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ARTICLE INFO ABSTRACT

Article history: Various drones have extended application area very fast. In this paper, we define
Received 1 February 2017 two contradictions in designing a portable-size drone by using TRIZ technique.
Revised 12 April 2017 The first is a physical contradiction between high rigidity and good portability,
Accepted 14 April 2017

and the second is a technical contradiction between high stability and good
portability. Through TRIZ technique, six design principles, which guide
direction for optimal design, were driven. Consequently, an umbrella mechanism
and design criteria were proposed for a portable-size drone. Detail design is
verified through finite element method. Test results for the portable-size
prototype drone show good performance, and prove its usefulness to be
equivalent to a general full-size drone.
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(a) Huge Quad Copter (b) Small Quad Copter

Fig. 1 Various size of drones
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Table 1 Contradiction matrix

Worsening feature 1 2 13 39
Weight of Weight of . .
Improving feature moving object | stationary object Stability Productivity
1 Weight of moving
object
ight of
2 Weight of 26.39,1,40
stationary object
8 Volume of 35,10,19,14
stationary object
13 Stability
39 Productivity

Table 2 Invention principle of used portable drone

Principle Characteristic

(10) Preliminary Action Use pre-knowledge

(14) Curvature Increase
(19 )Periodic Action
(40) Composite Material
(26) Copy

(1) Segmentation
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More simple and stable
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Fig. 3 Umbrella mechanism
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Table 3 Requirement for design

The terms desired

When carrying, not be obstructed shape or case
requirement

Portability - — —
When changing portability mode to driving mode,

must need short changing time

Volume of storage mode must be less than 70% of
volume of driving mode

Storage — - —
If it is kept in any direction, must no damage and
deformation
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Table 5 Material property

Tensile Elasticity .
. Density
Material strength | modulus (ke/m’)
(Mpa) (Gpa)
Poly propylene (PP) 33.1 1.34 910
Poly oxy methylene (POM-C)| 65.5 2.76 1410

Numbers
Nodes 726,497
Elements 510,892

Fig. 8 Boundary condition

Fig. 9 PP (poly-propylene) analysis
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Fig. 10 POM-C (poly-oxy-methylene) analysis

Table 6 Comparison of stress and deformation

Material Deformation Equivalent stress
(mm) (Mpa)
Poly propylene 11.608 11.563
Poly oxy methylene 4.0099 11.563

Step 2 End

Fig. 11 Transforming process
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(a) Stress

Fig. 12 Comparison of stress and deformation

(b) Deformation

Table 7 Comparison of stress and deformation

Stress (Mpa) Deformation (mm)

Min 3.0313e-7 0

Max 1.124 3.2844
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Table 8 Drone spec
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Driving mode : 300x300x150 mm,

Size Storage mode : 150x150%300 mm
Weight 1,500 g
Payload 600 g
Driving time 20 min (Non-payload)
Driving velocity 20 m/s

Battery Lipo 14.8 V 1,100 mA
Table 9 Motor spec
Name T-Motor MT 2216-13
Dimension $27.8X34 mm
Battery config 4 Lipo cells
Weight g
Max current 25 A
Max power 380 W
Rating 1100 KV
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