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ABSTRACT

In developing countries, people are dying from treatable diseases because they cannot reach
medical care when they need it most. Typical methods of transport, such as wheelbarrows or
motorcycles, are too slow, dangerous, or expensive. The bicycle ambulance is a locally
produced and maintained, fuel-less vehicle that provides safe, affordable transport. The design
of this appropriate technology varies greatly between countries because of the variability in local
conditions, such as terrain, cultural stigmas, and availability of materials.

This thesis describes the development of a bicycle ambulance (Zambulance) designed for
Zambia. The Zambulance is a two-wheeled trailer that carries a sheet metal stretcher, and can be
towed by common bicycles. The ambulance is fabricated from standard bicycle components and
steel stock, such as 25mm round tube that can be easily bent to minimize cuts and welds. A
single rider can transport one patient at average speeds of 25kph for distances up to 35km on
passable B-grade roads. The trailer is 200cm by 98cm and weighs 22 kg, while the stretcher is
200cm by 65cm and weighs 20 kg. The Zambulance costs 1,200,000 Zambian Kwacha or about
315USD (based on exchange rate on December 27, 2007). One Zambulance can be fabricated in
about 20 hours, which are usually spread over 5 days.

There are currently forty-seven Zambulances in Zambia, and more are being produced by
Disacare Wheelchair Center in Lusaka, Zambia. From January 2006 to August 2007, one
bicycle ambulance was used over 125 times to transport patients from their homes to the nearby
clinic and hospice. According to records, the ambulance carried men and women between the
ages of twelve and ninety who were suffering from various ailments including cholera,
tuberculosis, HIV/AIDS, blindness, broken bones, anemia, and pneumonia.

A production manual, user manual, and assessment material is available online for free
downloading at http://cadlab6.mit.edu/bike.ambulance. Long-term monitoring and evaluation of
the design is needed, but current data suggests that the Zambulances are already saving lives by
closing the transport gap between patients and healthcare.

Thesis Supervisor: Dr. David Wallace
Title: Associate Professor of Mechanical Engineering
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1. INTRODUCTION

1.1. Objectives

It is the goal of this thesis to design a bicycle ambulance for Zambia. The bicycle ambulance
must be able to safely transport a patient in relative comfort from his or her home to a health
center. It must be attachable to a common bicycle, and powered by a single cyclist. To be
sustainable, the bicycle ambulance must be locally manufactured and maintained in Zambia with
readily available materials, parts, and processes. To be successful, the bicycle ambulance must
be versatile enough to serve patients of various ages and illnesses, affordable by local
organizations, and culturally appropriate.

Table 1 summarizes the design specifications for the Zambian bicycle ambulance or
Zambulance.

Table 1. Design specifications

1. Functional * Transport one patient in relative comfort.
requirements e Attachable and detachable from common bicycles
2. Manufacture *  Must be manufactured in a regional level workshop in Sub-Saharan Africa

(SSA) using processes such as metal fabrication, welding, basic woodwork,
and sewing. Avoid machining.

3. Materials * Use materials readily available in SSA - steel tube/rod/sheet/angle, wood,
tarpaulin or canvas, rubber (from inner tubes/tires).

*  Pre-fabricated parts only if readily available in SSA and is inexpensive —
mostly limited to bicycle components.

4. Maintenance * Similar to bicycle repair for intuitive and familiar maintenance
* Materials must be resistant to weather to avoid deterioration.
5. Safety * Bicycle must be able to fall on the ground without disturbing the trailer.

*  Must be manoeuvrable on rough rural roads, particularly on corners and
slopes and when braking.
* Must be stable enough to remain upright during transit.

6. Comfort * Suspension or mattress to provide comfort.

*  Option for both an inclined and lying position to accommodate various
medical needs.

*  Protection from road debris and weather.

* Ability to hide the patient from outside view — sometimes required by
pregnant women or patients with stigmatized diseases (AIDS)

* The stretcher must be quickly and easily secured on the trailer with minimal
disruption to the patient.

7. Dimensions *  Wide enough to accommodate one patient, but narrow enough to avoid
interference with traffic on roadsides.

* Long enough to allow adults to lie flat on their backs.

* Ground clearance is more than 10” or 25cm.

8. Distance * 0-30km

9. Weight * Less than 45 kg or 100 lbs
10. Lifetime * Atleast 5 years

11. Cost *  No more than $500
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1.2. Background of Transport as a Barrier to Healthcare

In Sub-Saharan Africa, the nearest health clinic or hospital may be several kilometers away. Yet,
less than 1% of households in Africa have access to private motorized transportation. In rural
areas, public motorized transportation is scarce or non-existent. Even in urban areas, stigma
against illnesses like AIDS makes it difficult for the infirm to gain access to public transport.
Road networks are also generally poor. Many places, especially in remote or rural areas, do not
have roads suitable for vehicles [3]. As a result of remote location and poor transportation
systems, much of the population of rural sub-Saharan Africa does not have adequate access to
medical facilities.

