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HISTORY OF THE
McCULLOCH
AIRCRAFT ENGINE
(4-Cylinder, 2-Cycle)

By H.F. "“Red” Smith, PRA Life Member#13887
Prasident, R & O Aeronautical Engineeting Ce.. Inc.
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the condition of the engine.”

The venerable McCulloch, lovingly
called Mac by PRA members,
4-cylinder, 2-cycle, air-cooled military
drone engine has a unique place in the
history of the homebuilt rotorcraft
typified by the DBensen B-8
Gyrocopter. For the Bensen Gyro and
other similar aircraft, choosing an
engine resulls in an attitude not unlike
the light beer commercial with Coach
Madden, formerly of the NFL Oakland
Raiders, where he says, “there are lots
of others {engines) and you can pick
any one you want, but as for me...”
and with thousands of other gyro en-
thusiasts, the pick is the Mac, The fun-
damental reason for its popularity is ite
outstanding horsepower-to-weight
ratio in excess of one (1), far superior
to any other engine currently available

for these aircraft. In Dr, lgor B
Bensen's “"Histary of the Gyrocopter,
Part IX'" (PRFlying magazine,

December. 1981), the author refers to
the 40 year old technology of the Mac
engine and laments, "'to this day not
one single manufacturer has come for-
ward with its modernized aquivalent
which would match its specific weight
of 1.0 pounds per harsepower!”

The Mac d-cylinder drone, or un-
manned target aircraft engine, s in-
deed based on technology more than
40 vyears old. The McCulloch Com-
pany, then of Milwaukee, Wisconsin,
was introduced to the world of aircrait
two-cycle engines during World War
II. The first radio-controlled, aerial
target aircraft were developed in the
late 1930s by the Army Air Corps and
the Radioplane Company of Van
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do not purchase a used aircraft
with engine or a used engine and at-
tempt to fly same without establishing

Nuys, California. The first ever aerial
targel  unmanned  aircraft  (dronel
hecame fully operational in the early
19405, The OQ-2A was manufactured
by the Radieplane Company by the
thousands and served as the aerial
targoet workhorse throughout the war.
These aircraft were powered with a
2-cylinder herizontal opposed 2-cycle
engine designed and manufactured by
the Righter Company of Los Angeles,
California. The first engine, Righter
Model 2-GS5-17, military designation
0-15-1, was equipped with concen-
trically shafted counter-rotating pro-
nellers (to offset engine torque effects)
and developed 6.5 horsepower. In
order to expand wartime production
capability. the U. 5 Government
through its War Mobilization Board,
assigned selecled war production tasks
to U. 5. companies having an ap-
propriate cability,. As a peacetime
manufacturer of small engines, the
MoCulloch Company of Milwaukee
was assigned the task to manufacture
ta print the Righter 0-15-3 engine. This
was a second version of the engine
which deleted the counter-rotating
capability in favor of a single propeller
and which developed 8 horsepower,
McCulloch qualified its first 0-15-3
engine in a 253 hour run at Wright
Field, Dayton, Ohio, on April 3, 1044
By then Radioplane had begun wark-
ing on its larger. improved radio
controlled drone. the O0Q-14, which
was 1o be powered by the new Righter
2-cvlinder engine. the 0-45, which
developed 23 horsepower. Soon hoth
the Righter Company and the Mc-

The grand—daddy of aerial tarpet radio-controlled aircraft. The 0Q-2, dating to 1939,
had a span of 12 ft., fuselage length of 8.6 ft.. gross weight of 108 pounds and achieved a
speed of 0 mph. The Radioplane Company manufactured the z'rcraft with a metal
frame triangular fuselage and wooden wings which were fabric-covered. Note the con-

centrically shafted counter-rotating propellers employed to eliminate engine torque ef-
fects. Engine weas an upposed hyin 2-cycle developing 6.5 horsepower manufactured by
the Righter Company. oo by he aumear

Culioch Company were running
assembly lines on both the 0-15-3 and
the 0-45 engines for the war effort.

