





adamantly resisting compromises. A
parallel approach permitted simulta-
neously developing the product
design and manufacturing process,
which allowed trade-offs between the
two as changes were made. This was
the key to the pilot project's success.

"Prevention versus Contingency"
planning helped isolate problems and
point to solutions while the design
was still in the CAD system rather
than at the testing/prototype stage.
Team members openly shared prog-
ress and problem reports, eventually
developing a consensus before
releasing the design. This created
multiorganizational design ownership,
with all members responsible for
meeting the group's objectives. For
example, the manufacturing engineer
shared with the product engineer
(and the rest of the team) in accept-
ing the 2760's manufacturability. They
worked up front to define what was
expected from the design rather than
waiting for a review.

“An important task during the proj-
ect was upgrading the skils of the
team members," recalls Sprague. "'At
the start of the project, courses were
held on using SDRC's GEOMOD
solids modeler and the Boothroyd
Dewhurst DFA Toolkit software. John
and | provided follow-up training and
assistance."

CAE: Computer-Aided Everything

The mechanical portion of the
design was done from concept lo
completion on GEOMOD, remaining
as a solids model until details were
approved by the team. Then the elec-
tronic information was transferred to
vendors for tool manufacturing.

"Solids modeling was an excellent
means for designers and team mem-
bers to visualize concepts,” says
Sprague. "The complete assembly,
or any element of it, could be viewed
just as it would physically appear.
This stimulated input from group
members because they could see
and understand how the 2760 was
defined early in the process. In addi-
tion, they spent more time working on
design solutions rather than just figur-
ing out what parts fit where.

“Subseguently, the designers were
forced into greater discipline as de-
tails had to be defined at each stage.
By using program files, they could
make changes without recreating the
entire part. The software performed
interference checks among the parts
to assure the team that form and fit
problems were being addressed. The

NCR's 2760 point-of-sale terminal. Part
count and assembly time were tracked
during the development effort; using DFA
techniques permitted reducing them 66%
and 23% (respectively) from original con-
ceptual estimates.

electronically captured design data
also automatically yielded volume and
mass information to assist in struc-
tural analysis and for quotation of
molded and cast parts."

VAX-based CAD stations worked
well for design, but were slow when
the team wanted to review the com-
pleted parts. High-performance
Hewlett-Packard 350SRX worksta-
tions were tral leased to expedite the
on-screen review sessions. Compo-
nent and assembly details then could
be real-time analyzed by group mem-
bers. This was especially important to
the manufacturing engineer because
he could quickly interpret product
changes and make appropriate man-
ufacturing process modifications.

“CAE analysis was used to lever-
age overall quality improvements,"”
Sprague continues. ‘‘For example,
the terminal's cabinet consists of
complex injection-molded plastic
parts that were analyzed with Mold-
flow and Polycool II to verify tool
design. There also is potential for
structural and thermal analysis, which
hold promise for further reducing tool
changes and improving component
quality,”

The completed part designs were
electronically released to the tooling
vendor, no paper drawings were
issued. Tool-path information was
added and then directly fed to CNC
machine tools.

Part geometry was created only
once to reduce engineering effort,
separate documentation from design,
and reduce interpretation error. Docu-
mentation for inspection and assem-
bly drawings was generated on an as
needed basis. A critical element of

this paperless CIM environment in-
volved securing the design's elec-
tronic file by developing an archiving
system.

Tool of the Trade

Throughout the 2760's develop-
ment Boothroyd Dewhurst's DFA
Toolkit software provided an early
analysis of assembly time and
sequence, not just a finished-design
autopsy. By using a Pareto analysis
of the assembly time data, opportuni-
lies for improverments were identified
to challenge the team. Parts and
times were categorized by functional
and nonfunctional purposes to high-
light the cost of decisions and prob-
lem areas. According to Sprague, this
enhanced design-solution synergism
among group members. The data
also was used to keep top manage-
ment up to date on the team's prog-
ress, and was essential to maintain-
ing support of the project.

“The DFA Toolkit focused on key
guidelines for improvement,” Spra-
gue notes. "We concentrated on re-
ducing assembly time and part count,
which significantly impacted the
entire organization and our suppliers.
In particular, fasteners were elimi-
nated through snap-fit assembly and
cables/harnesses were reduced
through direct interfacing, which also
improved reliability and quality. The
remaining parts were designed for Z-
axis assembly to minimize handling
and insertion time."

Last June, Sprague illustrated the
2760's ease of assembly by manually
putting it together in less than two
minutes while blindfolded at the Third
International Conference on Product
Design For Manufacture & Assembly
(Newport, RI). Of course, customer
acceptance will be the ultimate judge
of the project's success, and initial
commercial interest for the 2760 ter-
minal is strong. Moreover, several
companies that are pursuing their
own DFA projects want to replace the
formerly used IBM Proprinter with a
2760 for internal demonstrations.

“We have initiated several other
projects with greater potential impact,
including pc board DFA," boasts
Sprague. "Assembly time and part-
count reductions are forecast in the
90% range. Design for Assembly is
truly a cornerstone of manufacturing
excellence."
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