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1. Introduction

1.1 Problem Statement

Landmines and unexploded ordnances are tragic and severely dangerous fallouts of war. The
exact number of forgotten landmines in the world is unkmolmowever, estimates claim that

there are approximately 70 million landmines and unexploded ordnances buried in more than 80
countries around the world. These devices can remain active for more than Saftgeaisey

have been plantedevery 22 minutessomeone is killed or maimed from a landmine or
unexploded ordnance. As a result of landmines, there are 26,000 casualties a year. For every
mine that is cleared, there are about twenty to fifty new mines planted. The most dangerous
aspect of this trageds that these landmines are located in developing countries near indigenous

cultures that are not educated or aware of the danger that these mines pose [1].

1.2 Motivation

Over the past couple of years, there has been amcreased effort worldvide between
government agencies and nrgovernment agencies tddrthe world of landmines. The
International Campaign to Ban Landmines (ICBL) is a network of more than 1,260 non
governmental organizations (NGO) in 60 countries wgyKor a global ban on landmines and
cluster munitions. In 2008007, great progress was made towards the elimination of
antipersonnel mines. The use of antipersonnel mines continues to decline, ongoing use by two
states was confirmed in May 2006 (MyarmfBairma and Russia). In the ninth edition of the
Landmine Monitor Report, six State Parties completed destruction of their stockpile of
antipersonnel mines with only 10 States still having stockpiled landmines. In 2006, over 500
squarekilometers of coraminated land was cleared and several mine action programs adopted
new methods to increase future productivity. One of the most interesting facts is that landmine
risk education reached 7.3 million people to protect them from the dangers of mines and
unexXploded ordnances. Casualties continued to fall to 5,571 in 2006 (16% less than in 2005) as a

result of such effort [1].

1.3 Literature Survey
In order to decrease the number of casualties, the International Campaign to Ban Landmines
monitors regimes for #gaMine Ban Treaty, which has been included in Appendix A. The Mine

Ban Treaty consists of 22 articles, and the countries that have joined it vowed to follow. The



treaty was put in place as a means to end the casualties and death duepéosantiel
landmnes. The general concept is to have all the countries agree on never using, develops, or
encouraging the use of amersonnel landmines. It also states that in a certain amount of time,
the countries that had acceded to the Treaty have to destroy timeinas that remain within

their land [2]. 39 countries have refused to sign the treaty; out of these 39 countries 13 are known
to reserve the right to reproduce gméirsonnel landmines. These 13 countries are: China, Cuba,
India, Iran, Myanmar, Nepal, Nibr Korea, Pakistan, Russia, Singapore, South Korea, the United
States and Vietnam. All this information can be found in the Landmine 2008 Global Release
Presentation, presented by the ICBL [3]. Following, is a brief description of the 13 countries
background and history with landmines. A brief picture and description of the different type of
antipersonnel landmines that were developed or originated in these 13 countries can be found in
Appendix B, followed by the specifications of each qaisonnel landine in Appendix C.

1.3.1 Russia

There is no formal, civilian mine action program in Russia. It is heavily contaminated with mines
and explosive remnants of war (ERW), left over from World War Il as well as conflicts in the
north Caucasus since the 1990<efe also is Unexploded Ordnance (UXO) in Russia
comprising of bombs, mortars, grenades, missiles and other devices that fail to detonate on
impact but remain volatile and can kill if touched or moved.

Chechnya is heavily contaminated by mines and ERVR008, Chechen officials estimated 24.5
square kilometers of land is affecéedhcluding 7.3 square kilometers of forest and 16.5 square
kilometers of farmland. The total area in Russia needing clearance is 540,000 hectares. Mines
continue killing and maimig people more than half a century after WWII ended. In the last
seven years, eighfipur cases of mine/UXO incidents have been registered, with 167 people
injured, and seventgine children killed in Russia and CIS. According to other data, between
1992 anl 1998 there were eightpur accidents within the territories of former Second World
War battlefields. Thirtynine people died and sixgeven were wounded (50% of the casualties
were children). There have been a significant number of mine casualtiésemparts of the
Russian Federation, particularly in Chechnya [4, 5].

1.3.2 China

China 1is one of the worl doés | argest produce

antipersonnel mines on its borders with India, the Russian Federation, and Vietmamm;sv



comprised of about 10 million mines. China has not laid nhew minefields in many years because
there was no need, since there were no security problems with neighboring countries in the
recent years. The total number of mine/ERW casualties in Cletvegebn 1979 and 2000 was

5,707 (4,208 survivors)he third largest cause of amputation in China result from landmines

[5].

1.3.3 USA

The United States comes third in landmine stockpile after Russia, and China. It has
approximately 10.4 million anpersanel mines and 7.5 million antehicle mines. Out of the

10.4 million antipersonnel, 1.16 million are M14 and M16 goéirsonnel mines, which are ron
selfdestructing antipersonnel mines. The USA is allowed to use the M14 and the M16 for future
wars agaist North Korea only, until 2010. Out of the 1.16 million, 580,000 are stored inside the
country. USA also keeps a certain number in South Korea. The USA does not comply with the

Mi ne Ban Treaty. The count r gaéMhdunitecaStateswillfnatr not
join the Ottawa Convention because its terms would have required us to give up a needed
military capabilityo In 2007, the USA spent $84.23 million in mine action funding and $10
million in war victim funds §).

1.3.4 Cuba

The UnitedStates and Cuba have both laid landmines around the U.S. Guantanamo Naval Base
occupying Cubabds sout heast -pasommel and antankpnneso X i ma t
were planted at the beginning of 1961. According to the U.S. Department of Defabseh&>

produced at least five different kinds of landmines, including threepargbonnel mines.

Twentyt hr ee people have been killed in Guantana
U.S. servicemen and five Cuban asylum seekers. There were no kaswalties in 1999 or

2000.

Cuba stated in the June 29, 1999 Caribbean Update that it will not remove its mines around
Guantanamo to maintain their defense against foreigheék [

1.3.5 India

India is contaminated with mines, mainly as a result of fagmg by government forces on and

near the northwestern border with Pakistan during the -200Q stanebff between the two
countries. The majority of minefields are located along the border where military operations take

place. The locations of the minelfis directly affect more than 6,000 families across 21 villages.



The mines were laid on cultivated land and pasture, and around infrastructure and a number of
villages.

India has no civilian mine action program and no structured mechanism to addnessbtam

of mine clearance. Therefore, mines continue to pose a threat for civilians. Casualties continue to
rise as people carry out day to day activities, such as collecting firewood, shepherding and
farming [B].

1.3.6 Iran

In 2006, Iran expressed thatiedto theirneed fo pr ot ect i on thehMing Bano ul d n
Tr e abDug to our expansive borders and problems resulting from narcotics and terrorist
trafficking, our defense institutions are considering the use of landmines as a defensive
mechanism dran had 40 casualties in 2007 of which 18 out of 22 epdn deaths. The
casualties dichot come from landmines developed by the country; rather it comes from other
countrieslran stated that since 1988, after the end of thellrana q wa r , elop anyrmew d n 6 t
l andmi nes. Il ran has requested | andmi Ble maps t
1.3.7 North Korea

North Korean mines have been found in Angola and Sudan, but there are no reports of recent
transfers. North Korea admitted in 199&ttht had laid landmines in the Demilitarized Zone
(DMZ) between the North and the South of the peninsula. The affected areas are reported to be
marked and fencedvhich allows civilians to be aware and warned of the locations of mines in

an effort to aval casualties. Removing mines planted on the Korean Peninsula is potentially a
less laborious process than mirlearing operations compared to other countries since, the exact
location of the mines are knowh, [7].

1.3.8 South Korea

In the 1950s, the US ititary and the military of the Republic of Korea setup a barrier system
separating North and South Korea, this barrier includes about 2 million antipersonnel landmines
in the 2.5 mile Demilitarized Zone (DMZ) and about 1 million landmines in the six lonk

Military Control Zone. Landmines in this barrier do not affect the U.S joining the Ottawa Treaty
banning landmines, if South Korea were to join this treaty the landmines would remain
underground for up to 20 years. Antipersonnel mines are relatiebp to produce and easy to

plant but hazardous, costly and tho@nsuming to remove. According to a United Nations
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report, with present day technology it would take almost 1,000 years to rid the world of all
landmines §].

South Korea has provided di#gaon its stockpile of antipersonnel mines stating a figure of
407,800 antipersonnel mines including 382,900-seliidestructing mines and 24,900 self
destructing mines. The U.S stockpiles about 1.1 millionseiRdestructing mines for use in any
future war in Korea. South Korea has done limited demining in the Demilitarized Zone but has
concentrated on demining military basesemoteareasin 2007 South Korea reported spending
over half a million dollars on demining, using 50,000 soldiers to défrsquared kilometers

[5].

1.3.9 Myanmar / Burma

Landmines in Myanmar are concentrated on its borders with Bangladesh, India and Thailand,
and in eastern parts of the country marked by deealdestruggles for autonomy by ethnic
minorities. P] The TharMyanmar border has nine provinces affected by landmines, with 542
victims. The total surface area affected is 400 square kilometers encompassing 240 mined areas.
[10] No humanitarian mine clearance programs exist in Myanmar/Burma. Some sporadic
military clearance and village demining has been reported in previous years, but not in the
current reporting period5] Myanmar/Burma is one of only 17 countries that abstained from
voting on a United Nations resolution in 2005 to ban the use of landmitjes [1

1.3.10 Nepal

Nepal is affected by landmines, almost all antipersonnel, as well as by explosive remnants of war
(ERW). The decade of civil war that ended in November 2006 left Nepal widely contaminated
by Improvised Explosive Devices (IEDs). The Secuktyces, which include both the Nepal
Army and the Armed Police Force, laid 53 antipersonnel minefields and a further 300 or so areas
are protected with commasttetonated devices (including IEDs), as defensive perimeters around
military installations, polie posts, and infrastructure. The typical size of each minefield was
between 10 and 28quarekilometers. As of June 2008, five of the minefields had been fully
cleared, and three partially cleared. The Nepali Campaign to Ban Landmines have reported that
there were at least 731 (196 people killed and 535 injured) newpenstbnnel mine related
incidents in 20034, 12].
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1.3.11 Pakistan

The Islamic Republic of Pakistan has not joined the Mine Ban Treaty; however, Pakistan
continues to strictly adhere to aligy that ensures that no mine in its inventory will ever become

the cause for civilian casualty. That is the nature of the Mine Ban Treaty. Since Pakistan has very
long borders ands not protected by natural obstacles such as mountains, the use oflasdmi
provides an i mpor t aefédnsesteategy. Thid is whaikis nottpassibdesor s e | f
Pakistan to agree to the demands for the complete prohibition of landmines until another
alternative is available. Pakistan is one of a few countrigsdtiil produce landmines, since

1997 Pakistan Ordnance Factories have produced detectable versions-emipdarmed mines in
order to comply with the Amended Protocol 1
to improve the specificationsoed ect abi | i t y eyéardeadinefer PékistanTich e n i
destroy all lowmetalcontent (nordetectable) mines was December 2007; it did not provide
details as to how or when it met these requirements. According to Landmine Monitor it is
estimatedhat Pakistan has 6 million landmines in stockpile. In 2007 there were 271 casualties as

a result of landmines, 177 of them being civilian and 94 were security forces.

1.3.12 Singapore

According to the United Nations Mine Action Service, landmines aff@atddintries and kill or

injure about 15,00Q0,000 people every year. The United Nations has condemned the use of
landmines as being dmumanitarian and pushed for a worldwide ban on the use of them. In
1997 the Mine Ban Treaty was passed which is aernational agreement that bans
antipersonnel landmines and has been ratified by 149 states, Singapore is not one of them. As of
2004 Land Mine Monitor report Singapore, was one of 15 countries that produce mines globally,
which it did declare an indefi@texport on landmines as of 1998. A Singapore government
representative stated nlegiti-thafensecafi syate
reason the country has not joined the Mine Beeaty (AKA Ottawa Treaty). [134]

1.3.13 Vietnam

The Vietnam War ended over 25 years ago and to this day, people still see the effects of the war.
Over 40,000 Vietnamese have been killed or injured by landmines since then. Every 22 minutes
someone around the world is killed or maimed by a landminexploged ordnance and buried
landmines pose a daily threat to the people of Vietham, particularly in the Demilitarized Zone or

ADMZO which is the area that separated North
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government is that while it only costs $3.@ lay a landmine it costs as much as $1,000 to
remove one. When landmines are removed they leave deposits of Agent Orange, a deadly toxic
chemical that makes its way through the soil and into the water.

The U.S Department of State provided Vietnam \#thmillion worth of technically advanced
equipment to clear unexploded ordnance and landmines in December 2006. The equipment
includes mine detectors, bomb locaters and personal protective equipment. Vietham has received
more than $30 million in U.S. d@stance since 2000 for drining, mine education, and ongoing
landmine impact survey. Vietnam has had to deal with serious landmine problems from wars
and conflicts between 1945 and 1991, which include the Fienidthina War and the Vietnam

War. There$ about 350,00800,000 tons of unexploded ordnance and landmines that affect all
provinces in Vietnam. The U.S. Agency for International Development helps providéeiong
support to victims that have suffered injuries from landmines. With the help &f. 8 and non
governmental organizations it is possible for the counthetivee of landmines and unexploded
ordnance by 20141p].
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2. Conceptual Design

2.10verview

The intention of thk8 endeavor is to provide a safed economical wato detectlandmines in
underdeveloped countrie€urrent efforts for locatinggnd mines place a humans | i f e at
With this platform the operator can stand at a safe distance while the platform scavenges the

terrain for minesvith the use of a remote control

2.2 Project Objectives

i Scan terrain for landmines
1 Pinpoint location where landmine exists
i Avoid Landmines once found

2.3 Conceptual Designs

Three conceptual designs were considered before moving forward with construction. The first
concept consisted of metal detector, a Ground Penetrating Radar (GPR), two electric motors,
four spur gears, and the-art platform.A prototype metal detector was constructed in order to
understand how a metal detector works and if it can be applied on a full scalegork#re In

Figure 1 below shows the circuit built for the prototype metal detector, to the left is the coil
constructed to produce the inductance. The coil produced an inductance of 1424 pH, as seen in

equation 1 below.

