











Even with the compact Tritec engine,
underhood packaging was a major
challenge. Supercharger system adds
even more clutter — and heat.

For most of R50 develop-
ment, the Germans provided
financial support and left program  \,
management and engineering deci-
sions to the British, say engineers who
were on the program. When BMW finally cut
its losses and dumped Rover in 2000, it retained only R50.

The program had already been active for five years, and many
more millions had been spent engineering and re-engineering it
to boost value and quality, and to lower cost.

Significant cost had been pulled out of the program in order
for Mini to meet its retail cost targets, Most of the hard work had
been done by the British team at Rover's Gaydon, U.K., engineer-
ing center, with input from a few select interlopers (see “Munro's
Magic,” p. 23).

With the Rover albatross gone, BMW switched its manage-
ment style and became much more hands-on on Mini. German
accents were heard frequently in Gaydon's engineering circles.
“There was not a lot of German spoken on program manage-
ment until the end,” notes one R0 engineer.

The BMW-Rover debacle gave the nationalistic British auto-
motive press plenty of fuel to throw on the old “us versus the
Jerries” fire, which the media has stoked since Churchill's era, In
truth, there was considerable biag on both sides during 1996-00,

“They lost control of the RH0 budget," says an executive from
a German supplier aboul the Brits.

“The Germans throw lots of money at a program, engineer it
to be very complex, then order everybody to reduce cost at the
11th hour," retorts an ex-Rover man.

By late 2000, engineers and managers from both companies
had overcome most of their friction to ereate a fine product.
Cost was coming out of it, but RS0 was still running way behind
schedule. Suppliers perhaps felt the greatest pressure.

“We had to be responsive to many, many late engineering
changes — over 2,000 of them — that came after Rover Group
was split up,” recalls David Foster, engineering manager at Intier
Automotive’s Redditch plant which supplies the Mini's cockpit
module and other parts (see sidebar p. 22).

Foster says certain parts were completely re-sourced. With
the clock ticking and pressure building from Munich to reach
Job One, Intier had to skip prototypes and go directly into hard
tooling for some production parts. Standard four-week turn-

Munro’s Magic

uring 1996-97, distinctly
American voices were
heard at the Rover Group
engineering center at Gaydon,

/ UK The Midwestern accents
belonged to experts from Munro &
@ Assoc. (www.munroassoc.com), a Troy,
Mich., based global consulting firm hired by

Rover to inject lean principals and cost discipline into
the RGO program.

Mini was way over budget and running late — a typical scenario
for calling Sandy Munro, the straight-shooting Design for Assem-
bly/Design for Manufacturability quru.

“They (Rover) were trying to attack piece cost,” recalls Munro.
“Piece costis not a driver. Our stuff focuses on what's ahead.”

Munro's “stuff” is his Lean Design Workshop process. For the
Mini program there were 54 workshops, each a week long. Working
directly with R50 designers, engineers and suppliers, Munro's team
aimed at ensuring the lowest part count, minimizing the number of
production operations and driving technical innovation through the
program. And they employed a “Quality Report Card” process that
determines the cost of quality at the design stage.

"W bring everyone in each area together and thrash through the
problem to work it out,” explaing workshop leader Mike Dakes. “On
Mini, we focused on delivering on cost and timing while meeting all
functional specs. Somatimes we found alternate design solutions to
meet the requirements.”

Munro’s involvement was only part of R50's cost/quality equation.
Oakes calculates the workshops improved the program'’s IRR (inter-
nal rate of return) by five percent. Rover engineering boss Nick
Stephenson praised the input as “invaluable” for getting Mini into
production with high value and quality, — LB

arounds were done in two weeks or less.

“Timing constraints threw this program into overdrive,” he
says. “Also, we went from dealing with a customer who was
located 16 minutes down the road (Rover) to one who's in
Munich. We managed this program without sleep.”

Achieving A Profitable Balance

The production Mini's impressive blend of high content and
value was only achieved after much wrangling over what the car
should be underneath its classically modern skin.

In the early going before the deal with Chrysler boss Bob

The Germans accuse the Brits of losing control of the R50 budget.
The Brits accuse the Germans of engineering in complexity,
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2002 MINI

Low-Cost Engine Co-Designed by Chrysler

ou'd be forgiven for thinking the Mini’s 1.6L sohc engine looks like it
Ywas yanked out of a Dodge Neon. That's because it was co-

designed and developed by BMW AG and the former Chrysler
Corp. The project began in 1995 as the outgrowth of joint benchmark-
ing exercises between the two automakers. Both companies needed
low cost, more frugal engines for future models — Chrysler was
expanding Neon sales into Latin America and Europe, and BMW had
just acquired Rover’s Mini program.