In these areas, intermediate means of transport IMTs) exist between the traditional mode of
walking (with loads carried on the head, shoulder, or back) and modern conventional motor
vehicles. IMTs are intermediate between traditional and modern transportation methods, in
terms of investment cost, transport capacity (speed, payload and range of travel), infrastructure
requirements, complexity of maintenance, and resources (skills, facilities, materials and
investment) required for manufacture [7] (see Appendix A: Intermediate Means of Transport and
Their Characteristics). Although IMTs are common and aid in the transport of goods, they are
not suitable for medical transport. Wheelbarrows are slow and uncomfortable, and patients may
be injured or even die before reaching the health center. Animal carts or sledges may be able to
transport patients more quickly, but patients must usually pay a high transport fee because these
IMTs are needed for economic activities.

Figure 1. Wheelbarrows, animal-drawn carts, and ox sledges are common IMTs.

Without any suitable means of transport, people are dying from treatable diseases because they
cannot reach medical care when they need it most. Often, the only way to bring ill patients or
pregnant women to a health center is to be carried on foot or propped upon a bicycle. “Stretcher
groups” transport the sick or injured from village to clinic by carrying them on a stretcher over
long distances, which are sometimes over 30km (See Figure 3) [3]. Bicycles alone do not offer a
safe or comfortable means of transport for ill or pregnant patients. If a bicycle is available, but a
patient is too weak to cycle, several people sometimes help to balance the patient on the bicycle
and push the bicycle to the clinic (See Figure 2). In addition to being a slow and exhausting
means of medical transport, the “stretcher group” and propping-on-bicycle methods sometimes
requires groups of up to twelve people to assist in the transport of the patient [3]. If the journey
from home to healthcare takes several days, patients do not even attempt the journey, allow
conditions to worsen, and often die before they reach aid.

16
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Figure 2. Patient propped upon a bicycle [3] Figure 3. “Stretcher group” in Uganda [3]

1.3. Motivation for Bicycle Ambulances

Bicycle ambulances have been a proven solution to this tragic problem in several developing
areas, where current methods of transport are inappropriate in speed, safety, cost, or availability
[1,5]. Bicycle ambulances are an appropriate technology that consists of a trailer, which carries a
stretcher and can be towed by a bicycle. Bicycle ambulances empower caretakers to provide
access to healthcare without relying on the government or foreign organizations for continuous
support because bicycle ambulances do not require any fuel or electricity for operation. Bicycle
ambulances are more sustainable than motorized vehicles, which are easily rendered inoperable
due to lack of fuel, replacement parts, or local knowledge about maintenance or repair. Local
ambulance production can also stimulate the economy and ensure that all parts and processes
required for maintenance and operation will be readily available.

In 2005, First Lady Maureen Mwanawasa of Zambia publicly recognized the need for bicycle
ambulances in her country. There were no bicycle ambulances currently being produced in
Zambia. Although there were bicycle ambulances in other countries, the designs were not
available and they were not being exported. Moreover, bicycle ambulances should be designed
especially for the country in which it is to be used because its success is highly dependent upon
its suitability for specific local conditions, such as terrain, cultural stigmas, weather conditions,
needs of patients, and availability of materials and manufacturing processes. Thus, there was a
need for a bicycle ambulance design that would meet the specific needs of communities in
Zambia, as well as a need for local manufacturer to produce it. Disacare Wheelchair Center in
the capital city of Lusaka decided to tackle the challenge of providing cheap, locally
manufactured and maintained bicycle ambulances.

Disacare was founded in 1991 and worked closely with several international organizations, such
as Whirlwind Wheel Chairs International (WWTI) to locally produce wheelchairs and mobility
aids that would be suitable for the conditions and terrain of a developing country. Disacare has
grown and developed through the years, and has the capacity to produce up to twenty
wheelchairs a month in addition to providing other metal fabrication, landscaping, carpentry, and
tailoring services. Disacare’s diverse and broad set of skills fortuitously meets the requirements
for developing bicycle ambulances. Income from producing bicycle ambulances is also intended
to help Disacare achieve financial sustainability.
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1.4. Final Design

The Gamma version of the Zambulance was developed in September 2006, and is currently
being produced in Zambia by Disacare Wheelchair Center in Lusaka. The Gamma consists of a
two-wheeled trailer that carries a removable sheet metal stretcher and can be towed by a
common 28” wheel diameter road bicycle. With a single rider, and one patient being transported
by a single rider at average speeds of 25kph or 15mph for distances up to 26km on decent roads.
The stretcher including the mattress weighs approximately 20 kg, and the trailer with wheels
weighs approximately 22 kg. The standard bicycle weighs about 16 kg. The overall dimensions
of the trailer are 200cm by 98cm, and the overall dimensions of the stretcher are 200cm by
65cm.