~ _ (0752x700%)  _
U= (1Bx075140%45) 1424 42pH.

The amount of inductance is proportional to the distance at which a metal detector will be able to
detect metal. In order to determine if the metal detector is working an ammeter was connected to
the circuit, if a metal object approached the coil the oarie the circuit will decrease. The

circuit was powered by 11 V at a constant current of 8.98 mA, when a metal object approached

the coil the current dropped to 8.78 mA.

14



Figure 1: Prototype Metal Detector

2.3.1 Conceptual Desigi
In Figure 2 below is the first design chosen for the prototype. The battery which is located

behind the metal detectors and in front of the motors powers the entire system which consists of
the circuit, the metal detectors, and the electric motors.cbmsept was not executed due to the

fact that the GPR6s price was out of the scop

Figure 2: Conceptual Design 1
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2.3.2 Conceptual Design 2
The next concept that was analyzed as a potential prototype wasettstown in the figuse3

and 4 For this concept the GPR was eliminated as were the standard metal detectors. In place of
the standard metal detectors is a PVC pipe that surrounds tkertgand wrapped around the

PVC pipe is a coil which produces arduttance. In the center of the platform is the circuit
which the coil is connected to and contains the microchip which detects mbtalconceptual

design was not chosen duetitme constraintsThe testing of a metal detector of this magnitude

and sizewould take months and in order to isolate the metal frame from the metal detector.
Insulation would have to be used in order for the metal detector to produce proper readings

without detecting the frame it is mounted on.

Figure 3: Conceptual Design 2

Figure 4: Solid Work Drawing of Concept Design 2
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In the rear of the platform there are two electric motors which will power the platform, these
motors each produce 1/3 hp at 1800 rpm and the torque eebadan be seen in the equation
below

0.33 x 5252 -

Y=o 1@

Since the torque that thmeotors produce is too small a set of four spur gears are implemented to
increase the torque outpltigure5 below shows a schematic of the setup of the gears. In order
for the platform to successfully motiee two motors must produce a total ofl&0 ft of torque,
to achieve this amount of torque the gear set must have a gear ratio of 5:1. The driving gear
which is attached to the motors has 12 teeth and the driven gear has 60 teeth giving us a ratio of
5:1 and decreasing the engines speed from 1800 rpm to 350rpm. The calculations for

determining this value can be seen in the following equation.

T = = x 1750 = 350 rpd .
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Figure 5: Spur Gear Design
This concept was not executed due to the spur gears complhatgpur gears would not mesh
due to the distance between shafts. In order to continue with this camcégier gear would
hawe to be installed to connect the two gears and a shaft would have to be constructed to connect
the idler gear. All these extra parts would increase the weight of the platform, thus putting more

loads on the motors.
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2.3.3 Conceptual Design 3
The third concptual design considered, is similar to the second conceptual desigw the

metal detector will be assemblé featured a polyvinyl chloride (PVC) pipe embedding a
transmitter and receiver coil within the pipe, and ground penetrating radar to vieshe/RatC

pipe detected. The PVC pipe would surround the platform and a copper coil would be wrapped
around the PVC pipe, producing an inductance. The difference between the second conceptual
design and the third is the use of one motor to control theoptatihstead of two. The second

motor would be used to control the steering of the platf@ims concept had a link made by the

1 inch by ¥ inch metal plate. This metal plate was bended to be screw with the steering links, as
seen infigure 6. The plateipush i n place by a holl ow ACO0 sha
key in the key path (not shown in the figure). In front of the metal plate, is hold in position by a
smaller metal plate attach to the electric motor shaft and the metal plate througddlee as

seen irfigure 7.

Figure 6: Metal Plate Link for Turning Motor
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Figure 7: Metal Plate Link for Turning Motor Secured in Place

2.4 Plastic Detector

Not all landmines are made of metal; in fact most modern landmines are made out of plastic or
wood. For this reason it was considered as part of the conceptual design to incorporate plastic
detector into the platform. Two types of plastic detectors wensidered for this platform,
capacitive sensors and a seisiwave system.

The capacitive sensor is currently commercially available to the public. This sensor consists of
two metallic electrodes place as an open capacitor in a feedback loop of higmdsedUigs

layout creates a uniform field that shapes as an arc from positive electrode to the negative
electrode. This uniform field is interrupted if a conductive material is glatdront of the

sensor; attracting the fieldward itself as seen in kige 8. If a norconductive material is place

in front of the sensor not disturbance will be created on the field, but theonolictive material

will create an insulator between the places, and base on this property the sensor can detect which

kind of norconductive material is in front of it, as seen in Figaif&g].
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Figure 8: Conductive Material in front of Plastic Sensor [16]
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Figure 9: Non-Conductive Material in front of Plastic Sensor [8]
Thispl astic sensor is ideal for the platform d
platform because these sensors are for close range detection, such as manufacturing lines. The
landmines are eight to 12 inches below the surface of the ground.

The Georgia Institute of Technology developed a seisvaies system that is a more efficient

and complex method to detecting plastic with the purpose of detecting plastic landb7ines [

This technology s emits seismic wave that are capable of detectindistmguishing plastic

mines from the ground. As of 2003, the researchers have tested the technology in eight different
government testing facilities. To mention a couple of testing facilities, the technology has been
tested in frozen and template climstand proves to work efficientlyg] . St i I I t hi s de
be used in the platform both because is still in research and developing stages, and is not

commercially available.

2.5GPR Detector

The GPRwas develop in 1972 and one of the many purpose developed for was precisely for the
landmine detectiofil9]. The GPR system was consig@to confirm the readings from the metal
detector and the plastic detector. The GPR system sends pulses offraquBacy
electromagnetic energy through a transmitter towards the ground. These pulses will keep moving
deeper into the ground unless the pulses bounce against an object, which will be reflected back to

a receiving antenna. The reflected signal is then amgldind display in the screen through the
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GPRG&6s s o0].tThisa system [is2very efficient, especially when it works along other
detectors like a metal or plastic detector. But due to its compliéxstyan expensive system. For

a configuration of a GPRhat will detect objects eight to 12 inches below the surface of the
ground the quote given for the cost is nearly $21,000. Incorporating this system into the platform
means that the final product of the platform will increase a lot more than expecteefoide

third world countries will not be willing to do the investment.

2.5 Constraints and Other Considerations

Since this project was focused on efforts of locating mines in underdeveloped countries, factors
such as price, mobility and ease of operati@ne the main concerns for the overall construction

of the platform. The price of the platform was kept at a minimurthabnot just government
agencies omternational organizations were the oolyesable to obtain this platform. Due to

the placementf a large percentage of these landmitiesmobility of the platformwas a major
factorin the design of the prototype. Sino®st of the landmines in the world are located in
remote barren aasthis platform must have the ability to traverse ithggedlandscape. The last
driving factor that was taken into consideration for this prototype was the ease of operation of the
platform. It was designed so that a person with minimal instructions and limited technical

knowledge would be able to operate thefplan.
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3. Design Alternatives

3.1 Overview of Conceptual Design Developed

In this section, a review of three projects will be observed that are similar to and relate to the
current project. Théechnologyand components used to create each projesepted in this
section will be reviewed in order to explain the approach and methods used to create such a
project. While describing the system used for each design, block diagrams and pictures are

shown to give a more complete idea of the possible apmesdo the overall team project.

3.2 Development of Robot Mine Detection System

This project was developed by the Advanced Robotic Systems International. It was started in
September 2003 and was completed in March 20Qp [Eheir reason for developinguch a

robot was the same as our own in which there has been a growing need for the removal of mines
left over from previous wars all over the world. The robot was capable of overcoming rough
terrain due to its enormous size.

As previously stated, the gravg need for the detection afines in rough terrain was the main
purpose for construction of this robot. The design has a very unique approach in actually
detecting mines by having two arms operated by remote control. The first arm has a sensor for
the actual detection of mines, while the second is to confirm the mines existence with tools that
probe the ground without detonating the ming.[2 The arms are completely remote controlled.

The robot body was developed in order to overcome virtuallyanygh t err ai n. TF
body is boxshaped and is as large as a human being. The robot mobilizes by the use of wheels
set up as a caterpillar track, similar to those used on tanks. The tracks are able to rotate up and
down allowing the robot to keep miag forward while never allowing the body to tilt to its

sides.

As stated above, two robot arms were developed in order to sense the mines and confirm its
existence. The sensing arm used was a type of robotic arm knowSelsciive Compliant
ArticulatedRobot Arm SCARA). This type of arm allows a larger range of motion that enables

a large area to be scanned at once and reduces the amount of vibrations being detected from the
arm itself. The sensors at the end of this arm use a unique method fodeteogon: one

sensor detects the distance from the robotic arm to the ground while the secondary sensor adjusts

to the distance for detecting the mines indheund.
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This robot has certain key features that allow for overall and successful operatietecting

the mines shown in Figurd@0. The two robotic arms have their own robot controller which
controls the overall movements of both arms. The Robot Controller also monitors the distance
sensor constantly with adjustments as needed by the usesaifeecontroller transmits data to

what is known as a Search Display PC. From the Search Display PC, there are two joysticks,
each controlling their respective arm and sending the information back to the Robot Controller.
Each arm is attached to a Cr&&tnsor, which makes sure the arms do not collide into anything
while being controlled by the user. The Mine Sensors and added GPS are connected to another
terminal known as the Mine Sensor PC. This terminal is where the location of the mines are

detectechnd located.

in service wehicle

GPS

_ Mine sensor

|
\—E PR ——— Distance :
I
|| — SENSOr |
— I—Ir
vy ito ground) :l

Joystickl
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. # 1
Sensor arm ' | Robot Jovstick?
Controller
Search display PC
_________________ -
- I I.' »
| Crash sensor | VO box
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Manipulator '
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Figure 10: System Diagram[21]
Figure 11 below shows the robot that was created to detect mines. Its large size eliminates the

need to move around sizable obstacles.
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Figure 11. Robot Mine Detection Systenj21]

3.3 Autonomous Mine Detection Robot for Humanitarian Demining

This project was developed by Kenzo Nonami, a professor of the Department of Electronics and
Mechanical Engineering of Chiba University located in Jap&h [Zhe purposef the robot

was to develop a method using robotics to demine areas currently using human analogs as a
means for demining. The demining system in most countries consists of humans locating the
mines themselves; although the robot is currently intendect$earch purposes, it will serve as

a form of demining in the near future. The use of this robot will then prevent the risk of putting
human lives in danger for the detection and removal of landmines.

The initial idea of the robot was proposed as on¢hode methods currently used for mine
detection and removal. The other two methods indicated were the human removal of mines and
a mechanical method of removing mines. The robotic approach is the third, which is mostly in a
research point of view. Thelot had several versions with nicknames such as COMET
COMET-Il, and COMETIII, with the latest being fully autonomous. The body of the robot
consists of six robotic arms set up in a shape of spider legs.

While the overall function of the six roboticnas is to maintain stability, there are two arms in

the front that also serve as mine detectors. The two arms use sensors that consist of a metal
detector and a Ground Penetrating Radar (GPR). The GPR used in the sensor is for clear

imaging of the minesfeer the metal detector catches it. Once a mine is detected, one of the two
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arms spray paints the spot where the mine is located. The wheels attached to the bottom of the
robot are caterpillar tracks; the robotic arms were used for balance in case yhédtbachile
traversing rough terrain. The COMHEIT was developed as a large robot which was gasoline
powered in order to increase movement speed of the large robot.

The overall control system of the robot consists of various miniature control systakiag

together in order to manage the movement, stability, and mine detection capabilities of the robot.
Each control system, after determining its data, sends it to the Multitask Cooperative Control,
which then transmits the data to a host computes tevealing the image of the mine. The

systems seem to be independent of each other according to the hierarchy shown B Figure

Hierarchy supervisory control

Multitask cooperative Host
control *— |[computer
Mme.l IColor Paing C ra‘n‘ller D?“.mde Manipulatoy
Detection \ Running Avoidance
, Marking . = R Hand
Sensor Con mj‘ Trajectory Walking Control
Control Control Control '
Mine Buried Reference Mine Vision Based
Electronic Trajectory Avoidance Environment
Mapping Following Walking Recoginition
Control Control Control Control

Figure 12: System Control Hierarchy [22]
Figure 12 shows the hierarchy representation of theiowsr controls systems that are then

transmitted to the Multitask Cooperative Control. FigiBesshows the sitegged COMET Il
platform with all the sensor equipment.
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Figure 13: COMET lll Mine Detection Robot [22]

3.4 An Integrated Robotic System for Antipersonnel Mine System

This project was a collaboration by research groups from various universities led by Eric Colon
from the Robotics Centre at the Royal Military Academy in Brussels, Belgih [Zhe
project 6s rmatoacreatp a rohptahatecould detect mines without the need of human
intervention. As stated in the other projects listed above, the need for such a robot was another
purpose for the creation of this robot.

With the purpose of eliminating the human diée locate and remove mines, this robot was
developed for this task using similar methods as the other two projects mentioned above. The
approach of using Ground Penetrating Radar (GPR) and metal detectors as a means of
determining the location of a bed mine is similar to the approach of the Comet Il project. The
difference wih this robot, shown in Figure 14s mainly the body, which uses a thwebeel

system to move in all directions, making it @mni directional platform. In addition, the mine
detection system was implemented into two other robots in order to test out how efficient each
body would be in locating mines.

