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Zora Arkus-Duntov:
Corvette’s Father Figure

by Gary Witzenburg

1. From the time he first saw a Chevrolet Corvette as a show car in 1953, Zora Arkus-Duntov 
fell in love with it and went on to make it his life’s work. 2. Born in Belgium in 1909, he 
spent most of his teenage years in his parents’ native Russia. 3. Arkus-Duntov with his motor-
cycle and exuberant friends in Germany circa 1929. 4. After fleeing warring Europe he settled 
in America. In the late Forties he raced a Talbot, and made two unsuccessful stabs at qualify-
ing for the Indianapolis 500. 5. In the early Fifties he went to England to work with Sydney 
Allard and raced at Le Mans. 6. With a Mercedes-Benz W165 at the Nürburgring in 1951.       

The remarkable man who would 
guide the Chevrolet Corvette’s for-
tunes for most of its first 22 years 

was born Zachary Arkus in Belgium 
on Christmas Day, 1909. When he was 
a teenager, his Russian-Jewish parents 
moved their family to their hometown of 
St. Petersburg—Leningrad in the com-
ing Soviet era—but then were divorced. 
When his mother Rachel married Josef 
Duntov, “Zora” and brother Yura, out of 
respect, eventually added his last name 
to theirs. It was destined to be one of the 
great names in automotive history. 

After the Duntovs moved to Berlin 
in 1927, speed-hungry Zora raced a 
motorcycle, then a small car, and gradu-
ated in 1934 from the Charlottenburg 
Technological University (now the 
Technical University of Berlin) with a 
mechanical engineering degree. He met 
Elfi Wolff, a German-born Folies Bergère 
dancer, in Paris and married her in 1939, 
as World War II was breaking out. He and 
Yura joined the French Air Force, then 
escaped to New York with Elfi and their 
parents just ahead of the Nazi occupation 
after France surrendered.

Once settled in Manhattan, the brothers 
set up Ardun Mechanical, which had gov-
ernment munitions contracts during the 
war. In the late Forties the firm designed 
and built aluminum ohv cylinder-head 
conversions for “flathead” Ford V-8s that 
could boost output to more than 300 bhp. 
In 1950, Zora Arkus-Duntov moved to 
England to help develop Sydney Allard’s 
J2 racecar, but soon returned to the U.S. 
for a job at Fairchild Aviation.

A talented driver, Zora attempted (but 
failed) to qualify a Talbot for the 1946 
and 1947 Indianapolis 500s. He codrove 
Allards in the 1952 and ’53 Le Mans 24 
Hours, then scored class wins at Le Mans 
the next two years in Porsche 550 RS 
Spyders.

However, Arkus-Duntov’s life truly 
changed when he laid admiring eyes 
on Chevrolet’s two-seat Corvette “dream 
car” at the New York stop of the 1953 
General Motors Motorama. He sent then-

Chevrolet Chief Engineer Ed Cole sug-
gestions on how to make it a serious 
sports car. Cole and engineer Maurice 
Olley were impressed enough to invite 
him to Detroit, then hired him as an 
assistant staff engineer starting May 1, 
1953. GM at first opposed his racing other 
makers’ cars but eventually decided it 
was good experience.

He impressed again with a December 
16, 1953, memo titled “Thoughts Per
taining to Youth, Hot-Rodders and Chev
rolet” on the importance of advancing 
development of Cole’s emerging “small-
block” V-8 and promoting Chevrolet to 
the growing youth market. And it wasn’t 
long before that revolutionary small-block 
was powering 1955 Chevrolet road and 
racing cars, including Corvettes, which 
had been six-cylinder cars and were fac-
ing cancellation due to slow sales.

There still were ample opportunities 

for Zora the high-performance driver to 
show his skills. In September 1955 he 
set a new stock-sedan speed record up 
Pikes Peak in a disguised preproduc-
tion ’56 Chevrolet. Then Cole (soon to 
be become Chevrolet general manager) 
put him in charge of boosting Corvette’s 
performance image. He expanded the 
1956 Corvette’s engine offerings to three 
versions of the 265-cid V-8: 210-bhp base, 
225 horsepower with dual four-barrel 
carburetors, and 240 with twin carbs 
and a high-lift “Duntov” camshaft. In 
December 1955 he drove a modified pro-
totype ’56 Corvette to a two-way average 
of 150.583 mph at Daytona Beach, Florida. 

