





Number 34 ADVANCED MANUFACTURING FORUM October 1994

reviewing who should be benchmarked and what will be measured. The first performance dimensions
to be benchmarked need not be the toughest ones, but perhaps ones that everyone understands and
which are controllable.

About one-third of benchmarking time should be devoted to data-gathering. One-third should be
devoted “up-front” to organizing activities, that is, to understanding stakeholders, competitive advantage,
what to benchmark, formation of core teams, etc. The last third should be devoted to assimilating the
meaning of the data, developing a plan to improve processes and taking actions to deploy the plans.

DuPont used benchmarking to improve its new product development process. A team discovered
that Japanese companies devoted much more time early in product development projects to screening,
evaluating and planning than DuPont did. DuPont devoted much more time to fixing problems very
late in the product development cycle. A team also looked at maintenance and learned that DuPont
was devoting only 30% of its maintenance time to planned maintenance, while the best in class devoted
96% of its maintenance time to planned maintenance. As a consequence, overtime was 17% compared
to .9% for the best in class. Also, maintenance costs were 40% less for the best in class. DuPont
now has a superior maintenance capability. A 1% improvement in maintenance costs translates into
$9 million in profitability. DuPont also used benchmarking to reduce its healthcare costs, which currently
were at $500 million, and projected to reach $1 billion by 2000 at current growth rates. The learning
led to several changes. Cost sharing for employees increased from 7% to 20%, which increased their
incentive to shop around and use healthcare judiciously. DuPont now spends $30 million a year on
“wellness programs” or preventative care in order to reduce long-term costs.
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Neon is a brand new product, developed a whole new way by a
team who’d been told that nobody could do a new small car in
North America that would both delight the customer and be
profitable as well. The overriding theme of the Neon program
thus became "Dare to be Different", and today I’'m going to
share with you what we did differently in Manufacturing as part
of the Neon team to ensure a quality product for the customer in
a segment dominated by imports, and to get the job done at the
lowest possible investment and variable cost.

To set the stage, let’s briefly review the history of our
product development process, and show you how we’ve turned it
around with our Platform Teams to benefit the customer,
Manufacturing in general, and assembly in particular; then we’ll
get into some of the innovative assembly approaches we’ve applied
to the Neon. :

For decades in our industry we’ve had a sequential
development process, with "over-the-wall" handoffs between key
program disciplines which were separated both geographically and
philosophically; communication between these functional
"chimneys" was difficult and generally took place near the top,
and Manufacturing was always at the bottom of the funnel, facing
the launch deadline come Hell or high water.

Engineering bullt their own prototypes with crude tools
about 65 weeks before launch, and Manufacturing didn’t really get
their hands on the product until C-1 Pilot, about 22 weeks before
launch; the first in-plant build with production,toolsididn’t
happen until what we call P.V.P. (Pre-Volume Production), at 6
weeks before volume launch.

Dies and body assembly tooling were made and mastered from
wood die models, spotting racks, and other secondary tooling
aids, and stamping die processes and gaging were developed
independently from body assembly tooling. Stamping gaging and
part location through the die process was frequently developed
based only on die process needs, without knowledge of critical
assembly plant tooling and panel locatlon requirements for body
dimensional control.



With minimal up-front Manufacturing involvement, hundreds of
build issues were identified for the first time at the C-1 Pilot,
22 weeks from launch, too late to do much about them. Those that
were resolved weren’t put to bed until after launch, and most of
the first year’s production was spent resolving build and quality
issues on the fly, with many late and costly changes to the
product, the process, and supplier tools.

Predictably, quality and reliability suffered, warranty
costs went up, and customer satisfaction continued to sink, to
the delight of our domestic and overseas competitors; our
customers fled in droves, our productivity fell as cost and
investment rose, and the black ink turned to red.

We had to change the way we did business. The Platform Team
approach was developed, which includes all the various key
disciplines necessary to conceive, develop, and launch a major
new car program, with Manufacturing as a partner in the
development process. The entire Neon team was located together,
‘under one roof, with one set of common goals; this "co-location"
became the key enabler for improved cross-functional -
communication and cooperation. You can call it simultaneous
engineering, concurrent engineering, or any other popular
buzzword, but what it all boils down to is Teamwork in pursuit of
shared goals, with the customer as the focus.