Similar to otherprojects, the use for Ground Penetrating Radar and metal detectors to locate
mines were the components chosentlfie detection system. The metal detector would be used

to identify a spot where a mine is buried while the GPR would give a complete image of what
the mine looks like. The body varies in three forms, all of which are aireel system. The
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wheels & similar to those found on small bicycles while the arms attached to them are SCARA

robotic arms. The positioning of the wheels allows for a full 360 degree rotation.

Figure 14: Three-Wheel Robot[23]

The robotds system is setup as a hierarchy wh
as the HMI PC or also considered the Master PC. Movement of the robot itself is operated via
joystick, which is attached to the HMI PC. The other two contrstiesys known as the Location
System and the Vehicle System delivers the data to the HMI PC.

The Location System creates a map of an areavanr#ls the location of mines found on this

map. Separate from the robot itself, it uses a camera that is alde 8 lored ball that is
mounted on the robot itself thus being able to create the map as the robot moves. With each
frame the camera sees, the image of the ball is extracted giving a calculated position of the robot
itself.

The Vehicle System is the aell robotic platform and mine detection system. The movement of
the system is done by a microcontroller while the sensor answers to an Embedded PC on the
robot. The Embedded PC answers to the HMI PC.
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4. Project Management

4.1 Overview

The first and most influential constraint is determined to be the time while the project is
developed. The goal is to design a feasible prototype that can identify the location of landmines
within two academic semesters. Up to the end of the first semalitéhe progress has been
limited to the literature survey and brainstorming of the desired project. A prototype using a
BoeBot platform has already been achieved to have a scaled down simulation of the stated goals.
The assembly and testing portion bétproject has been addressed in the second semester. In
which, each member will have several major tasks but will also support the other members with

other tasks.

4.2 Breakdown of Work into Specific Tasks

The main tasks are the following: research, pwehasolid work design, assembly,
programming, testing, and report. Ideally, each task will be completed before the next one is
started and the team has been organized to follow such pattern, unless a deadline is not met. In
such cases, the team then mtasks until caught up with the milestones. Within each task, each
member has several subtasks that will be its major focus, but is not limited to only accomplishing
that subtaskA detail project management display can be fourdigpendixC.

Research

Theresearch was divided into two main groups as shown below. The first group was the research
done on the materials, item, devices, and services needed to fabricate the platform. The second

group consisted of the survey done on previous work or countrieseaffiey landmines.
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Purchases

The purchases depended on the research subtasks done on each item, device, and technology to

be completed in order to be able to move on to the next step.
Solid WorkDesign

This task was subjected to many changes during the designing stages due to the fact that each

subtask consisted of each component that needed to be added to the platform.

t ask i s wheodoewalk wae

p @ alyhtdsk startdd fronT h e

obtaining the desired platform to installing all the required sensors and components.

Assembly

Thi s

Subtasks
1
1
1
1
1
1
1
1

Programming

Obtaining a GeKart

Removing the gas engine

Cutting the steering column and seat
Welding in needed supports
Installation of new electrimotor
Assembling the metal detector
Installation of detectors and sensors

Installation of new tires for different terrains

The subtask consisted on preparing the program to:

1

T
il
T
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Move the platform in Drive and Reverse
Turn the platform while moving Drive or Reverse
The interface of the metal detector

The interface of the cameras
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Testing
The platform and the metal detector were tested in different types of soils, with the purpose of

understanding how the system as a whole will behave in sueimter

1 Test the program on the platform
o] Move forward and back
o] Turning commands

Test the platform in the sand
Test the platform in a rocky field

Test the platform in compressed soil

4.3 Organization of Work and Timeline

The original Gantt chart proposed at the beginning of this project can be seen in the figure below.
This Gantt chart was oversimplified; it consisted of only 12 general tasks. The Gantt chart did
not take into consideration any delays in shipping, conterettendances, or complications in

the design. After many complications in almost all tasks, a new approach to the proposed time
line was given. This new timeline can be seen in Appendix C. This new task includes the six
tasks and the respective subtasksntioned in section, 4.2. It also included the conferences

members of team attended to gain a visual understanding of the days each member was absent.

4.4 Breakdown of Responsibilities among Team Members
The team is divided in two groups, the mechanara electrical engineering students. The
mechanical group is composed of Ramon Colon, Marco Hernandez, and Erin Silva. The
electrical group is composed of Kenneth Berry and Michael Pinero. Even though the groups are
well defined, both groups work togetherall of the assembling tasks. As previously stated, each
member has its major focus tasks, but assisted in others as well. A breakdown of the general
tasks that each member performed is shown below.
Ramon Colon:

i Created and kept track of the project G&tiart

i Searched an affordable GPR and plastic detector

1 Conducted research of the countries affected by landmines

o] USA, China, India, Cuba, Iran, and North Korea
i Designed the sprocket
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1
1
il

Put together # 50% project completion report
Acquisition of braking mair

Installation of electric motor

Marco Hernandez:

= =4 =4

T
)l
)l

1
Erin Silva

)l
T
T
T
il
T

il
il

Located an efficient electric motor

Identified new terrain tires

Weld new pieces to frame

Concluded research of the countries affected by landmines
o] South Korea, Vietnam, Singapore

Removed all unnecessagpgrts of gekart platform

Acquisition and installation of turning motor

Put together the 100% project completion report

Installation of PVC pipes for metal detectors

SolidWorks drawings and Simulations

SolidWorks Structural Analysis

Weld new péces to frame

Design of Spur Gears

Conducted research of the countries affected by landmines
o] Russia, Myanmar, Nepal, and Pakistan

Put together the 75% project completion

Installation of braking motor

Installation of PVC pipes for metal detectors

Kenneth Bery:

T
T
1
1
1

Programming of the platform

Purchases

Design and Fabrication of Remote Control
Motor control circuit design

Installation of electric motor

Michael Pinero:
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i Design of metal detector

1 Calculations of electrical components

1 Helped with Conceptual Design foarrent Prototype

1 Designed Power and Control System

4.5 Discussion

As the project kept on developing, the team learned and realized many reasons for complications
that were encountered.h& complications that occurred could not be predicted based on our
knowledge, which is one of the reasons the Gantt chart was modified severabtmesof the

tasks appointed on the Gantt chart will not be seen in the end product because once the
calculations were completed, it proved the system will work efficiently,vill still be taken

into account as a result of the time spent during the project development.
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5. Engineering Design and Analysis

5.1 Static Analysis

A static load analysis was implemented on the structure using COSMOS Works once the
material was appdd to the platform. Figure5lshows the platform and the forces and restraints
the platform will be under. The static analysis will demonstrataigacement deformation,

design checkand the stress analysis of the platform.

Figure 15: Static Load Design

5.2 Force Analysis
The forces on the outside perimeter of the platform are caused by the metal detector. The forces
acting on the metal plate at the rear part of the platform is caused $gotbtermotor whid is a

20 pound force. The forcexting in the middle plate is a Pund force which comes from the

42 Volt battery and the last force acting on the platform is towards the front, which is caused by
the microcontroller windshield wiper motor, power wilow motor,and thecontroller board
amounting to 2(@ounds of force. The restraints are placed at the front of the platform, which is
where the front tireare locatedThe platform does not have any restraints in the back due to the
fact that the shaft ithe back, connecting the rear wheels, rotates and is not welded onto the
platform compared to the front axle.

Figure B below demonstrates the displacement the platform will go under when all the loads are
applied onto it. As we can see, the maximumldsgment will occur at the rear of the platform,

where the highest amount of force is applied.
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Deformation scale: 14,4537 URES (m)

Figure 16: Displacement Deformation on Structure

5.3 Stress Analysis
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The stress analysis provided the yield strength ofrthierial, shown in Figure7l
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Figure 17: Stress Analysis Results
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The maximum value of the von Miss strength is @.367 2 107 N/m® which is lower than the

yield strength. This value can be seen in Table 1.

Table 1: Material Properties

Property Name Value Units Value Type
Elastic modulus 2e+011 N/m”2 Constant
Poisson's ratio 0.29 NA Constant
Shear modulus 7.7e+010 N/m”"2 Constant
Mass density 7900 kg/m”3 Constant
Tensile strength 4.2051e+008 N/m”"2 Constant
Yield strength 3.5157e+008 N/m”2 Constant
Thermalexpansion 1.5e005 /Kelvin Constant
coefficient
Thermal conductivity| 47 W/(m.K) Constant
Specific heat 420 J/(kg.K) Constant

The stress analysis confirmed that the platform will not fail or be deformed since the von Mises
value is less than the yield strength. Table 2 demonstrates the values of the study results once the

stress analysis was complete.

Table 2: Results from Stress Analysis Study

Name Type Min Location Max Location
(25.91631n- | 8.07346e+007
' -0.17101
0.17921 1 g.25in,- N/mA2 ( _
N/m”2 _ in,
VON: von 5.56699 in)
Stressl _
Misses Stress Node: .
Node: 35171 | 0.469846 in,
36609
-6.2105 in)
. 0.0106869 m .
URES: Om (26.25 in, (8in,

Displacement]  Resultant |\ '\ 551 | 0.433013in.| Node: 28108| 3.5in,

Displacement ) )
-6.25 in) -60.288 in)
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5.4 Material Selection

The material of the giart was not known at the time it was purchas€derefore, the
assumptions the team took was to choose plain carbon steel. During the construction process,
additional parts needed to be added to the platform performed by welding. Since metal can only
weld with metal, the material selected for the addai plate added to hold up the motor was
galvanized steel. No other material selections were needed as far as construction or structural

design goes.

5.5 Structural Design
The engine chosen to power the platform is a 36 V electric motor that producedN1000
(1.34HP) of power at 3000 rpm. The torque that the engine produces can be seen in equation

below

1.34 x5252

T= 3000

= 2341b - ft.

Due to the weight that the platform is going to be subjected to, the initial torque of the engine is
not going to be suffieint to move. In order to increase the electric motors output of torque a set
of sprockets and a chain are installed, the sprocket that is attached to the shaft of the engine has

11 teeth and the mating sprocket has 44 teeth yielding a ratio of 4:1 acthecetthe rpm to
¥ = - x 3000 = 750 rpm

and increasing the torque to

_ 134x5252 _
T= e - 9.381b - ft.

Figure B and19 shown below demonstrates a schematic of the prototype and a schematic of the

sprocket with the chain that is used on the prototype.
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Figure 18: Prototype Schematic

Figure 19: Schematic of sprockets with chain

The engine setup chosen for this design is made up of an electric motor, three 12 volt batteries, a
motor controller, and a microntroller. In essence, the microcontroller is used to control the
speed and direction of the electric motors but by itself this take cannot be accomplished. The
motor controller, which is the medium between the microcontroller and electric motors,rhelps i
solving the power issues that would arise if the motors were directly connected to the

microcontroller. The electric motors need a voltage value of 36 volts in order to operate at full
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capacity but since the microcontroller output voltage is only Sytiie motor controller helps in
relieving this issue. With the set of three batteries connected together to make 36 volts, the
motor controller takes the input of the microcontroller and then amplifies it with the power
coming from the batteries, givirthe motors enough power to run properly. The electric motor is

shown in FigureO.

Figure 20: Electric Motor
5.6 Design Based on Static and Fatigue Failure Design Theories
The factory of safetyhe analysis provided was at 4This value represents the ratio failure load
versus the design loa@he minimum factor of safety is higher than expected because material
was added to the original frame to place any extra parts necessary for the platform to run. The
final prototype degn entailed less amount of parts anticipated, therefore less forces are applied
to the structure leaving the design with excess matdiied.desig check can be seen in figure
21 shown below.
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Figure 21: Results of Design Check
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6. Prototype Construction

6.1 Description of Prototype

For the assembly and construction of the prototype vehicle, much thought was put into which
platform was going to be used. One of the doubts encountered was regarding the platform; will it
be fabricated from scratch or will it be an existing platform tartmelified into the standards
needed? As stated previously, the platform chosen for our prototype ikaatgdhis platform

was chosen based on factors such as money, time available to modify it, and knowledge as well
as experience from the past workinghathis type of platform.

6.2 Prototype Design

The final prototype design chosen for the project was a platform that can move alongnecky a
dry land terrains. It is capabt¢ detecting landmines usimgetal detect@madepurchasedrom

a local toystore. The metal detectors are mounted on polyvinyl chloride (PVC) pipe 2 feet from
the chassis so that the metal from the frame doemteoterewith the metal detectors. There are

3 metal detectors mounted on the front of the platform and 2 are mounted on the left and right
sides for a total of 5 metal detectors.

The original platformas shown in FigureZ required alterations to reach thedirdesign.The
platform consisted ofrainternal combustion engine, a steering column and steering wheel, a

chair, and four tires.

Figure 22: Original Go Kart Frame

Figure23 shows the platform at the beginning of the alteratidime chair, steering wheelnd
steeing column were removednse the project goal is to locate landmimeshotely and did not
require an individual driving the platform. This procedprevided additional spacdor future

components that may be neededthe project.



Figure 23 Platform Frame

The next modification to the platform was the removal of the internal combustion ehgae.
metal plate on which the engine was bolted to was also removed given that the plate was too
small for the conceptual idea&.new platewas welded onto thetructure supplying additional

area that was not covered by the previous p&bsequently, the metal platatbriginally held

the enginewas then welded ontdé structure in order to holithe 36 volt battery needed to

supply power to the new motdrhe final chassis gicture can be seen in Figuré 2

Figure 24: Platform Frame after Welding

One of the earlier design ideas consisted of an impact absorbing cushion placed underneath the
platform. This idea, however, was not chosen because it is not a feasible dptida financial
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restrictionsand would not be complked under theéimeline required. Figure®2below shows a

schematic of what the prototype looks like.

