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More than 27,000 workers nationwide are involved in the building of C-17s.

Engineers also were able 1o use
DFM techniques to eliminate [asten-
ers and rethink the manufacturing of
a series of fuselage panels. The pro-

. 18
ect combined three fuselage panels
g

on the bottom of the aircraft to make
one 10X 17 (3 X 5-m) panel. The new
method also included more c¢hemical
milling of the skin to produce thicker
skin around the maintenance hatch
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The Quality Report Card™
(QRC™) was developed hased

six-sigma philosophy
inherent

An itemized list of
in the assembly

from Lean Design™ is used in conjunction with
known or pre-programmed PPM and warranty

data to capture defects,
The QRC™ highlights poor

product Quality.
quality drivers and
predicts first time
capability on the factory
floor or in the design
stage. The QRC™ will
quantify the cost of the
hidden factory and will
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prioritize where the most savings can be found.

Circle 107

94

opening to the aircraft bilge. Using
one panel eliminated doublers,
longeron splices, and fasteners at the
points where panels met, as well as
the need to install doublers around
the maintenance hatch.

The in method and
sequence put more work back at the
original panel buildup area, where it
was easier 1o work. Aiding the
redesign was a new supplier that
could make larger skins than previ-
ously available. Now, workers can
fabricate the single-skin panel in
about the same time previously
required [or just one of the three
panels. Estimated savings for the
remainder of the planned 120 air-
craft are about $12 million

On every DFM project, engineers
examined even the smallest details
Consider fasteners. No project could
completely eliminate them. The C-17
still has some 1.4 million fasteners
Military specifications require defense
contractors to install each fastener
with a wet sealant. The mechanic
must get fasteners and sealant from
stock, apply sealant to both the hole
and fastener, install the fastener,
check for squeeze-out of the sealant,
and clean off the excess sealant with
solvent. To streamline the process
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and maintain corrosion protection, a
team of McDonnell Douglas engi-
neers and production experts devel-
oped a process to bake on a dry
sealant that completely covers the
[asteners

Extensive testing ol corrosion,

atigue, and stress showed that these
precoated sealants have superior cor-
rosion protection to the wet-sealant
[asteners and provide increased joint
fatigue lile
the coating reduces the lorce neces

Testing also showed that
sary to install the fasteners and
reduces operator fatigue

Implementation lor the two-phase
precoated [fastener program is begin
ning with about 600,000 titanium
interference fit fasteners, which will
save about $150 million over the
120-aircraft program. Phase II,
which covers more than 800,000
aluminum rivets and other fasteners,
will save another $260 million. This
will translate to an estimated total
cost reduction per aircraft of nearly
S4 million
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A DFM Doubleheader

Sometimes, engineers performed
lwo redesign projects in concert.
One example involved modifying the
wing-box assembly fixture and the
wing pylon stub subassembly, where
variables in the [ront wingspar affect-
ed installation of the pylon stub.

Workers assemble each wing half
while it is in a vertical position and
then install the pylon stub on the
front spar. The problem with the ini-
tial wing box tooling was that it sup-
ported the 95 (29-m)-long [ront spar
at only four points, which meant the
spar could sag up to 0.3" (8 mm)
during assembly. Tt also meant that
the wing skin panel required trim-
ming in the fixture to ensure a good
fit. Because of the variability in the
front spar location, it was difficult to
install the pylon stub without a lot of
rework. Operators also had to assem-
ble the pylon stub, with its more than
100 detail parts, on the wing to elimi-
nate the problems caused by variabil-
ity. They also had to remove supports
to install the upper skin panels, and
then reassemble them.

The tool modification replaced
the four supports with a large truss
arrangement that supported the front
spar at 17 points, which reduced sag
to less than 0.010" (0.3 mm). In
addition, workers now have access 1o
a dedicated internal crane system to
load upper skins into the tool without
removing the support. The truss also
prevents workers from using the
[ront spar as a convenient work plat-
form,

Reducing variation made it easier
to assemble the pylon stub ofl the
wing with separate tooling and then
install it as one piece. A subcontrac
tor aided the cost reduction elfort by
machining the countersinks for fas
teners in the titanium upper doubler
using a five-axis machine tool, which
eliminated a manual operation

The two projects comhined saved
time in later positions on the assem
bly line, cutting the need to shim the
fixed leading edges that attach 1o the
front spar and facilitating a fitting
operation around the pylon stubs
The projects also changed many
workers’ attitudes: they no longer
feel as though they have to make due
with inadequate tools. ®

MANUFACTURING ENGINEERING-JULY 1996

Lean Design™

Since 1988, Munro & Associates has been a
change agent leading the industry to help
manufacturers reach their profit potentials by
improving their engineering methods.
Changing the product design will ripple down
to all areas of manufacturing, thus improving

quality and profit dramatically.
Lean Design™ is a
quantitative analytical
-~ method used to map every
part, tool and operator
movement while challenging
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each step to find the valued
and non-valued (good vs. bad)
parts and processes. Although
software is used as a scoring
aid, the “miracle” is in the L A
First redesignmolded pastic [ @an Design™ process and
methodology. New technology
is introduced and the final
product wrill — GADM+oseifcan & dofh
evolve to o

have a revolutionary new

look, less operations, simpler
to build, improved quality and
have a dramatically lower cost. The exampie
shown in these few graphics migrates from
over 250 steps and 30 tools to 6 steps and 2
tools using the Lean Design™ process and our
Technology Transfer.
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C-17 Lean Design™ Successes

EPC

90% Part Reduction
$100,000 Saved/Ship

50%b Less Labor
$252,000 Saved/Ship

Landing Gear Pod

’ 94% Part Reduction
7 $45,000,000 Saved

Crew Door

49% Less Labor 4
$300,000 Saved /Ship / i
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