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Architecting Technological Systems

1. Performance
/ Requirements

4. Design

Decision \

/ \

3.Technology 2. Systems
Selection Solutions
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Technology and Requirement Space

e How can we identify
reuirements where viable
products can be produced?

e Considering both market
and available technology

Requirement Space

Impossible
to reach

Technology Critical

Technology Sensitive

Technology
Comfort Zone




What are the paths that guide designers?

1. Technology 2. Economic 3. Sustainability 4. Usability

.
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The Concept Of Technology Criticality
p="1,(X5)

c=1.(%8)

. Improvement in the technology, ¢ . should have
a strong effect on system performance, p

. The change on a design parameter, x, would
have a low sensitivity on performance combining

with a significant sensitivity on cost, ¢, from x.
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The cost benefit factor k., of a design parameter is now
defined as:

- _ko,p,i [ X 0p | % oc _1_3 op || oc -
i kO,C,i P 8Xi C aXi P 8Xi aXi

|.e. Sensitivity of performancéto design parameter, divided
with sensitivity of cost to the same design parameter

A working definition used for criticality of a technology is if
the sum of all (n) :

KZZn:K‘i <1
i-1

K is here called the Criticality Factor.
If xis larger than 2, we are in the Technology Comfort Zone
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Range Equation for Battery Powered Aircraft

(5
g D
oA :Battery energy density (J/kg)

(Battery specific energy J/kg or JJN=NmM/N=m
200 Wh/kg state-of-the-art li-poly corresponds to 73000 m)

n :Propeller efficiency (range of 0.83-0.9)
L / D :Lift over drag (range 7-22)
W. /W, :Fuel fraction, typically 0.2-0.5
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C, :Battery energy density (J/kg)

(Battery specific energy J/kg or JJN=NmM/N=m
li-poly 73000 m)

n 0.9

L/D :20

W, /W, :1

R =0.9x73000x20x1=1310x10°m=1310 km
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Technology Crltlcallty in Battery Powered Aircraft

Technology sensitivity

o G R_G 0 ncb(gj W
" Rac, Rac, | g\DJW,+W, +W,

Range Cost (assumed to be related to weight)
R = 77 Cb L Wb C\N :Wpay +Ws +Wb
g \D /W, +W_,, +W,
Introduce as design parameter
W, c (L) ¥
lP = b R = —b e
Wy + W, ng(Djl-l-LP
Performance Sensitivity Cost sensitivity
YR _ Einc_b(LJ‘P _ 1 y Yo, VY
P ROY RO\ g\DJ1+¥) 1+V¥ T, OF 1+¥
e T




w - » " Y !
S _ /7 -~ ' Lt f

The criticality of battery technology for electric aircraft
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Figure 1. Range as a function of non-dimensional battery weight.



Conclusion

. According to the Technology Comfort Zone, a larger
range is not impossible to achieve, but the cost
benefit becomes poor.

. It would require that special emphasis has to be put
on weight reduction and aerodynamic design, using
more extreme electric technologies, and a very high
portion of the aircraft weight would be taken up by
the battery.

. Staying within the Technology Comfort Zone means
that readily available, mature, relatively inexpensive
technologies off the shelf, can be used.

. Although the range is independent of size, the
endurance is not. A small aircraft will generally fly
slower, and the endurance will thus increase simply
because of the speed is lower.
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