Figure 25: Platform with Components

This prototype design is a system that will contribute to the current wadlel effortsbetween
government agencies and rgovernment agencies to remove landmiriess an inexpensive
design that will be remote controlleal $urvey the areas of interest. This prgbetyvas designed
specifically withthird world countries in min@s a finanially feasible alternative where human

|l ives are not in harmdés way.
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6.3 Part List
Table 3: Part List of Prototype

Description Vendor Purpose
Go-Kart Bought Used Frame
Propeller Ed Kit-Propstick USB Parallax Circuit
PropStick USB Parallax Circuit
32K EEPROM DIP - LIF 32K EEPROM DIP Parallax Circuit
241.C256-1/P- ND

LM2937ET-3.3LF LM2937ET -3.3-LF Voltage Parallax Circuit
RegLF

XTAL HC -49US, 5MHz, 20pF LF ECS-50-20-4 Parallax Circuit
5V LDO Voltage Regulator-LF LM2940CT -5.0 Parallax Circuit
Regulator

Propeller DIP Plus Kit - LF Parallax Circuit
2 axis joystick Parallax Circuit
Propeller Plug Adapter pcb/cable Parallax Circuit
IC Proximity Detector 8 Minidip Digi-Key Circuit
Conduct Tite 10 Gauge Red Primary Wire, 8 ft  AutoZone Circuit
AutoZone 16 Gauge Black Primary Wire, 30 ft ~ AutoZone Circuit
Scotch 3/4" Electrical Tape, 22 YD AutoZone Circuit
Conduct Tite GM Internal Regulator Socket, EA AutoZone Circuit
Conduct Tite Electrical Connectors, 20 CT AutoZone Circuit
Conduct Tite Gold Plated Copper Female AutoZone Circuit

Terminal, 10CT
36 Volt 1000 Watt Motor with Mounting Bracket Monster Scooter Parts  Driving

and 11 Tooth 8 mm 05T Chain Sprocket Motor

(MY1020)

8mm 05T Chain Sprocket- 44 Tooth- 1-3/8" Monster Scooter Parts  Driving

Mounting Hole Circle (x3 Holes) Motor

8mm 05B Open Loop Chain- 3 Feet with Master Monster Scooter Parts  Driving

Link Motor

Dorman Window Lift Motor AutoZone Brake Motor

Brake lin Bore Northern Tool Brake Motor
+Equipment

Nissan 300ZX Twin Turbo's Dorman Wind www.carstuff.com Turning

Shield Wiper Motor Motor

Digital Metaldetector ToysRus Detectors

3/4 PVC CPLG Home Depot Detectors

PVC Run Trap Home Depot Detectors

PVC40 Pipe Home Depot Detectors

EMT Strap Home Depot Detectors

Ball Bearing 1in Bore Northern Tool Shaft
+Equipment Bearings
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Tire Hubs 6in Bore Northern Tool Tires
+Equipment
Screws, Wachers, and Nuts Home Depot N/A

6.4 Construction

The goekart purchased used an internal combustion engine. Since the engine cannot be controlled
autonomously or remotely, it wasmoved and replaced by an electric motor. So the first step in

our construction was to remove this engine and replace it with an electric motor. With the
internal combustion motor removed the available space was analyzed to determine the placement
of the circuits and sensors. One part of thekgot that needed to be removed was the steering
column, since this vehicle is not going to be operated by a person but rather remotely the space
that the steering column was taking up was valuable so the steeltingncwas cut off. The next
step was to test fit the electric motor, ther
to the chair being in the way and the steel plate where the old gas powered motor used to be was
too small for the electric motand sprocket setup. The chair was then cut off the vehicle to
provide further space and the steel plate in the rear of tkaryaevas removed to find a bigger
replacement so both the electric motor andocket setup can fit. The current tires on the
platform have excess wear and are slick tires with no tread so new all terrain tires where
purchased.

Before purchasing a new sprocket the existing gear needed to be removed. With the help of Mr.
Zicarelli the mechanical brake was removed as was the geahnadtto the driveshaft. Due to

the old grease the bearing, sprocket gear and drum brake were stuck in the shaft and special tool
was needed. To remove the old grease sand paper and the solvent tank was used. The bearings
where removed with a model 110 géabearing puller. The drum brake was spot welded into
place. It was removed by using a manual lathe to shave down it in 10 mm to 50 mm steps, using
a carbonate tool. The drum brake was also place with negative pressure, so after shaving off the
drum brale the key and any excess weld was remove with a Mill Machine and a 0.25 in carbine
endmill. With the old brake, bearing and sprocket removed the new gaartaow be installed,

Figure 27below shows the driveshaft with the new beagngprocket and behihthe sprocket

the hub that was machined to mate the sprocket to the shatft.
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Figure 26: Driveshaft with new parts
After the new parts were installed on the driveshaft the electric motor was installed. As one can
see from the @culations in step 3 ahain pitch 0f0.315 irch. is neededand the length of the

chain is 2 feetdue to this restrictiothe placement of the motor needed to be elevadtedrder
elevate the motor béks of wood were usedrigure28 shows the block of wood with the holes
drilled for the screws that aresed to secure the motor in pladgom the displacement
deformation analysis, the maximum displacenstfidws that ibccursat the rear section of the
platform,where the block will be locatedhis block will help dampen the vibrations the motor
generateso the structure, further reducingettisplacement the analyssudy showedln figure

29 one can see the electric motor setup on the blo€kvoodwith the chain and sprocket.

Figure 27: Engine Block
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Figure 28 Engine and Sprocket Setup
With the drive train installed waow needech way to be able to control the direction of the
platform. In order for this to be accomplished we opted for using a windshield wiper motor from
a Nissan. The windshield wiper motor was mounted to the frame using-bratket A shaft
needed to be machideso the motor can be connected to the tie rodetable taurn. A shaft
was honed so the existing shaft of the motor can fit inside while the other end of the shaft was
made smaller so it can fit inside the lirkfsthe tie rods and a screw was placedhe end of the
tie rods to hold the connection in plac&/hen the wiper motor is in the neutral positide.(
Front tires straight) it rexls to rotate about0Bleft to turn left and 90right to turn right. This
wiper motor is controlled remotely wiita circuit designed specifically to handle this task, and
connected to this circuit are two buttons which act as the interface with the turning motor turning
the wheels left and rightin Figure 30below the circuit built to control the turning motor kit
the buttons can be seéfhe circuit consists of a microprocessfar this application &ropeller
Education Kit from Parallax Inc. was used, a transcenes usedo send the signal from the

buttons to the circuit connected to the turning motor.

46



Figure 29: Turning Motor Circuit
In Figure 3 below is a schematic of the circhitr control the platformmetal detectors, and for
braking and turning the platform. The top circuit diagram is for controlling the platform, in the
middle of the diagram is the Propeller microprocessor. Theicdt@agram on bottom left is the

circuit for controlling the turning motor and the braking motor. Finally, the circuit on the bottom

right is the diagram for the metal detectors.

Figure 30: Control Schematic
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Controller

The voltage regulator is operating at 5 volts, and then it turns on the lights. The capacitors
separate the input/output from the ground.

Antenna system: pin 0 sends and receives. The data isg#siagh pins 1,2,3,4 and sent to
the antenna, while each pin has a pulse at a different width. When the antenna receives input, it
turns on the light emitting diode.

The buttons connected to the microcontroller send a pulse at a pin while set ahdigihea
the pin is set at low the circuit is open.

The 10 K ohm resistors are serving as protection between the circuit and the ground.
Braking and turning (Basic Stamp Unit)

When a pulse is received from the antenna, the width of this pulse deterwimes
preprogrammed turning motor wil/ turn on. Th
them into DC and turns the platform.

Metal Detection

Detection is accomplished through basic stamp which sends a signal at different widths assigned
to each meladetector. The signal goes from the detector to the antenna and finally to the
controller unit.

Given Parameters:
0 Cunisi 6 aeeti iase = 0625®  00s-govase = 1.0@
Uaadacei = 11 KIBQ 0 aowse = 44 AXBQ
Vi = 4:1
1 adii'éatxi =1 @ = 3000iNa
"Dagi e aeei = Dy = 1.34°Q
New Design Calculations:

6. N 11
1 sop = —ZWBGER 4 = = 3000iR4 = 7501 /4
06 0050 44
5252 (Qlg ) 5252 (1.34°%) .
o Vo = = A
Q T 200 7501 NG 9.38 aw? "®

The team concluded that since the platform does not need to move at high speeds this particular
electric motor with the sprocket sgtwill be sufficient to achieve our desirspeed

Sprocket Gear and Chain Calculations:

Step 1: Service Factor
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The service factor is used to compensate for the force on the chain created by the type of input
power and the type of driven load. For the purposes of this project the input poweaslysksup
an electric motor and the type of driven load is heavy shock. With this in consideration the
service factor value taken from Table 13 Roller Chain Driven Service Factor, from the
Mac hi ner y 6 924],HsaIh5d Heawy lshock is chosen because ttive dshaft is not
uniform. This was notice while the drive shaft was turning in the manual lathe while the brake
drum was been shave down.
Yo ydo @ = 1.5
Step 2:Horsepower Designed
Dogm = Dvaigeam 2 YO= 134 Hz15=201"Q
Step 3: Chain Pitch and Small Sprocket Size for Sifgiend Drive
By selecting horsepower rating higher than the horsepower designed, and within the input
revolutions per minute, from Table 14 Horsepower Rating for Roller Chain Difirees the
Machinerydéds Handbook, the foll owing delleri gn c
chain pitch of 0.315 incha horsepower rating of 1.34 hp and 11 teeth.
60sase 5aso= 0.315 "©WQ
0 gsern = 134°0
Oaniéacei = 11
Step 4: Check Pitch and Small Sprocket Selection
At this point of the calculations the maximum bore diameter is found for the design from Table 8
Recommended Roller Chain Sprocket Maximum Bore and Hub Diameters, from the
Machineryds Handbook. With the <chain pitch
Machineryéds Handbook a bore diameter option
supply bore diameters for roller @in pitch less than 0.375 inchitill this is nota problem,
because the bore diameter for this design depends on the shaft of thie eletor which is
0.625 inch In the mentioned table there is only one option that has a max bore diameter equal to
0.625 inches which is a sprocket gear of 12 taeshchain pitch of 0.375 inch
60 = 0.625 QX
Oaniéacei = 11
605 aqse sao= 0.315 00

49

a

(



Since the chain pitch increase step 3 has to be repeated to make sure that the horsepower rating is
still higher than the horsepower deg n . From table 14 of t he Mac
chain pith of 0.375 gives a value of 2.47 hp for the horsepower rating, which is higher than 0.73
hp.
Qi cperg = 247"
The horsepower rating is the maximum horsepower that the sprockets edmetake failing.
The new value of horsepower rating gives a factor of safety of 4.94.
Q) 8¢ 247
@Y= Q)OEUZ‘*; =55 = 494
It is suggested to stay within the range of 1.2 and 1.4 for the factor of safety. If the factor of

safety goes above 1.4nteans that more material than needed was used. This will be neglected
since the onl vy sprocket t hat doesnoét requir
calculations will be continued.

Step 5: Selection of Large Sprocket
The torque desired is still 83w- "® and the number of teeth for the electric motor sprocket is

still 11 so the revolutions per minute of the drive shaft will remain at 750 rpm. This means that
the ratio remains 1:4. The number of teeth of the large sprocket is just the mualbiplmiathe

ratio times the number of teeth of the small sprocket.

1 e 3000

§ P = z =
1 éébum D G £l 750 11=44

Vo 0o vase =

6.5 PrototypeCost Analysis

This report will cover the cost analysis for the first prototype and thepmetdtype to be built.

Each cost analysis will cover the material cost and the labor work of the team members.

During the period in which the first prototype was built the team had several lessons learned. For
example, two motors were not used dototheac k of power and the c¢comg
team to return them, in addition, several materials were broken and had to be replaced. This had
an impact in the final cost of building the prototype. Taking into account all the materials
purchased, includop those that were broken and replaced, the total cost for the prototype
material was $1,844.93. The actual cost for the materials required for this prototype comes down
to $1,246.00 when the broken and replaced materials are not included. The costralBsedec
because the turning motor was donated. A detail bdeakn of the price of each item can be
found inAppendixC.
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The cost analysis of the payroll was based on the assumption that all five members of the team
have a salary of $12.00 per hour. Thantealso received aid from two volunteers and two
machinists from Florida International University. The machinists guided the team in the design
of the sprocket hub and the turning motor shaft. Their salaries are $25.00 per hour, for the
machinist assistargnd $30.00 per hour for the main machinist. These salaries were also taken
into account for the labor cost analysis of the project. Overall, the labor cost analysis calculated
by Microsoft Project resulted in $15,770. BelowTiable2 a brief overview othe total time in

hours and total payroll per main task is displayed. A detail version of this overview can be found

in Appendix D
Table 4: Time and Cost Invested in First Prototype
First Prototype
Main Tasks Total Time (hrs)  Total Payroll
Meetings 20 $912.00
Research 216 $2,592.00
Purchases 6 $72.00
Solid Work Design 180 $2,160.00
Assembly 168 $2,016.00
Machinery 38 $542.67
Programming & 76 $912.00
Circuit
Testing 23 $1,380.00
50% Progress Report 88 $1,056.00
75%Progress Report 136 $1,632.00
100% Progress Repot 48 $2,496.00
999 Hrs $15,770.67
42 Days

6.6 Discussion

The estimated cost of materials to repeat the same prototype comes down to $996.18. This is
because a new electric motor-g@art was found. With this new gart the only new components

are the turning motor and its attachment to the platform, as wél asdtal detectors.

The next prototype will not require time invested in advising and brainstorming meetings,
research, machinery, and progress report, therefore, the cost of labor will decrease significantly.

Also assembling and testing time will decrea¥he only two main tasks that will increase are
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the solid work design simulations and programming. This is due to the next generation prototype
where the GPR will be implemented. Sesble 3.for a brief overview of the labor cost analysis.

With the eletric go-kart and not taking into account the price of the GPR, the next prototype will
cost 31% less than the first prototype. It will also be completed in 46% less time.

