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it did not seal perfectly around all the wires. The resultant seal, although
highly splash resistant, was not completely waterproof. It failed the most
strenuous leak test— the static water test—which tested the seal with a
column of five inches of water on one side of the seal for five minutes. (This
test was commonly called the “five and five” test.)

Water in the passenger compartment had been a frequent assembly
plant customer complaint in the 1980s, and Packard Electric engineers had
searched to find a solution to the problem. In July 1986, Bob McFall, a
process engineer at Packard Electric, came up with the idea of using reaction
injection molding (RIM) technology to form a grommet around the cables.
RIM was a type of injection molding technology that had been around for
several years in large-sized applications like automobile door panels and
fenders. The principle behind RIM was similar to that of epoxy—when two
liquid materials were mixed, they set in less than a minute to form a rubbery
solid (see Exhibit 6). Before the mixture set, it had a very low viscosity (about
the same as that of water), which allowed it to seep between the cables to
form an excellent seal.

Development of the RIM Grommet

From July 1986 through the end of 1987, McFall worked on a RIM
grommet as a side interest (about 10% of his time), experimenting with
several different materials in the Packard Electric laboratory. By early
1988, he had developed several different configurations. During this period,

Q

McFall's principal activity had been helping design components for the
electrical systems for a high-end automobile customer. He worked closely
with Keith Turnbull, Packard’s resident engineer, who was on-site full time
at that customer’s development center and worked with its team planning
the 1992 launch of the new vehicle. Knowing that this customer was very
concerned about any water leaking into the passenger compartment, McFall
brought along one of his mock-ups of a RIM grommet on one of his frequent
visits to Turnbull and the customer.

At the car company, both the electrical systems design and packaging
team and the assembly process engineering team were excited about the RIM
grommet. Turnbull had tracked complaints from the customers’ assembly
plants and knew that occasional breakage of the brittle IHG during assembly
and leaks detected at the end of the line during the car’s final assembly were
perennial problems (see Exhibit 7 for leak data). He had also heard talk of
complaints from dealers’ service mechanics through the warranty reporting
system. Grommet repair after installation was a major undertaking,
whether at the end of the vehicle assembly line (a minimum of two hours of
labor at $45/hour) or in dealer repair shops (more than four hours of labor at
awarranty cost of $35/hour).!

EXHIBIT 5

Contrasting the options: IHG and RIM grommet
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EXHIBIT 6

Schematic of RIM machine
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Hoping to eliminate these problems in future models, the customer
(with Turnbull’s urging) asked McFall if the grommet would be available for
its high-end 1992 model. While McFall did not have the authority to agree
to this time table, he felt that it was not unreasonable. Encouraged by the
customer’s reaction, McFall began to get other groups at Packard Electric
involved in the effort. During the next year, CCD expanded its level of effort,

and manufacturing engineering began to get involved with a low level of
Holes or attaching to fiewall
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effort. Turnbull monitored the RIM’s progress but spent most of his time on

other projects until he perceived that “it definitely was a go.” RAYVILLE AUTO ASSEMBLY: DAILY WATER LEAKS (1987)"
Weeks Since Model Year Launch

During the next several months, McFall and others worked on several Week 4 Week 26 Week 48
aspects of the RIM project. They worked on material development to find the Doors 57 21 1
RIM material that could best withstand the constant cycling between hot Windows 3 2 1
and cold without warping or becoming brittle. Eventually, they determined Trunk 7 3 1
that the RIM grommet would need to be reinforced with an internal steel Under Dashboard
plate. They also began to look at tooling. Progress was quite slow, however, Heat/Air Ducts ° ’ s
because all the engineers were involved in other projects which took up most :;i:r::r::::mn ;g 1? :
of their time. Foot Pedals 3 1 o
EXHIBIT 7 Total Build Rate/Day 60 cars 300 cars 300 cars.