What did the Platform Team approach do for Manufacturing? It
opened the door to up-front exposure and participation during the
clay concept stage and resulted in major improvements in
design-for-manufacturability. We became part of the daily
face-to-face communication among all disciplines that need to be
involved in decisions affecting quality, cost, weight,
investment, and the customer, and the Platform Team environment
provided the forum for up-front assembly plant involvement,
including hourly employees, to establish program "ownership" by
the plant. ' :

With the old and new product development processes as
~background, let’s take a more focused look at the assembly side
of the business. Our assembly quality strategy for Neon depended
on innovative approaches in three key areas - People, Process,
and Customer Focug, with primary goals of simplifying processes
and controlling variation.

The flrst element 1n our People initiative was arly

) v the key to successful simultaneous
'englneerlng, de81gn for -assembly innovations, and major
reductions in part and process changes after production release.
Although this isn’t a new idea at Chrysler, we carried it even
further upstream with the Neon. ' :

Advance Manufacturing Engineering and Belvidere Assembly
Plant hourly and salary people were on-site as part of the Neon
Team as early as 43 months before launch, long before the program



was even approved, providing assembly guidance and ideas while
the clays were still in the concept stage.

The first Engineering F-1 prototype cars were built at our
Auburn Hills Chrysler Technology Center to the planned Belvidere
Assembly Plant process at 19 months before launch to verify the
product des1gn : ,

: Our P-Zero pre-pilot cars were also built at our CTC Pilot
Plant by Belvidere Assembly Plant employees to the Belvidere
station-by-station process at 9 months before launch to verify
every step of the assembly process, and several cars were
final-assembled at Belvidere, in the mini-Pilot facility we call
"Checkerboard Square", for additional production operator
exposure, training, and detailed ergonomic evaluations. This area
is called "Checkerboard Square" because of the 12" square floor
‘tiles,; which allow for quick setup and checkout of different
assembly station arrangements w1th tooling and stock layouts by
just countlng squares.

Teams and Teamwork weren’t just buzzwords for Neon; they
were everyday reality, and the key for truly empowering our
people. We formed 30 cross-functional working-level Product Teams
shortly after Program Approval, focused on verifying the product
design for the F-1 Prototype build; these same groups then became
the Process Teams, responsible for verifying the assembly process
for the P-Zero Pre-Pilot build. They then re-focused again as
Launch Teams, responsible for verifying the final production
processes for the in-plant C-1 Pilot build at 4 months before
launch, and they carried on through the production launch to
identify and resolve any remaining issues at the working level.
Now that the launch is behind us, these teams are contlnulng
their work, but are now focused on stabilizing our
first-time-through capability and on continuous product and
process improvement. These people worked together as close-knit
teams for over two years, providing clearly-focused
"cradle-to-grave" continuity for the program. People really get
to know each other, and, more importantly, come to understand,
trust, and respect each other when they’re part of a long-term
focused team.

Another key People initiative is Qwnership by the assembly
plant, which is absolutely essential for a successful launch. "My
Tools" always install faster and run better than "Your Tools".
Fully 50% of the Belvidere hourly and salary work force, about
1500 people, worked on-site at CTC building the F-1 prototype and
P-Zero pre-pilot cars, and Belvidere was involved in every
decision that affected their process and layout. This effort
developed plant gwnership right from the beginning of the
product, the process, and the tools.

Communication is another key elemsnt, and it’s more than
just talking to each other; it’s also having the right people at
the right place at the right time, even when the Engineering and



Manufacturing locations are 300 miles apart. For the last five
months of the program, the Platform Team chartered a plane that
carried 25 people at a time, at least twice a week, back and
forth from CTC to Belvidere to make it convenient for the right
people from the Platform to be on-site at the plant whenever they
were needed to support the C-1 Pilot build and the production
launch. During this same period, the weekly Platform Executive
Synthesis meetings were held at the plant, not at CTC, and this
pattern, including the plane, continues today on an alternating
weekly schedule to keep us close to the action.

Ergonomics for the assembly operator is another major People
issue, and it isn’t just related to physical difficulty - it also
has a major impact on attitude, which can directly affect product
quality. Extensive ergonomic studies of every assembly operation
were conducted both at the CTC Pilot Plant and on early vehicles
in "Checkerboard Square" at Belvidere to identify issues that
could cause repetitive strains or fatigue. For example, these
studies identified the need for seven different height elevations
for the trim, chassis, and final assembly conveyors, and assist
devices are employed extensively throughout final assembly to
handle heavy or bulky parts and assemblies like the instrument
panel, spare tire, battery, and many others.

As we move on from People initiatives into Process, the guts
of the assembly business, our quality initiatives were focused on
product complexity, design for manufacturing, application of
process technology, supplier partnerships, tracking of issues,
and a whole new launch philosophy. ~ .