Table 5: Estimated Time and Cost Invested for the Next Praitype

Next Prototypes (Estimated)
Main Tasks Total Time (Hrs)  Total Payroll

Meetings 0 $0.00
Research 0 $0.00
Purchases 3 $24.00
Solid Work 280 $3,072.00
Design
Assembly 40 $240.00
Machinery 0 $0.00
Programming & 114 $504.00
Circuit
Testing 15 $900.00
50% Progress 0 $0.00
Report
75% Progress 0 $0.00
Report
100% Progress 0 $0.00
Report
452 Hrs $4,740.00

19 Days

The total cost of the next prototype, without taking into account the $20,935.00 GPR system, is
estimated to be $5,736.18. This includes materials and labor work. Taking into account the GPR
into the cost analysis, the next improved prototype will be $2618. The cost overview of both

the first and the next prototype can be found@able4 and a quote for the GPR can be obtained

from AppendixE.
Table 6: Cost Overview
Current
Prototype Next Prototypes

Materials $1,246.00 $996.18

Labor $15,770.67 $4,740.00
SubTotal $17,016.67 $5,736.18

GPR N/A $20,935.00

Total $17,016.67 $26,671.18
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7. Conclusion

7.1 Conclusion

The motivation for selecting this particular prototype was to have an uncomplicated, yet feasible
innovative approach to locate landmines in thirakld countries. The prototype comprises of
all-terrain tires which helped the platform traverse rocky, samdyldy, and flat terrain. The all

terrain tires will simplify one of the factors that were a driving force in designing the final
platform.

The prototype designed is powered by a scooter engine that controls the forward and backwards
movement of the pteorm. To control the direction of the platform a windshield wiper motor
was used and in order to control the braking of the platform, a power window motor was utilized.
Before the three motors were integrated onto the platform, each one was testedriryaand

control.

The assembly and disassembly of the final prototype is straightforward. Using basic hand tools
such as adjustable wrenches, ratchets, and screwdrivers are sufficient to remove or replace each
component. The prototype detects harmful devices, which canyamament detonate. The
prototype will have a positive impact on the environment because it will locate these devices and
will further improve the lives of people that are located near or around a landmine field.

Further improvements on this type of pijevould include a GPR system, a more sophisticated
metal detector or a plastic detector, and the use an electric metartg®n the current platform

design, the improvements are to remove as much material necessary.
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Appendix A. Mine Ban Treaty

Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti

Personnel Mines and on Their Destruction
Preamble

The States Parties,
Determined to put an end to the suffering and casualties caused bpeamstnnel mines, that
kill or maim hundreds of people every week, mostly innocent defdnselesgivilians and
especially children, obstruct economic development and reconstruction, inhibit the repatriation of
refugees and internally displaced persons, and have other severe consequences for years after
emplacement,
Believing it necessary to do theutmost to contribute in an efficient and coordinated manner to
face the challenge of removing apgrsonnel mines placed throughout the world, and to assure
their destruction,
Wishing to do their utmost in providing assistance for the care and reh#biiit including the
social and economic reintegration of mine victims,
Recognizingthat a total ban of anpersonnel mines would also be an important confidence
building measure,
Welcoming the adoption of the Protocol on Prohibitions or RestrictionshenUse of Mines,
Booby-Traps and Other Devices, as amended on 3 May 1996, annexed to the Convention on
Prohibitions or Restrictions on the Use of Certain Conventional Weapons Which May Be
Deemed to Be Excessively Injurious or to Have Indiscriminate &ffemd calling for the early
ratification of this Protocol by all States which have not yet done so,
Welcoming also United Nations General Assembly Resolution 51/45 S of 10
December 1996 urging all States to pursue vigorously an effective, kegadiyng international
agreement to ban the use, stockpiling, production and transfer pleastinnel landmines,
Welcoming furthermore the measures taken over the past years, both unilaterally and
multilaterally, aiming at prohibiting, restricting or suspengdihe use, stockpiling, production
and transfer of anfoersonnel mines,
Stressingthe role of public conscience in furthering the principles of humanity as evidenced by

the call for a total ban of anpiersonnel mines and recognizing the efforts to ¢hdtundertaken

56



by the International Red Cross and Red Crescent Movement, the International Campaign to Ban
Landmines and numerous other rgwvernmental organizations around the world,
Recalling the Ottawa Declaration of 5 October 1996 and the Brussettafation of 27 June
1997 urging the international community to negotiate an international and legally binding
agreement prohibiting the use, stockpiling, production and transfer gdestnnel mines,
Emphasizing the desirability of attracting the agilence of all States to this Convention, and
determined to work strenuously towards the promotion of its universalization in all relevant fora
including, inter alia, the United Nations, the Conference on Disarmament, regional organizations,
and groupingsand review conferences of the Convention on Prohibitions or Restrictions on the
Use of Certain Conventional Weapons Which May Be Deemed to Be Excessively Injurious or to
Have Indiscriminate Effects,
Basingthemselves on the principle of international haitaian law that the right of the parties
to an armed conflict to choose methods or means of warfare is not unlimited, on the principle
that prohibits the employment in armed conflicts of weapons, projectiles and materials and
methods of warfare of a nauto cause superfluous injury or unnecessary suffering and on the
principle that a distinction must be made between civilians and combatants,
Have agreed as follows:

Article 1

General obligations

Each State Party undertakes never under any circumstances
To use antpersonnel mines;
To develop, produce, otherwise acquire, stockpile, retain or transfer to anyone, directly or
indirectly, antipersonnel mines;
To assist, encourage or induce, in any way, anyone to engage in any activity prohibitedeo a Stat
Party under this Convention.
Each State Party undertakes to destroy or ensure the destruction of-p#raatinel mines in
accordance with the provisions of this Convention.

Article 2

Definitions
"Anti-personnel mine"” means a mine designed to be ea@lty the presence, proximity or

contact of a person and that wilcapacitatenjure or kill one or more persons. Mines designed
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to be detonated by the presence, proximity or contact of a vehicle as oppogperisonathatre
equipped with anthandlirg devices, are not considered grgrsonnel mines as a result of being
SO equipped.
"Mine" meansnunitionsdesigned to be placed under, on or near the ground or other surface area
and to be exploded by the presence, proximity or contact of a persoefuckev
"Anti-handling device" means a device intended to protect a mine and which is part of, linked to,
attached to or placed under the mine and which activates when an attempt is made to tamper with
or otherwise intentionally disturb the mine.
"Transfer" involves, in addition to the physical movement of-patsonnel mines into or from
national territory, the transfer of title to and control over the mines, but does not involve the
transfer of territory containing emplaced gogrsonnel mines.
"Mined area"” means an area which is dangerous due to the presence or suspected presence of
mines.

Article 3

Exceptions
Notwithstanding the general obligations under Article 1, the retention or transfer of a number of
antipersonnel mines for the developm@f and training in mine detection, mine clearance, or
mine destruction techniques is permitted. The amount of such mines shall not exceed the
minimum number absolutely necessary for the abuoeationed purposes.
The transfer of arqpersonnel mines fdhe purpose of destruction is permitted.

Article 4

Destruction of stockpiled antipersonnel mines

Except as provided for in Article 3, each State Party undertakes to destroy or ensure the
destruction of all stockpiled anpersonnel mines it owns or posses, or that are under its
jurisdiction or control, as soon as possible but not later than four years after the entry into force
of this Convention for that State Party.

Article 5

Destruction of anti-personnel mines in mined areas

Each State Partyndertakes to destroy or ensure the destruction of alpardonnel mines in
mined areas under its jurisdiction or control, as soon as possible but not later than ten years after

the entry into force of this Convention for that State Party.
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Each State Rty shall make every effort to identify all areas under its jurisdiction or control in
which antipersonnel mines are known or suspected to be emplaced and shall ensure as soon as
possible that all anfpersonnel mines in mined areas under its jurisdicboncontrol are
perimetermarked, monitored and protected by fencing or other means, to ensure the effective
exclusion of civilians, until all arpersonnel mines contained therein have been destroyed. The
marking shall at least be to the standards setnotihe Protocol on Prohibitions or Restrictions
on the Use of Mines, Boobiraps and Other Devices, as amended on 3 May 1996, annexed to
the Convention on Prohibitions or Restrictions on the Use of Certain Conventional Weapons
Which May Be Deemed to BexEessively Injurious or to Have Indiscriminate Effects.
If a State Party believes that it will be unable to destroy or ensure the destruction of-all anti
personnel mines referred to in paragraph 1 within that time period, it may submit a request to a
Meeting of the States Parties or a Review Conference for an extension of the deadline for
completing the destruction of such apérsonnel mines, for a period of up to ten years.
Each request shall contain:
The duration of the proposed extension;
A detailed eplanation of the reasons for the proposed extension, including:
The preparation and status of work conducted under national demining programs;
The financial and technical means available to the State Party for the destruction of all-the anti
personnel mmes; and
Circumstances which impede the ability of the State Party to destroy all theeesdnnel mines
in mined areas;
The humanitarian, social, economic, and environmental implications of the extension; and
Any other information relevant to the requés the proposed extension.
The Meeting of the States Parties or the Review Conference shall, taking into consideration the
factors contained in paragraph 4, assess the request and decide by a majority of votes of States
Parties present and voting whethe grant the request for an extension period.
Such an extension may be renewed upon the submission of a new request in accordance with
paragraphs 3, 4 and 5 of this Article. In requesting a further extension period a State Party shall
submit relevant adtional information on what has been undertaken in the previous extension
period pursuant to this Article.

Article 6
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International cooperation and assistance
In fulfilling its obligations under this Convention each State Party has the right to seek and
receive assistance, where feasible, from other States Parties to the extent possible.
Each State Party undertakes to facilitate and shall have the right to participate in the fullest
possible exchange of equipment, material and scientific and technolagfoaimation
concerning the implementation of this Convention. The States Parties shall not impose undue
restrictions on the provision of mine clearance equipment and related technological information
for humanitarian purposes.
Each State Party in a positi to do so shall provide assistance for the care and rehabilitation, and
social and economic reintegration, of mine victims and for mine awareness programs. Such
assistance may be provided, inter alia, through the United Nations system, internaticora) reg
or national organizations or institutions, the International Committee of the Red Cross, national
Red Cross and Red Crescent societies and their International Federatiqggvaommental
organizations, or on a bilateral basis.
Each State Party in jgosition to do so shall provide assistance for mine clearance and related
activities. Such assistance may be provided, inter alia, through the United Nations system,
international or regional organizations or institutions, -gomernmental organizations or
institutions, or on a bilateral basis, or by contributing to the United Nations Voluntary Trust
Fund for Assistance in Mine Clearance, or other regional funds that deal with demining.
Each State Party in a position to do so shall provide assistance fdestruction of stockpiled
antipersonnel mines.
Each State Party undertakes to provide information to the database on mine clearance established
within the United Nations system, especially information concerning various means and
technologies of mine ebrance, and lists of experts, expert agencies or national points of contact
on mine clearance.
States Parties may request the United Nations, regional organizations, other States Parties or
other competent intergovernmental or fgovernmental fora to ass$ its authorities in the
elaboration of a national demining program to determine, inter alia:
The extent and scope of the apéirsonnel mine problem,;
The financial, technological and human resources that are required for the implementation of the

program;
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The estimated number of years necessary to destroy alberstnnel mines in mined areas
under the jurisdiction or control of the concerned State Party;
Mine awareness activities to reduce the incidence of-nella¢ed injuries or deaths;
Assistanceéo mine victims;
The relationship between the Government of the concerned State dPartyhe relevant
governmental, inte-governmental or noegovernmental entities that will work in the
implementation of the program.
Each State Party giving and receiviagsistance under the provisions of this Article shall
cooperate with a view to ensuring the full and prompt implementation of agreed assistance
programs.
Article 7

Transparency measures
Each State Party shall report to the Secre@aperal of the United &ions as soon as
practicable, and in any event not later than 180 days after the entry into force of this Convention
for that State Party on:
The national implementation measures referred to in Article 9;
The total of all stockpiled anfiersonnel mineswned or possessed by it, or under its jurisdiction
or control, to include a breakdown of the type, quantity and, if possible, lot numbers of each type
of antkpersonnel mine stockpiled;
To the extent possible, the location of all mined areas that cootaame suspected to contain,
antipersonnel mines under its jurisdiction or control, to include as much detail as possible
regarding the type and quantity of each type of-petsonnel mine in each mined area and when
they were emplaced;
The types, quaiites and, if possible, lot numbers of all ap&rsonnel mines retained or
transferred for the development of and training in mine detection, mine clearance or mine
destruction techniques, or transferred for the purpose of destruction, as well asiti#irsst
authorized by a State Party to retain or transfer@arsonnel mines, in accordance with Article
3
The status of programs for the conversion orcomissioning of ampersonnel mine

production facilities;
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The status of programs for the destion of antipersonnel mines in accordance with Articles 4
and 5, including details of the methods which will be used in destruction, the location of all
destruction sites and the applicable safety and environmental standards to be observed,;
The types andjuantities of all antpersonnel mines destroyed after the entry into force of this
Convention for that State Party, to include a breakdown of the quantity of each type- of anti
personnel mine destroyed, in accordance with Articles 4 and 5, respectioely, vaith, if
possible, the lot numbers of each type of -petisonnel mine in the case of destruction in
accordance with Article 4,
The technical characteristics of each type of-patsonnel mine produced, to the extent known,
and those currently ownext possessed by a State Party, giving, where reasonably possible, such
categories of information as may facilitate identification and clearance gbenstinnel mines;
at a minimum, this information shall include the dimensions, fusing, explosive canegatlic
content, colour photographs and other information which may facilitate mine clearance; and
The measures taken to provide an immediate and effective warning to the population in relation
to all areas identified under paragraph 2 of Article 5.
The information provided in accordance with this Article shall be updated by the States Parties
annually, covering the last calendar year, and reported to the Secetaeyal of the United
Nations not later than 30 April of each year.
The Secretargseneral dthe United Nations shall transmit all such reports received to the States
Parties.
Article 8

Facilitation and clarification of compliance
The States Parties agree to consult and cooperate with each other regarding the implementation
of the provisions othis Convention, and to work together in a spirit of cooperation to facilitate
compliance by States rties with their obligations under this Convention.
If one or more States Parties wish to clarify and seek to resolve questions relating to compliance
with the provisions of this Convention by another State Party, it may submit, through the
SecretaryGeneral of the United Nations, a Request for Clarification of that matter to that State
Party. Such a request shall be accompanied by all appropriate infornksnState Party shall
refrain from unfounded Requests for Clarification, care being taken to avoid abuse. A State Party

that receives a Request for Clarification shall provide, through the SeeGagral of the
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United Nations, within 28 days to thequesting State Party all information which would assist

in clarifying this matter.