Arkus-Duntov then built a trio of 
Corvettes for the February 1956 Daytona 
Beach Speed Weeks, to be followed by the 
March Sebring 12-hour race and (maybe) 
the Le Mans 24-hour. On Daytona’s hard-
packed sand, he drove a modified version 
to 156 mph one way and, hampered by 
strong winds on the return, a 147.3-mph 
two-way flying-mile average—still tops 
in the modified class. Racer John Fitch’s 
stock Corvette took top honors in the pro-
duction class with a two-way average of 
145.543 mph, and former champion stunt 
pilot Betty Skelton’s clocked 137.773 mph 
for a women’s land-speed record. Then 
Fitch and Walt Hansgen teamed up for 
a class win and ninth overall at Sebring, 
behind some of the world's best drivers 
in Ferrari 860 Monzas, Jaguar D-Types, 
Porsche 550s, a Maserati 300S, and an 
Aston Martin DB3S.

In April ’56 Zora had a close call when 
a test-track crash put him in a body cast 
for six months. However, it didn’t stop 
him from working on the Rochester fuel-
injection system planned for the 1957 
Corvette. Fitted to a new 283-cid version 
of the small-block V-8, it was the sports 
car’s top engine option at 283 bhp—one 
thoroughbred pony per cubic inch.

Newly promoted to director of high-
performance vehicles for Chevrolet, 
Arkus-Duntov headed the team that did 
the engineering for a magnesium-bodied 
Corvette Super Sport (SS) racer, intend-

ed for Le Mans, with a Mercedes-Benz 
300SL tube chassis as a starting point. At 
Sebring, it set a lap record but ran just 23 
laps before a variety of problems forced it 
out. And it never got to Le Mans because 
GM that June signed onto the Automobile 
Manufacturers Association (AMA) ban 
on promotion of performance activities 
and racing. Two years later, however, the 

chassis from the SS test “mule”—wear-
ing a sexy new body that previewed the 
look of the 1963 Corvette Sting Ray—
was independently campaigned by GM 
Design Vice President Bill Mitchell and 
driven to a Sports Car Club of America 
(SCCA) class championship by his talent-
ed driver, Dr. Dick “The Flying Dentist” 
Thompson.

In 1960, while still paying lip service to 
the AMA strictures, Zora and his senior 
engineers Harold Krieger and Walt Zetye 
designed a radical tube-frame, open-
wheel, rear-engine Indy-type car called 
CERV (for “Chevrolet Experimental 
Research Vehicle”). This was a year before 
a rear-engine Cooper Climax driven 
by Jack Brabham finished ninth at the 
Indianapolis 500, and five years ahead of 
Jim Clark’s victory in a Lotus-Ford.

According to Karl Ludvigsen’s Corvette, 
America's Star-Spangled Sports Car, the 
Complete History, Duntov had started 
thinking about rear-engine racecars in 
1957 partly because of severe cockpit heat 
problems in the front-engine Corvette 
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1. Duntov was hired by Chevrolet in 1953. 
Here he is congratulated by NASCAR offi-
cials and wife Elfi (left) after setting a stock 
sedan speed record at Pikes Peak in a 
preproduction 1956 Chevy Bel Air. 2, 3. A 
few months later, he was in Arizona testing 
components in advance of Corvette speed-
record attempts at Daytona Beach, Florida, 
set for early ’56. Much of the test “mule” 
has been saved and restored. (Owner: 
Ken Lingenfelter) 4. Duntov shows famed 
automotive writer Tom McCahill the ’57 Cor
vette’s new fuel injection. 5-8. He was in the 
thick of the work on the 1957 Corvette SS.  

SS. Plus he knew that the traction and 
handling advantages of locating a car’s 
engine weight just ahead of its rear axle 
were well proven. Powered initially by an 
experimental all-aluminum 353-bhp 283, 
CERV was used extensively for engine 
and suspension development and dem-
onstrations. Duntov tested it at Pikes 
Peak, Daytona, and Sebring, and in 1964 
(with a Hilborn fuel-injected experimen-
tal 377-cid engine) drove it to an astound-
ing 206.1 mph on the five-mile circular 
track at GM’s Milford Proving Grounds.

