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ICE hears up design productivity
Networks of hundreds of commnunica- 1
tions satellites extend the Internet into
orbit. Single-stage rcusable launchers
cut the cost of space transportation by
a factor of 10. Hypersonic airliners
carry passengers from Los Angeles to
Tokyo in 2 hr. Lighter-than-air cargo
haulers deliver automobiles directly
from plants in the midwest to distribu-
tion centers overseds. Robotic space-
craft penetrate the icy surface of one
of Jupiter's moons in a search for liq-
uid water and extraterrestrial life.

Conceptual design
Which of these visions will come to
life, and which will go the way of the
U.S. SST and the Spruce Goose? The
answer, and the future direction of the
aerospace industry, depends largely
on design teams now working in in-
dustry and government to define the
~ cost and performance of new ideus.
‘These groups are conducting concep-
tual design, the first critical step in the
life cycle of an acrospace product.

Although funding for this design
phasc is a tny fraction of 2 project’s
overall budget, the conceptual design
team’'s quality and productivity have 4
disproportionate impact on the projec-
Us success and, over time, on the suc-
cess of the company. One reason is
that conceptual design is usually con-
ducted during the preproject, prepro-
posal, or proposal phase, when bud-
get levels are very low, At this stage,
limited “bid and proposal” funds are
typically distributed by managers who
are motivated to investigate the grear-
est possible number of concepts for
their high-payoff potential. Given lim-
ited funds, these managers usually al-
locate very small budgets for concep-
tual definition of each of many prom-
ising ideas.

When a concept definition activity
shows promise, advocates must seek
further project funcling based on lim-
ited descriptions and rough cost esti-
mates. Sponsors must work with the
same limited information to lobby for
project resources. Although no formal
commitment is made, the conceptual
design and preliminary cost estimate
frequently define the project’'s key pa-
ramcters before preliminary designs
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and detailed estimates are complete.

This problem has caused a few 2
leading aerospace organizations to es-
1ablish design centers o increase the
productivity of the early product de-
velopmen( process, Initial atempts
emphasized advanced information sys-
tems, high-end design 10018, and €x-
pensive facilities, But recently therce
has been a growing realizauon that
shifting the emphasis 1 use of a team
is the key to achicving breakthroughs
in conceptual design productivity.

For multidisciplinary tcams that
uac rigorous, repestble processes, in
tormation systems play an important
aupponting role. Puling the team, the
prociucts. and the process first has en-
sbled large productivity improvements
to be achieved with standard deskiop
computers and inexpensive facilitics.
This new methodology is called inte-
gratcd concurrent engincering (ICE).

ICE and JPL
Research conducted at Calitornia Insti-
e of Technology and clawhere sug:
gests that Lhe improvements resulting
from ICE constitute & breakthrough.
The jet Propulsion Lab's Project De-
aign Center ('DC) is an cxample.

The PDC houses two ICE teamns, |
and X. Tecam T docs conceptual-level
design of space science instrument
systems; Team X doca the entire inte-
grated spacecraft, mission, and pay-
load designa. Team X has been work-
ing for about three vears and has
completed well over 100 rapid, cost-
ettective design studies. The team has
saved JPL acveral million dollars in
conceptual design costs while produc-
ing these designs, scveral of which
have hecome new space missions in-
volving hundreds of millions of dollars
in new business for JPL and its suppli-
crs. It has reduced JPL's space mission
conceptual design costs by more than
2 factor of three and the time required
for typical deep space project designs
from about four montha 1o 1¢ss than
WO weeks,

DBccausc NASA, JPL’s primary cus-
tomer, requesls many inexpensive
project design studics, Tcam X docs
many one-to-two-week designs. Each
study includes a mission trajectory de-
sign, a cost estimate, and a high-level
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flight and ground system design, One-
week studies can include CAD config- 3
uration drawinge, pedformance spocifi-
cations, funcuonal block diagrams,
and equipment ligts. The team can
also provide rapid prototype models
of custom designed spacecraft within
two weeks of initiating a4 studv. Last
year Tcam X completed over 30 mis
sion system studies in under 10 months
1o support devclopment of NASA's so
lar system exploration road map.

Team I, which is ncwer than Team
X, supports the more detailed detini-
tion typically nccded for space acicnec
instrument proposals. Its objective is
to deliver instrument conceptual de-
signs that are near the level ot a pre-
liminary dcsign revicw, The tcam
hopes to achieve this level of detail
with integrated structural, thermal, and
optical analysis within two weeks of
initiating a4 design study.