If the requesting State Party does not receive a response through the S&watanl of the

United Nations within that time period, or deems the response to the Remyu€ktrification to

be unsatisfactory, it may submit the matter through the Secit@tmgral of the United Nations

to the next Meeting of the States Parties. The Secr&@angral of the United Nations shall
transmit the submission, accompanied by afirapriate information pertaining to the Request

for Clarification, to all States Parties. All such information shall be presented to the requested
State Party which shall have the right to respond.

Pending the convening of any meeting of the States Paatigsof the States Parties concerned
may request the SecretaBeneral of the United Nations to exercise his or her good offices to
facilitate the clarification requested.

The requesting State Party may propose through the See@dagral of the Unitetllations the
convening of a Special Meeting of the States Parties to consider the matter. The Secretary
General of the United Nations shall thereupon communicate this proposal and all information
submitted by the States Parties concerned, to all StatessPaith a request that they indicate
whether they favour a Special Meeting of the States Parties, for the purpose of considering the
matter. In the event that within 14 days from the date of such communication, at letistcbne

of the States Parties fanrs such a Special Meeting, the Secre@eyeral of the United Nations

shall convene this Special Meeting of the States Parties within a further 14 days. A quorum for
this Meeting shall consist of a majority of States Parties.

The Meeting of the StatesRies or the Special Meeting of the States Parties, as the case may be,
shall first determine whether to consider the matter further, taking into account all information
submitted by the States Parties concerned. The Meeting of the States Parties mectae S
Meeting of the States Parties shall make every effort to reach a decision by consensus. If despite
all efforts to that end no agreement has been reached, it shall take this decision by a majority of
States Parties present and voting.

All States Pares shall cooperate fully with the Meeting of the States Parties or the Special
Meeting of the States Parties in the fulfilment of its review of the matter, including any fact

finding missions that are authorized in accordance with paragraph 8.
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If further clarification is required, the Meeting of the States Parties or the Special Meeting of the
States Parties shall authorize a {fietling mission and decide on its mandate by a majority of
States Parties present and voting. At any time the requested &tigtenBy invite a faefinding

mission to its territory. Such a mission shall take place without a decision by a Meeting of the
States Parties or a Special Meeting of the States Parties to authorize such a mission. The mission,
consisting of up to 9 expsttdesignated and approved in accordance with paragraphs 9 and 10,
may collect additional information on the spot or in other places directly related to the alleged
compliance issue under the jurisdiction or control of the requested State Party.

The Secretry-General of the United Nations shall prepare and update a list of the names,
nationalities and other relevant data of qualified experts provided by States Parties and
communicate it to all States Parties. Any expert included on this list shall be edgasd
designated for all fadinding missions unless a State Party declares itsacoaptance in

writing. In the event of no@acceptance, the expert shall not participate inffading missions

on the territory or any other place under the jurisdictipnontrol of the objecting State Party, if

the nonacceptance was declared prior to the appointment of the expert to such missions.

Upon receiving a request from the Meeting of the States Parties or a Special Meeting of the
States Parties, the Secret&@gneral of the United Nations shall, after consultations with the
requested State Party, appoint the members of the mission, including its leader. Nationals of
States Parties requesting the ffstling mission or directly affected by it shall not be apped

to the mission. The members of the fantding mission shall enjoy privileges and immunities
under Article VI of the Convention on the Privileges and Immunities of the United Nations,
adopted on 13 February 1946.

Upon at least 72 hours notice, themters of the faetinding mission shall arrive in the territory

of the requested State Party at the earliest opportunity. The requested State Party shall take the
necessary administrative measures to receive, transport and accommodate the mission, and shal
be responsible for ensuring the security of the mission to the maximum extent possible while
they are on territory under its control.

Without prejudice to the sovereignty of the requested State Party, tHenécg mission may

bring into the territoryof the requested State Party the necessary equipment which shall be used

exclusively for gathering information on the alleged compliance issue. Prior to its arrival, the
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mission will advise the requested State Party of the equipment that it intendézto intthe

course of its faefinding mission.

The requested State Party shall make all efforts to ensure that tiemdawy mission is given

the opportunity to speak with all relevant persons who may be able to provide information
related to the allesd compliance issue.

The requested State Party shall grant access for thdinfdicty mission to all areas and
installations under its control where facts relevant to the compliance issue could be expected to
be collected. This shall be subject to anyaagements that the requested State Party considers
necessary for:

The protection of sensitive equipment, information and areas;

The protection of any constitutional obligations the requested State Party may have with regard
to proprietary rights, searchasd seizures, or other constitutional rights; or

The physical protection and safety of the members of thdifathg mission.

In the event that the requested State Party makes such arrangements, it shall make every
reasonable effort to demonstrate thgbwalternative means its compliance with this Convention.

The factfinding mission may remain in the territory of the State Party concerned for no more
than 14 days, and at any particular site no more than 7 days, unless otherwise agreed.

All information provided in confidence and not related to the subject matter of thérfdirtg

mission shall be treated on a confidential basis.

The factfinding mission shall report, through the Secret@gneral of the United Nations, to the
Meeting of the States Pat or the Special Meeting of the States Parties the results of its
findings.

The Meeting of the States Parties or the Special Meeting of the States Parties shall consider all
relevant information, including the report submitted by the-fiacing mission,and may request

the requested State Party to take measures to address the compliance issue within a specified
period of time. The requested State Party shall report on all measures taken in response to this
request.

The Meeting of the States Parties or the Special Meeting of the States Parties may suggest to the
States Parties concerned ways and means to further clarify or resolve the matter under
consideration, including the initiation of appropriate proceduresnfocmity with international

law. In circumstances where the issue at hand is determined to be due to circumstances beyond
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the control of the requested State Party, the Meeting of the States Parties or the Special Meeting
of the States Parties may recommegropriate measures, including the use of cooperative
measures referred to in Article 6.
The Meeting of the States Parties or the Special Meeting of the States Parties shall make every
effort to reach its decisions referred to in paragraphs 18 and t8nsgnsus, otherwise by a
two-thirds majority of States Parties present and voting.
Article 9
National implementation measures
Each State Party shall take all appropriate legal, administrative and other measures, including the
imposition of penal sanction$o prevent and suppress any activity prohibited to a State Party
under this Convention undertaken by persons or on territory under its jurisdiction or control.
Article 10
Settlement of disputes
The States Parties shall consult and cooperate with elaghtotsettle any dispute that may arise
with regard to the application or the interpretation of this Convention. Each State Party may
bring any such dispute before the Meeting of the States Parties.
The Meeting of the States Parties may contribute teséidement of the dispute by whatever
means it deems appropriate, including offering its good offices, calling upon the States parties to
a dispute to start the settlement procedure of their choice and recommendingdimitifioe any
agreed procedure.
This Article is without prejudice to the provisions of this Convention on facilitation and

clarification of compliance.

Article 11
Meetings of the States Parties
The States Parties shall meet regularly in order to consider any matter with regard to the
apdication or implementation of this Convention, including:
The operation and status of this Convention;
Matters arising from the reports submitted under the provisions of this Convention;

International cooperation and assistance in accordance with Agticle
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The development of technologies to clear-getisonnel mines;
Submissions of States Parties under Article 8; and
Decisions relating to submissions of States Parties as provided for in Article 5.
The First Meeting of the States Parties shall be convieyndde Secretareneral of the United
Nations within one year after the entry into force of this Convention. The subsequent meetings
shall be convened by the Secret@gneral of the United Nations annually until the first Review
Conference.
Under the coditions set out in Article 8, the Secret&@®gneral of the United Nations shall
convene a Special Meeting of the States Parties.
States not parties to this Convention, as well as the United Nations, other relevant international
organizations or institutits, regional organizations, the International Committee of the Red
Cross and relevant nagovernmental organizations may be invited to attend these meetings as
observers in accordance with the agreed Rules of Procedure.

Article 12

Review Conferences

A Review Conference shall be convened by the Secr&@angral of the United Nations five
years after the entry into force of this Convention. Further Review Conferences shall be
convened by the SecretaBeneral of the United Nations if so requested by ameore States
Parties, provided that the interval between Review Conferences shall in no case be less than five
years. All States Parties to this Convention shall be invited to each Review Conference.
The purpose of the Review Conference shall be:
To review the operation and status of this Convention;
To consider the need for and the interval between further Meetings of the States Parties referred
to in paragraph 2 of Article 11;
To take decisions on submissions of States Parties as provided for ie Artasid
To adopt, if necessary, in its final report conclusions related to the implementation of this
Convention.
States not parties to this Convention, as well as the United Nations, other relevant international
organizations or institutions, regionalganizations, the International Committee of the Red
Cross and relevant najovernmental organizations may be invited to attend each Review

Conference as observers in accordance with the agreed Rules of Procedure.
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Article 13

Amendments
At any time after theentry into force of this Convention any State Party may propose
amendments to this Convention. Any proposal for an amendment shall be communicated to the
Depositary, who shall circulate it to all States Parties and shall seek their views on whether an
Amendment Conference should be convened to consider the proposal. If a majority of the States
Parties notify the Depositary no later than 30 days after its circulation that they support further
consideration of the proposal, the Depositary shall convene amément Conference to which
all States Parties shall be invited.
States not parties to this Convention, as well as the United Nations, other relevant international
organizations or institutions, regional organizations, the International Committee of dhe Re
Cross and relevant nggovernmental organizations may be invited to attend each Amendment
Conference as observers in accordance with the agreed Rules of Procedure.
The Amendment Conference shall be held immediately following a Meeting of the States Parti
or a Review Conference unless a majority of the States Parties request that it be held earlier.
Any amendment to this Convention shall be adopted by a majority ethivets of the States
Parties present and voting at the Amendment Conference. Thei2gpafall communicate
any amendment so adopted to the States Parties.
An amendment to this Convention shall enter into force for all States Parties to this Convention
which have accepted it, upon the deposit with the Depositary of instruments of acedptan
majority of States Parties. Thereafter it shall enter into force for any remaining State Party on the

date of deposit of its instrument of acceptance.

Article 14
Costs
The costs of the Meetings of the States Parties, the Special Meetings ¢dtdee Farties, the
Review Conferences and the Amendment Conferences shall be borne by the States Parties and
States not parties to this Convention participating therein, in accordance with the United Nations

scale of assessment adjusted appropriately.
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Thecosts incurred by the SecretaBgneral of the United Nations under Articles 7 and 8 and the
costs of any faetinding mission shall be borne by the States Parties in accordance with the
United Nations scale of assessment adjusted appropriately.

Article 15

Signature
This Convention, done at Oslo, Norway, on 18 September 1997, shall be open for signature at
Ottawa, Canada, by all States from 3 December 1997 until 4 December 1997, and at the United
Nations Headquarters in New York from 5 December 1997 as@ritry into force.

Article 16

Ratification, acceptance, approval or accession

This Convention is subject to ratification, acceptance or approval of the Signatories.
It shall be open for accession by any State which has not signed the Convention.
The instruments of ratification, acceptance, approval or accession shall be deposited with the
Depositary.

Article 17

Entry into force

This Convention shall enter into force on the first day of the sixth month after the month in
which the 40th instrument odtification, acceptance, approval or accession has been deposited.
For any State which deposits its instrument of ratification, acceptance, approval or accession
after the date of the deposit of the 40th instrument of ratification, acceptance, approval or
accession, this Convention shall enter into force on the first day of the sixth month after the date
on which that State has deposited its instrument of ratification, acceptance, approval or

accession.

Article 18
Provisional application
Any State may athe time of its ratification, acceptance, approval or accession, declare that it
will apply provisionally paragraph 1 of Article 1 of this Convention pending its entry into force.
Article 19
Reservations

The Articles of this Convention shall not be subjecreservations.
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Article 20
Duration and withdrawal

This Convention shall be of unlimited duration.
Each State Party shall, in exercising its national sovereignty, have the right to withdraw from this
Convention. It shall give notice of such withdrau@lall other States Parties, to the Depositary
and to the United Nations Security Council. Such instrument of withdrawal shall include a full
explanation of the reasons motivating this withdrawal.
Such withdrawal shall only take effect six months after tbeeipt of the instrument of
withdrawal by the Depositary. If, however, on the expiry of that smonth period, the
withdrawing State Party is engaged in an armed conflict, the withdrawal shall not take effect
before the end of the armed conflict.
The wihdrawal of a State Party from this Convention shall not in any way affect the duty of
States to continue fulfilling the obligations assumed under any relevant rules of international law.

Article 21

Depositary
The Secretarzeneral of the United Nations tsereby designated as the Depositary of this
Convention.

Article 22

Authentic texts

The original of this Convention, of which the Arabic, Chinese, English, French, Russian and
Spanish texts are equally authentic, shall be deposited with the SeGetasl of the United

Nations.
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Appendix B. Landmine Descriptions

Table 7: Russia Anti-Personnel Landmine Description

RUSSIA - Anti -Personnel Landmine

Markings:

Outline Description:

Picture:

PMN

The mine may
be black,
green, o]
brown. The
black and
green  mineg
have no
markings.

Markings may
be found on
the bottom
side of the

brown mine.

