Camshaft Drive Are Seen.

and Pump, Likewise the Large Exhaust Ports,
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perfect in the first race which they en-
tered. There are so many trivial things
which are liable to get out of order or
which are not exactly adjusted the firat
time they are used.

Frontenac Racing Performance,

For that reason it was nearly the end
of the 18916 season before Chevrolet was
able to eliminate all of the little “bugs™
that had given him trouble and he won
the Uniontown Speedway race, the last
one of the season. The first race of the
1917 season he might have easily won
had he not slowed down while still two
laps in the lead and fouled his spark
plugs. It cost him two minutes to clean
them and it put him in fourth place in-
stead of first. His team mate, however,
ran second and made a very close finish.
At Cincinnati the same car which had
led almost to the finish at the Uniontown
race easily led the fleld and won hands
down.

The way in which this car goes
through a long gruelling high speed race
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grease and 60 pounde of water, making a
total additional welght of 364 pounds. On
account of the light weight of the chas-
gia it is possible to carry more fuel and
therefore not have to make stops in even
a 500-mile race. At that, with the added
weight of 354 pounds the car is still so
much lighter than the average machine
that it is possible to use 32x4%-inch
Goodyear tires and not expect to have
any tire changes in a race of that length.

Let us look over the chassis and see
where it has been possible to reduce the
welght by the use of this light weight
aluminum alloy, Lynite, The motor com-
plete with magneto wires, exhaust mani-
fold, inlet manifold, carburetor flywheel,
clutch, starting ecrank and tubular sup-
porting arm, weighs 490 pounds. The
cylinder block and upper half of the
crank case, which I8 caat integral to-
gether with the cast iron sleeves, weighsa
89 pounds. This ia less than one-third of

the welght of the average motor built of |

cast iron of this type. On most race cars
the cylinder block is
geparate from the
upper half of the
crank case and
therefore there la a
considerable saving,
gince aluminum al-
loy iz used for the
npper half of the
crank cage. In this
design the motor,
cylinder block and
upper half of the
erank case would
welgh around 180
and 200 poundes.

Construction and Suspensien of Componente in Cross Sectlon

of the Gearset.

on the epeedway without tire trouble is
beginning to cause much favorable com-
ment. What {s meant by the aluminum
racing car? It is a racing car with iron
and steel used only where it la necessary
to carry weight or to tranemit power, In
the Frontenac motor the cylinders, crank
case, camshaft, housing, intake mani-
folds, gear housing, oil pan, pistons and
water and oil pumps are all made from
aluminum., In addition, the clutch, car-
buretor, transmiseion, rear axle housing,
brake carriers, hood and body and under-
pan are all made from aluminum.

« Light Welght on Frontenac.

The car complete, ready for the road,
but without oll, grease and water,
weighs just a bit over 1600 pounds,
whereas the average racing car weighs
2100 to 2600 pounds. Hence this car
welghs anywhere from 80 to 76 per cent.
ac much as competitive cars. Ready for
the race the weight of the car s slightly
more, the addition being 236 pounds of
gasoline, 68 pounds of oil, 10 pounds of

Some of the steel
parta which go into
the make up of the
motor welgh consid-
erably more than
the main body of the
motor, such as the
cylinder, water jack-
ets and crank case.
For example, the
crankshaft alone
welghs 92 pounds.
The flywheel, clutch, cone, bearings and
apring weigh 140 pounds, Some of the
other main constituents of the motor
welgh as follows: Oil pan or lower half
of the crank case, 20 pounds; camshaft
and driving gears, 16 pounde; exhaust
manifold, the heaviest individual item, 30
pounds; magneto, 24 pounds: four con-
necting rods, seven pounds; four pistons,
three pounds, and the carburetor, 10
pounds. From these flgures you will see
how it is possible to build a light motor
by using a large amount of aluminum al-
loy In Its makeup. By its use the weight
of the rear axle with the wheel adapted
is reduced to only 200 pounds, where the
average axle welighs 360 to 400 pounds. A
certain amount of this welght, however,
Iz removed by the elimination of the dif-
ferential, which I8 not used on any of
these cars.