Complexity, or how complicated is the product and how many
ways are there to build it, is a major issue in an assembly
plant. Belvidere now has only 1375 parts to deal with in the
‘plant compared to over 4000 for their previous Dynasty/New Yorker
product. At a more micro level, Neon has only 190 unique
fasteners, less than half of the 382 required for the Shadow and
Sundance that preceded Neon as Chrysler’s entry in the small car
segment. Unique fasteners also generate requirements for unique
air tools and torque settings; as one result of an intense
Fastener Team effort, the door hardware system on Neon only
requires one socket size vs. eight on the previous Belvidere
product . ' :

Tremendous advances can be made in Design-for-Manufacturin
when we’re involved as part of the team right from the beginning,
so designs and processes can be developed together through
gsimultaneous engineering activities. These are just a few
examples from the Neon’s long list:

o All stampings designed for a maximum of five die
operations and maximum die weight of 40 tons; we bought
5-station presses and 40-ton cranes, and that’s all
we're ever going to have at Belvidere.



o Many dies processed to run two or four parts at a time,
with an overall program average of 1.8 dies per part;
we're at 2.9 dies per part for the surface and critical
dimensional panels produced in the satellite plant.

o "Generic" body-in-white - they’re all the same until
they hit the Paint Shop; there’s no drilling, piercing,
or stud welding for options in the body shop.

o 100% robotic or automatic spot-welding; no fusion-welding,
mig-braze, or surface joint metal-finishing.

o One-piece modular floor console.

o All body metal common between 2-door and 4-door except
doors and rear quarter panels.

o "Shimless" body shop, with all tooling locators machined
directly to product CAD data; result of extensive work in
variation simulation analysis and geometric dimensioning
and tolerancing of the product based on the build process.
Each body shop tool is essentially a checklng fixture for
the parts it accepts.

o "Net" suspension caster and camber; no in-plant adjustment
required. This is a function of body build accuracy.

C Common attachments for,both fixed and folding rear seats;
this contributes to the "generic" body-in-white program,
and simplifies the seat installation process.

o One-piece trunk dress- up, no jOlntS or adhesmves

o Steering column subassembled to the instrument panel
off-line rather than installed on-line from underneath
the panel

o Self- adjustlng parking brake and clutch cables.

o "Park Marks" on the w1ndshleld to show the operator
where to p081tlon the w1per blades.

~The list goes on and on, 1arge 1tems and smaller ones, but each
one of them becomes a direct contributor to improved quality,
productivity, and ergonomics, along with reductions in cost and
investment. For the most part, each of these process-driven
product design features are free when they’re done up-front, and
conversely would be virtually impossible to get as a re-design
after production release. When Teams work together and share each
other’s needs up-front before the de31gn starts, almost anything

is possible.

Innovative Process Technology was applied where we could get
the most "bang for the buck", improve quality, or eliminate




ergonomic concerns, and stay within our tight investment
envelope; this was not an "automate everything" program. The
product was designed with full knowledge of existing assembly
plant processes and layout constraints that couldn’t be changed,
and, by the same token, many plant processes were completely
re-done where it would benefit the product, and, ultimately, the
customer. Let’s start with the satellite stamping plant, and then
highlight some of the new assembly processes developed for Neon.

We built a satellite stamping plant across the aisle from
the body shop, employing the most advanced press technology in
the world, so we could produce in-house all of our surface panels
and structural panels critical to dimensional control, eliminate
handling and shipping damage, and avoid an enormous investment in
shipping racks. This is one of the two 3300-ton five-station
Verson transfer presses, the first multi-mode presses in the
world, which allow us to produce two parts at a time from one
blank, two different parts from two different blanks of different
gauge at the same time, or four different parts at the same time
from one blank, at up to 17 strokes per minute. This unique
multi-mode capability allowed us to significantly reduce die
count and investment, while improving both product1v1ty and
material utilization.

Our normally labor-intensive body side aperture assembly
area 1is totally robotic, with robots doing both welding and parts
transfer all the way through the system, with no traditional
transfer conveyors or shuttles of any kind to integrate into the
assembly system. Subassemblies are produced in individual
external robotic cells and fed into the main system by indexers;
from there, dual-purpose robots position, weld, and transfer the
assembly through the system, then hang the completed body side
assembly on a delivery conveyor which carries it to the body
framing line where it’s joined to the underbody.