The initiator assembly has a booster charge and a percussior
primerdetonator. The mine contains a cockihg pin. This is a
delayarmed, pressu+fired, high explosive (blast) antipersonnel (ap¢

landmine.




MON-50

The MONH50 is a copy based upon the US M18A1l claymore n
designed by the former Soviet Union. The MG0BI has a plastic bod
with rows of imbedded fragments on the side facing the target.
variants exist, one with 540 steel ball bearing fragments tlandther
with 485 cylindrical chopped steel wire fragments. The mine res|
two pairs of folding scissoike legs. Because the mine can
articulated at the leg joints, the height of the fragment pattern cg
adjusted. On the top center of the mis@ peep sight with a fuze wg
on either side. These fuze wells will accommodate a variety of f

including tripwire, breakwire, and command detonation.

IGS-50

The IGS50 is used to simulate patterns and rates of contaminatig
various CW agents. The munition is taped together. Personng
required to be at least 50 meters from the mine when it is detot
which implies an explosive dissemination of sofsother mine, IF, is

larger (180 mm in diameter and 140 mm high).
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IMPROVISED
OozZM

The mine
OD green.

i

During World War I, the former Soviets employed the improvi
OZM bounding fragmentation mine with several mortar and arti
shells. These included the :&im mortar shell and the 122nd 152
mm artillery shells. The shells were buried in the gronnde down
Under the nose was a UVK pyrotechnic delay propelling charge w
a flash tube leading to the ground surface. Initiation was accompl
by remote electrical firing, pressure, or tripwire activation. 1
initiation continued along the flastube, which, in turn, ignited th
propellant and delay element. The shell was ejected from the gr
and simultaneously the delay element burned. Detonation nor
occurred 1.5 to 2.4 meters above ground, and the target was

personnel or a vehiel

KHF -2
CHEMICAL

The mine

OD green. The
is 245

mine

mm high.

is

The mine has an integral fuzaeell and an external power sourg
Externally, the KHFL resembles a bounding fragmentation ming
consists of a cylindrical sheetetal container containing a smal
cylindrical sheeimetal explosive unit. The external shell has a carr
handle andsingle groove through which the electrical detonating \
passes. A threaded metal plug closes the chemical filler hole on tl
of the inner cylinder. Electrical initiation ignites the black pow
propellant and a timed safety fuze. The safety fureeseas a delay an
ignites a second detonator, which explodes the chemical caniste

height of 4 to 8 meters. The area of contaminant coverage is 250
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square meters (10 meter diameter).

. | The MON50 and MDN-90 are complementary antipersonnel weap
The mine ig )

MON-90 OD green ofr

brown.

that project steel fragments within a 40/60 degree area of coverag
MON-90 contains 2000 cylindrical steel fragments embedded
plastic matrix in front of the explosive.

The case g Although this mine is primarily a tripwire activated fragmentation m
MZ painted olive| it can also be fuzed to operate as a presactated blast mine. In boj %

drab. instances, an antiremoval capability is possible.
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0OZM -160

The case i
painted olive
drab .

A subsequent development, the OZM with UNIK utilized any of g
variety of artillery or mortar shells as the main charge. The QBN
mine is a complete package with a standardized charge, an integra
and a munitiorthat is contained in a cylinder for simplified logistics ¢
employment. Employment should not differ substantially from
techniques used with other bounding fragmentation mines. The-(
160 is one of the original OZM bounding fragmentation mines.

OZM -4

The mine casgt

is OD green.

The mine does have a fuze well but does not use a power sourc
cylindrical OZM-4 bounding antipersonnel mine is the successor t(
OZM-3. The OZM4 is larger than the OZN and does not have
secondary electricalke well as does the OZBL The mine consist of
castiron body, which is propelled into the air by the detonation
small charge in the base of the mine. Detonation is norn
accomplished from a tripwire fuze, but commatedonated (electrical
tersionrelease, or simple pressure fuzes could also be used. The
of explosion is determined by a lanyard attached to a base plate,
remains in the ground. This anchor wire functions the main expl
charge 0.6 to 0.8 meter above the ground. &itsiing fragmentation ¢
the mine body results in a lethal radius of 15 meters.
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OZM-72

The case s
OD green. The
mine has oné
fuze well and
can use ar
external powel

source.

The mine is 171.45 mm high. The OZR2 is the successor to ti
OZM-4 mine. Other than size, the primary difference found in
OZM-72 is a prefragmented sleeve contained in an outer [
Interestingly, the fragments are exactly the same as the choppe
used in the former Soviet MOBO directed fragmentation min
Detonation is normally accomplished from a tripwire fuze,
commanedetonated, tensierelease, or simple pressure fuzes cq
also be used. Height of burst is determined by a lanyard gackibe
base of the mine as in the OZA] but a secondary initiation syste
using a delay charge has been added. The ensuing fragmentatior|
mine body results in the lethal radius of 25 metessformer Soviet
design standard. This mine is consididyalarger than the M16A]

which has a clamed lethal radius of 27 meters.

PMD-57

Painted Olive
drab.

The lid section is hinged to the lower box at one end and is desigi
close over the lower box. In the armed position, the lid rests on a g
retaining pin at the end of the fuze. When pressure is applied, tt
removes the pin, beginning the initiation process. Probing for g
"shu" type mines with their low pressure thresholds is a very haza
operation. The PME7 is a wooden version @& box or "shu" ming

with a twopiece case. The lower section is a rectangular wooder

housing the main TNT charge, the MuWype fuze, and the detonator.
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PMD-6

The case colo
is natural

wood.

The lid section is hinged to the lower box at one end and is desigr
close over the lower box. In the armed position, the lid rests on a g
retaining pin at the end of the fuze. When pressure is applied, t
removes the pin, beginning the iation process. Probing for sma
"shu" type mines with their low pressure thresholds is a very haza
operation. This is a antipersonnel mine. The R®Ds a wooder
version of a box or "shu" mine with a tvpece case. The lower secti
is a rectangulawooden box housing the main TNT charge, the ML

type fuze, and the detonator.

PMD-6M

The lid section is hinged to the lower box at one end and is desigi
close over the lower box. In the armed position, the lid rests on a g
retaining pin at the end of the fuze. When pressure is applied, t
removes the pin, beginning the iation process. Probing for sma
"shu" type mines with their low pressure thresholds is a very haza |
operation. The PMEM is a wooden version of a box or "shu" m
with a twopiece case. In the PMBM mines a metal clip has bey '
added to the interroof the box to prevent direct pressure loading of

"T" pin on the fuze until it is stepped upon.
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PMD-7

The case i

natural wood.

Some of these mines are equipped with a metal safety rod, which,
inserted into the lower wooden box, preventslithérom contacting the
striker retaining pin. The retaining pin may be wired to the ground ;
antilift device. The box mine consists of a tpiece case. The lowg
section is a rectangular wooden box that houses the main TNT ¢
and the fuzeletonaor assembly. The lid section is hinged to the lo
box at one end and is designed to close over the lower box. In the
position, the lid rests on the winged striker retaining pin of the M

fuze.

PMD-7TS

The mine is

natural wood.

The mine functions the same as the PBIO he lid section is hinged {
the lower box at one end and is designed to close over the lower K
the armed position, the lid rests on a striker retaining pin at the €
the fuze. When pressure is applidie tid removes the pin, beginnir
the initiation process. Probing for small "shu" type mines with
pressure thresholds is a very hazardous operation. The- R8I a

variant of the PMB6 wooden box mine.
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PMM -3

The mine is
painted OD

green.

This metallic mine consists of a main charge container (bottom) ¢
pressure plate lid (top). An oval carrying handle is affixed to the c
of the lid. A safety pin projects through a hole in the side of the lid
charge container and into the fuagsembly. This pin separates |
striker and the percussion detonator. The fuze, which is screwed in
center of the main charge container, consists of an invertsidaped
metal leaf spring, a striker, and a percussion detonator.

PMM -5

The mine is
painted olive

drab green.

This box mine is divided into two compartments. One compartl
houses a buHin springloaded striker pin and the other a Zffdm
block of TNT. One end of the metallic case is open so that the
charge and percussion dettwracan be inserted. The top and S

surfaces of the main charge compartment are covered with a sq |-

fragmentation jacket. Pressure on thshaped pressure bar releases|
springloaded striker and allows it to impinge on the Mpe
detonator.

PMN-2

The mine is

green or black|

The former Soviet PMRR is a pressure activated antipersonnel K
mine and the successor to the PMN mine. The main improvemen
the PMN is the incorporation of a blast resistant pressure fuze i !
PMN-2. Additiondly, the mine appears to be capable of mechar
emplacement. Due to several factors, including the small surface
rubber cover

Xshaped pressure plate and an integral b

configuration, the mine is not susceptible to traditional explosive
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countermeasures.

POMZ-2

The mine

OD green.

i

The mine has one fuze well but no power source. The PONZa
fragmentation stake mine consisting of a serrated cylindricalircas
sleeve, a 7gram TNT charge, a MU¥ype tripwire fuze and a
wooden stake. This mine is normally employed in covering veget
with the top of the mine approximately 30 cm above the ground wit
tripwire attached to a fixed object. More than one mine can be att;
to several tripwires, or several wpes may be attached to one mil
Copies of this mine have been produced in China, former
Germany, and North Korea. The PONAiffers from its successor, t
POMZ-2M, in that it is heavier, has more serrations, and has a

threaded fuze well.
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POMZ-2M

The mine ig
OD green anc
is 107 mm
high.

The mine has one fuze well and no power source. The REZME a
fragmentation stake mine consisting of a serrated cylindricalircas
fragmentation sleeve, a -ggam TNT charge, an MU¥ype tripwire
fuze and a wooden stake. This mine is normally employed in cov
vegetation with the top of the mine approximately 30 cm above gr|
with the tripwire attached to a fixed object. More than one mine ca
attached to several tripwires, or several tripgingay be attached to ot
mine. Copies of this mine have been produced by numerous cou
including China, former East Germany, and North Korea. The PQ
2M differs from the POMZ2, its predecessor, in that it is lighter, |
fewer serrations, and the zZe well is threaded to increase wa

resistively.

PMK-40

Painting and
Markings are

unknown.

This is a pressuractuated antipersonnel (apers) landmine.
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The painting is
unknown, theg . . . . . 5
. _ | This is a highexplosive,fragmentation bounding antipersonnel (ap¢
OZM-3 mine 5 )
landmine.
marked as
shown.
The mine may
be olive drab _ .
PMP ) This is a pressuractuated antipersonnel (apers) landmine.
with black
markings.
Table 8: China Anti-Personnel Landmine Description
CHINA - Anti-Personnel Landmine
Markings: Outline Description: Picture:
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MODEL GLD
112
SCATTERABLE

The case is light green

This pressurduzed mine is pyrotechnically dela
armed and inflicts nonlethal, lower limb injurie
The largest ground dispenser of GLD112 AP mi
is the Type 1 modular pack dispenser (GBL3:
This backpack system is loaded with fi
canister/launch tubes containing 80 déb
GLD112 AP mines. The other mduortable
dispenser for the GLD112 is the Type 2 (GBL33
This system contains a single canister/launch

loaded with 30 Model GLD112 AP mines. T
GLD112 AP mines can also be loaded withir
number of different 122nm minelaying rockets. Ir
all rockets, the GLD112 mines are contained wit
parachute delivered canisters of 16 mines. The
minelaying rocket, Model GBL212BY, contail
eight delivery canisters loaded with a total of ]
GLD112 AP mines. A 1&m range nnelaying
rocket contains six delivery canisters loaded Vv
96 GLD112 AP mines. The GLD112 is

scatterable AP mine that is dispensed fron

number of marportable and rocket dispensers.
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Type 58

Two noticeable

differences from the
original former Soviel
version include the al
black

slightly modified cover

color and ¢

on the delayarming
device of the Chines
version. Any remaining
features are identical t
the original.

Former Soviet manuals deging the PMN forbid
troops to disarm this mine. They recommend

the mine be blown in place or exploded

mechanical means. This guidance has £
demonstrated as sound by the number of fatal
associated with removal of the Type 58, an
variart produced by Iraqg, from Iraqi minefields
Kuwait. Most fatalities occurred upon continu
handling of mines with sand jamming t
detonator/booster assemblies within the mine b
The Chinese variant of the former Soviet desig

PMN antipersonnel minis the Type 58.

Type 59

The mine is a nature
color. The mine is 9(
mm wide and 65 mn
high.

The mine does not have a fuxeell or power
source. The Type 59 is a Chinggeduced
wooden box mine. This mine is similar to t
former Soviefproduced PMB6 wooden box
antipersonnel mine, except the entire fuze
contained in the box. The mine functions whe
downward pressure othe raised lid of the bo
forces the lid down and a notch inside the lid p

the release pin from the fuze.
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Type 59 Stake

The mine is OD green.

A tripwire pull fuze/detonator assembly, Type 5¢
copied directly from the basic MUV fuzeis
threaded into the top of the body. The entire un
set upon a woadhounted stake. Stakemines, us
an interconnected matrix of tripwires, &
commonly encountered at AP minefields proteci
fixed facilities such as airfields, depots, and trc
locations. The mine produces approximately

fragments of 1.0 gram or more in weight. T
Chinese Type 59 antipersonnel mine is clos
patterned after the former Soviet POMEI.

Type 66

The Chinese Type 66 antipersonnel mine is clo
patterned after the US M18A1 Claymore. This ty
of directed fragmentation mine is used

defensive and ambush purposes. In the front
are 600 steel spheres embedded in a matrix, W
plasticized eplosive behind the spheres. T
fragmentation face is convex horizontally to dir
the fragments and concave vertically to con
vertical dispersion. This type mine is norma
command detonated with an electrically control

detonator. However, it cdoe activated by a pull @
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tripwire.