RAYVILLE ASSEMBLY PLANT: QC ASSIGNABLE CAUSES—UNDER DASH WATER LEAKS, WIRING
HARNESS, IHG GROMMET (1987)1

Rayville auto assembly plant leak data

Weeks Since Model Year Launch

MEMORANDUM
Week 4 Week 26 Week 48

To:Bob McFall, Process Engineer Misaligned Grommet 14 2 o
From:Keith Turnbull, Resident Engineer, Application Engineering Bent Sheet Metal 7 1 0
Date:12 February 1988 . Misaligned Screw Holes 5 1 )
Our wiring harnesses that use the IHG grommet are still as good as any in the industry, but the water —

- ] ; : Missing or Torn Gasket 2 0 1
leak is a serious issue for Rayville. Your project can get us the inside track on future products if we
solve the problem. My contacts working on the new car program continue to ask about progress on the Cracked Grommet 7 3 2
RIM grommet. No Sealant in Combs 5 1 0
The auto assembly plant people gave me some representative water leak data for their current vehicle, Inuficient Seaantin Combe 3 3 3
which uses our IHG. The harness for 1987 had many ECOs, so it was pretty much a new harness. Each °
vehicle is given a water spray test at the end of the assembly line; QC then takes leaky vehicles off-line . Other Leaks Through Wire Bundle 4 7 1

to determine causes. The two tables below tell the story:
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Missing Attachment Screws 3 1 [
30 (of 60) 11 (of 300) 3 (of 300)

Number of Vehicles with Leaks

1A single vehicle may have multiple defects; data s for a single
day's production.

In January 1989, the customer requested a status report on the RIM
project. They were not pleased with what they heard. The project had not
progressed very far, and it was not clear that it would be ready in time for
the 1992 model year. Major RIM equipment producers had not yet developed
a piece of equipment small enough to be practically used in this application.
All known alternatives were expensive, labor intensive, and cumbersome.
The customer made it very clear that they wanted the RIM grommet and
were planning to use it for the 1992 vehicle to be produced at their Rayville
plant. With this increased customer pressure, Packard Electric’s level of
effort on the RIM project was stepped up considerably, and Turnbull began
working more closely with the Packard team.

For a while, it looked like the project would stall for lack of a molding
machine that was an appropriate size for the grommet application. Most
RIM machines were large and expensive because they were designed to make
large, relatively high value, components. It was impossible to justify the cost
of such a large machine for experimentation. The project was about to be
canceled, when the chief engineer from Application Engineering ran across a
small RIM machine at a trade show.

This RIM machine had been developed by an eight-person company. Its
cost was only $80,000, and it was about the right size for Packard Electric’s
application. In June 1989 the machine was ordered; it arrived in October.
Unfortunately, Packard Electric was unable to start testing the machine
immediately because it was discovered that, due to the toxicity of the RIM
materials, EPA permits were required to run the machine. The permits
arrived and testing began on the machine in January 1990. During this time,
product and process development continued using RIM equipment outside
of Packard Electric.

Current Status of the RIM Project

By the end of February 1990, several RIM grommets had been attached
successfully to harnesses of the type required by the high-end customer.
While the RIM grommet’s leak performance was decidedly superior to the
IHG, it was still not sufficient to pass the five and five test. Packard Electric
engineers, however, were confident they could improve this performance
and pass the test. The customer was also still very much in favor of using
the RIM grommet—assuming that it could be produced reliably— despite the
fact that the RIM unit cost was significantly more than the IHG (initially
$7.00 compared to $4.40). Exhibit 8 contains details of the differential costs.

There were a number of outstanding problems still to be solved with
the RIM grommet process. Probably the most critical set involved materials
handling. Keeping the two RIM materials separate was absolutely essential.
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For example, if the drum for “material A” was hooked up to the hose for
“material B,” the whole machine could be permanently solidified. This was
not an idle worry; there had been incidents at other companies where a
tanker truck had been filled from the wrong tank and the truck, hose, and
tank had all been solidified into a block.

EXHIBIT 8

Packard’s operating cost differences between RIM and IHG (estimated January 1990)

RIM Grommet vs. IHG

Recurring Additional RIM Cost per 1992 1994
Vehicle

Labor ($.80) (5.80)
Material $.65 $.65
Overhead* $275 $.95
Total Additional RIM Cost / Vehicle $2.60 $.80

Additional Investment Required for $350,000 $450,000

RIM:
“The overhead rate was based on non-direct charges such as salaries for management, engineering,
and other non-direct labor, plant maintenance costs, taxes, and plant depreciation.