TRW trics ICE

JPL is not the only organization bene-
fiting from ICE. Recently TRW s Space
and Electronics Group (S&EG) restruc-
turcd ita engincering tcams and their
desigr tools o implement the new
ICDT. Using a phascd approach, the
company was quickly able {o harvest
the benefits of ICE in terms of product
quality. conceptual design costs, and
turnaround tme. In a few months the
ICDF team has conducted almost a
dozen design studics, achicving a high
rate of customer satisfaction, Typical
products include detailed technical and
cost reports, high-fidelity CAD models.
system design trade trees, performance
analyses of all major subsystems and
functional block diagrams, and flight
system development schedules.

Like Team X, the ICDF tcamn also
produces prototype models of its
spacecraft for configuration studies
and marketing purposes. The facility
has already helped TRW move intwo
new husiness areas by reacting swiftly
and confidendy to new and challeng-
ing customer requirements. The com-
pany's management is so enthusiastic
ahour. the TCDF approach that it is ex-
panding the capability to other seg-
ments of S&FG’s business.

The seven principlcs of ICE
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Given these snccesses, it is important
10 understand the gencral principles 4
behind ICE so it ¢an be applied prop-
erly In other scuings, At Caliecls, this
has been the facus of recent rescarch
thar Included observadons Of Team X
and the ICDE. Also included were sev.
eral pracucal experiments with swdent
design teams. This work has shown
that ICE works best when the devel-
opers consciously or implicidy sub-
scribe to the principles of tradidonal
concurrent engineering coupled with
seven key principles of integration.
These principles, which take TCR be-
yond praclices commonly In use -
day, fall into the broad areac of pro-
cesses, tools, and people. Although
each principle provides gains individu-
ally, substantial synergy occurs when
all are applied togather.

Underlying all of these considera-
tions is the fundamental principle of
concurrent enginecring—design activi-
ties curried out simultanecusly, usually
by teams that work together in one fa-
cility. These practices accelerate and
improve the entire development pro-
cess. Manufacturing representatives
101n the wam carly in the development
cycle to ensure that the design reflects
fabrication requirements. The effect 1s
to reduce cost and improve quality.

ICE includes but goes beyond tra-
ditional concurrent ¢ngineering prac-
uces 1o take full advantage of available
information systems and CAD tools,
achieved by applying the seven key
principles. Beyond enhancing produc-
uvity, use of these principles makes
conceptual design more systernatic and
easier 1o control and measure. Finally,
becouse many mundane tasks are au-
tomated in ICF, team members are
able to malce greater intellectual and
creative contributions,

The systematic nature of ICE de-
rives from the principle of well-de-
fined productivity and product needs.
‘This principle 1§ based on the observa-
ton that the team must clearly delin-
eate the time and cost savings and the
quality improvement goals of the ICE
systemn in hight of the types of concep-
wal designs to be produced. The re-
sult is typically a list describing the
products that must be created by an

ICE system, along with an assessment
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of how much time and expense can
be devoted to the process. 5

A product list might include de-
scriptions of documentation, cost esti-
mates, technical designs, and market
analyses required by the team’s em-
ployer. The design of the facility, the
selection of the information systems,
and the choice of design tools all de-
pend on the contents of this list. Like-
wise, the team and the processes it
will use should be selected bascd on
the classes of products it will produce.

Understanding the products is not
enough. Historically, most conceptual
design tcams have not naturally con-
ducted themselves with maximum ef-
ficiency, in part because team mem-
bers tend to undersiand their own
contributions more clearly than those
of their colleagues. Thus individuals
often vie to drive the design to reflect
the concerns of their own technical
disciplines, wasting team resotrces, In
some cases, arcas represented by team
members with strong personalities can
be overemphasized in the design pro-
cess, with detrimental results,

A good team leader can help to
mitigate this problem, as can careful
planning of what is done and in what
order, Tt is also important to ensure
that automarted data transfer between
workstations can occur in the right or-
der, with team discussions interleaved
us appropriatc. This generic but flexi-
ble plan is called the team playbook,

The playbook must be developed
concurrently with the facility’s design
tools and information system. It also
helps to have a daily or hourly sched-
ule that takes a concept design job
from the idea stage to the level of ma-
turity needed by the sponsor.

The playbook and the schedule
cannot be developed by management
or outside consultants; they must be
developed by the teams that use them.
Without this intellectual ownership,
the team will not use such plans cffec-
tively. The script and the process plan
should be dynamic enough to capture
the breadth of the products the team
will create, yet disciplined enough to
ensure that the team smys on plan and
turns out the required products.