Design of Motor.
From the mechanical standpoint the
motor has many very Interesting fea-
tures which are not common to the aver

age racing motor of this type. For ex-
ample, the single overhead camshaft is
driven by means of bevel gearas instead
of by & train of spur gears. The only
motor using bevel gears that has been
built and operated successfully up to this
time was the Mercedes. On the latter
motor the gears are placed at the fly-
wheel instead of at the front. On the
Frontenac a train of three spur gears
are used to drive the water and oil pump
and the magneto. It will ba noticed that
the spur driving and the bevel gears are
attached to the front end of the crank-
shaft and are made from a eingle piece,
which reduces the welght and adds
strength.

The aluminum cylinder walls do not
come in contact with the pistons, but in-
stead cast iron liners of thin sections are
inserted into the eylinder bore to take
this wear. These llners are ingerted from
the bottom and held in place by friction
only. As they are introduced while the
cylinders are maintained at a high tem-
perature by means of steam in the water
jackets, they are automatically clamped
tightly in place at normal temperature
when the cooling water is in the jackets
instead of the steam. Also, as soon as
the motor is started up under its own
power the temperature on the inside of
the cast iron sleeve rirea so much higher
than that of the water cooled aluminum
which surrounds them that the cast iron
sleeves expand and tighten up inside of
the aluminum rather than the aluminum
expanding away from the cast iron
sleeves, This construction takes care of
the piston and cylinder wall conditions
ideally, but it still leaves the question of
the valve seata to be considered.

On the Marmon and Premier pleasure
car motors this iz not an item which has
to be considered so seriously, because a
detachable cylinder head I8 used and the
detachable head Is made from cast iron.
This gives these pleasure car motors ex-
actly the eame conditions for their valves
and valve seats that are found on the
conventional type of cast iron cylinder
motors. But Chevrolet's motor i8 not
built with a detachable head, as the de-
tachable head motor has not been found
entirely successful for racing car use.
For that -eason some other expedient
has to be used to provide cast iron seats
for the valves. As will be seen from the
end section of the Frontenac motor the
seats for the valvee are made up from
iron castings with dove talled edges and
cast in the aluminam. This makes the
cast iron seats an integral part of the
aluminum cylinder casting and has been
found to give abeolutely nmo trouble dur-
Ing the life of these motors, which has
extended over a period of nearly 18
months. One plece 18 used for each
group of four valves. By the use of these
individual cast iron valve seats the dif-
ference of the expansion of the cast iron
and the aluminum does not effect the
alignment of the adjacent cylinders.

The dimensions of the motor are 1.876
Inchea bore, 6.376 Inches stroke, making
a motor of just under 300 cublc inches
displacement. With 106 pounds per
square Inch, compreesion pressure, it is
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possible to obtain 1356 to 140 horsepower
from this motor, so0 Louis Chevrolet
claims. It will be noticed that two valve
gizes are employed, the intake being
made lighter and larger in diametar than
the exhausat, as is clearly shown in the
section drawing of the motor. The diam-
eter measures two inches in the clear,
while the exhaust measures only 13
inches.
Unique Valve Spring Construction,

The construction of the wvalve aprings
on this motor {8 rather unusual. It is
customary to use two springs on &ll rac-
ing motors and, in fact, there are several
pleasure car motors bulilt in this way—
i, e, Marmon. The point where Chev-
rolet’'s differs from other two spring con-
structlons i in the use of a very short
inaside gpring instead of one approximate-
ly the same length as the outside. The
use of a short inside spring makes it posa-
gible to get it very stiff and therefore re-
turn the wvalves wvery quickly to their
geats. The wide difference in the length
of these two springs also makes it possi-
ble to dampen out any vibration which
either one or the other of the springs
may have when running at some critical
speed.

Although not shown on the drawing
reproduced herewith, the sidez of the
rocker arms are now packed with felt so
that there ls no oll leakage at this point.
This makes It possible to pack the indi-
viduoal camshafts, housings and the rock-
er arms with oil at the start of the race
instead of having to supply it up with oil
under pressure as on the first motors
that were produced. All of these motors
are furnished with double magneto and
two Independent seta of epark plugs, one
on each side of the eylinder.

In order to keep the welght of the driv-
ing gears and the size of the wvertical
ghaft small, the reduction has been made
at the tip Instead of at the bottom, so
that the vertical shafts run at crankshaft
speed. d

With the exception of the connecting
rod, piston pin and the camshaft bear-
inge, all of the other bearings used on
the motor are annular ball. Thoee on
the crankshaft are Nos. 3.3 and 314 from
front to rear respectively.

