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* Problem Statement

v" Problem at hand: A fully bioinspired autonomous
flapping unmanned aerial vehicle. -\

/ (Step2Dyna-WP4: Implementation of Collision
detection and avoidance systems for mobile

robots and unmanned aerial systems) .\

v' Subproblem-1 (Aerodynamics): Numerical and experimental fluid
dynamics study and rapid prototyping of locust wing.

v' Subproblem-2 (Mechanics): Biomechanical properties (mechanical
testing) and formulation of wing articulation mechanism of locust wing.

v' Subproblem-3 (Autonomous Control): Integration of LGMD vision
module onto the flapping flight control system (FCS).
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o Literature: Several Similar Prominent Projects
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e Literature

v" Several Prominent Projects

S

COUNTRY o ®

a8 |
+,
S w W

@

Research Institution Konkuk DRDO Delft University University of Harvard Warsaw
University Lincoln University University
Project LIPCA MAV VTOL MAV Delfly Il LinLoc HMF/PARITy Lissajous MAV
e e . . q . Fu||y . .
Blomsplred Quasi Quasi Quasi Bersrris Quasi Quasi
Mechanics + Control)
Topology 4-bar 4-bar 4-bar 4-bar 4-bar Double Scotch
Yoke
Actuator Type LIPCA DC Motor DC Motor DC Motor PZT BiMorph DC Motor
Wing Rotation Passive Active Passive Passive Passive Active
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* Proposed Methodology

a novel fully-
bioinspired aerial

robotic platform that
appreciates biological
solutions

mmautonomous flight in
complex cluttered
environment
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e Subproblem-1: Linloc Aerodynamics

v Fundamentals of Conventional and Flapping Flight

d)

(a)
T - @ [
® D) RO 2
@ 9
(b} . - p
~— @
N

Upward force on plane (lift)

1. Air splits
at the front 2. Air pressure
f reduced on top

4. Air
accelerates
3. Air pressure down
increased underneath . ®
O [\O \ O O I
‘ o'to O O Locust _in a wind-tunnel test, recorded
Downward force on air ’ using high-speed camera.
Newton’s 34 Law of Motion; for a every Clap-and-peel motion by use of two rigid wing sections with the red arrows
action, there is an equal and opposite indicating the direction of the wing motion and the blue arrows indicating the

reaction. direction of the induced flow, for the instroke (a—c) and outstroke (d—f).




e Linloc Aerodynamics: Computational Fluid Dynamics (Major Stages)

1) Geometry Modeling and Meshing 4) Observation & Comments

2) Governing equations and Solution parameters 3) Results and discussions
i s &7
The continuity equation: _L=0
The momentum equation: :; (p{,_'r)—(:} ¢77)) _:i _&‘;_ G+puity) | —

The energy equation: Z(F) f‘; ©7,7) r" ’ @07 )

L UNIVERSITY OF

268 L INCOLN




ép'qi UNIVERSITY OF

LINCOLN

#ON



e Stage-2: Post-processing Images in Adobe Photoshop

PS5 File Edit Image Layer Type Select Filter View Window Help
_|'Sample All Layers | | Auto-Enhance. Select and Mask...

Wing.psd @ 77.9% (Layer 4, RGB/8%) * %
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Layers  Channels  Paths
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Normal + | Cpacity: 100%
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o @ 8- Brightness/Contr...
© Layer 3 copy
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e Stage-3: Digitizing Wing in WebPlotDiqgitizer

[ WebPlotDigitizer - Copyright 2010-2017 Ankit Rohatgi = m} X

File Help + - 100% Fit ¢ o

Axes

Map
Datasets

Default Dataset
Measurements

Dataset

Axes: Map v

Rename Dataset

Delete Dataset [2.7174e+0, 7.2464e-3]

View Data Manual Extraction
Clear Data Add Point (A} | Adjust Point (S)

; v
Data Points: 92 Delete Point (D)

Automatic Extraction
Mask = Box Pen | Erase |View

Color Foreground Color v .
Distance 120 Filter Colors

Algorithm Averaging Window ¥

AX(10 Px
AY|10 Px
Run
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e Stage-3: Exporting Wing Coordinates

[ WebPlotDigitizer - Copyright 2010-2017 Ankit Rohatgi — O X
File Help + - 100% Fit
Axes
Map
Datasets
Measurement
Acquired Data
Dataset
Dataset: Default Dataset ¥ Sort
Axes: Map R
Variables: X, ¥ Sort by: Raw v
Rename order
. Ascending ¥
@ [2.7174e+0, 7.2464e-3]
m Format Manual Extraction
Clear Number Formatting: | Add point (A) ||Adjust point (s) |
Digits: |5 Ignore v

Data Pol
Column Separator: |,

Errel: Automatic Extraction

z
[

&
&
&

Mask| Box | Pen |E|a5e| iew|

Color Foreground Color v .