In another departure from traditional practice, Neon doors,
hoods, and deck lids are built up in the assembly plant from
detail stampings produced across the aisle in the adjacent
satellite stamping plant rather than receiving built-up
assemblies by rail from a remote central stamping plant. This
eliminates the "pipeline", allows us to build these assemblies
literally one-for-one to the main line body schedule, and
provides close dimensional and guality coordination between the
detail stampings and the finished assemblies. Here again the
‘subassemblies are produced external to the main system, fed into
place by indexers, and assembly is completed by multi-purpose
robots with no conveyors or shuttles. The hemming machines which
join the inner and outer panels together are unique in the
industry as they are driven by servo-controlled electric motors
for precise, programmable control of hemming gate force and
timing, rather than the usual pneumatics or hydraulics.

In Final Assembly, our doors-off process improves both
productivity and ergonomics by placing the doors at a convenient



working height for assembly of the complex glass, hardware, and
trim systems, and not having the doors on the car improves
operator access for body trim operations and allows the operator,
his tools, and his stock to be located closer to the body for
reduced walk time.

After hardware installation to the door, but before the trim
panels are installed, the doors-off conveyor carries the doors
into our unique stationary multiple-cell parallel process for
adjusting, securing, and electronically verifying the precise
position of the frameless door glass to design data. From here
the doors are conveyed back to the doors-off line for
installation of trim and wiring, then the doors are conveyed to
the Final Line and re-installed on the body they were removed
from five hours earlier.

The instrument panel is built-up in a conventional off-line
subassembly, except the design allows the steering column to be
added in the subassembly area instead of having to be installed
and secured in the car by an operator lying on his back on the
floor. The instrument panel assembly is picked off the delivery
conveyor, loaded through the driver‘’s door opening, positioned
precisely to the body, and its attachments are secured
automatically with this traveling ergonomic assist device. In the
next station, a companion operator assist device locates itself
to the underside of the steering column and automatically drives
the four bolts that secure the steering column support to the
body; this is the operation that has been done for decades by an
operator lying on his back on the floor of the car. Our process
engineer who developed this unique and innovative instrument
panel and steering column installation system was recently
granted a United States Patent for it.

Application of sound-deadening undercoat material to the
underbody is fully robotic, and is unique in that the stationary
spray robots accurately track a moving overhead body, applying
the same precise pattern and film build regardless of variations
in conveyor speed. This robotic application also solved a major
ergonomic issue, as the deadener application by nature creates an
undesirable working environment.

135 fastener applications in final assembly are either
torque-monitored or torque-controlled, tied directly into the
plant floor computer network by vehicle serial number; 25 of
these critical operations directly control line shut-off if
proper torque is not achieved. On the left is the torque monitor
display, and on the right is the operator’s data terminal, where
he signifies that his operation was completed properly or that he
had a problem which needs correction; both are interfaced
directly to the plant floor Performance Feedback System.

Front suspension toe-in adjustment is fully automatic,
including tightening the jam nuts and recording the data by
serial number; this has eliminated a major ergonomic issue where



toe-in operators used to have to work over their head with heavy
tools all day long, in a pit underneath the car. The special
formations required for the automated tools to grip and turn the
tie rods were designed into the product specifically for this
application.

Headlamps are aimed automatically using photometrics rather
than the traditional manually-applied mechanical aimers with
bubbles and cross-hairs. The lens on the gantry reads the
location of the photometric "hot spot" in the headlamp beam, a
computer compares it to a known domestic or export specification
which was downloaded automatically when the car was bar-code
scanned entering the station, and the aim computer sends commands
to the adjusting tools to move the headlamp until the "hot spot"
is precisely on target. All the operator has to do is to position
the two tools on the adjusting screws until the cycle is
complete. , o '

The process of supplier selection and development of our
production tooling program also underwent a complete overhaul.
Instead of just sending out the traditional bid packages to
competing shops and awaiting the responses, we pre-selected our
major tooling system suppliers about four months earlier than we
ever have in the past, and initiated a new simultaneous
engineering phase before any design and build contracts were let,
to jointly establish deliverables and to provide the time to
thoroughly investigate alternative process concepts before
committing for any hard-line production tooling designs.

- At the same time, we rationalized our product sourcing;
Neon suppliers were pre-selected on a vehicle system rather than
component basis prior to program approval to work as partners
toward our quality and cost targets, with the result that only
287 Neon suppliers ship parts to Belvidere, compared with over
600 for the previous product. At a more micro level, referring to
the 50% reduction in unique fasteners I mentioned earlier, the
number of fastener suppliers to Belvidere was reduced 80%, from
77 to 16, simplifying communication and getting a tighter grip on
quality. : , :

Over 90% of Neon’s parts are sourced with North American
suppliers, most of which are within 500 miles of Belvidere; this
not only reduced transportation costs, but reduced in-transit
inventory float, freeing up millions of dollars that could be
spent on the product for the customer instead of on containers
and shipping racks.:

Tracking of issues is another process that had to be
addressed. Developing and launching an all-new product is an
enormously complex undertaking, and tracking all the various
issues that arise from all areas during a program is an exercise
all by itself. To simplify this task and ensure that no open
issues fell through the cracks, the Team developed what we call
the "PLITS" system (PL Issues Tracking System); this is a single



computerized system to track all issues, whether they relate to
development, build, customer concerns, or anything else, and no
igsue could be closed out without agreement of the originator.
The "PLITS" system handled over 4500 issues during the course of
the program, including nearly 3000 assembly issues that were
handled about a year earlier than ever before.