In order to uee these bearings on the
crankshaft it is necessary to make the
ghaft up in two pleces jolned at the mid-
dle. It is held together by means of one
large through bolt and three smaller
ones. At the polnts where these small
bolts pass the division in the crankshaft,
hardened steel bushings closely fitted are
used to take the torgque. They act like
keys in this case and relleve the bolts of
driving stresses,

Dry Crank Case Lubricating System.

The method of lubricating these mo-
tors differs from that in which plain
bearings are used in the crankshaft, but
in other ways does not differ from those
where ball bearings are used. “Banjo”
or centrifugal thrower rings are attached
to each of the crankcheeks and oll iz fed
from them to the crankpin on each throw
of the crankshaft. No chance is taken of
one hole being stopped up and hence two
feeds are made to each of the crankpin

bearings. This will be noticed in the

right hand crank throw, which is sec-.

tioned. The ofl leads are carried to the
caps on the bottom of each of the main
hearings and a amall feed tube 18 carried
to the caps on the bottom of each of the
main bearings and a small feed tube is
carried out from these caps into the ad-
jacent “banjo ring. In order to better
support these rings and also to provide a
counter balancing effect, the arm of the
crankehaft has been extended across the
centre line of the motor, as s clearly in-
dicated in the attached drawings. It will
alao be noticed that the oil pan is deeply
ribbed in order to keep cool the lubrl-
cating oil in this motor.

But this is not depended upon entirely
for the lubricating svatem has two gear
pumps mounted on the secondary shaft,
which also drives the water pump and
magneto. One of these oll pumpe draws
oil from the supply tank, which Is inde-
pendent of the motor, and the other one
drawse oil from the bottom of the sump
and dellvers it to the supply tank. This
ie called the “dry crank case” system and
iz by far the most successful that has
been ured on racing cars. It is the same
gystem that {8 used on the Sunbeam
aeronautical and Feugeot motors. It per-

average. From the sectional view of the
axle it will be noticed that no differential
is provided -and that thé housing for the
driving {8 made from aluminum. The
apring eeat and the brake housing are
likéwise made from aluminum, as will ba-
clearly seen in the attached sectional
drawing. With this type of housing It is
poasible to use four different gear ratios,
namely, 2.312, 2.366, 2.642 and 2.161 to 1.
This is a sufficient variety to meet all
gpeedway and road work.

There are also a number of small fea-
tures about the design of the car which
are unigue. One of them is the suspen-
sion of the fuel tank beneath the body in-
gide of the frame. The other is the use
of & one-piece aluminum body continuous
from the dash to the tip of the tail. An-
other is the use of a cable inatead of a
rod io operate the brakes, as it 18 not
only light in welight, but offers a very
simple means of equalizing the brakes.

On account of the light weight and
ghort wheelbase (104 Inches), emall tires,
32x4%: underslung tanks, which bring
the centre of gravity low, this car is able
to negotiate the speedway tracks faster
and with less tire trouble than any other
car which has ever been produced for
speedway racing. For this the extensive

Sturdy Cross Members Are Shown In Thie Cross Sectlon of the Left Side of the
Rear Axie and the Absence of Differential |s Moted.

mits cool lubricating oil to be supplied
to the motor at all times, as the heat
from the motor cannot be conducted to
the oil during its short stay im the oil
pan.

In order to still further cool the ofl a
large seml-circular oll tank has been
placed on the front of the dash and pro-
vided with copper radlating fins. This
holds 12 gallong of oil and all of the air
passing through the hood le directed over
this tank and out of the side of the body,
where sultable openings have been made.

Unlike most race motors of this type
no under pan encloses the bottom of the
motor compartment, 20 &ll of the alr
coming through the radiator and the
louvres of the hood has an easy exit.

Other Parts of Aluminum.

The entire trangmission is carrled In
an aluminum housing and the gear shift
lever is mounted on an aluminum plate,
The power ia transmitted from the trans-
mission to the rear axle by a double uni-
versal joint Hotchkiss drive. This is
particularly satlsfactory where a very
light weight axle can be used and in this
case the axle iz lighter by far than the

usa of aluminum must be glven the
credit.

In mentioning the fact that the motor
was without an under pan it should not
be considered that this applies to the en-
tire car, because from the fiywheel back
to the tip of the tall there Iz an alumi-
oum under pan which gives a perfectly
smooth underbody to the car and thereby
reduces the wind resistance. This under-
body harmonizes closely with the frame
and the super structure which carries
the seats. Both the under pan and the
body are made from sheet aluminum and
are very light.
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