Type 72B

The case color is greer

The Type 72 antipersonnel mine is a small, plas
bodied device that has seen widespread us
Afghanistan, Cambodia, Kuwait, and increasin
throughout Africa. While not expectetb be
encountered, there are two antidisturbance var
of the Type 72. The Type 72B uses a {naltage
mechanism to function solely as an antipersot
mine and a boobytrap device. There have
reports that the Type 72C is very sensitive and
be detonated in the presents of magnetic m
detectors. The South African Ndnetallic

Antipersonnel Mine, indigenously produced, is

direct copy of the Chinese Type 72.
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Type 72C

The green color

characteristic of othe

Chinese device

manufactured out

plastic

I(
R

of

The danger involved in minefield clearance wh
these mines are present is augmented by
related antipersonnel mines. China manufact
two devices, the Type 72B and Type 72C, wh
are externally identical to the Type 72 which i
simple pressure fuzed antipersonnel mine. |
Type 72B has an electronic fuze, delay arms, h
functioning pressure fuze, detonates if moved,
has three selectable seléstruct settings. The Tyy
72C has a mechanical fuze, delay arms, ha
functioning pressure fuze, and detonates if mov
The Type 72C AP mine is a second "lemkke"
version of the Type 72 AP mine. It is intended
function both as an AP mine and as a booby

device.
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Type 69

The mine and fuzare
olive drab. The ming
may have Chines
character markings wit|
an Arabic mode
number or may have n

markings.

This is a highexplosive, bounding, fragmentatio
antipersonnel  (apers) landmine  using
pull/pressureactuated fuze containing a sprin
loaded, cocked firing pin (cocked striker). It m
be used as a nonbounding mine by installation

fuze in lieu of the detonator retainer.

CLAYMORE,
TYPE 66

This is a claymore type antipersonnel comma
detonated landmine.

Table 9: USA Anti-Personnel Landmine Description

US - Anti -Personnel Landmine

Markings:

Outline Description: Picture:
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BLU-
92/B
(GATOR)

The aeroballistic
adapter and min|
case are olive
drab. Each cove
has a 5IMM
(2.0Ginch) yellow

dot at its center.

The mine is a metal cylinder whig
houses the electronic and warhe
components. The cylinder is encased [
plastic aeroballistic adapter to enhar
mine dispersion at release and redu
ground impact force by slowing free fa
A bore rider pin/housing is locate
slightly off-center on only one cover. Tk
pin is retained in the compressed posit
by a bore rider retaining clip unt
release. The oppositeover is blank
Both covers have four tripline port
located 90 degrees apart. The BRR/B
(Gator) is an akdelivered, fredall, bi-
directional electromechanically arm«
antipersonnel (apers) landmine. It is fir
by tripline sensors or setfestructtimers.
However, some units have an additio
antidisturbance feature. This mine is us
for rapid largescale mining, with the
potential of being delivered deep behi

enemy lines. It is designed to disrupt &

89




disorganize troops, deny utilization
key areas, and thwart mine clearar

operations.

M14

The M14 series
mines are olive
drab with
identifying

markings

embossed in blac
on the base. Th
indicating arrow,
on the pressur

plate and the

M14 is a
antipersonnel blast mine. A modifig
version, M14E1, differs from the M1

only in minor structural detail.

small minimurmetal
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letters "A" and the

"S" are yellow.

The mine and fuz¢

is painted olive

green with _ _
_ The M16 is a steatased boundin
markings . _ _
. | fragmentation  ardpersonnel  mine
stenciled in| o
initiated by tripwire or pressure. Th
M16 yellow. Inert| _ _ _
_ mine is externally identical to th
mines and fuze€ )
) M16A1, other than markings. M16A2
are painted blueqg
_ | similar, but has an offset fuze well.
olive green with
markings
stenciled in white.
The mine and fuz¢ The M16A2 is a steetased boundin
is painted olive fragmentation  ardpersonnel  ming
green with| initiated by tripwire or pressure. TH
M16A2 : o .
markings mine is externally similar to the M16 a
stenciled inl M16A1, but has an offset fuze well. Ti
yellow. Inert| main internal revision is the use of
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mines and fuzg
are painted blue g
olive green with
markings

stenciled in white.

single detonator and bdes in place of

the two used in earlier versions.

M18

The M18 mine is
camouflaged

green and brown.

The figure shows the appearance i
dimensions of the M18 landmine a
accessories. These are directiof
fragmentation, high explosive (HE
antipersonnel (apers) landmines wh
may be electrically or nealectrically
initiated. They may be used

controlledfired mines in offensive o

defensive situations.
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M2

The mine and thg
firing device are
painted olive drab
lusterless, excef
for the flange of
the mine base
which is painted
yellow and
embossed with th
type and model o
mine, the ot
number,

manufacturers
symbol, and dat

of loading.

The mine consists foa base plate t
which a short length of thiwalled
tubing is welded, and to which a pi
nipple is threaded. The cavity in the ba
plate contains the propelling charg
which consists of 20 grains of bla
powder assembled in a small bag. 1
mortar tube, containing the fuzed shell,
sealed with a metal cap. Attached to
pipe nipple is a coupling into which
fitted the primer and igniter assemk
(standard firing device base with a bla
powder igniter crimped in place). Tt
primer is protected wting handling anc
shipment by a metal cap. The firing ¢
assembly of the firing device is shipp
separately in a tube, in the same box Vi
the mine. The firing device used with th
mine is Combination Firing Device M]
M2 is similar to a small mortarand
projects a shell about 6 feet in the 4

where it explodes. Designed for u
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against personnel, it has an effect

radius of about 30 feet.

M25

The mine is OD
green or san(

beige.

This mine is a copy of the Canadi
C3Al, or ELSIE, antipersonnel min
The mines pointed end is pushed into
ground so as only to expose the

portion of the mine. The shipping plug

removed and the charge assembly V

safety clip is inserted intmine the body =~

assembly. Once emplaced into {
ground, the safety collar of the mine
removed to arm the mine. Mine w

actuate when -12 kg force is applied
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Upon activation, an explosive charge w
detonate sending an explosively form
pward. The M25

antipersonnel

penetrator is at
blast/shajpbarge mine

that was produced by the United Stateg

M26

The M26 mine

body is anodizec

green with
identifying
markings
stenciled in
yellow on the

upper part of the
body.

The figure shows the appearance i
dimensions of the M26 landmine. T
M26 landmine is a higlexplosive (HE),
bounding,

fragmentation (frag

antipersonnel (apers) landmine w

integral fuzing.
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The mine body

and the firing
device are paintef
olive drab with
the exception o]

the closing disc

M3 is

fragmentation tge of land mine intende

The MINE, antipersonnel,

primarily for use against personnel.
consists of a cast iron block containi
TNT and a firing device. It has ¢
effective radius against personnel of
yards when fired at the surface of {

PRESSURE CAP
LOGKING SCREW <) ¢

M3 which is yellow.| ground. The effective radius is gfitly o
The mine body ig increased when the mine is used sev }P
stenciled in black feet above ground level, and is decrea i
with type and when the mine is buried in the grour e
model, lot| Fragments of the mine may be thro
number, and dat| more than 100 vyards and suital
of loading . protection should be provided f

friendly personnel withirthis radius .

Both covers have four tripline ports,
The mine is olive | degrees apart. This is a scatterable,
drab. The lot directional, electromechanically arm

M74 number is| antipersonnel (apersandmine. It is fired

stenciled in black

on the mine case.

by tripline sensors or setfestruct timers

However, some mines contain

additional antidisturbance feature. It

96




designed to disrupt and disorgan
troops, deny utilization of key areas, a
thwart mine clearance operations. i$
used for rapid, largecale mining in

support of barrier and obstacle plannin

MLU -54E

The fragmentqgr
explosive  tube
and launch tubg

are painted olive
drab. The
explosive tube ha
a yellow band,

The inert training
unit explosive
tube is painteq

blue. The launch
tube, fragmentor,
and explosive tubg
each have a dec;
near the upper en

giving identifying

The MLU-54E is a remotekgontrolled,

concealed (buried), pemp, high
explosive, fragmenting, antipersonr
landmine.
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information.

This is an antpersonnel, pop up ming
XM54 The figure shows the appearance i

dimensions of the XM54 landmine.

Table 10: Cuba Anti-Personnel Landmine Description

CUBA - Anti-Personnel Landmine

Markings: Outline Description: Picture:
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The mine body
gray.

PMFC-1

The main charge is 75 grams of TNT an
tripwire initiated. The PMFEL appears to |
a direct copy of the PP Mib forme
Czechoslovakian concrete stake mine.
stake mine is mounted on a wooden <
with an MUV-type fuze placed on top of {

concrete fragmentation sleeve.

PMFH -1plive green, buimay

be rusty

The mine is painte

The PMFH1 is an antipersonr
fragmentation mine known in Spanish
Mina Antipersonnel de Fragmentation
Hierro. This Cuban stake mine consists
grooved casiron body containing 75 grat
of TNT, an MUV-type tripwire fuze, an
wooden take. This mine appears to b
direct copy of the PP Mbk forme
Czechoslovakian fragmentation stake m
Tripwire deployment of the PMFH
includes extending a single tripwire
placing tripwires in two directio
approximately 4 meters apart from tio@ oi

the mine.
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The mine has

natural wood color.
PMM -1

54 mm high.

is 103 mm wide ararmed position, the lid rests on a str

The mine has one $a well but no powe
source. The PMML is a small antipersoni
mine commonly referred to as a "shu" m
The lower section is aectangular woode
box containing a 200 gm block of TNT, a
MUV -type fue, and a detonator. In |

retaining pin at the end of the feisWhel
pressure is applied, the lid removes the
beginning the initiatin process. Probing f

"shu” mines with their low presst

thresholds is hazardous.

Table 11: India Anti -Personnel Landmine Description

INDIA - Anti-Personnel Landmine

Markings:

Outline Description:

Picture:
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NM M -

14

The Indian AP NM M14 is a copy of the US M
pressure initiated, blast antipersonnel mine. V
pressure is applied to the top of the minBg#eville
spring is inverted, snapping the striker into

detonator and setting off the mine.
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Table 12: North Korea Anti -Personnel Landmine Description

NORTH KOREA - Anti-Personnel Landmine

Markings: Outline Description: Picture:

Figure shows the appearance and dimensior
the landmine. This is a higéxplosive (HE),
blast, antipersonnel (apers) landmine with
pressureactuated firing mechanism. The mi
is painted olive green and has black marki
SCHU- on the bottom of the body. The body and cg
TYPE are wood. The firing mechanism is alumint
and the detonator is copp The weight of the

mine is unknown. The cover is secured to

body by the nail hinges. The back of the co
is cut away to permit full opening of the cov

The explosive is wrapped in wax paper.

Mine 6 This is aantipersonnel mine. Figure shows t
ine
appearance and dimensions of the landmine,
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Figure shows the appearance and dimensior
The mine is olive the landmine. The mine weight is 3.
drab with black kilograms (6.61 pounds) and contains 75 grz
markings. (2.6 ounces) of TNT. The mine is a sma
version of the U.S.S.R. OZ4.

OZM -
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Table 13: Pakistan Anti -Personnel Landmine Description

PAKISTAN - Anti -Personnel Landmine

Markings: Outline Description: Picture:

_ | This antipersonnehine can also be used as |
P2 | The mine case i

MK2 | brown.

fuse for the Pakistani antitank mines such ag
Mk 3, or the P3 Mk 1.

The exterior of the P4 Mk1 has knurled ed
along the lower portion of the mine body. T|

P4 | The case iJP4 Mkl is a conventional blast antitank m
MK1 | brown. which can be used as antipersonnel mine @
as the fus to the PZ Mk2 and PZ Mk3 antitar

mines.
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The P5 Mk 2 antipersonnel mine appears tg
an evolutionary change from the P5 Mk
claymore type mine. The P5 Mk 2 is larg

et PESA
MINE ANTIPERSONNEL

P5 | The mine is olivg than its predecessor, and its legs are set W SHRA:};’;‘;; Ay
MK2 | drab. apart, presumably for increased stabil
Although theexact lethal range of this mine
not known, other similar mines have lett
ranges of up to 50 meters.
Figure shows the appearance of the P3 M
landmine. This is a bounding antiperson
(apers) landmine. The mine is initiated with
Markings are pull/pressure fuze. The mine and fuze are v
P3 MK | shown in figure, similar to the U.S. M26 apers landmine and
2 Painting is| U.S. M605 landmine fuze. The mine contain
unknown. black powder expelling charge of unknoy

weight, and a modified ARGE$®9 hand
grenade containing a PETN main charge

unknown weight.
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Table 14: Viet Nam Anti-Personnel Landmine Description

VIET NAM - Anti -Personnel Landmine

Markings: Outline Description: Picture:
CEMENT,
TURTLE - The mine is| _ _ _ _
] This is an antimaterial, antipersonnel landmine
SHAPED, painted gray.
SERRATED }
CEMENT,
TURTLE - This landmine has a smooth outer surface. Th
SHAPED, an antipersonnel, antimaterial landmine.
SMOOTH
Paintings ang o _ .
CYLINDERICL, . This is a cylindrical elongated asgersonnel, anti - v
markings are _ . ( )
ELONGATED ‘ material landmine. e —
unknown.
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SHEETMETAL,
TURTLE -
SHAPED

A hinged pressure bar extends across the tg
the mine, with a firing pin protruding downwa|
through a guide located above the filler plug tf
into the filler plug and in line with the detonat
which is threaded into the center of the filler pl
The mine can be rounded or in aAframe shape

This is an antimaterial, antipersonnel landmine

CEMENT,
BETEL-BOX

The body is gray.

This is an antipersonnel, amtiaterial landmine.

VCONG

This is an antipersonnel, antimaterial landmine

MDH -10

The mine is

painted OD greer

The Vietnamese MDHO is a large directe
fragmentation mine. The mine can be used ag;
both light skinned vehicles in an antiperson
role. The mine is mounted on a stand which ca
set in the ground or attachedl & tree or simila

item. Although the mine is designed to be initia
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