- Distance Filter Colors

Copy to Llipboard| Download .CSV | Graph in Plotly* Close Algorithm Averaging Window ¥
*Plotly is a securs data analysis and graphing site with data sharing and access controls. axlio |px
Visit http: //plot.lv for details. AY |10 Px
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e Stage-4: Writing the .swp Code in MS Visual Basic

[ & o
File Edit View Insert Format Debug Run  Tools  Add-Ins  Window Help File Edit Search View Encoding Language Settings Tools Macro
P Run Plugins Window 7 X
TE-H bonoE M NEY # @ L2, coll . . J-u;] | | am|as|® »
Project-Locust_ng_Cros;_Ei, %Locu:t_Wing_Cros;_Section_Proﬁ\e-Locu;t_Wing_Cm;s_Section (Code) ° — .
= - Bnew 163 H 200 zﬂl
= s |tGeneraI] \/| ‘maln
1 ©.5174450985 3.56079832 0 "~
-@ Locust_Wing_Cross_Se: Dim swhpp As Object || 2 ©9.517445095 3.297036407 0
41--[(] SOLIDWORKS Objects Sub main{() I @ ©9.539425338 3.055253737 ©
=I-£5 Modules 4  9.561405581 2.813471067 0
w8 Locust_Wing_Cross, Set swApp = Application.SldWorks 5 9.605366066 2.549708155 0
Set Part = swhApp.ActiveDoc & 8.671306794 5945242 0
swhpp.ActiveDoc.ActiveView. FrameState = 1 7 =] .044162572 0
Dim skPoint As Chbject G, .7803%9%66 O
2 10.00101044 1.53861€6%9 0
< > Cpen "C:\Users\Hamid\Desktop\Locust Wing\Cross—section Profile Co-ordinates\20.txt" For Input As #1 10 10.13289189 Q
PropertiesfLocust_Wing_Cro:& Pe.:rt...?ket,c'n]{e.nager.InsEIt,SDSkEt,c'n True — 10.2867535% 1.120932378 0
Do While Not ECF (1) 12 10.4490615Z2% 0.967130679 0
Locust_Wing_ Modulz ] Input #1, X, ¥, Z 5 10.63843747 0.81326838 0
R Set skPoint = Part.SketchManager.CreatePoint (X / 1000, Y / 1000, Z / 1000) 10.83625%66 0.7033877&7 0
Alphabetic  Categorized - o ~
Loop 15 11.07804233 0.61544€796 0
[IE] Locust_wing_Cross_Secti Close #1 16 11.38576573 0.615446796 0
17 11.67150888 0.615446796 0
Part.ShowNamedViewZ "Isometric™, 7 18 11.9352717% 0.61544€6796 0
Part.ViewZoomcofitcl 18 12.19%803471 0.615494€796 0
End Sub 20 -46Z279762 637427039 0
2 €0005 0.72534801 0
12.90240247 0.835248223 0
b 13.14418514 0.545150437 0
13.36398757 1.033071408 0
.14Z2 621 0
. 340794806 0
13.93547 .58Z577475 0
14.06735534 1.7803%9%66 O
14.22121704 2.0441&2572 0
14.37507874 85845242 0 ~
Ln:1 Col:1 Sel:0|0 Windows (CR LF) UTF-8 INS
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e Stage-5: Running the Macro Code in SolidWorks

T a3 X

_;SSOUDWORKS M AL E-a 5 [leEs- wing
i ||o*@@‘

E4 =% g g & & B
New Remove Select Launch Edit Edit Edit
Inspection Balloons Balloons Template | Inspection Operations Vendors
Project Editor Methods
Features | Sketch | Surfaces | Evaluate | Dimipert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD | SOLIDWORKS CAM | SOLIDWORKS Inspection | « Custom Properties *
5 «F '1 = L
EdPEd -+ -0 = |
~

