40,000 mile Endurance
Test: Mazda RX-2

BY DON SHERMAN

By now, everyone knows how a Wankel engine works,
the remaining question is how long it will live
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= Skaptics of the world ralent. There ex-
Ists an allernative to tha piston engine
and it's complete with fail-safe reliability.
The ewidence (s s0 convincing thal car
designers. ihe world over are stumbling
all aver one another in a Mad Hattaer
scramble (o negotiate rights, devalop
hardware, and tool up for their future
power source—the Wankel

The vanguard of this automaotive revo-
lution, tha higgest since interchangeable
parts, lies gl the doorstep ol Toyo Kog-
yo. Thal Hiroshima, Japan firm already
offers the world Mazda automaobiles with
a aste of lomommow awaiting sach twisl
of the igrution key, Although it missed
distinglion as the Adam of Wanke| &n-
gine production, Mazda holds the unas-
sailable honor of marketing the very firs|
lully devaloped rotary-engined car. That
means a foclproe! automobile for an in-

&pl public conditioned o the paper clip:

refiability ol piston-engined sedans. And
Mazda defivers more than the promise
you won'l have Lo replace lhe engine
with each oil change. lts rotary-engined
cars have the additional incentives of
hushed good manners matched to an
unprecedented leval of performance tor
a car that siza. The Car and Driver Super
Goupe trials (December, 1871) proved
that fact. The Mazda RX-2 was nol the
dll-conguearing champion ol the contes!
but it was the lastest, and easily earned
lhe dislinction as a red-blooded allerna-
tive 1o insipid transportation.

The BX-2 is, first of all, small enough
1o manage without a chauffeur’s license,
Its overall length s only an nch longer
than a VW Super Beatle but Mazda
packs enough full-bodied virtuosity in
that span lo make a Gemini capsule de-
signer uncomfortable. With its 70 ow.in.
2-rotor engine there's 130 net horse-
power on tap to unequivocally humiliate
Ihe socks off a hos! ol sporls cars Bs
well as legions of economy sedans.

But it's the intarior environment that
makes (he Mazda RX-2 & unique expen-
ance. Sound levels under all conditions
are worlds below the gamut of small,
cheap cars. At idle, the angine's pres-
ence |s less noticeable than that In a
Mercedes-Banz 450 SLC, and during full
throttie acceleration to 70, the AX-2 is
Quigter than a Jaguar X.J6,

As expecled, for the distinction of
owning a Wankei-powered coupe you'll
pay a premium price. The Mazda RX-2
starts at $3185 and its smaller sibling,
the RX-3, has a base pnce of 52995 in a
land of $1980 Pintos and $2060 Vegas
But Mazda's rapid rise 1o the lifth |argest
U.5. auto importet even prior to nalion-
wide expansion shows thal there s 3
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solid market for a first rate car of com-
pact dimansions—in spile of the price

Still, the rotary engine prasents an urn-
known gquantity. Performance testing
has precisely ranked the Mazda RX.2
agamst its rivals and the finaly detailed
intenor is readily accessible to every crit-
Ical eye. The price tag requires no pro-
found msights before one can waigh it
properly on the purchasing balances.
Whal remains Is a question every dis-
criminating buyer must answer In his
mind belors he invests In a Mazda: |s
the engine durable. al least In compari-
son lo presenl pistan powerplants?

To answer that query in no uncertain
\erms. Car and Driver undertaok the
mos! extensive and lenglhy test in its
history. Belore wa could speak wilh: as-
surance ol tha Mazda's durability our
lest heaped such abuse on tha RX-2 as
counlless flat-oul laps at Bridgehamp-
ton, thousands of miles over the pock-
marked streats ol Manhattan, the cold of
one New York winter—all negotiated by
eveary type of driver from mask man-
nered secralanas 10 nervy streelracers
And as & capper, there was a high spead
trip spanning Amenca. In all, over 40,000
miles and 15 moanths of high intensity

largely Interstate driving, The speed nav-
ar exceeded the posted (imits and the
17.8 mpq lvet economy was the best av-
grage we ever oblained for eéxtended
distances. Between those limits, typical
mixed city/highway driving yielded mile-
age predomirantly in tha 16 1o 17 mpg
range. There is one compensation Tor
the Mazda's thirst—ihe very low octane
requirement (83), which guarantees that
Mazda rotaries will happily digest the
cheapest grade of Econotane you'll ever
@ncounter in this country,