Assumptions:

1.1992: 68,000 vehicles per year serviced by two final assembly lines, producing wiring
for 300 vehicles per day.

2.1994: 220,000 vehicles per year serviced by four final assembly lines producing
wiring for 940 vehicles per day (assumes expansion to customer's other high-end
models).

3. Afull RIM or IHG d f

4. One redundant (back-up) molding system for each plant.

5. No tooling changes required.

An additional problem was that, prior to mixing, “material A” froze at
64° F (18° C); once frozen, it was ruined. It was therefore very important to
keep the material well above 64° F. Finally, both materials were very toxic
and would require special monitoring. Because of these properties, Packard
Electric had to develop and adhere to a series of strict material handling
procedures.

A second set of problems revolved around the risks of a failure in the
production system. A failure in harness production could completely shut
down the customer’s assembly line—which was generally considered the
worst thing that could possibly happen. Because all of Packard Electric’s
customers required just-in-time delivery and were moving toward shorter
and shorter lead times, there was little margin for error. It was exceedingly
important that the machine be able to run 16 hours a day without fail.
Packard Electric’s limited experience with the system made it difficult to
guarantee, as yet, such failsafe operations.

The third set of problems involved repairing existing harnesses. The act
of attaching the RIM grommet entailed some risk to the harness because
the mold had to clamp down tightly on the harness to prevent the material
from leaking out. If a cable were severed at this point or if the grommet were
incompletely filled, the harness would have to be repaired because it was
quite valuable (approximately $180) and could not just be discarded.
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In addition to developing a repair process suitable for Packard Electric
plants, there also was a need to establish a harness repair process for
both auto assembly plants and retail dealers. Because the RIM grommet
sealed tightly around the wires, once it had set there was no way to
remove a defective cable. The solution would entail feeding an additional
cable through a hole drilled in the grommet, but many details still needed
to be worked out. Schramm estimated that four engineers would need to
work approximately five months to address these issues specific to the RIM
grommet.

Views on the RIM Grommet

Schramm knew that the RIM grommet had become a very emotional
issue for several people. Product development engineers were generally very
positive about it. They felt that in addition to superior leak performance, the
RIM grommet offered many other advantages, such as greatly reducing the
complexity of the initial feed-through design. Because a comb was required
to separate the wires in the IHG, upwards of 150 dimensions had to be
specified, compared to only about 30 for the RIM grommet.

The RIM grommet also reduced the variety of feed-through options
required to support a broad range of automobile models. Although there was
some flexibility in the number of wires that could be fit into an IHG comb, it
typically was redesigned every two or three years because of changes in the
number of cables in the harness. These redesigns were almost as costly as the

initial design and typically required approximately 600 hours of engineering
(at about $50 per hour) and about $13,000 in retooling costs.

In contrast, the RIM grommet was simpler, so that the initial design of
a RIM grommet took only about 100 engineering hours (and about $7000
in tooling costs). The RIM grommet was much more flexible because the
number of wires it could pass through the fire wall was limited only by
the available area. With the current design, Packard Electric could double
the number of wires without redesigning the grommet. Furthermore, this
greater flexibility meant that it might be possible to use the same grommet
for different model cars—something unheard of with the IHG. While there
would probably never be a single grommet for all models, sharing the same
RIM grommet across three or four models was a distinct possibility.

An additional advantage lay in the fact that the RIM grommet saved
space in the pass-through area. To achieve an acceptable seal, the IHG had to
be lengthened every time the number of wires was increased. Currently, the
THG was 80 millimeters longer than the RIM grommet. In addition to taking
up scarce space, the IHG became more susceptible to cracking (and leaking)
at this length. With a trend towards increasing the number of wires in the
harness, this problem was likely to get worse.