Groupbox

% Wing (Default<<Default>_Display State 1
3 History

& Sensors

Annotations

=5 Material <not specified>

[] Front Plane

[1] Top Plane NS
o

[] Right Plane

L, origin

[0 () 30Sketch3

r~

S
. >
| Model [ 3D Views | Motion Study 1 |
SOLIDWORKS Premium 2018 x64 Edition Arc Length: 0.97cm Editing Part CGS - @
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e Stage-6: Importing the Wing Geometry and Creating Fluid Volume in ANSYS

@) 4 Fluid Flow (Fluent) - DesignModeler - X
File Create Concept Tools View Help
AdE| @ select |y B BRI T @ SHPRQAEARQ AT+ @ 12
W~ W~ A~ Jiv A~ fe A AT
XiPlane ~ H | Sketcnz ~ #8 || -} Generate @PShare Topology [T5|Parameters
[RBEdrude glaRevolve @ Sweep  § Skin/Loft
@ Thin/Surface s Blend ~ 4 Chamfer 1 Slice @ Point 3 Conversion
Tree Outline 2 Graphics L3
=[5l A: Fluid Flow (Fluent)
-3 XYPlane
- 43 ZXPlane
-3 YZPlane
- Import1
o SurfaceSk2
[ Boolean2
-3 Line2

- Projectiond
@ Projection3

- Projection
-, 8 2 Parts, 2 Bodies

sketching  Modeling

Details View 2

0.00 50.00 100.00 (mm)

500 500

Model View | Print Preview

& Draga boxto zoom in Mo Selection Millimeter 0 0




e Stage-6: Importing the Wing Geometry and Creating Fluid Volume in ANSYS

@) A: Fluid Flow (Fluent) - DesignModeler

File Create Concept Tools View Help

AdHE & select 'y - D @ SHORQE R QAE | @ |2
W B~ £~ fir A A fm A
X{Plane ~ | Sketchz ~ 8 || jGenerate G@Share Topology [E5|Parameters

BEtrude ghaRevolve @ Swesp  § Skin/Loft
@ Thin/Surface @ Blend » € Chamfer HSlice
Tree Outline
/58] A: Fluid Flow (Fluent)
[ 3 XYPlane
g ZXPlanE
vyt VZPlane
w8 Importl
[ SurfaceSk
o [ Boolean2

g Line2
i Projectiond

@ Point B Conversion

2 Graphics

@ Projections
w4 Projection
-, 2 Parts, 2 Bodies

Sketehing  Modeling I
— ; Corrugation

Details View

0.00 50.00 100.00 (rrm)

500 5.00

Model View | Print Preview

Drag a box to zoom in No Selection Millimeter 0
£
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e Stage-7: Generating Grids/Mesh and Evaluating its Resolution

@ £: Fluid Flow (Fluent) - Meshing [ANSYS AUTODYN PrepPost] - X
File Edit View Units Tools Help || =33 | < GenerateMesh @ #F [A] [~ [J7Worksheet in
RHERcEAERRR &S QR eaxngas e -
' Show Vertices  #QWireframe | Wl Edge Coloring v £~ A~ A~ A~ A~ A || [-IThicken Annotations s B Random Colors 7> Annotation Preferences
Mesh -/ Update | 1 Mesh v G Mesh Control ~
Outline 7
Filter Name = [ al=
@ Project
Bl & Model (A3)
-, B Geometry
> Coordinate Systems
/i Mesh
@ Named Selections
¥
L]
®
Details of "Mesh" 7 O‘ZIUO(m)
1| Defaults 0.050 0.150
Physics Preference CFD
Solver Preference Fluent Geometry A Print Preview, |
Relevance 0 M=mrs 2 x
| Sizing [ Text | Association [Timestamp
+| Inflation
=1 Assembly Meshing
Method None
~I| Patch Conforming Options
Triangle Surface Mesher | Program Controlled
+ Advanced
| Defeaturing
+| Statistics
Press F1 for Help 0) No Messages Mo Selection Metric (m, kg, N, 5, V, &) Degrees rad/s Celsius
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e Stage-7: Generating Grids/Mesh and Evaluating its Resolution

(@) A: Fluid Flow (Fluent) - Meshing [ANSYS AUTODVN PrepPost]
File Edit View Units Tools Help || =% | 3/ GenerateMesh 1@ [ [A] [~ (J7Worksheet in
THYR-L-OODEME @S aa @@an R e o0