A primary cause of low fusl sconomy
Is the Mazda engine’s wanton lust for
high rpm. The horsepower curve is soft
at the low end bul rapidly bulges as lhe
spead goes up. Thal curve is still point-
ing skyward at 7000 rpm s0 the only
cause Ior the next gear is & prudent ob-
servation of tha redline. The engine's
gaenlle moan does intensify at high pm
bul nol to the extan! that even Wally Cox
would be scared inlo another gear. So
virfually everyone exercises the Mazda's
penchant Tor high engine speeds al the
axpense ol luel economy

In addition. the Mazda rotary angina
consumes oll-—by design. A matering
pump is charged with the task of deliver-

testing. At the and there was a complata
tear-down ol the engine_ [i’s the only
sure way 1o accurately predict the life
span thai Mazda has designed into ita
rotary powerplani.

During the test, we had the opportuni-
ty to observe direct operating expenses
lor & diversity of silustions. Mazdas have
been noloriously substandard (in com-
parnson with eaconomy cars) In tarms of
fuel consumption and our tests con-
firmed that facl. Dunng winter, primarily
city drving, mileage dropped to an aver
age 14.2 miles-per-gallon over a 2000
mile siretch, Al the othar end of the
spectrum, our Mazda RX-2 achieved its
best economy duting a 2000 mile trip of

ing small amounts of oil to the carburet-
or for lubrication of the engine’s sliding
seal faces The guantity delivered de-
pends upon rpm and the load applied to
the engine. We found the engine could
consume a quart In 450 miles of hard
city driving and go-as many as 2000
miles on-a quart during interstate travel
In spite of this perpetual replanishing,
Mazda recommends a change every
4000 miles and BROO miles between ojl
fillers.

Spark plugs also need attention al
regular intervals. Mazda suggests re-
placement evary 12,000 miles but we
found that a high speed mistire would
generally develop within 7000 miles,
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This sevaraely cripples the Mazda's ac-
caleration bul wa lound no Joss in fuel
aconomy with plugs left in for as long as
15,000 miles. Virtually svery high per-
lormance engine of old has insisted on
Iresh spark plugs for that razor sharp
edge and the Mazda is an inheritor of
that bygone era's requirement, In tha
case ol a rotary engine, spark plug elec-
irode erosion is rapid because the plug
lires once for evary crankshait revolu-
tion. In pston engines thera is only ons
spark avery two revolutions, with a blast
ol cool air In betwaen Those who want
avary lasl surga of performance from
thair Mazda must insist on a Irash sat of
plugs at frequent intarvals,

Surprisingly =nough, there's very littie
alse that demands pariodic altantion
Mazda rotary engines have the world's
most comprehansive and complicated
BMISAONS SYSIEM Dul Ours réceived not
=0 much as a screwdriver's twist.of ad-

justment durmg cur 40,000 miles of ex:
panance. And when the RX-2 ralled
across the doorsill of the Mazda Motors
of Amarica centar near Los Angeles, the
California Air Resources Board would
have baen well satisfied. In idle tasling
procedures used at the roadside to pin-
point gross polluters, our Mazda gener-
ated only 1.8% CO and 100 paris per
millian unburned hydrocarbons. That's
about one half and ona third respectively
of the imits speciiied by the wvery sirin-
gent Califormia taw.

No engine of the luture can be consid-
ared in the running if it is unmanag=able
Iram.an emissions standpoint. Mazda
has licked the current requirements with
a thermal reaclor led by exhaust gases
Irom the engine along with frash air from
an auxillary air pump. During certain
modes of aperation tha axhaus! gases
and tresh gir mix 10 continue burning in
this “ovan’” outside the engine.. A cantral

alectromnic bram, similar 1o the Bosch fusl
injection control box, monitors and gov-
ermns Ihe emissions system with the halp
of an immeansa network of sensors and
sarvavalves. - It's much too complicated
for tha home machanic but every Mazda
dealer must own the diagnoslic equip-
menl o ovarses |t all. For thal, no Maz-
da owner should lose the friendship of
his service manager.

