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SUMMARY

Using the experience of designing the Project HU-11,
anentry hasbeen made to the FAI “World Class” glider
design competition phase], 1990, for developinga glider
of high quality and low price. The optimization work
should be approached in several aspects, as is done in
mass production industry, i.e.:

- Optimization in strategy,
- Optimization through innovations,
- Optimization with CAD,
- Optimization in procedure.
The highlights are: 1) Introducing a novel multi-pin
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wing and fuselagejuncture design witha multi-stringer
monocoque FRP wing structure. This can simplify con-
struction and greatly reduce weight. 2) An optimized
management procedure for highest efficiency, least in-
vestment and final approach to optimum after (say) a
third CAD optimization. 3) Applying the modular con-
ceptin glider and mould design to share the developing
investment and reduce unit costs.

1. INTRODUCTION

After making a proposal for the World Class glider
design competition entry phase 1, it is realized that this
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Table 1. COMPARISON OF MAN-HOURS AND SELLING PRICE AT DIFFERENT PRODUCTION VOLUMES

Production volume/year
36-48 4160
170 3000
330 1600
1000 800

Estimated man hour of HU-11

Estimated selling price of HU-11

23,760 DM
19,662 DM
17,251 DM

kind of development should be much more similar to
those for mass production, which is a totally different
approach to the usual design practice foramateur build-
ing or manufacturing sailplanes of competitive perfor-
mance, but at low volume.

The World Classis aimed at “one-design glider,” that
is, no alteration, even very good improvements, will be
allowed after its acceptance. Therefore, it should be
carefully and thoroughly developed as is done in mass
production industry, to be perfect in all aspects for
serving its purpose and remain so for a period of de-
cades. Inaddition, the World Class is required to be low
priced. The general relation between unit cost/produc-
tion volume is shown in Figure 1. The cost for building
one or two prototypes, or at low volume, is much higher
than athigh volume where the investments for develop-
ment and production can be shared by all the products.
This can beillustrated by the author’s project HU-11, for
whichman-hours and selling price have been estimated
for production volumes of 500, 1000 and 3000 in three
years, respectively, according to the documents of
“World Class” competition. ¥

and, for further efforts, suggesting
- Optimization through team work.

2. OPTIMIZATION IN STRATEGY

The most important first step is to find a correct
General Concept of Design, that is, the strategy of de-
signing. The considerations are as follows: Lightness
takes priority over low cost, though the latter is the
ultimate main requirement.

1) Lightness - This is the leading factor for optimum
performance, to be achieved by choosing:

- the smallest wing area with optimum result, this is

the starting point of many relevant components and

hence smallestempty weight, least material required
and subsequently lower cost;

- the proper type of construction and sizing with best

strength /weight ratio;

- the latest research achievements of aerodynamics

and technology, not to aim at highest /D, but to get

the lightest and cheapest solution to the competition
rule;

-careful and ample stressing and testing to eliminate

unnecessary weight.

Unit
Cost
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2) Low cost - by adopting innovations to
getlightestand simplestconstruction which
suits the mass production technology, and
modular construction method both in the
glider and the mould to share the develop-
ment and production cost with other prod-
ucts. 'or instance: Figure 2 shows a wing
with straight taper and a longer mould to
enable future modifications of wing area
and aspect ratio - either for improvements

Production Volume
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FIGURE 1. Relation between cost and production volume.

of HU-11, develop a two-seater version, or
anotherairplane. Figure 3showsamodular
concept of various combinations in fuse-
lage and its mould. It is possible to get
another mould for a two-seater by only

It is clear that World Class sailplanes will be cheap if
produced at very high volume.
For these reasons, the Project HHU-11 is prepared with
a consideration of:
- Optimization in strategy,
- Optimization through innovations,
- Optimization with CAD,
- Optimization in procedure,
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inserting a short center section. Similarly,
different versions of tail unit (conventional or t-type)
can be built by changing only the rear most part of
moulds.

3) Reliability - this means: safety, longer life and
lower maintenance cost; this is one of the factors that
enable the “one-design” to stay inlong service. Reliabil-
ity can be achieved either by choosing well-proven
aerodynamic design, construction and technology or
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decades, and bring optimum so-

lutions in many respects.

1) Preparation - [n addition to
the study of soaring science, sail-
plane technology and light plane
development for thirty years,
special preparation has been

made since the announcement of

the World Class Competition—by
visiting OSTIV Congress and the
World Championships collecting
OSTIV Publications, scanning air-
plane design texts, papers and

— documentsin the local Aeronau-

% tical Institute, consulting experts

Increased aspect ratio

in each field and keeping an eye
onevery Chineseinnovationsuit-
able. As a result, 65 references
were selected and studied, the

=, recommendations of which are

Smaller area

FIGURE 2. Modular conception of wing and mould.

being followed as much as pos-
sible.

2)Brain Storming-Thisisdone
several times with myself and
selected groups of scientists, en-
gineers or pilots after digesting

the competition rules. More spe-

cialized institutes were visited.
Many innovations were selected,
carefully studied to be feasible
and reliable and embodied har-
moniously into the preliminary

design of HU-11. We name a few

Additional for 2-seater

f

T

Different
Vert. Tail

FIGURE 3. Modular concept of fuselage and mould.

for example.