Another argument given by engineers favoring the RIM grommet was
that it was a new technology. As Packard Electric became more experienced
with the technology, it could expect costs to drop significantly. This would
affect the RIM grommet and other future RIM projects as well.
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Manufacturing engineers generally felt very differently about RIM. They
argued that the RIM process would not greatly decrease the leaks. Kitsa
Airazas, a manufacturing process engineer, believed that the customer
misunderstood the sources of leaks:

The problem is that the [customer’s] engineers do the “Dixie Cup”
test, which consists of filling a paper Dixie cup with water and pouring
it down along the wires. This is equivalent to a static water test but
the thing is, you don’t submerge your car in water. The grommet really
only needs to pass a splash test at the end of the assembly line—which
the IHG can do. I think the car company’s engineers would understand
this if it were explained properly, but they’ve formed an opinion of IHG
capabilities that is difficult to change.

A component design engineer disputed Airazas’s view:

Here we go again! Engineering gets a great product and process
idea, the customer loves it, and the manufacturing types want to sit on
it. If we waited for them, we'd never introduce new technology.

The manufacturing engineers were quick to point out that any sensible
engineer would see the obvious process reliability implications of the RIM
grommet. The process control parameters were several times more complex
than with ITHG molding. Developing and implementing the strict materials
handling procedures required would take a lot of effort and dramatically
increase process complexity. Furthermore, even the act of putting the

Q

harness on the RIM machine entailed some risk because every time the
harness was moved there was danger of damaging it.

The machine itself caused additional concerns. Considering the size of
the vendor, it was likely that Packard Electric would be pretty much on
its own. Although the IHG and RIM machines had approximately the same
capacity (each could service approximately 70,000 harnesses per year), the
RIM machine was much larger—requiring approximately 250 square feet
compared with 100 for the IHG. At a cost of $25 per square foot per year, this
differential translated to $3,750 per year per machine. Because the volume
estimates for this particular 1992 model application were 50,000 to 70,000
cars per year, a single machine of either type would suffice.

The RIM machine also was much more difficult to move. Portability was
quite important because the machine was likely to be moved between plants
often. The RIM machine would be moved from the Warren, Ohio plant where
process development was being done to Packard Electric’s Mississippi plant
where the initial manufacturing was expected to be done. From there, it
was likely that eventually it would be moved to the final harness assembly
location. Ron Szanny, an Application Engineering manager, pointed out an
apparent conflict with Packard Electric’s strategy:

The RIM grommet is a good product, but I'm not sure how well it
fits with Packard Electric’s manufacturing strategy. Packard Electric’s
strategy has been to have high-tech manufacturing of components
in the U.S. and then to ship those components to Mexico where
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the assembly is done in a low-tech fashion. The RIM machine is a
relatively high-tech machine, which eventually may be used in Mexico.
The language problem and the distance would greatly exacerbate the
control problems that are so important for the RIM technology.

Airazas spoke for many of the manufacturing process people when she said:

The car companies and our own management have been stressing
the need to reduce costs. We've had travel reductions, hiring freezes,
and even layoffs. Now they’re talking about spending almost twice
as much for a component that complicates the process, increases
risk, and may not improve performance. I don’t deny that RIM is an
important technology for some components, but this is the wrong
application for it. Going with the RIM grommet would send a very bad
message.

I want to make it clear that I believe we can get the RIM grommet
up and running if we want to, but it would require a lot of work, pain,
and suffering. I don’t think we want to do it because this cost issue
will kill us. The car company’s design engineers may be excited about
it, but everyone knows the car company will eventually want the RIM
grommet at the IHG price.

Schramm summed up the feelings of many of his subordinates, the product

engineers:

Look, if nothing else, the customer wants RIM and is willing to
pay for it. They feel it is very important to maintain their technological
leadership and RIM will help. The funny thing is that I was over at
our Reinshagen subsidiary recently and saw them experimenting with
a RIM grommet for a high-end German auto maker. They didn’t ask
what it cost, they just said, “if it improves performance, do it.”

Furthermore, there are cost savings that no one takes into account
because they are difficult to calculate. For example, with the IHG, every
worker along our wiring assembly line has to insert his or her wires
and cables into the IHG’s comb. With RIM that task is eliminated.
I don’t know how to calculate that improvement since it is a small
amount of labor distributed among a number of workers, but there are
some savings there (see Exhibit 9 for the harness assembly process).