In the meantime, the military ser-
vices were asking the Radioplane
Company for a larger, faster, un-
manned aerial target for more realistic
training for our fighter pilots and gun-
ners; a quest that is ongoing today. Ac-
cordingly, the Radioplane Company
came up with a design that called for a
J.oylinder, 2-cyele engine that would
produce in excess of 60 horsepower,
In Novermnher, 1944, the Radioplane
Model RP-15, military  designation
O0)-6, was test flown and developed
speeds in excess af 190 mph. This was
the first flight of the Mac 4-cylinder
engine as we have come to know it to-
day. It must be said here that Mr.
Walter H. Righter, President of the
Righler caompany, had conceived the
basic design in the upgrading of his
0-13-3 from B to 16 HP. The OQ-6 was
similar I1n design to previous
Radioplane aerial targets used during
the way and it, too, bad fabric cover.
ing. lts wingspan was 14 feet long with
a fuselage length of 10 feet. Unfor-
tunately, the end of the war closed out
the OQ-6 with the cancellation of vir-
tually all military contracts,

It wasnt long, however, before the
military was back at Radioplane in Van
Nuys, asking for an advanced design
aerial target drone to replace the aging
00-2s, 0038, and OQ-4s used dur-
ing World War 11, For the new design,
the Radioplane engineers departed
from the traditional fabric-covered,
strut-braced designs begun in the
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The Radioplane Model RP-15, military designation OQ-6, was produced as a prototype in May,
1943, It was the first drone aircraft to be equipped with a McCulloch $-cylinder aircrait engine.
The Q-6 was similar to WY Il targets with fabric-covered wings and fuselage. The 0Q-6,
however, incorporated ailerans for the first time, The end of WW Il cancelled any production

plans. Wing span was 14 ft. with fuselage length 10

powered it to a top speed of 195 mph.

19305, and produced a clean all-metal
8.5 feet long fuselage with a can-
tilovered wing with a span of 9.5 feet,
The resull was the Radioplane Model
RP-18, military designation OQ-17
which was equipped with a 2-cvlinder
engine developing 35 horsepower and
which proved in testing to have severe
reliability problems. These ditficulties
with the engine caused Radioplane to
look back to the OQ-6 program for the
McCulloch 60 horsepower engine.
The larger Mac caused a re-design or
the aircraft. The innovative design of
the OQ-17 was rctained, but the air
frame had to be scaled up to accom-
madate the larger and heavier
A-cylinder Mac, The all-metal fuselage
grew 1o 10.5 feet and the wooden
wingto 11.5 ieet, causing gross weight
to grow from 137 pounds to 234
pounds. This configuration became
the RP-19, military designation OQ-19.
Production was begun in late 1945
and the first run of 750 (0Q-19 asircrait
was equipped with the McCulloch
Model 4300, military designation
0-90-1, engine. The first 150 OQ-19As
had the wooden wing which was
replaced by the all-metal design on
ship number 151, In 1971 when DOD
changed the aircraft designation
system,  the QQ-19  became  the
MOQM-33 {Army) and MOQM-35 iNavy],
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and production continues today by
Northrop Corporation in what has
become the longest serialized aircraft
production run in the world. The Ar-

my National Guard and several foreign
countrics employ versions of the OQ-
19/MOM-33 in their aerial target train-
ing operations,

As ane can see from the photo, the
0-90/Model 4300 engine at first glance
looks for all the world just like the cur-
rent-day Mac that powers the Bensen.
Close inspection, however, reveals
significant  differences. The 90 car-
buretor has a throttle plate in the inlet
operated by a two-position solenoid,
the magneto is rough cast and almost
preadboard in appearance. and the
nose of the crankcase does not have
the top and bottom pipe plugs found
on the Model 4318 Mac engines. In-
side the 4300 is quite ditfferent; the
cylinders have three (3) inch bore fit-
ted with an aluminum piston, and
resulting in an 88 cubic inch displace-
ment. The cylinders alsa were dyecast
aluminum but were fitted with a cast
iron sleeve. (Bill Parsons thought he'd
invented something until 1 showed
him a 60 HP cylinder made in 1945,
The crankshaft is of the same physical
dimensions as today's engine, but the
crankcase is vastly different inside. The
nose of the case is machined for a
223020 iBantam) hearing and the nose
spacer for the front roller bearing was
machined instead of cast. Also, the