Two years later, Zora and company 
designed CERV II, a four-wheel-drive, 
midengine Le Mans-type “proto-
type” racer intended to take on Ford's 
GT-40, Ferrari, and the rest in Le Mans-
type endurance racing. According 
to Ludvigsen, the general manager of 
Chevrolet, Bunkie Knudsen, initially 
approved the project, then was ordered 
to drop it by corporate management. 
Just one CERV II was built, an open car 
powered by a special 490-horse Hilborn-
injected ohc 377-cid aluminum V-8. It 
incorporated all the technologies that 
Duntov and his team believed would 
make a great racecar. Its advanced four-
wheel drive used two automatic trans-
missions with torque converters, one in 
front of and one behind the engine, in 
a steel-and-aluminum monocoque tub 
with outboard vented-rotor brakes and 
(eventually) wide low-profile experimen-
tal Firestone tires on Kelsey-Hayes mag-
nesium wheels.

CERV II reached 200 mph at Milford 
in 1964, and while its racing ambitions 
were stifled, it proved a useful research 
and demonstration tool for a proposed 
production mid-engine “super” Corvette 
that Duntov desperately wanted to build. 
Tested by the likes of Jim Hall and Roger 
Penske, and powered (by 1970) by a 550-
bhp 427-cid ZL-1 big-block V-8, it could 
rocket from rest to 60 mph in a stun-
ning 2.8 seconds. It is rumored that Zora 
once drove CERV II over the top of the 
very fast Proving Grounds circular track, 
somehow without killing himself.

Duntov first proposed a production 
midships ’Vette in 1964 as a 1967 model. 
Meanwhile, Frank Winchell’s Chevrolet 
Research and Development group—an 
internal rival for funds and support—
was exploring similarly configured race-
cars with a GS (Grand Sport) 2, then an 
improved GS 2b chassis with a low-slung 
Larry Shinoda-designed body, and finally 

the GS 3 that evolved into the Winchell-
supported 1966 Jim Hall Chaparral race 
car. Zora’s ideas for a midengine Corvette 
chassis and powertrain came together in 
1965, and a series of bold-looking bodies 
for it were explored by GM Design. This 
led to the experimental XP-880, which 
later became the Astro II concept car 
displayed at the April 1968 New York 
Auto Show.

“Zora was driven by his passion to 
build race cars, his true love,” says Jerry 

Burton, author of Zora Arkus-Duntov, the 
Legend Behind Corvette. “He saw himself as 
a racing driver and racing engineer, and a 
lot of his philosophies about cars related 
to what worked best on track as opposed 
to anywhere else. He believed that if he 
built that kind of car, people would buy it. 
But that attitude was not embraced by all 
within GM, and there were times when 
high-level people wanted him gone. Zora 
had his protectors—Ed Cole, Alex Mair, 
and a few others—who saved [him] a few 

times, but he was often on the verge of 
getting fired.”

One time that matters came to a head 
was when, to Duntov’s chagrin, it became 
clear that the seemingly new third-gen-
eration Corvette due for 1968 would 
fundamentally carry over the 1963-67 
chassis. Says Burton, “He was writing 
memos to everybody in the company, 
and they finally got tired of his whining 
and offered him a position over at Opel. 
Which he refused.”

As recounted in Burton’s book, this 
was soon followed by a plan by Chevrolet 
General Manager Pete Estes to “com-
monize” engineering activity across all 
the division’s car lines. In this scenario, 
Duntov couldn’t count on specializing 
in Corvettes. Estes knew he wouldn’t 
be happy, and, frankly, Chevy would be 
losing the benefit of the favorable public 
reputation Duntov had built up among 
enthusiasts and the press. A new job was 
fashioned for him. “Duntov was put in a 

special public relations position effective 
April 1, 1967. The job was packaged as a 
combination of press spokesperson and 
engineering consultant, much like Rudy 
Uhlenhaut at Mercedes, but it effectively 
cut any direct Zora ties to engineering in 
the Corvette program.”

In May and June 1967 Duntov was side-
lined while being treated for an enlarged 
prostate. Upon his return to work he 
dutifully went to Europe to talk up the 
coming 1968 ’Vette to journalists. But he 
never fully got comfortable in the role 
because of its lack of engineering work. 
Estes soon began to have misgivings, too. 