Schramm'’s Options

The RIM grommet decision was a good example of the type of situation
that Packard Electric wanted to avoid. A major decision had to be made in
a hurry and there was still a deep division in the views of the concerned
parties. No matter what decision was made, it was very likely that one
group or another was going to be faced with a challenge—either to tell the
customer “no,” or to develop and implement a process in a compressed time
frame. Turnbull’s latest memo reconfirmed that the customer was counting
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on Packard to resolve problems that were as much its own doing as they were
Packard Electric’s (see Exhibit 10).

Schramm felt that there were essentially three options he could
recommend. The first was to go exclusively with RIM for this customer’s
1992 model. This was the riskiest option because if RIM failed in a major
way and impacted the customer’s production line, significant repercussions
would be felt by all who bore any responsibility. One way to minimize that
risk was to recommend the purchase of two RIM machines, one of which
would be used as a backup, but Schramm did not like this one bit. In addition
to the added expense, it removed some of the pressure from operations to
perfect their processes.

A second option available was “parallel development.” In this case, an
IHG could be prepared in parallel with a RIM grommet for this customer’s
1992 requirements. The drawbacks to this plan were many and obvious.
Because Packard Electric had been caught up in the design of the RIM
grommet, an IHG grommet would need to be designed quickly. Furthermore,
it would become a logistical nightmare when the car went into production.
Two sets of raw materials would have to be ordered and kept track of, and
both the auto plant and Packard Electric’s plant would have two different
harnesses to deal with on the assembly line.

EXHIBIT9

Packard’s wiring harness assembly process
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EXHIBIT 10

Packard grommet defects and car dealer data

MEMORANDUM

To:David Schramm, Chief Engineer, CCD

From:Keith Turnbull, Resident Engineer, Application Engineering

Re:THG Replacement
Date:30 January 1990

Iwant to reconfirm our customer’s plan to replace the IHG with the RIM grommet for their 1992
model car. Cobbled repairs to defective grommets on wiring harnesses are not a viable solution
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for its upscale car. The customer is looking to get rid of defects from all sources; water leaks are an
unnecessary problem.

I checked with the QC manager at our Mexican plant, who believes his quality far exceeds other
harness builders even with the IHG grommet. He thinks the Dixie Cup test is helpful when a new
harness is launched, but it does not accurately reflect what actually oceurs in use. He believes his
harnesses do not have splash leaks. His data for the ships to the Rayville auto assembly plant this past
year are summarized below. The story is easy to read—he can't make leak-free harnesses even after a
year of trying.

Harnesses for Rayville Auto Assembly Plant (1989): Packard's Mexico Harness Assembly Plant Data—
Qc

Assignable Causes, Inspection Prior to Harness Ship [IHG Grommet]

Weeks Since New Harness Launch*

Week 4 Week 13 Week 26 Week 52
Grommet location along bundle 15 3 3 2
(out of tolerance £1/4")
Improper distribution of wires in 1 7 3 3
combs
Need to replace wires and reseal 3 ) )
Excess sealant
Nonuniform distribution of 19 a 3
sealant
Air bubbles in sealant 7 a a 3
No sealant one side
No sealant both sides a 1 ) )
Leaks through wire bundle (Dixie 60 9 54 42
cup test)
Total harness build rate per day 70 285 320 350

“Data for one representative day during the week indicated.
“This controversy bothered me enough that | decided to visit two of the largest dealerships in the greater Detroit area to check if
they saw wiring harness problems. Ther files may not be complete but | did pull leak repair records. | tred to classify the defects
according to handuwitten comments on repair sheets for the final six months of the model year (weeks 27-52). The service
managers don'tlike it when these under dash Leak problems come in—they require hours to repair and the customers complain.
Dealer Repairs: Cause of Under Dash Leaks—IHG Wiring Harness

Cracked grommet 2 Tomn gasket 1

Leaks through wires 1 Missing attachment screws 1

I estimate that this sample might represent anywhere from 1-2% of the 1989 model vehicles
these dealers sold and now service. | hope that the RIM project will be a hit and allow us to get
into several of the other new car programs.

The final option was the simplest and least risky. Schramm could
recommend that Packard Electric go with the IHG for all 1992 models. He
did not like giving up on the new technology, since he personally felt it had
many potential benefits. He feared that if RIM were not pursued actively at
this point, it would lose momentum and not be applied in 1993 or beyond.

