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I.I. Group interviews with deminers

Group interviews to section
leaders of NPA demining teams

Groups interviewed

Team n° Gender N° of Date Place
section
leaders
5 male 4 + 1 medic ' 51212005 Along A9
+ 1 driver (Kilinochi
- Jaffna)
Team n° Gender N° of Date Place
section
leaders
8 female 4 + 1 medic ' 5/2/2005 Near to
Talyady
in their

camp
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Introduction — Task of the
project
* Produce simple machines helping
deminers
» Design them with deminers

 Teach elements of mechanic to a team of
deminers

» Establish a workshop

Introduction - Advantages of
machines:

« CONSTANT

» Good at simple tasks

» Good at repetitive tasks
* Work long hours

» Faster then humans
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Introduction - Drawbacks of
machines:

STUPID

Need of detailed and precise instructions
Need human assistance

Brake often

Need of maintenance

Need of power supply

Introduction - Phases of Design
and Development
of a machine:

|dentification of task: Area Reduction ?
Idea: Many small cheap machines ?
Design

Analysis

Prototype

Test
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Phase 1: IDENTIFICATION OF
TASK - questions

» Area Reduction, steps:
o 1: (how is the minefield approached?)
o 2: (actions done by deminers in a sequence...)
. 3
. 4
« 5
* 6:
Phase 1: IDENTIFICATION OF
TASK - answers
Team n°5

MAG technical survey team has cleared the

base lane, a lane surrounding the
minefield.

From the base lane they start clearing 1m

wide lane (plus 20 cm for safety) every
10 m.

. visual checking through vegetation for

tripwires

vegetation removal

light rake

water on ground (optional, only if
ground is hard)

heavy rake

Team n°8

. visual checking through vegetation for

tripwires

. vegetation removal
. light rake
. water on ground (optional, only if

ground is hard)

. heavy rake
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Phase 1: IDENTIFICATON OF
TASK - guestion

» Where a group of machines could help
you?

(think about a group of animals going
around doing something useful)

Bees, iguanas, dogs, snakes?

Phase 1: IDENTIFICATON OF
TASK - answers

Team n°5 Team n°8

heavy rake + water vegetation removal

Visual checking for tripwire must be ~ The main problem in vegetation
done by them, if you miss the wire removal is cutting palm leafs and

the mine will detonate. cutting roots of big trees.
Vegetation removal is easy. Palm leafs are cut using the saw.
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Phase 1: IDEA - questions

» What the group of machines could do?

Phase 1: IDEA - answers

Team n°5

machines should be no wider then
the safety stick. They propose to
develop a safety stick capable to
roll on the ground alone and do
the job of the heavy rake +
water.

They suggest to create a machine
mimicking tiger paws movement
for removing the ground, as
tiger nails are like heavy rake
tines.

The machine should have a
kangaroc pocket to collect the
mines found.

They think that if it is cheap even if
it detonates mines, is ok.

Team n°8

machines should cut vegetation only
in front of the deminer. There's
no use to cut vegetation in the
areas where deminers will not
work.

They suggest to use big trucks, such
as the truck they use to go to
work, or many small machines
easy to handle.
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Constraints - question

Soll

Vegetation
Depth of mines
Types of mines

Constraints - answers

Team n°5

SOIL:

There are 2 different types of soil: hard soil
and light soil.

Hard soil must be wet before the heavy rake
can work.

In summer time the soil is very dry.

In rainy season the soil is wet and raking is
easy.

On the seaside there is sand and it’s easy.

VEGETATION:

Removing vegetation is easy.

For the grass they use sickle. For small
plants they use scissor. For palm leafs
they use saw.

MINES:

Mines are found between 10 and 15 cm
depth.

The types of mines found are: T72, PAMark1

Team n°8

SOIL:

There are 2 different types of soil: hard soil
and sandy soil.

Hard soil must be wet before the heavy rake
can work.

VEGETATION:
They have to cut palm leafs at the hight of
the person to access the area to demine.

MINES:

Mines are found between 5 and 15 cm
depth.

The types of mines found are: T72, P4AMark1
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Constraints - answers

Team n°5

FINAL COMMENTS:

The machine should weight enough otherwise after a
detonation occurs, it will be thrown in the air.