Aside Iram the anging, there weare
some minor breakdowns of the car dur-
ing ts C/0 trial by fire. A balky clutch
mastar cylindar expired after 16,000
miles. The replacemant part of a naw
design gave no further trouble, howavet
In addition, tha cluteh began slipping
badly al 40,000 milas and a linal inspec-
llon showed the disc 1o be worn oul.
Within the realm of clutches, It did not
die young. By comparison, the ransmis-
ston aynchronizars sulfered infanlile pa-
ralysis. A fast upshift 10 second had oc-

The Mazda rotary engine's slaborate sealing system:

A. apex seal

8. comer seal

C. double side saais
D. oif seal

2

E The angine's only wear point, excluding the replaceabls seals:
at the minor axis of the rolor’s spifrochodial dance across the cast
iran end plate. The combination of the comer s=al’s abrasion
and combustion lemperatures eveniually erodes a ridge in the end
plate’s surface. The corresponding new part shows finger-like
traces of induction hardening in the same area.
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casionally produced a painful grunch
fram the very beginning. And afler
40,000 miles, one had o pause for two
heartbeats before engaging sacond or
third gear. Mazda admils lo some com-
piaints from owners on downshifting
which it has traced to poorly seated syn-
chranizer rings: Our problem seems
more extensiva and since [t worsaned
with mileage, the synchro rings had like-
ly wom 1o the point of ineffectiveness.

The original equipment Bridgestone
tires lasted for 21,800 miles bul their
lives were likely shortened by skidpad
and racetrack testing at the onzat Stil,
frequant lira rotation is nacessary be-
cause the Mazda's MacPharson strul
front suspension lorces the tires o run
at large camber angles, which quickly
wears down the inside tread rbs. And
tha problem was complicated by a toe-in
setting that freguantly drifted due to the
Baja-lype punishment of New York
streels. The front brake pads lasted
38,800 miles and the rear linings wen
less than hall worn out &l that point. All
four shock absorbers went the distance
and there was no detenoration of the
nde at the end. As far the mterior, not
avan a light bulb failed within the gruel-
ing 40,000 miles. All upholstery and trim
stood the test of time and the carpeting
wore well—bul repeatadly bunched up
underfoot because ol poor attachment
hardware.

In all, lhe car proved as durable as
anylhing you can buy today, With the ex-
ception of the lalled synchranizars, ev-
&ry componen! successfuily endured the
ngors of sutomotive No Man's Land—
Manhattan—as well as a team ol sadis-
tic test drivers, But to examing the crit-
ical intarnal workings of the Wankel en-
gine, we returned tha RX-2 specimean 1o
its origin, Mazda Motors of America, for
tha linal dissection

The thermal reactor was (he first ma:
jor componant siripped from the angine
once it had bean pulied from tha car. i's
a heavy, 5300 stainless steel pod Ihat
showed a light brown lining of lead de-
posis but na signs of deteroration. Maz-
ta recommenids lead frea gasoline whan
possible, bul a good deal of leaded gas
passad through the Car and Driver RX-2
with no bad side effects.

The remaining exlernals ware guite
conventional in nature and prosaic in
comparison to the mysteries thal lurked
inside. After the 4-barrel carburator, in-
take manitold, air pump, air conditioning
compressor, water pump, distributors,
altarnator, and miscellanecus emission
componants were stripped away, the en-

{Continuwed on page 104)
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After 15,000 miles: severs erosion of the twin ground and center slectrodes
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[Continued from page 35)

gine seamed (o shrival before our eyes
Suddanly, thare was nothing laft but an
aluminum and iron hatbox bolted to the
engine stand 130 horsepower from
about one cubic foot of metal castings.

Finally the last bolls wera remaved
and the Mazda rotary’s intermnal organs
were laid out for the world 10 sea. Two
Iriangular rotors and a stubby eccentnc
shafl ara the only moving parts. The
block Itself is & sandwich assemblage of
Ihree casl iron end plates and two alumi-
num rotor housings. Every companant
was visually compared with a new parl
from the shelf prior to measuremant.