The MQA-33, iormerly designated OQ-19, is the world’s longest production run for an air-
crait with more than 76,000 units produced. This aircraft uses the Mac 4-cylinder Model 4318F,
military designation 0-100-3. The wing span is 11.5 ft. with a fusclage length of 12 it. Gross weight
is 322 Ibs. with a top speed of 200 mph + . The MQM-33 is in current production for the U.S. Army
National Guard and is sold as the KD2R-5 by the Northrop Corporation o the military forces of
several foreign countries. Fhow courtes

Al the Northean Cneperation.)
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The McCulloch 4300, 090 Mac 4 engine. Note the different looking magnete and carburetor with
throttleable inlet. This design first entered production in lum:-, 1943, for installation on the

Radioplane (XQ-194 radiv-vontrolled aerial target,

center main bearing carrier was nor
die-cast and earliest versions incor-
porated a habhited center main bear-
ing. This was later changed to incor-
porate an improved split 223020 bear-
ing with rollers. The connecting rads
employed small end rollers and large
end caged bearings with two 180°
cages per rod. Cage segments used
three rollers per segment.

Basically, the 090 Model 4300
design was the lime-set for the current
day Model 4318 engine we have come
to know as the Mac. Both are a
crankcase scavenged flat four-
cylinder, 2-cycle, air-cooled aircraft
engine with simultancously firing op-
posite cylinders; 1 and 2, then 3 ana 4.
This arrangement s o weight caver
over the traditional 907 approach for
cylinder riring. Hence the Mac enjoys
a superior horsepower to weight ad-
vantage. The simultaneous firing of op-
posite  cvlinders  also  promotes  a
balanced engine with shaking couples
and secondaries balanced oul without
the need for heavy crankshatt
counterweights, again saving weighl,
The precision dye-cast cvlinders are
arranged  separately, enabling loop
scavenging: another weight saving
measure because older cross flow
designs required that a deflector be
cast into the piston, while the Mac
piston was clean domed and hence
lighter. The crankcase is a permanent
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moid one-piece aluminum  alloy
casting. The centar main bearing car.
rier s mounted an the crankshall,
which serves as 3 valve through apen-
ings on the crankshaft flanges at the

center main, While adding to the
weghl-saving  design, this  arrange-
ment  maore importantly permits a

superior mass flow through the engine
than would otherwise be permitted

with a reed valve setup.
By the late 1940z, the USAF was
calling for a drone with improved per-
iormance over that which was possi-
ble with the QQ-19A and its 00 HP
engine. Under the auspices of Wright
Field in Dayton, and the Radioplane
Company, McCulloch began an im-
provemenl program 10 uprate the
engine. McCulloch engineers met the
increased horsepower requirements
by re-designing the Model 4300/0-90
engine. The cast iron sleeve was
removed and the aluminum bore at 3
& 1116 inches was serrated and
chrome plated, resulting in an increase
to a total engine displacement or 100
cubic inches. Horsepower was rased
from 60 10 72, resulting in the famous
Mac 72, Both the carburetor and
magneto were redesigned to the cur-
rent precisian cast configurations and
the crankcase cylinder mount pads
were moditied (relieved) to permit bet-
ter mass flow through the engine, The
new crankcase incorparated the now
familiar NPT plugs on the top and bot-
tom of the nose section of the case,
and the design was modified to accept
an improved roller bearing, GR-22
iMcGill) for the forward and cenler
main bearing. ldentified as PIN 10089,
this case became the standard for the
Mac 72, McCulluch Model 4318A,
military designation 0-100-1, which
was introduced with the roll-out of the
OQ-198 in 1949, The resulting