Conclusions

« 2 teams visited (1 men, 1 women):
4 section leaders + driver and medic interviewed in each team

« Main results:

— They would appreciate having a small machine (no wider then the base
stick) helping them while they work

— Possible applications: raking ground instead of heavy rake and
vegetation cutting, specially palm leafs cutting
— ldeas:
« Bio-inspired by tiger paws — kangaroo pocket

« Dimensions similar to base stick, anyhow small enough to fit in the
vehicle

- Problems:
+ Roots of big trees
« tripwires
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[.11. Environment

ENVIRONMENT

MINE BELTS

As usually mines have been laid in a pattern of four
along defensive lines (called mine belts), clearance
operations are primarily aimed at locating where the
mine belt is, and later at clearing the belt.
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MINE PATTERN

The pictures above show the typical mine pattern
found in the Vanni; yellow poles indicate where
mines have been found

SOIL 1

Regosals on recent beach
and dune sands; fiat terrain

-

Solodized Solonetz
and Solonchaks;
fiat terrain

Sty
SUBSEESVEGA )

VANNI Region

The SOIL in the Vanni region is generally flat and soft,
being of alluvium type.

Generally, soil in the Vanni region is highly
contaminated with metal.
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SOIL 2

These are different types of soil found in the Vanni

SOIL 3
-Parameters of interest for calculating drawbar pull, P:
Strength - Cone Index, Cl [kPa]
Cohesion, ¢ [kPa]
Angle of internal friction, phi[°]

Strength - Cone Index:

I.  from Somapala, 1991, Alfisols soil in the dry zone of Sri Lanka (the most
common soil), Cl:
0-150mm layer within forest belt: 360-400 kPa
90-150mm layer within cultivated soil: 200-600 kPa

Il.  from Indraratna, 2005, analysis of coastal soil layers after Tsunami
occurrence (once the wave receded fine sediments and debris settled), CI.
500-1000mm layer loose sand plus organic sediments: 500kPa

Cohesicn and Angle of Internal friction:
from Macmillan, 2007, typical values for sandy soil:
c=7-15 kPa
phi = 30°

12
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LANDMINES 1

LANDMINES found in the Vanni are mainly small, plastic
AP mines.

The most common types are: Type 72, P4 Mark 1, and
VS-50.

Rangan "Jony" 99, a locally manufactured mine based
on the P4-Mark1 has also been widely used.

Other types of mines found in the region include the
locally made wooden case small AP mine "Jony 95", the
Claymore type directional fragmentation mine, few
examples of improvised AP mines using mortar bombs
and few AT mines, usually found at the end of each
defensive belt.

LANDMINES 2 - LIST

device type fragm | canbe activated dimensi plost placement minefields
entatio | by content wriground | withit
n A surface
(Y/N) (over, just
b helow,
helow)
T
TypeTZ A AP mine N 5 kg force on &) T\ 50 gof THT below many
pressure plate, h=37 mm
abrupt movemstit, D=7% mm
fracture
P4 Mazk | AP mine N 10 kg force on A M gof Tetryl | helow many
pressure plate, hedEa
abrupt movement, D=70mm
fracture
Jony-Rengan | AP mine N 10 kg force on A M gof THT | helow many
59 pressure plate, b ss
abrupt movement, Tisan ek
fracture
¥E-50 AP mine N A 45 gof RDE | helow many
h=45 mm
D=90mm
Jony- 95 AP mine N box: 120-150 g of below many

G7x67 2103 plastie
explosive
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LANDMINES 3 — LIST cont.

device type fragm | canbe activaied | dimensi plosi placement ‘mine fields
entatio | by conternt wriground | withit
n A surface
(TN) h (over, just
helow,
helow)
d
1
Claymare AP nine ¥ force an B 62 gof C4 aver many
AP mine tripwire, abrupt | n=281 mm
¥ mayement, w= 216 mm
fracture
d=43 mm
1=
improvised AP mine ¥ foree on B aver fewr
mottar mins tripwire, sbrupt | 290
movement,
D)= &1
fracture o m
1=
small tifle Uxo ¥ abrupt A) 50-100 g of just below tHany
movement, f=50150mm
Rractue D=35.60mm
hand grenade | UXO ¥ abrupt &) 50-100 gof | justbelow many
movement, f=50-150mm
fracture D=35-60mm
AT mines AT mine N force on pressurs halow many, bt
plate, abrupt oty few in
movement, predictable
Fracture positions

RAKES

Deminers working in the Vanni are simply equipped with
RAKES: they proceed to full excavation of the area to be
cleared at the depth of 10 cm, specified by the authorities.
A detailed description of how the REDS system works is
provided by Andy Smith in his website,

Heavy rake Light rake
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VEGETATION

For reasons of convenience we have classified
VEGETATION of the region in three different types:

Light vegetation, where grass is prevalent:

Medium vegetation, where bush is prevalent:

Heavy vegetation, where bush is prevalent:
o

MODEL

A 3D model of the environment where the machine will work
has been prepared to better visualize the problem

15
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[.111. Local resources

TRACTOR UNIT
MODULE —
LOCAL RESOURCES

Smallest truck already available
to NPA

Isuzu ELF

» Boot dimensions:
Looss L 5000mm
e W 1800mm

Load capacity:
2000kg
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Biggest power tiller available in
Sri Lanka

DONGFENG DF 12L
Dimensions:
L: 2680mm
= W 960mm :
S H: 1250mm
: ISUZU ELF

Weight: Boot dimensions:
350kg + L: 5000mm

implement W: 1800mm

Load capacity:
2000kg

Power tiller producers and "

Producer in China:
Chanzhou Dongfeng
Agricultural Machinery
Group

Model name:
Dongfeng DF-12L

supplier e

Jinasena

centres in Sri  co
TLanka -

@) Gaie

Supplier in Sri Lanka:
Jinasena Agricultural
Machinery

Model name:
AHT-12

17
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Sri Lankan and Italian Power
Tiller characteristics

N g "

3 e e
Pé&all TIpO PL CV10 DDngfeng DF12L I
Overall dimensions: Overall dimensions:
L: 1900mm W: 770mm H: 850mm L: 2680mm W: 960mm H: 1250mm
Weight: 243kg Weight: 350kg
Travelling speed (I gear): 1.1km/h Travelling speed (I gear): 1.4km/h
Engine: 10hp Engine: 12hp
Differential: yes Differential: yes
Gears: 3 forward, 3 reverse Gears: 6 forward, 2 reverse
Possibility to reverse handler: no Possibility to reverse handler: no

Cost: 100€ secondhand Cost: 70€ secondhand, 250€ new
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1.1V, Breakable connection design

TRACTOR UNIT MODULE

BREAKABLE
CONNECTION
DESIGN

Aim

Drive over landmines safely,
without damaging the power tiller
body

(allow only minor adjustments in the field)
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Explosion 1/2

The energy released during a detonation of an explosive

charge, driven by the blast/shock wave within the ambient
is transmitted to all what is found on the way.

Wave: disturbance which progresses from one point in a
medium to other points without giving the medium as a
whole any permanent displacement.
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Like a mexican wave in a stadium

Explosion 2/2

Characteristics of blast waves:
- pressure riches very high values
(i.e. 13.6 bar at 1.71m from 3kg of TNT charge)
- speed of propagation is supersonic

- the wave compresses and heats the material that it flows
through an irreversible process

- wave looses energy while traveling

Pressure
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Absorb energy transported by shock
wave before it enters the drive train
through the axle

Some ideas from the state of the art

W¥neel ar Mars Raver = Possible wheel for
Cable isolators power ’Fl||9r

Wheel structure filled
in with water
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|Idea investigated: breakable connection

IDEA: interrupt physical connection §

between axle and wheel, by letting
the wheel to drop-off in case of
explosion

- design of a breakable joint solving the double
function of protecting body and wheels

Characteristics:
- brittle material — cast iron
- able to withstand normal load conditions and break under explosion

- adaptable to the existing flange
- low cost

Design

Features:

- fitting to existing flange
- 8 holes:
4 cone shaped, hosting screws to fasten the connection to the
flange
4 simple, hesting bolts to fasten the connection to the wheel
-ring shape with reduced material between holes to weaken the structure
and favour failure in case of explosion
-material: cast iron ASTM 30 class

»-
Sy
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Design — virtual testing (FEM analysis)

Finite Element Method
Model M,=1,-d
A

o

&2 M, =26375-10°[N - mm]
I

> IA:IGJrM'dZ

Cast iron 30ASTM grade:
Sut = 213.59 MPa tensile strength
Suc = 751.01 MPa compressive strength

EXPLOSION load | [ > o0

Design —I\Inrtual testing (FEM analysis)
Model ' M,=1,-é
¢ e ? M, - 26375-10°[N -mm|
) IA:IGer d?