“Back in engineering there is no ques-
tion that the development of the ’68 
Corvette was hampered without Duntov 
running the show. . . . Realizing this, Estes 
restored Zora as the engineering caretak-
er of the Corvette. . . . Duntov was finally 
given the formal title he had been lacking 
for 14 years, the title everyone thought 
he already had—chief engineer of the 
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Corvette. Duntov was the first individual 
car-line engineer to be named in such a 
capacity,” Burton wrote.

Meanwhile, Duntov clandestinely 
helped select top Chevrolet racers such 
as Don Yenko, John Greenwood, and Tony 
DeLorenzo by “lending” them heavy-
duty parts (and sometimes engines) out 
of Chevrolet Engineering’s back door. 
“The parts program we had with Zora, 
through Gib Hufstader, was basically a 
development program,” DeLorenzo says. 
“We didn’t break much because we were 
always testing stuff, and it would go back 
for them to look at it before we had a 
chance to wear it out.”

In 1969 and ’70, DeLorenzo says, his 
two-car Owens Corning Corvette team 
won 22 straight SCCA A-Production-class 
races, finishing one-two in 14 of them. 
“I won Central Division championships 
and Jerry Thompson won national cham-
pionships in ’69 and ’70,” he relates, “and 
we won our class in the long-distance 
races at Daytona, Sebring, and Watkins 
Glen. Zora was an amazing man. He was 
always very nice, cordial, and a gentle-
man to me.”

Duntov gained a powerful ally when, 
following a stellar career as chief engineer 
and then general manager of Pontiac, 
the youthful John DeLorean was made 
Chevrolet general manager in February 
1969. DeLorean was instantly impressed 
by XP-882, Zora’s next idea car, a sleek 
silver bullet powered by a 400-cid V-8 
mounted transversely behind the seats. 
It used an Oldsmobile Toronado/Cadillac 
Eldorado three-speed-automatic transax-
le with its prop shaft passing through the 
sump. A new-design four-speed manual 
transmission and four-wheel drive were 
planned for later. 

XP-882 was hurriedly spiffed up for 
display as a “Corvette Prototype” at the 
1970 New York Auto Show to counter 
the Ford-powered mid-engine De Tomaso 
Pantera. This stunning car was enthu-

1. Duntov enjoyed trying out his ideas. In 1960 he ran the experimental CERV up Pikes Peak. 
2. The CERV I, as it came to be known, was his lab for suspension, midengine, and other 
engineering concepts. 3. Duntov pushed to see the ‘Vette be raced even if others at General 
Motors disagreed. The 1963 Grand Sport program produced five cars before management 
quashed it. 4. During a brief—and unwelcome—public relations role in mid 1967 he appeared 
at the Indy 500 with the Camaro pace car. 5. With an experimental Chevy “big-block” engine.  

siastically received by both the media 
and the public, and—because DeLorean 
initially supported Zora’s proposal—was 
seriously considered for production. As 
always, the motoring press excitedly tout-
ed it as the next-generation Corvette. 

However, Chevrolet was already sell-
ing every Corvette it could build at the 
time, so why risk radically changing 
what seemed to be working well? Would 
investing substantial dollars to go miden-
gine increase Corvette sales and profits? 
Probably not, Chevrolet leaders reasoned, 
especially since the car’s price would 
have to be higher. So while showing mid-
ships Corvette concepts excited the press 
and the public, actually making one for 
sale was strongly resisted.

Not long after Cole was named presi-

dent of General Motors in 1967 the for-
mer Chevrolet boss fell in love with the 
Wankel rotary engine. It was small, light, 
smooth, high-revving, and powerful for 
its size, but it had one critical flaw: The 
seals at the tips of its rotors were so unre-
liable and short-lived that they allowed 
unburned gasoline, lubricating oil, and 
exhaust to slip by. This killed both fuel 
economy and exhaust cleanliness while 
quickly depleting the engine’s oil. Still, 
Cole believed that if anyone could solve 
the Wankel’s rotor-seal problem, General 
Motors could, and he ordered first the 
small-volume, high-profile Corvette, and 
then a second-generation subcompact 
Chevrolet Vega to be designed around 
it. Because the Wankel’s compact dimen-
sions were ideal for midengine place-

ment, he told Zora in late 1971 that he was 
willing to back such a Corvette provided 
it was rotary powered.