WM Edge Coloring » A~ A~ A+ A~ A~ A || I Thicken Annotations 2 Bl Random Colors 705 Annotation Preferences

T Show Vertices i Wireframe
Mesh -/ Update | @aMesh ~ @ Mesh Control v

Outline

Filter: Name ~ 21
(] Project

=[] Model (A3)

/G Geometry

/A Coordinate Systems

/& Mesh

({1 Named Selections

0.200 (m)
]

Details of "Mesh" a
=I| Defaults
Physics Preference CFD

0.050 0.150

Solver Preference Fluent Geometry 4 Print Preview,

Relevance [} Messages
| sizing TTet
Inflation
=| Assembly Meshing

Method Hone
=| Patch Conforming Options
Triangle Surface Mesher | Program Controlled
Advanced

[ Association [Timestamp

=

]

]

Defeaturing
Statistics

]

Press F1 for Help 0/ No Messages N Selection Metric (m, kg, N, 5, V, 4) Degress rad/s Celsius
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e LinLoc Aerodynamics: Governing Equations

> Flow over aerofoil is described by
Navier-Stokes equation;

i,
6—1:+p(u-V)u—Va(u-p):pf

V-u=20

u— Fluid Velocity
p— Fluid Density
f— Body Force
t— Time

p— Pressure

L UNIVERSITY OF
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> Our turbulence model is described by Spalart-
Allmaras equation:

wlLF'

- V. (?vw) + Sv

t v

v, — Turbulent Viscosity
VvT- Turbulent Viscosity Gradient
S,— Measure of the Deformation Tensor
o,— Turbulent Prandtl Number




e Stage-8.1: Setting Up Solver Model, Boundary Conditions, and Flow Problem

=
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
Erd-m@ e e~ o -
Meshing Run Calculation EY= -
esn en Check Case... Previen Mesh Mofion
Salution Setup -
General MNumber of Iterations  Reporting Interval
Models ’—Hism = ’—u—‘,71 5
Materials =2 =
Phas Profile Update Interval
Cell Zone Conditions ’17 <
Boundary Conditions =
M es [ 5olution Steering
Dynamiz Mesh
Reference Values Data File Quantites...
Salution
Solution Methods Calulate
Solution Cantrols
Monitors
Soluton Initaization Help
Calculation Activities
Resuits
Graphics and Animations [y
Plots
Reports
Mesh May 15, 2018
ANSYS Fluent14.5 (2d, dp, dong imp, S-4)
interface, ~
domains,
mixture
zones,
uall-domain
airfoil
inlet
outlet
interior-domain
domain
Done.
Preparing mesh for display...
Done .
Setting Post Processing and Surfaces information ... Done.
Reading "\"| gunzip -c¢ \"C:\Users\Hamid\Desktop\lLocust Wing\Workbench 14.5\40_files\dpO\FFF\Fluent\FFF-4-010080.dat.gz\"\""...
Done .
-
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e Stage-8.1: Setting Up Solver Model, Boundary Conditions, and Flow Problem

Define;

Material, \
Boundary Conditions,
Reference Values,
Solution Method,
Initialization, and
Calculation

Processes Window —__

=2
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
E-H-@0S5+ad s MA-0-~
Mehi \ Run Calculation ERieas >
i Check Case. .
Solution Setup -
General Number of Iterations Reporting Interval il
Madels ’7500 £ ’71 < #1
Materials 2 = P
Phases Profile Undate Interval /
—
[ Solution Steering /
VI J
Reference Values Data File Quantties... i
Solution !
Solution Methods Calculate ;
Solution Contrals ¥
Manitors i
Soluton Initialzation el i
Calculation Activities h:
%
Resits A
Graphics and Animations b \
Plots -
Reports g
|
Mesh May 15, 2018
ANSYS Fluent14.5 (2d, dp, dong imp, 5-4)
interface, ~
domains,
nixture
zones,
wall-domain
airfoil
inlet
outlet
interior-donain
domain
Done.
Preparing mesh for display...
Done .
Setting Post Processing and Surfaces information ... Done.
Reading "\"| gunzip -c \"C:\Users\Hamid\Desktop\lLocust Wing\Workbench 14.5\40_files\dp@\FFF\Fluent\FFF-4-010080.dat.gz\"\""...
Done .
N J
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» Stage-8.2: Iterating Towards a Solution