Three crankcases used in the history of the Mac 4. [efT (o right, the Model 4300/0-90-3 (note the
absence of NPT plugs on the nose of the 0-9100 casel, the 4318A/0-100-1 center, and Model

4318F/0-100-3 type Case. Tou by the aurm
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0-100/QQ-19 combination provided
the answer to the basic training target
needs of the Army and Navy and
several foreign counlries for mam
years,

By 19A2 it was apparent that the
military wanted more horsepower for
better acrial target performance, and
once again an effort was mounted to
draw even mare horsepower from the
engine. Begun under the sponsarship
of an Army product improvement con-
tract, the cylinder was redesigned with
larger intake ports and twao of the three
vertical bars in the exhaust port were
removed. The cylinder mount pads
were madified to lhe curment con-
figuration. All of these changes were
made to increase the aspiration or
breathing efficiency of the enginc,
which increased the horsepower from
72t 60 HIP. Bore and stroke were un-
changed, leaving the happy «ir
cumstance for civiban users of the
engine a utilitarian interchangeability
of parts between the 72 and 90 HP ver-
sions of the engine. The enlarged ex-
haust port area necessitiled re-design
of the piston to pin the ring segments
to keep the rings from rotating and ex-
panding into the exhaust port area.
The false rings near the dome of the
piston employed in the 72 HP version
were eliminated and the 1/16 inch 90
HP rings were moved near the top of
the piston to hetter contain combus-
tion heat, Other changes included a

The three Mac cases in prafile view. Note the evolution of the changes in the tylinder mount inlet
areas which have been progressively relieved in the steps from 60 HP on the left to 72 HP center,

and 90 HP right. - 5

new cannecting rod, PN 54164, with
uncaged bearings on the large end.
This rod is centered on the journal by
using thrust washers on the wrist pin
line behween the intenor piston boss
and the faced surface of the connec-
ting rod at the smali end. The
crankease was changed to incorparate
a raised data plate location. Both the
free roller bearing and the data plate

Cylinders and pistons in the Mac 4 cvolution. Leit 60 HP, cylinder P/N 10097; center 72 HP,

(1/16”7) moved to the top of the piston and false rings eliminated.
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evlinder PN 10891; and right 90 HP, cylinder P/N 54668. Note the 90 HP piston with ring grooves

xuirt

crankcase, PIN 10489A were introduc:
ed late in the 72 HP production run.
The 90 HP version of the engine, Mc-
Culluch Model 4318F and military
designation 0-100-3, continues in pros
duction loday.

It should be hers noted that there
have been several attempts to upgrade
the 72 HP cylinder 10 a 90 HP con-
figuration by eliminating two of the
vertical bars in the exhaust port of a 72
cylinder, Beware of this practice; this
modification does not a 90 HP
cvlinder make and the halance of flow
is upsel by this change. Incidentally,
Bill Parsons, in a letter to PRFlying, in-
dicated that he measured oulput
horsepower on the dynomometer at
54 HP for the 72 and 62 HP for the 90
version of the engine. For the gyro ap-
plication. the decision between 72 and
an versions should be based upon
crew weight. The 175 pound pilal
should be pleased with the perfor-
mance of the Mac 72; while the 200
pound pilot should probably employ
the 90 HP version. Any 72 HP engine
can be upgraded to the 90 HP con-
figuration with & kit using 90 HP
cvlinders, pistons, and rings.