Thus was born the “Pentagon” engine project to co-develop a 16-
valve unitin both 1.6L and destroked 1.4L versions. The engine is pro-
duced at a $500 million plantin Campo Largo, Brazil, as part of a 50-50
joint venture called Tritec Mators LtdA. The deal was inked between
Chrysler and BMW at the 1996 Paris auto show.

The then-new 2.0L Neon engine was one of the industry's lowest
cost powerplants, and it strongly influenced the Mini engine’s basic
architecture, Low cost, low friction, high durability and excellent pack-
age efficiency were the main design bogeys. The Mini's tiny engine
compartment and the car’s frontal crash requirements dictated ultra-
compact dimensions — just 17 x 22 x 26 inches fully dressed. The small
size was made possible by many factors. Bore/stroke dimensions are
TImm x 85.8mm. The camshaftis chain driven and the Gerotor-type ol
pump is integrated into the front timing cover. The entire front accesso-
ry drive is attached directly to the cylinder block. Mass is sacrificed for
cost with a grey iron block and cast-iron crankshaft

The small, closely-spaced cylinder bores required tight
packaging of the valvetrain, Individual intake and
exhaust rocker shafts are clamped into place using
the camshaft caps, The valves are splayed at a 42-
degree included angle and the exhaust heads
measure only 23.2 mm - a key to reducing

off. Port geometry and airflow data came
from Chrysler's 2.0L North American Touring
Car race engine.

The fruits of that work, combined with a
high 10.6:1 compression ratio on the non-super-
charged version, give the Mini engine superb
combustion stability and brake-specific fuel con-
sumption, According to a 2001 SAE paper by

Algjandro Regueiro, the 115-hp engine Chrysler's original 2.0L
- Neon engine strongly
(163hp with Roots-type Eaton blower) meets ;. a.enced BMW's
LEV emissions without EGR and with only ~ engine designers for the
Mini motor.

one 1.23L catalyst. The ULEV package does
not require a close-coupled catalyst.

Production began in 1999 and both BMW and DaimlerChrysler
remain committed to the Tritec venture, But BMW executives indicate
that future Mini engines may come from the company’s new engine
plant at Hams Hall, England. —I1B

Eaton to establish the Tritec joint venture, BMW and Rover had
both pitched their own engine proposals for Mini. Some includ-
ed 3-cylinder units conceived by BMW’s motoreycle group.
Numerous body architectures and manufacturing processes
were brought forward. One was an aluminum spaceframe.
Another used a steel subframe with plastic fenders and alu-
minum decklid, tailgate and doors, Still another was based on
BMW’s low-volume Z1 roadster of the early 1990s. It featured an
aluminum monocoque with plastic body panels, possibly
attached with adhesives. None of these proposals would have
helped deliver a high-value produet.
Also developed was a trick modular roof system, which incor-
porated a clever luggage rack.
Looking back, BMW engineered cost into Mini where it made
the most impact on the car’s dynamic performance. True to the
BMW school of body construction, the Mini's body-in-white has
over 3,800 spot welds — an overabundance for this size car. The
extra welds add cost but create a stiffer structure — a claimed
24,600 Nm/degree in torsion.
That's 60 percent more rigid than BMW's benchmark 3-Series
and is one reason the Mini Cooper feels battleship-solid over
rough pavement, and squirts through corners like a slot car.
The Zeaxle is an expensive design, but like the Mini's front sus-
pension its cost is offset by use of steel fabricated members, rather
than pricey aluminum that have little direct eustomer value, The
Brazilian-built Tritec engine is far less expensive than anything
built by BMW, even with its trans-Atlantic shipping costs,
(Analysts expect BMW to extricate itsell from the
Tritec venture and eventually source Mini pow
erplants from its Harms Hall, UK., plant).
[ o] The CVT from ZF is costly, as is doing
business in British pounds, rather than

Euros, Offsetting this is Mini's 100 percent
steel body and grey-iron eylinder block. And
the cars’ whizbang electronic features are basi-
cally gravy for BMW in terms of the cost/profit
equation. Money spent on Mini's high quality
interior materials is money well spent.

Will Mini Make Money?

“Ower the life cycle, even the first generation of this car will
be profitable,” promised factory boss Dr. Herbert Diess, during
an Al visit to the Cowley plant last summer.

“No question they'll make money, even on the plain-Jane ver-
sion,” asserts lean design consultant Sandy Munro.

“The high content models, and what's to come, should bring
profitability,” says CSM forecaster Mark Fulthrope.

With its unique fwd platform that’s not shared by any BMW,
and a replacement not expected until third-quarter 2006, the lit-
tle Brit with the smiley face has a few years to prove that small
can be profitable, Wl
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