=
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
E-d-@@ S a@ 2 ME~0O -~
Residusis
Run Caletaton oSt gg‘% ANSYS
= n =WE O] R14.5
Check Case... P es - —_— -+
o it d=2
General MNumber of Iterations  Reporting Interval
Models ’7590 x ,71 S
Materials = = 1e+00
Phases Profile Update Interval
el Zone Conditons s !
Boundary Conditions = 1e-01 |
Me: E [[Jolution Steering 1
Dynamiz Mes !
Reference Values Data File Quantites... - 1
Saluton 1e-02 A
Solution Methods Calulate ‘l'
Solution Controls !
Monitors 1e-03 r\I,
Solution Initialization H %
y ) ielp '\
Calculation Activities
Resuits 1e-04
Graphics and Animations
Plots
Reports 1e-05
1e-06
o 100 200 300 400 500 600 FOO 800 900 1000
lterations
Scaled Residuals Mar 27, 2018
AMSYS Fluent 14.5 (2d, dp, dbns imp. S-A)
Done.
Preparing mesh for display...
Done .
Setting Post Processing and Surfaces information ... Done.
Reading “\"| gunzip -c¢ \"C:\Users\Hamid\Desktop\lLocust Wing\Workbench 14.5\48_files\dpO\FFF\Fluent\FFF-4-06108080.dat.gz\
Done .
-
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e Stage-9.1: Post-Processing Result- Pressure Contour

@

FHE%R e 90 Poan - B EEEZFF S HTPHO x EERME O£/ M e bl

Outine  Variables  Expressons  Calulators  ~ ¢ | * AR oY 7
7% outlet - p——
0% symmetry 1
0% symmetry 2
P+ wall domain ggifft:ﬂe
~ [g] User Locations and Plots
— 6.000e-002
¥ Default Transform 4.400e-002
[} Default Legend View 1 :
1 Plane 1 2.800e-002
(& streamine 1
]2 vector 1 1.200e-002
& wireframe -4.000e-003
~ [E] Report .
&> Title Page -2.000e-002
> File Report
> Mesh Repart -3.600e-002
> Physics Report y g
[ &> solution Repart 5.200e-002
N User Data v -6.800e-002
Details of Contour 1 -8.400e-002
Geometry  Labels  Render  View
. -1.000e-001
Domains All Domains || [Pa]
Locations symmetry 1 -
Variable Pressure -
Range User Specified -

Min -0.1[pa]
Max 0.06 [Pa] h

Color Scale | Linear

| <

Color Map Default (Rainbow) ES ¥
0 0.005 0.01 (m)

#ofContours 11 %] [ m— E—]

v

0.0025 0.0075
Rt | octs

3DViewer  Table Viewer  ChartViewer  CommentViewer  Report Viewer




e Stage-9.1: Post-Processing Result- Pressure Contour

=]
TE G 90 oo - X EEEZF FAHIFO x dEE AW O£ S 0w bl
Outine | Varisbles  Expressions  Calculators " ¢ |» ol @ @6 E O .
8% outet ~| Thnewi -
C1FE symmetry 1
C1FE symmetry 2
Pressure
. APE wal d
Maximum pressure 88 s ctons i R
; B Contauc 6.000e-002
at the leading edge 4.4002.002
1§ Plane 1 2.800e-002
& streamline 1
98 veer 1 1.200e-002
.. A& virefiame -4.000e-003
v (El] Report
Minimum pressure S 20000002
> File Report
at the bottom of DRI S erssacoe
> Physics Report _5.200e-002
M [ &> Solution Repart -
ae r0f0| I . #] L[sar Dattar B v -6.800e-002
Details of Contour 1 -8.400e-002
Geometry Labels Render View _1 000e-001
Domains All Domains 2 " [Pa]
Domain Selection :
Variable Pressure .
Range User Specified =
Boundary Data Hybrid Conservative A
Color Scale Linear R .
Color Map Default (Rainbow) IE ) o008 e X
m,
#of Contaurs . = e
Reset Defauts IViewsr | Toble Viewer | ChartViewer | CommentViewer | Report Viewer
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e Stage-9.2: Post-Processing Result- Turbulence Contour

@

EEEHe 9 e Poatn » R EESGP SHFHIFO xdEERNE QML S A4 E b

Outine  Variables  Expressions  Calculators  ~ ¢ * LA ONCEY O+ |
7% outlet " Viewl v
0% symmetry 1
0% symmetry 2
7% wall domain