The relatively avatlable McCulioch
drorc engines came along at just the
right time ior the Bensen gyrocopter
which had heen struggling with a 40
HP Nalsen engine. The marriage bet-
ween the Mac and the Bensen seemed
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Connecting rods and bearings for the Mac 4 evolution. Left 60 HP. rod P/N 10060 with 2-piece
cages; cenfer 72 HP A’ rod P/N 10061A with 3-piece cages; and right 90 HP *'E* rod P/N 54179
with no cages (note the large brass washers, P/N 10699, used to center the cagelecs rod). .. !
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made in heaven; performance of the
machine was greatly improved, pro-
viding a greater performance margin
for safer operation. There is, however,
greal hazard and potential economic
loss in the procurement of an engine
suitable for use on the gyro. The pur
pose of this article is to acquaint the
reader with the background and
history of the engine and to help cur-
rent and potential Mac users to cor-
rectly identify what they have and
what must be done to an engine for
correct application to the gyro.

Since the Mac engines have been
around for nearly 40 years, one cannot
be sure that what resides inside the
engine i« applicable 1o the data plate if
there is one. Unless the complete
history of the engine is known, a com-
plete disessembly and inspection ot
the engine is required prior ta placing
the engine in flight service on a gyro or
other experimental aircratt applica-
tion.

The following should be  ac-
complished before placing o Mac
engine in service orn a GYRO ar other
homebuilt zircraft ||

DISASSEMBLY: The cngine should
be compietely disassembled. The
maintenance manua! should be
followed to avolid damage to the
engine during this effort,

INSPECTION: Caretully inspect the

JUNE 16882

gluminum  crankcase, PN 10489(A)
and the rear crankease cover, PIN
100120, which contain integrally cast
engine mount lugs. If unsure, take the
parts to an inspection station approv-
od by FAA and ask for NDI non-
destryctive inspection) service. Any
parts passing this inspection can be

reasonably expected to have structural
integrity. Inspect the crankshaft for
alignment  and  condition,  Pistons
chould be inspected for cracks, indica-
tions of overheat and/or seizure and
foreign object damage, The cylinders
should have a complete chrome shine
with no excessive wear and/or chrome
flaking. All bearings should be in-
spected for condition. Section VI of
the Maintenance Manual should be
followed for this effort. Condition deci-
sions should be based upon Section
X1 of the Manua!

IDENTIFICATION: If your engine
has a three-inch bore and a cast iron
sleeve, it s a2 60 HP engine. If the
cylinder has a 3 & 1/16 inch bore and
the exhaust port has three vertical
bars, itis a 72 HP engine. WARNING:
Inspect the exhaust port with one bar
very carefully to see if a 72 port has
been madified to look like a 90. One
sure way to tell is to compare your in-
1zke ports with those of a known 90
HP cvlinder. The 90 ports are much
larger than those of a 72 and are
discermable to the eyve, Since the 72
and 90 versions have the same bore
and stroke, either 72 or 90 piston can
be used in either 72 or 90 cylinder.
One catch here, though, the 72 HP
piston must be modified tor use in the
a9 HP cylinder by pinning the com-
pression rings so the\_.* cannot rotate
and break off at the ring segment joint

Cyvlinders in the Mac 4 from the bottom, Leit 60 HP with cast iran liner; cenler 72 HP, and right
90 HF with enfarged intake port. == h b ayiine
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in the exhaust port.

If the connecting rods have lubrica-
tion cuts on the large end and incor-
porate three brass colored cages per
rod (120° each), vou have an "A
rod (PIN 1006141, The hearings and
cages should be discarded and replac-
ed with the aftermarket AX hearings
which incorporate two steel cages
(180%) and a separate segment for
each roller bearing. Il the connecting
rodds have free rollers twithout cages
on the large end and are centered with
a4 brass thrust washer between the rod
and the piston at the small end. you
have the “'E" rod for the 4318E con-
figuration once manufactured for the
Bensen application. Inspect the free
large end rollers for caolor of the
tapered tip: black tipped ends should
he discarded and replaced with F/IN
354183 which are silver plated and
have shiny ends. WARNING: Do nat
use the AX bearings with the “E” rod
(PIN 34179}, and do not use the thrust
washer (P/N 10699) with AX bearings.