State-of-the-art information sys-
tems let team members conveniently
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exchange product design, marketing,
cost, uud other technicyl data. When
properly implemented, the informa-
gon systein can automatically caprure
snapshars of the evolving state of a
product development team’s worle in
an integrated disuibuted database.
Links Letween team members’ design
wale enable changes in the product
coucept, or in any of the parameters
thar affeet the team’s work, to be trans-
mited © other engincers instantly.
This eliminares the nced for time-con-
suming, costly documentation and pro-
vides a disciplined understanding of
the progiess of the team’s work.

Tools and facilitics

Rapid. integrated, real-time design and
znalysis tools must be carcfully sc
lected and linked for use during team
sessions, Two key criteria for tool se
lection are compatibility with facility
information systems and compatibility
with the work pace designated in the
playbook, Wcll-trained tcama using
Qiios wlass Wl tewlo caus bacals the “mect
ing—design-nm|yni=-r|nrnmenrarinn-
meeting” cycle and swp the endles
games of phane g and e.mail over-
load of the 1990y,

The breakrthrangh alternative in
ICE is playbookelased desiyn saasions
in which disenssion, design, analysis,
and documentation are done in a 1edl-
time, concurrent mode. Design and
product refinemen.  fleraivns  thil
would take weeks in 2 traditional con-
current englneerng approach can be
radncand ta hanre ar aven minntes

The information systems and de-
sign ks associated with these im-
proveents need not be high-end cus-
om developments. It 1s much easter w
basc the information systems on low
cost desktop computers with common
office application suites. Engineering
design tools can be developed using
simple visual programming languages
and spreddshects. or accessed via stan-
dard intcrfuce protocols from these
common applications.

While offective teams can work
without custom facilities. design cen-
tcrs that support ICE principles can
boost team performance significantly.
A facility with a proper layout, good
acoustics, and appropriate display and
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presentatlon equipment helps things 7
go faster and more smoothly. Video

and audio tcleconferencing should

also be available, Variable lighting and

STUR O prosciiativin W wodk s

sions without changing locations.

No process, system, computing
tool, or leadcrship style can substitute
for an expericnced team and its exper-
dae, T sBIT v e i TONT $a that the
organization must dedicate the team
and much of its members’ tmc to the
process of producing conceptual de-
signs faster and better. Team members
must be well trained and willing to use
an integrated set of rapid design and
analysis ools.

They also must be willing to work
in a fundamentally new way, and this
requires a degree of mental flexibility.
Some cannot, or will not, adapt to the
new environment, and substitutions
occasionally must be made when peo- -
ple do not work out, Thus building 2
team takes timec.

Finally, management must sup-
port the tcam, supplying its best peo-
ple and devoting real intellectual and
financial rcsources to providing the
best tools and processes it can offer.
The result is 2 new kind of team that
can rapidly produce great conceptual
designs at unprecedented savings,

N
Future devclopment of ICE design
center technology will ke the pro-
cess further into the design cycle and
integrate it more broadly across multi- .
ple organizations. Exwending ICE into | / i) :
virtual facilities will enable teams in ) (c 44 ¢ ot o d
different locations to work together in
real-time design sessions. A great deal 2 hcﬂ” ¢ TR
of excellent R&D is being conducted [ /Al - & U)W I'W i ! %
on informarion systems technology re- o . - T y; i :
Jated to these developments. This re- ' ~‘\’("m “r (g™ L ! j jl/\ Con Ve
search, though not specifically di- // _4,[4 ‘
rected at ICE applications, will benefit
ICE facilities and design teams and / O oaeht
help to define the role of the aero- - ;h
space industry in the 21st century. — w i
Joel Sercel Ch
Sonya Sepahban l‘
Stephen Wall

California Instinte of Tecbnology
bup://home.aarthitnk/~sercel/
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CONCEPTUAL DESIGN

Purpesos

Investigule e broadest pessible range of
new business opporunities with fimited 1w-
saurces

Deovelop sccurate performanes estimates
Cunecily evaluake busincss catas for new

concepts
Respond quickly to sponsor inquiries and
“whatifs”

Develop low cost “winning™ concepls
Develop high peifuimuice *winning" con-
cepls

Dasired productivity improvements
Raduee coet of ptual design
Enbrareca quality and fidelity of concopiual
deugns

Enhonce accuracy of market and cost esti-

mates

Reduce fime/achcdulo for conesptual design
Include deslgn for cost looh und mettods
include design oplimization and full exple-
ration of design trade space

SEVEN KEY PRINCIPLES OF KCE

Processes

* Wall understood closses o products

« Team playbacks and schadiler

Yool

* Tailored, Integrated Informotion syslerns

¢ Deskiop gpplicationbased design software
; Teilored fcilitias

* Dedicared reum oxper! in processes and
disciplines

» Institutional stakeholder/management own-
archip of approach

Authors: Please give job
affiliations