While the rotary was a creamy-smooth 
high-revver, perhaps perfect for a small, 
light sports car, it was too weak in low-
end torque and peak power for a Corvette. 
To make this point, Duntov built a two-
rotor concept car wearing a handsome, 
sized-down midships-Corvette-look 
body on a Porsche 914 chassis. It debuted 
at the Frankfurt Auto Show in September 
1973 as the Corvette 2-Rotor concept, and 
while most thought it looked great and 
maybe should be the next Opel GT, it was 
way too slow to be the next Corvette.

“Zora understood better than a lot of 
people the halo effect that the Corvette 
had on the rest of the Chevrolet lineup,” 
Burton says. “He knew that he had to 
sell vehicles to make money and keep 
the doors open. But at the same time, 
Corvette couldn’t become soft, bulbous, 
heavy, or slow. He wanted it always to 
be ‘out there,’ a car that the magazines 
talked about and speculated about. And 
he played that well to GM’s advantage.”

Cole got the point and authorized Zora 
to design a prototype four-rotor Wankel 
powerplant. Hufstader cobbled together 
a pair of two-rotor development engines 
and packaged them in one of the sexi-
est prototypes ever. Designed by Henry 
Haga and Jerry Palmer on an XP-882 
chassis, it was a sleek two-pointed mis-
sile with bifold gullwing doors.

Publicly shown at the Paris Salon later 
that year as the Corvette 4-Rotor, its 
engine reportedly pumped out some 500 
bhp, enough to adequately replace even 
the Corvette’s available big-block V-8. But 
its fuel economy was dismal, and its out-
put quickly fell off as the rotor seals wore. 
Nevertheless, Cole told Duntov to pursue 
the beautiful design and its mid-mounted 
rotary engine as the next Corvette. 

Then the 1973-74 Arab oil embargo 
shocked the country into a fuel-economy 
panic that would lead to very challenging 
federal Corporate Average Fuel Economy 
(CAFE) standards—and exhaust-emis-
sions standards were getting no less strin-
gent. Both were daunting issues for the 
Wankel. In addition, its rotor-seal and oil-
consumption issues seemed insurmount-
able, and its projected cost was much 
higher than equivalent piston engines.

The Wankel program continued into 
1974 but was canceled soon after Cole 
retired in early 1975. Out the door with 
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1. Ultimately, Duntov became consumed 
with the need for a midengine Corvette. The 
XP-880, later known as the 1968 Astro II 
show car, was the first of several cars in 
that vein. 2. GM President Ed Cole’s great 
interest in the Wankel rotary engine led GM 
to create the Corvette 2-Rotor. 3, 4. Duntov 
put two rotaries together for an appropriately 
high power level and birthed the Corvette 
4-Rotor in 1973. 5. With Elfi around the 
time of his retirement in 1975. The miden-
gine car went unrealized. 6. Today Duntov 
is memorialized at the National Corvette 
Museum in Bowling Green, Kentucky.

it went Zora’s midengine Corvette. As 
it was selling 30,000-40,000 Corvettes a 
year, Chevrolet leadership couldn’t see 
how moving the engine behind the cock-
pit would improve those numbers. Their 
analysis projected fewer sales for miden-
gine Corvettes. In the closing days of 1974 
Arkus-Duntov reached his 65th birthday, 
mandatory retirement age at GM. He left 
in ’75. The following year, that gorgeous 
4-Rotor Corvette was repowered with a 
400-cid V-8 and renamed Aerovette.

“The midengine project was ‘go,’ ‘no-
go,’ ‘go,’ ‘no-go,’” Duntov told this writ-
er for a 1978 Autoweek interview. “The 
last time it was ‘go’ was in 1972. [GM 
Chairman Richard] Gerstenberg said, 
‘Today we are selling all the Corvettes 
we can produce. Wait until the market 
gets soft, then we will take a look at 
your design.’ At that time, I thought that 
was the end of the Corvette, that the car 
would be retiring when I did, with the 
driving force behind it gone. I remember 
at my retirement party, I felt that they 
must have been happy to get rid of me. 
However, I feel we would be in produc-
tion with that car right now if Ed Cole 
had not been so enamored with the 
Wankel engine. . . . But the decision was 
made not to go with the Wankel engine, 
and when that died, it threw the whole 
business of producing the [midengine] 
car out of kilter.”