Crepehangers will be saddened to
hear there was nothing out of the ordi-
nary at all inside the Mazda engine. Tha
rotors’ faces ware coatad with a thin
skin of carbon deposits, just as one finds
at the top of pistans in reciprocating en-
gines. The tip seals had polished the
chrome plated rotar housings to a mirror
finish bul wa found-no nicks, scratches
or chatter marks. Each of the three and
plates had telltals stain marks hat gave
some idea of the localized high tempera-
tures and the strange hula-hoop mation
of the rotor. The eccentnc shaft was vir-
tually indistinguishable from iis corre-
sponding new part. Every seal was intact
and in its.proper location still prepared
for a full day's work,

After a thoraugh cleaning, the analytic
eya, this lime complemanted with a re-
vealing micrometer, again passed over
every critical companenl, Normal sery-
ice manual proceduras were followed lo
eke out any traces of wear or distortion
that might indicate an impending fallure
of the guinea pig engine. The results: no-
liceable waar in only two locations. The
apex seals and end plates exhibited the
only traces of wear in excess of new
compaonan! dimansional tolarances,

Al the minor axis or the "neck” of the
hourglass-shaped rotor housing, the ro-
tor halts its sliding translation and sort of
pivots on Its heel for a shorl period.
When this ocecurs, one corner seal Is
vary close 1o the spark plug which is the
hottest part of the engine. The combina-
tion of that steel comner seal piroustting
on-the hot end plate causes a concen-
trated wear poinl. After 40,000 miles
Ihere was a noticeable ridge or steg In
aach of the four end plate suriaces. Pre-
tisa measurements with a dial indicator
showed the maximum wear 1o be 020
millimeters, while the replacement limil
15 .10 millimeters. Il The wear is ‘exces-
sive al this pont, eventually there would
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be a loss of compression pressure and
power, Assuming a linear wear rate, the
end plates would have 1o be replaced
atter 200,000 miles in our angina

But the ultmate Achillas heel of Maz-
da's engine is at the apex seals. Thers
ara six In each anging, one (o saal the
three tips on each rotor. The seals are
made of carbon and aluminum and look
lilke a machined piece of pencil lead
Small leaf springs behind each seal hold
tham agains! tha walls Tor starting. but
only until gas pressure on the back sur-
face nses to torce the apex seals out-
ward. Whean naw, the apex seals are 10
millimetars tall but naturally siiding and
saegling action egainst the rotor housing
causes this height 1o wear down—how
guickly this wear occurs, or haow wel|
they do their job of sealing has generally
been thought of as any Wankel engine’s
mosl crucial aspect

Our measurementa reveadled 1hal
aboul 10% of the height had been worn
off each apex seal The recommendad
replacement imit is 8.0 millmalars or a
20% loss of haight, The most wom seal
measured 8,765 millamaters and with a
linear wear rate, il wolld havs reached
raplacement limits al aboul 66,000
miles. Mazda technical experis reporl
seals wom as far as 7.0 millimeters thal
still effectively sealed the engina In lact
they claim the seal must wear 103 6.0
millimeter haight betare there isa dra-
malic loss in comprassion, power and
fuel sconomy. Given that premise, the
engine would last from 100,000 to
130,000 milas with no major repars

It you consider the role of the apex
seals as valves and piston rings, even
the most conservallve estimale of a
66,000 mile engine life Is impressiva
Linss of compression Iraom leaking valves
In & piston engine & usually well under-
way by thal point. And whenavar the
Mazda rolary’'s seals are deamadn
nead of replacament, 1he |00 IS CoOmMpPa-
rabia to & valve and nng fepair in Con-
yantional engines. Mazda manuals spec-
iy 'a flat rate ol 13.6 hours lo replace
saals in comparison to 8.2 hours to grind
the valves and insiall new rings in a
Vega 4-oylindaer angine.

Mazda rolary @ngings are as durable
as a Chevy Sk and al least lwo genera-
{lons more advanced. Mofaovear, with
advantages (o ba gained from a com:-
pact size; no reciprocating imbalance,
and an attractive emissions patential,
the Wankal is undoubtedly tomorrow's
angine. Excepl thal Mazda has it today. «
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