3) Innovative Wing Juncture -
We chose the new conceptof wing
and fuselage mainjunction of AD-
100 (an ultralight of NAI). This
juncture consists of many points
around the root rib in contrast to
the conventional practice of two
or three points at the main and
auxiliary beams, which must be
very strong and heavy to take up
the bending stress of the whole
wing. Weightisalso wasted atthe
leading and rear portions of the

making enough practical evidence (tests or operation)
to prove the adopted innovations to be reliable.

3. OPTIMIZATION THROUGH INNOVATIONS

Itis safer to choose conventional but reliable designs
instead of innovational but uncertain constructions.
However, it is often the latter that will lead in future
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center wing, which are not de-
signed to transmitbending. Inour
multi-pins design, the loads are spread to all pins,
making cachof themlight, safeand easyto produce. The
wing is made of monocoque TRP foamed sandwich
(Figure4) withstrips of carbon fiber laid inside along the
spanand wrapping around the pins with enoughradius
to make a strong, efficient and tremendously lighter
construction than the conventional. The other part of
juncture at the fusclage is also made of FRP box con-
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FRP and foam sandwich
Stiffenning Spar

Stringer

between wing and fuselage™, discussions
on “deep stall” ® and AIAA 81-44076 ©
report with pilots and Thomas’ list®, check-
ing the space of cockpit with Roskam’s 2.0m
“pilot” ) and locate the 1.5m “pilot” more
forward than usual to keep the c.g. within
aftmost (35%) position when the pilot and

FIGURE 4. Typical wing cross section.

chute are 60kg, (see Figure 6), papers of
Irving ', Bennett ", Marsden ", Boermans
19 Kovacs'™, Roskam ®, Hoak ® and oth-
ers are used in CAD and many on materials

struction with carbon fiber or Kevlar taking up stresses
at the pins. As illustrated in Figure 5, this part will be
carefully designed to get good strength, rigidity and
productivity, We did not take the aluminum structure of
the said juncture of AD-100. We improved it to the form
mentioned above according to the principles and opti-
mization of composite materials.

Concerning reliability, this multi-pins juncture con-
cept is being proven by test flights of five AD-100"s. We
shall make partial strength and fatigue tests of our
multi-pin design and composite construction and also
other necessary tests of the whole wing and fuselage
juncture to pass the strict requirements for certification
and mass production as well.

4) Applications from Research - Many of the latest
reports in OSTIV Congress and publications have been
adopted as given in the 65 references (see Appendix).
For instance: the Marsden airfoil UAG 88-143/20 (20),
Crawley’s crashworthiness design of cockpit 7,
Boermans’ research on the fuselage shape, wing loca-
tion, cockpit location %, Galvao’s note stating the 2/3
power law on fuselage form to maintain laminar flow @
(except the front plexi-glass which is intentionally left
single curvature for ease of making distortionless front
view), Cijan’s research on using large fillet and fairing

and technologies, etc.
4. OPTIMIZATION WITH CAD

This is one of the most important innovational meth-
ods we have adopted. The entire sizing of glider HU-11
is decided by a program ‘NAI 186’ after several trial
designs and a CAD optimization of some 1600 search. It
is presented in another paper: “CAD optimization of
glider design with program ‘NAI 186".” As it is ex-
plained in that paper, the relations used in the program
arebased on general industrial statistics; there m ightbe
a 10% deviation from our case — the present CAD
optimization is only at the preliminary stage. We shall
refine our program with the statistics collected during
prototype construction and will get more accurate re-
sults. Figure 7 gives the first 3-view drawing of HU-11;
the dimensions are subject to change at the final stage.

5. OPTIMIZATION IN PROCEDURE

In mass production industry, the word “develop-
ment” is used more often for the pre-production period,
which includes: research, design, part testing, proto-
type construction, test flying and then refining — and
maybe repeating the whole procedure once or even
twice again until the aircraft is satisfactory for produc-

"Multi-pins®

Juncture

- Wing fox

Beinfurcing in
wing box

FIGURE 5. Multi-pin juncture and all-composite construction.
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FIGURE 6. 1TU-11 with 2.0 m and 1.5 m pilot in cockpit. Dimensions in millimeters.
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tion. This isbecause in mass production thereneed tobe
manyjigs, fixtures, moulds and tremendous paper work
prepared; any more changes would be very difficult.
That is why we think the development of a World Class
glider should be very similar to that for mass produc-
tion. In addition, in our aviation practice, we used to

build two prototypes, one for static test up to failureand
one for test flying. And for reliability, the test flights
need to be very long and strict at least one should fly to
its ultimate life. Combining all this work, the develop-
ment period would be very long and expensive. In our
entry for World Class competition phase I, we have

"l_"'— g

slternate Configuration

of Tail Group
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FIGURE 8. Schematic diagram of development procedure for HU-11.

designed a management procedure in order to arrive at
the highest satisfaction, reliability, safety and yet with
the least investment, that is to optimize the whole “de-
velopment” system. Asshownin the schematicdiagram
in Figure 8, we can finally come to very close optimiza-
tion.
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