Zora was clearly welcome in the enthu-

siast community, and retirement gave 
him plenty of time to partake in lots of 
Corvette-related events. He developed 
lung cancer and died on April 21, 1996, 
felled by kidney failure brought on by the 
disease. In accordance with his wishes, 
his cremated remains are interred in the 
National Corvette Museum in Bowling 

Green, Kentucky, where a special exhibit 
recounts his life and work.  

In biographer Burton’s view, “Zora was 
a guy who spoke English as a fourth lan-
guage, came to GM with a Russian accent 
during the McCarthy era, and somehow 
managed to become perhaps the most 
famous nonexecutive in GM history. I 

think he deserves a lot of credit. While he 
was fairly low on the GM totem pole, to 
have the kind of impact that he had was 
pretty remarkable. He is still the man 
most responsible for the longest-running 
[passenger-car] nameplate at Chevrolet. 
The creativity, the refusal to be lorded by 
bureaucracy, and the kinds of obstacles 
at which most of us would throw up our 
hands and say, ‘Impossible,’ he somehow 
managed to overcome. But he was a 
tough guy to manage. He kind of played 
the edge. He was impatient and didn’t 
play by the rules, yet he was often able 
to get what he wanted while breaking 
the rules.”

As a leader and boss, Hufstader recalls, 
“Zora was great. I was a hot-rodder, 
always wanting to hop things up, and 
he was the same. And really dedicated. 
Other engineers would say he was very 
much a zealot. That’s the way he worked 
the program. He had enemies in the 
company. He was demoted at times, then 
promoted again. He wouldn’t take any-
thing halfway.”
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The car that General Motors never 
was willing to build—a midengine 
Chevrolet Corvette—finally seems 
ready to become a reality, perhaps as 
soon as 2020. No doubt it’s biggest 
booster would have been ecstatic at the 
news. 

Zora Arkus-Duntov never gave up on 
his midengine Corvette dream. At age 
84, after Chevrolet General Manager Jim 
Perkins and GM Mid-Size Car Division 
Executive Vice President Joe Spielman 
had saved the C5 Corvette from can-
cellation due to GM's dire financial 
condition at the time, Duntov accepted 
Perkins’ invitation to see new Corvette 
Chief Engineer Dave Hill’s revolution-
ary C5 architecture. Here’s Perkins’ 
story as told to this writer for a Motor 
Trend Classic interview:

“Zora looked at it, looked at every-
thing else, and didn’t say much. Two 

or three days later, he called and said 
[imitating Duntov's Eastern European 
accent], ‘Jim, I look at new Corvette 
architecture, and I am surprised. No 
mid-engine.’ I said, ‘No, no mid-engine.’ 
He said, ‘Why? Why you make deci-
sion no mid-engine? You should fight 
for mid-engine.’ I said, ‘Zora, I might as 
well be fighting the wind. I’m not going 
to win that one. We’ve got the program, 
we’re going to go forward with it, and 
we have a great architecture that we’re 
pretty well settled on.’

“He said, ‘No, Jim, you must raise 
issue of mid-engine. I would like to 
come see you.‘ I said, ‘Well, I’m pretty 
busy, but my secretary will try to find 
a time.’ I thought he was going to come 
in just to talk, but when he walked 
in that morning, he had a roll of stuff 
under his arm. He said, ‘I am here to 
talk about mid-engine car.’ I said, ‘Okay, 

but I don’t know what there is to talk 
about.’ He rolled out these plans that 
he had done himself and started talk-
ing about this midengine architecture. 
I said, ‘Zora, I’d like to sit here and talk 
with you about this, but I’m very busy, I 
have other things I need to do. Nothing 
has changed. We are not going to do a 
mid-engine.’

“He said, ‘You are not going to fight 
for mid-engine?’ I said, ‘No, sir, I am 
not. It’s a waste of time and effort. There 
is just no point in trying to do it. I know 
you’re passionate about it, and you’re 
probably right, but we just cannot do 
it.’ He said, ‘Okay.’ And he rolled up 
his plans, put them under his arm, and 
said, ‘You are not going to build mid-
engine. I will raise the money, and I will 
build the son-of-a-bitch myself.’ And he 
walked out of the office.”

Gary Witzenburg

Never Give Up: Duntov’s Last Pitch for a Midengine 
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