Cast iron 30ASTM grade:
Sut = 213.59 MPa tensile strength
Suc = 751.01 MPa compressive strength

F, :Emg
_F,b
™ 2-h
T, Stress Max
£, T a-n Princ

200 MPa
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Design

Dimensions:
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1.V, Frame design

TRACTOR UNIT MODULE

FRAME
DESIGN

Aim

Support front wheels and tracks
Support Ground Processing Tool

and vegetation cutting tool
Allow remote control

Tractor Unit will be a remotely controlled

PLATFORM, where to attach different tools
(even simple agricultural tools, allowing also weak
people to do heavy agricultural works)
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Power tiller existing structure

Dongfeng DF-12L
Sri Lanka

Possible places to attach frame or tools

Brakes: NO

Plus
tracks, brakes and attachement for tools

brakes mounted on
the semi axles allow
turning while braking
one of the two

26
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ldea

Same frame supporting tools, front additional wheels
and tensioning the track
Disk brakes secondhand from motorbikes

Brake design

Disk brakes secondhand from motorbike

. Floating caliper with Lever and fluid
Disk . .
double piston reservoir

Characteristics.

-low cost

-easily available

-can be fit to existing structure with little adjustments



Appendix | Thesis in slides

Brake fixtures design

-fitting to existing structure, only small additional flange required
-aluminium

Frame design
Features

- made of steel standard profiles
- cheap and easy to weld (assembly or manitenance) near to the field
- need of specially designed open cage sproket wheels

- embedding tensioning system

28
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l.VI. Ground processing tool design

GROUND
PROCESSING TOOL
MODULE - DESIGN

Ground Processing Tool

AlM: remove landmines from the lane where the machine is
working and to process soil at constant depth (100mm)

M

Mine disposal problems:

- tracks do not have to pass
over mines already lift up
- 2 possibilities: collect
mines, leave mines beside

Analysis of similar tools:
agriculture: potato digger
military: mine plough
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Ground Processing Tool - shape%{/

Implications:

1. weight transfer =soil tool interaction force contributes transferring
weight from rear to front (undesirable)

2. depth control = depends on hitch system

using semi mounted, plus depth
control wheel = helps reducing
weight transfer from rear to front

3. soil processing = cutting and sieving:
cutting soil at required depth
and pass it through a sieve allowing
any object bigger then a mine to be lifted up

space between tines: 40mm

Ground Processing Tool - shape%{/

To simplify manufacturing: plane shapes
- the arrow rake is defined by two angles:

Rake angle = between the tool and the horizontal (ground), in the
longitudinal vertical plane

Side angle = between the tool and the vertical plane, onthe
horizontal plane

side angle

Tl rake angle

—_—
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| design:

Ground Processing Tool - shapeﬁ{/

Rake angle = 20°
Side angle = 30°

Crap-up prototype: cardboard model
and test in sand

Ground Processing Tool - shapeﬁ{/

Il design:
Side angle = 50°, as small side angle causes the soil to move to
the side
- Rake angle = 30°, increased to keep the distance of tool tip
from the frame relatively small

- 2 different tine positions for testing which one works better

- open cage depth wheel, mounted on friction arm for reducing damages from possible
blast

- possibility to add vibratory motion: cylinder or bumpy wheel

31
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Soil-tool interaction force, S %,Z:

-Estimation of force required to push/pull ground processing tool, S:

I. Agricultural Machinery Management Data, ASAE D497.5 FEB20086,
published by ASABE:
S=E-[A+BW)+CVY]-W-T

Where, F is a dimensionless soil texture adjustment parameter whose value is given in ASABE tables, A, B and C are
machine specific parameters, givenin ASABE tables, V is field speed, Wis machine width, T is tillage depth. For pushing a
toal 1200mm wide, at 100mm depth, at 1. 1kmth, in fine textured soil

S = 2500N

Il. Extrapolating data regarding a 19 tines scarifier fitted with 150mm wide
dart points, Kruger&Palmer, 1982:
S = 2000N

Ill. The Australian Tillage and Trafficability Data Bank — regression eq.’s:
For scarifiers in medium soil, optimal moisture, speed range of 0.53-3 27m/s, depth range of 29-150mm , with Variance

Accounted for 47.6%,
D=0.949+0.69-V + 001846-D

Where, V is ground speed [mis], D is working depth [mm]

S = 3000N

Soil-tool interaction force, S %,Z:

-Estimation of direction of soil-tool interaction force, S:

From Payne 1959:
~ 54

g &8 8

M
=

. ANGLE BETWEEN RESULTANT & MORIZONTAL
E]

0 "
0 / 6Q° 90 2 ko i

m /; A ANGLE OF RAKE (DEG)
¢ K

o for rake angle = 30°

% e’ soil-tool interaction force angle = 17°

Fic. 7

DRAUGHT — ANGLE OF RAKE
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Appendix 1l Technical drawings