MODIFICATION: Several changes
must be made to the disassembled
engine to make it apphaable to the
gyro. The carburetor stud holes used
to mount the carburetor (o the ongine
must be enlarged from the original
5167 size to 3/8° 1o accept the 387
carb mounting studs. A clue to the
engine's past may be found it the
original 5/16 carb studs have been

Carbureturs for the Mac 4 cyliner. Left the 60 HP carb with a two-position solenuid controlled
throttle (one piece casting with a removeable machine venturil; and right, 72 and 90 HP two-piece

casting and unthrottfeable. oboo v e a0

THIGTY

Center main hearing carriers from the Mac 4 engines. Left 60 HP with Bantam bearing (carliest ver-
cions had babhited hronze bearing): right, precision cast unit employed in 72 and 90 HP versions.
Farly 72 cngines had Bantam bearings like the 60, which should be discarded in favor of the McGill
hearing shown here on the sight and used exclusively in late 72 and all 90 HP yversions. woo i

Nosc bearing cone. Left
&0HP machined with
Bantam hearing, right,
72 and 90 HP with cast
cone and McGill bear-
}ng. by fie 't AiStROE

-_—

broken off; this indicates that the
engine was probably subjected 1o a
high "G military recovery and that
the engine is probably in the original
military configuration. 1f this is the case
for your engine, the above inspection
pracedures should be strictly iollowed
with diligence. A throtileable  car-
huretor must be modified for applica-
tion to the gyro and fitted to the
engine. The new dual-float Holley is
recommended, along with an adapted
plate under the carb. This arrange-
ment Ras been dynomamater tested to
produce 10% more horsepower than
the old sde-bowl Holley with its
troublesome float arm. The pistons
must be cam ground to promaote more
even expansion of the piston under
heat load, reducing the prohahility of
seizure. AX bearings should be used
with the “A” rod (P/N 10061), and “E
rods must use free roflers and the brass
thrust washers. Do not mix AX bear-
ings with “E"" rods and free rollers with
“A" rods. The crankcase or the rear
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case cover should be drilled and tap-
ped ta /8" NPT al an appropriate
place for fitting the style
2-cycle pulse pump. Lastly. the
magneto should be overhauled and fit-
led with a good quality silicon in-
sulated  copper wire for the high
voltage leads. -

ASSEMBLY: Fallow the instructions
of the Maintenance Manual in Section
IX;, and condition the engine after in-
stallation using the airframe manufac-
turer's engine conditioning instruc-
tions. For safe and reliable operation
your engine mus! be equipped with 2
CHT fcylinder head temperature gage)
and a tachometer. WARNING: do not
attempt powered flight in your aircraft
until sufficient ground operation of
vour overhauled Mac has established
power check, stabilization of cylinder
head temperature and reliable ground
operation.

One last caution — do not, repeat,
do not purchase a used aircraft wilh
engine or a used engine and attempt
to fly same without ecstablishing the
congition of the engine, Unless you

mAaringe

Pistan muodiflication 5 re-
guired lo even expansian
under heat load. left 72 HP
piston with cam grinding
outlined in grease pencil
imachine wused is Van Naor-
man). Right, piston is three-
ring with grinding accomplish-
ed by milling machine. In the
foreground is set of X bear-
ings — note the 1807 cages
with one-cage segment for
each bearing. £ b e authin

are ansalutely certain of the condition
of the equipment, do not attemp: to fly
it. Find out from someone who knows
how to help you. if yau do not know
what to do. The local chapter of the
Popular Rotarcraft Association {PRAJ
can be invaluable to vou. Contact any
PRA chapter; they will be more than
happy ta help you with information
and sources, of contact the protes-

| don't know anyone in the
business who won't take a tew
moments and help. REMEMBER, alf
single engine aircratt are subject 1o
single engine failure and the inevitable
enginec-out landing that follows engine
failure as sure as day follows night. By
knowing vour machine, including the
guts of the engine, you can reduce the
risk 0f engine failure.

siomals

LTRUBUE

by BloKe STeele @ /a2

swarm\ swirm 7 1: a
great number of gyrobugs
emigrating together for their
annual fly-in. <
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