Schramm sighed. He had to present his recommendations to the PPR
committee at the end of the week on the RIM grommet; he needed not only
to be clear on the RIM versus IHG decision, but also to be prepared to tell
them how to restructure the company’s development process to avoid such
problems in the future.

Note
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1. Depending on the cause, these charges would be billed to (or shared by) the car company or

Packard Electric.

Appendix
Glossary of Terms
CCD (Cable and Component Design)—A product development department.

CIE (Cooperative Involvement Engineering)—Reporting to director of
reliability, provides a direct avenue for customer feedback.

Dash/Dashboard—The console in front of the car driver and front seat
passenger that houses the radio, air vents, and so forth.

ECO (Engineering Change Order)—The formal prescriptions for changing the
specifications of a product or process.

EPA (Environmental Protection Agency)—The U.S. government agency that
monitors and controls the use of toxic substances.

Fire Wall—The metal wall behind the dashboard that separates the passenger
and engine compartments.

Gasket—The soft, pliable material between the grommet and fire wall which
forms a seal between the metal and grommet.

Grommet—A plastic fixture that holds and supports electrical wires and

cables as they pass through the fire wall of a vehicle. The grommet
is attached to the metal wall (fire wall) that separates the engine
compartment from the passenger compartment.

Harness—The bundle of wires and cables that carry electrical signals and
power to and from the car’s electronic and electrical components.

IHG (Injectable Hardshell Grommet)—A grommet made from injection
molding of polymer pellets.

The material is quite rigid and slightly brittle.

Jig—Fixture to hold wire cable bundle and steel plate in the mold while resins
are injection molded around them.

PPR (Product, Process, and Reliability Committee)—Manages Packard Electric’s
new product development processes.

RIM (Reaction Injection Molding)—The injection into a mold of two very fluid
resins (polymeric chemicals) that react to form a solid plastic with the
consistency of hard rubber.

Sealant—Resins and glues used to join materials and make them impervious
to water.

SKU (Stock Keeping Unit)—Each component, subassembly, or assembly that
has a unique identification number and identity in Packard Electric’s
production system.
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General Motors: Packard Electric Division

David Schramm, the chief engineer for Cable and Component Design
(CCD), glanced at the RIM grommet in his hand and considered the risks
and benefits (see the Appendix for a glossary of terms). Packard Electric
had developed the RIM (Reaction Injection Molded) grommet as a new
technology for passing the wires from the engine compartment through the
fire wall to the passenger compartment of passenger automobiles.

The Product, Process, and Reliability (PPR) committee, which had the
final responsibility for the new product development process, had asked
Schramm for his analysis and recommendation as to whether Packard
Electric should commit to the RIM grommet for a 1992 model year car. It
was already March 1, 1990 and, because of the lead time on the equipment
and tooling, the decision had to be made within the week (see Exhibit 1 for
the project schedule). While many of the product development people were
very excited by the RIM grommet’s possibilities, many of the manufacturing
people were dead set against it.

Packard Electric Background

The Packard brothers founded the Packard Company in the late 19th
century to produce carbon filament lamps and transformers. In 1899,

the company moved into the fledgling automobile industry and began to
produce automobiles. Eventually the automobile business was sold, but
Packard continued to be a supplier of ignition systems. General Motors
bought the Packard Company in 1932, and it became the Packard Electric
Division of GM.

The management of the Packard Electric division had remained fairly
autonomous through the years. In the first 90 years of its existence, Packard
had only seven general managers. Although the majority of its sales were
to GM divisions, it did receive significant business from other automobile
companies.

During the 1980s, GM experienced significant competition—
particularly from Japanese imports. GM’s share of the U.S. market had
dropped from 45% in 1980 to about 34% in 1989. Despite its parent
company’s problems, Packard Electric’s revenues and profitability grew
steadily in the 1980s at a rate of 8-9% per year. This growth was attributed
to two factors: increasing sales to other automobile manufacturers, and the
growing electronic content of automobiles. By 1989, Packard had over $2
billion in sales, of which 25% was to non-GM customers.

EXHIBIT 1

RIM project schedule (3/1/90)1
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components into subsystems for automotive assembly plants, as well as to
dealers in spare parts.