~ [g] User Locations and Plots

Contour 1

! Default Transform

[F} Default Legend View 1

1 Plane 1

(& streamine 1

[1=3 vector 1

& wireframe

~ [E] Report

> Title Page

> File Report

> Mesh Repart

> Physics Report

[ &> solution Repart

User Data

Detais of Contour 1

Geometry  Labels  Render  View

Domains Al Domains N
Locations symmetry 1 -

Varizble Pressure -

Range User Specified

Min -0.1[Fa]
0.06 [Pa]

Color Scale | Linear -
Color Map Default (Rainbow) -
# of Contours | 11 2

Apply Reset Defaults

3DViewer  Table Viewer  ChartViewer  CommentViewer  Report Viewer
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e Stage-9.3: Post-Processing Result- \elocity Contour

@

FHE% N9 e

Outine  Variables  Expressons  Calculators

7% outlet
0% symmetry 1
0% symmetry 2
P+ wall domain
~ [g] User Locations and Plots
Contour 1
i Default Transform
[} Default Legend View 1
1 Plane 1
(& streamine 1
[1=3 vector 1
& wireframe
~ [E] Report
> Title Page
> File Report
> Mesh Repart
> Physics Report
[ &> solution Repart
User Data

Detais of Contour 1

Geometry  Labels  Render  View

Domains All Domains -
Locations symmetry 1 -
Variable Pressure -
Range User Specified -

Min -0.1[pa]
Max 0.05 [Pa]

Color Scale | Linear -

ColorMap | Default (Rainbow) >

Apply Reset
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Defaults

Bloaton ~ BESZG S HITO x @EERANE O£ A M E &

T SERAR

View1 v

Velocity
Contour 1

. 7.097e-001

6.387e-001
| 5.678e-001
' 4.968e-001
- 4.258e-001

3.549e-001

2.839e-001
| 2.129e-001
1.419e-001
7.097e-002
0.000e+000

[m s*-1]

3D Viewer  Table Viewer  Chart Viewer




» Results for Publication

Strouhal Number, St = fl/u Locust-1 0.452 0.230 g
Lift Coefficient, C, = L/(0.5pu?S) Locust-2 0.385 0.240 o
Drag Coefficient, Cp, = D/(0.5pu?S) Locust-3 0.495 0.241 as b
Locust-4 0.505 0.243

L — Lift Locust-5 0.419 0.248 N
D - Drag Locust-6 0.643 0.238 o4 | = L
S— Area 03

. . Locust-7 0.861 0.260 b
p — Air Density |
| — Characteristic length OIS 025 U2 Yot
v,, — Kinematic Viscosity Locust-9 0.259 0.241 N g
f — Frequency of Vortex Shedding Locust-10 0.427 0.260
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e Subproblem-1: Linloc Aerodynamics (Continuation)

v Wind tunnel testing

The manufactured wing is then subjected to low-speed (subsonic)
wind-tunnel testing to obtain its real-world aerodynamic
characteristics and flow-field structures. Finally, the results are
compared to the simulation results, and the available literature, to
determine its contribution to the knowledge.

v" Rapid prototyping (3D Printing/Injection moulding)

The final wing design concept is 3D printed through additive
manufacturing using long chain crystalline polymer (closest
material to insect wing). Furthermore, the wings are prototyped
through injection moulding to compare the two manufacturing
processes for optimisation purposes.

225 UNIVERSITY OF

288 LINCOLN




ngiyabonga
ma;mgm;;mqﬂﬂl(_‘Bmi',?jE?ln = {BSBKKLT ederim
| ramas S

o hilos dankie = - ["30""33'“ an Je W"mmanndu

d2| - y e mﬂkkgﬂaa{ﬂ
chnor akaluulmun (racies w Suipa

JBR *=gnra| maith aga

Uh” d kmc Sl ”yakupkhunnkmagl._ aigao == dakujem =

= <7 najistke
= om s hanit E rame 3 dioleh thanyavadagaly w Sﬁ”k”“ N'IEpCM

5 NAAT = PPN RN }xmnec me[cl

mahalo

dh leal

nanni

ayariala nandi

Iracie
<2 _fyala

—

i(l]IE

IHHUHIU
koszono

oy dankon £C10

enkosi

b

H

“Those who are inspired by a model
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% other than Nature, a mistress above
%S LINCOLN all masters, are labouring in vain”
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