Even the launch philosophy employed for Neon was different.
Historically, we would launch on one shift, bring the plant up to
full line speed over a 75-day acceleration, and then bring on the
second shift. The Team decided to take a new approach with Neon,
by bringing on the second shift only four weeks into production;
since we were only at 1/3 of normal linespeed at that point, it
let us train the second shift workforce at a lower linespeed than
in the past, and let us pull the second shift launch ahead five
months earlier than the original plan.

Launch timing is ‘generally sacred in our business, and has
only rarely been delayed in the past. With Neon, we took -
‘advantage ‘of our agile development process by pulling the launch
date ahead by seven weeks about two years ago, and then decided
as a Team, with our suppliers, to pull it ahead another four
weeks, only 3 months before the scheduled launch date. Our last
C-1 Pilot unit came off the line at Belvidere during the same
week we launched our first production Neon in the body shop.

Having covered some of the People and Process initiatives we
developed for Neon, let’s review a couple of examples of the
Customer Focus initiatives Manufacturing was involved in.

The whole Team maintained a clear customer focus throughout
the program, concentrating on delivering what the customers told
us they wanted. To supplement our traditional test programs, we
put together a 50-car validation fleet at Belvidere, to validate
production and supplier processes before building the first
customer car. These were C-1 level Pilot cars, built at Belvidere
four months before launch, driven by volunteer Belvidere hourly
employees, on four different public freeway, secondary, city, and
rural gravel routes, 16 hours a day. We averaged 20,000 miles per
car, with two run to 100,000 miles, with a total of 1,000,000
customer-representative miles accumulated. This exposed the cars
to more random driving, road, and environmental conditions, and
provided excellent "real world" correlation and predictive
capability. We found and resolved eleven issues not found in
other more traditional testing, and we were able to quickly
implement and verify corrective action due to the product
engineers being located on-site at Belvidere with the fleet.
Here’s the similar 17-car Belvidere validation fleet of 1995
2-door Neons that just finished up two weeks ago; this fleet ran
the same l1l6-hour-a-day schedule on the same four routes as the
earlier 50-car 4-door fleet, and averaged 36,000 miles per car,
for a total of 600,000 miles of real-world driving. This new Neon
2-door model will start to arrive at our dealers in volume next

month.



To get a head start on measuring our quality performance, we
pulled our production body-in-white dimensional audit and our
customer vehicle quality audit upstream, all the way to the F-1
level engineering prototype cars, and carried it all the way
through our pre-production and Pilot builds to identify and
resolve dimensional and customer fit, finish, and functional
issues up-front. The same auditors that do production cars in the
plant every day audited nearly every pre-production Neon, which
provided a predictive rather than reactive approach to our
quality performance on issues important to the customer. Further,
the design and process emphasis right from the beginning on body
dimensional control and reduction of body variation through
constant coordinate measuring machine checks paid off with a body
accurate within +/- 1lmm within 6 weeks after launch.

There’s no magic in our business, just as there’s none in
all of yours; however, we have to "Dare to be Different" in our
Simultaneous and Team approach to Product and Manufacturing
Engineering in order to gain a competitive advantage in the
marketplace. The old adage holds true that "If you do what you
always did, you’ll get what you always got", and that isn’t good
enough any more. With Neon, what we did wasn’t nearly as
_important as how we did it; empowered people made it all happen.

These are some of the Belvidere hourly people that were on
our Team and made things happen on the plant floor:

The process team member who helped our engineers develop the
assist tooling to install the instrument panel....

The former press operator who’s now responsible for checking
the quality and physical properties of every incoming coil of
steel before releasing it for production... :

.And the former assembly operator who has done so many
live stand-up floor presentations for the press and visitors on
the operation of the door, hood, and deck 11d assembly system
that he could have his own TV talk show.

These are just some of the things that happen when a
workforce is truly empowered and Operates in Teams - Neon’s
secret weapon.

Thank You.

JPH
10/11/94
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