The assembly products were complete harnesses or subsystems that
could be installed directly into an automobile. Typically, Packard Electric
would sell the complete wiring system (called a harness) for an automobile
which would then be installed by the automobile manufacturer on its
final assembly line. Harnesses varied widely in complexity depending on
the requirements of the automobile; a complex harness might have many
hundred components and nearly a mile of wiring.

The design of harnesses was complicated by the fact that the engineers
had to make sure that the harness could be installed in the assembly line as a
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single unit. Harnesses typically contained bundles of up to 150 wires. These
bundles were very stiff and so the engineers had to determine a routing
path that not only fit the car’s design but also could be packaged neatly for
shipment and installation.

The harness installation process was complicated because the cabling
spanned the entire length and breadth of the car and connections had to be
made at every step of the automobile’s assembly process. This installation
process consumed from 60 to 90 minutes of the 20 to 30 hours required to
complete the final assembly of a typical automobile. As one Packard Electric
engineer noted:

The wiring people get to know everyone in an automotive
company, from design through manufacturing. They get involved at
every step of the process and must work out thousands of little details.
The easiest thing you can change in a car is the wiring, so if there are
any production problems, the wiring is the first thing to be changed.
What'’s more, customers don’t notice wiring unless there is a problem,
and then it’s a disaster. Most companies hate wiring because of all the
details and the fact that you never get any positive feedback, but at
Packard Electric this is what we do and we love it.

Because of the relative ease with which an automotive designer could
change a harness, engineering change orders (ECOs) were a major effort at
Packard Electric. A harness for even a mature car had an average of two
major ECOs, as well as dozens of minor ones, each year. These ECOs ate up

Q

a tremendous amount of engineering time; Packard Electric estimated that
approximately 50% of the time of its 500 engineers was spent on ECOs.
The part proliferation caused by these constant changes was dramatic (see
Exhibit 3). Because Packard Electric had to be able to fabricate spare parts
for any component it had produced, drawings and tooling on over 45,000
parts needed to be maintained. While Schramm had never been able to get
any good data on the cost of maintaining these parts, he felt sure that it was
significant.

EXHIBIT 2

Automobile power and signal distribution system
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EXHIBIT 3

Statistics on part (SKU) proliferation and resources devoted to ECOs

Statistics on Stock Keeping Units Application Engineering ~ Components Engineering

(SKus)

Number of Active SKUs 2,800 45,000
Number of SKUs Added Annually 1,200 2,400
Number of SKUs Deleted Annually 1,100 300
Life span of a Typical SKU 2years 10 years
Statistics on Engineering Effort

Percent of Resources Developing New 40% 65%
SKUs

Percent of Resources on Engineering 60% 35%

Change Orders

2For Application Engineering, a SKU was an assembled harness ready for installation. For Components Engineering, a SKU was an
individual component,

Reducing the cost of the ECOs and part number maintenance were
major goals at Packard Electric. In recent years, Packard Electric had become
better at forcing change to occur earlier in the initial design process and
reducing the subsequent changes per part. The total number of ECOs had
remained fairly constant, however, because the complexity of the harnesses
(as measured by total length of cable and the number of connectors) was
increasing by 6-8% per year in concert with the increasing electrical content

m
jol

of automobiles.

New Product Development Organization

Three functional groups were involved in new product development:
Product Engineering, Manufacturing Engineering, and Reliability (see Exhibit
4). Product engineering did the product design and engineering;
manufacturing engineering was responsible for developing the processes for
manufacturing the components, cables, and harnesses. Reliability’s mission
was to oversee Packard Electric’s commitment to quality and excellence in
all phases of its business. Cooperative Involvement Engineering (CIE) reported
to the director of reliability and was designed to provide a direct avenue
for customer feedback into manufacturing operations, engineering, and
Packard Electric upper management. Its role was that of a customer advocate
and it examined any Packard Electric decision involving a customer.

Manufacturing Engineering was divided into several subgroups. Of
these, the Manufacturing Process Engineering and Industrial Engineering
departments were particularly important during the product development
process. Manufacturing Process Engineering made a first pass at developing
a manufacturing process to achieve a repeatable process, and then followed
up with refinements and documentation. Industrial Engineering had
responsibility for training the operators, fitting the process into the plant as
awhole, and coordinating the ramp-up of the process.

EXHIBIT 4
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Four departments comprised the product engineering function. Cable
and Component Design (CCD), as its name suggested, was responsible for the
design of components (e.g., connectors and pass-through grommets) and
cables. The design of cabling included determining the wire gauge required

Q

for the application, the number of wire strands to be wound together
to make up the cable, and the type of insulation to be used. Application
Engineering did the design of the harnesses as a whole—determining the
number and length of cables, and the type of connectors and other
components. Often Application Engineering would need a component that
did not exist, which would have to be designed by CCD. The long term
product development effort was done by the Advanced Engineering group.
Finally, Product Assurance was responsible for making sure that all product
designs met Packard Electric’s quality standards.

Both CCD and Application Engineering had a “resident engineer
program.” Resident engineers were Packard Electric engineers who were
assigned to one customer and who resided at the customer’s plant or design
center. Resident engineers from CCD interfaced primarily with the design
group at the car company’s internal or external electrical systems suppliers,
while resident application engineers worked with the design group at the car
company. The purpose of resident engineers was to help integrate Packard
Electric’s designs with customer needs. By taking responsibility for more
and more of the electrical system design task, Packard Electric relieved the
customer of the cost of doing the design and enabled Packard Electric to
‘become more fully integrated into the design process.

The resident engineer program had been very successful, growing to
almost 100 engineers. Customers were eager to reduce their engineering
overhead. Some had been skeptical at the beginning, believing that resident
engineers would make decisions based on what was good for Packard

Page 220 01 274 . 79%




image6.png
THE CASE STUDY HANDBOOK: HOW TO READ, DISCUSS, AND WRITE PERSUASIVELY ABOUT CASES =

Electric rather than the customer. However, from the outset, Packard Electric
had stressed that resident engineers’ responsibility was to do what was right
for the customer. Packard Electric benefited also because resident engineers
were expected to make sure that Packard Electric knew exactly what the
customer needed so that Packard Electric could provide the best solution.

The resident engineer program fit a trend whereby automotive
assembly plant customers were transferring more and more of the design
task to Packard Electric. Carl Rausch, the head of Application Engineering,
described the trend:

One way to think about it is to divide the types of customer
design specifications you might get into three levels. Level 1 is a broad
functional specification where the customer tells you what he or she
wants to do, but you design the whole power and signal distribution
system. Level 2 is a system specification, where the customer has done
a system-wide design but left the choice of components to you. Level
3 is a detailed specification where all that is left to do is manufacture
the components to spec and assemble them into the product. We used
to get mainly level 3 designs from our customers, but we have pushed
towards level 1 specs. Level 1 gives us more freedom and leverage—
we can integrate our operations much better and develop standard
ways to attack problems. This enables us to increase quality and reduce
overall system costs.

To integrate the efforts of all these functional departments, the Product,

Process, and Reliability (PPR) committee had been formed. This committee
consisted of the managers of Cable and Component Design, Application
Engineering, Advanced Engineering, Cooperative Involvement Engineering,
Manufacturing Development, Manufacturing Process Engineering, and
Industrial Engineering. Its purpose was to provide an overall strategy and
process for the development effort, guide major technology decisions, and
help coordinate activities between functional groups.

The RIM Grommet

Much of the cabling in an automobile’s harness needed to pass through
the “front of dash” area between the engine compartment and the passenger
compartment. A grommet (or housing) was used to pass the cables through
the fire wall. It had three purposes: (1) to hold the cables in place so that
they did not slip and possibly disconnect or wear off their insulation; (2) to
dampen engine noise and keep the passenger compartment quiet; and (3) to
prevent any water or vapors in the engine compartment from entering the
passenger compartment.

Packard Electric’s primary grommet, the injectable hardshell grommet
or THG (see Exhibit 5), had been developed in the late 1970s. The IHG
grommet was essentially a hard plastic shell with a comb into which the
cables were placed. The comb served to separate the cables; a plastic resin
glue was injected into the comb area to seal it, preventing water from
seeping through the grommet. Because the glue was quite viscous, however,
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