Figure 4. Gamma Zambulance attached to a bicycle.

The ambulance is made from standard bicycle components and steel stock, such as 25mm round
tube that can be bent in a Hossfeld bender [6] to minimize cuts and welds. In order to
standardize production, all the 25mm tubing Hossfeld bender and welded together on a fixture,
which would hold all the parts in the proper orientation.

The features of the Gamma Zambulance are summarized below.

1.4.1. Stretcher

The stretcher is 200cm by 65cm, and the rectangular frame is made from a 25mm OD round steel
tube. Although the bed of ambulances from other countries are usually made from fabric, the
bed of the stretcher is made from two pieces of 0.6mm thick steel sheet metal that are brazed or
MIG welded to the frame (see Figure 5). The sheet metal is more durable than fabric, and is half
the price of the imported PVC-reinforced tarpaulin that was the only non-metal alternative of
comparable durability.
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Figure 5. Gamma stretcher with main features labeled

Space for Handholds

A 2” foam mattress with a water-resistant rexine (PVC-coated cotton fabric) cover is made
especially for the stretcher, and makes the journey more comfortable for the patient. Four short
tubes serve as feet and elevate the stretcher off of the ground for easier lifting and to protect the
mattress from abrasion. Rather than welding on separate handles, the sheet metal is cut to
provide room for users to lift the stretcher from the corners of the frame. A canopy frame made
out of Y8 (8mm diameter) rebar is attached to the stretcher’s backrest to allow waterproof canvas
to be strapped on as rain and sun protection for the patient.

Patients with different ailments require different sitting positions. Similar to the DfD design,
pivots made from concentric tubes connect the backrest to the stretcher frame, and allows the
backrest to be inclined. Since it is unlikely that two chains (one on each side of the stretcher)
would be under equal load at any given time, a single stronger chain was used instead of the pair
of weaker chains. A 5mm chain is welded to the backrest, and is secured by a tube welded on
the stretcher frame. The angle of the backrest can be adjusted to different positions by changing
the apparent length of the chain.

1.4.2. Trailer

The trailer is about 200cm by 98cm at its biggest dimensions (See Appendix F: Production
Manual for specific dimensions). It is made mostly from 25mm OD round steel tube. Since it is
much easier to design a welding fixture for a planar two-dimensional part, the Gamma trailer was
designed to be a completely flat trailer body (see Figure 6 for labeled components). This change
eliminated the need for three-dimensional bends. Since the stretcher bed is made from sheet
metal rather than canvas, the ribs or reinforcement tubes can also be in the plane of the trailer.
The tow bar is made from two pieces of 25mm square tubing rather than round tubing because
they are easier to stack. Dropouts, made out of pieces of angle iron are welded to the bottom of
the wheel surrounds to hold the trailer wheels. Semi-circular fenders made from 19mm OD
round tubing, and sheet metal mudguards are the only features that are not in the plane of the
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trailer. They protect the patient from debris coming off the trailer wheels. A handle made out of
rebar was attached to the boom to provide a means for easy steering of the trailer when the
bicycle is not attached. Disacare has chosen not to produce Zambulances with this handle.

Dropout

Boom ___ }

T Wheel Surround

24” Bicycle Wheel Hitch Attachment

Figure 6. Gamma trailer with parts labeled

1.4.3. Bicycle Clamp and Hitch

The original seat-and-chain-stay clamp and nut-and-bolt hitch were designed by Allen
Armstrong, and are shown in Figure 7. The clamp can be attached to the chain stay and seat
stay of common bicycles and consists of angle iron, flat bar, nuts, and bolts. The nut-and-bolt
hitch is a universal joint that is made from M16 nuts and bolts, and allows for three axes of
rotation. Field assessments revealed that users sometimes attached the hitch to the clamp
incorrectly since there were two possible orientations. The clamp and hitch were redesigned, as
shown in Figure 8, so that the hitch could only be assembled in the proper orientation and could
not be accidentally disassembled. Please refer to section 3.4.3 on page 53 for a more thorough
description of the redesigned hitch.

Seat Stay
on Bicycle

Clamp Back

Chain Stay

on \
\ Boom from

\ ambulance
v trailer,
\

Figure 7. Nut and bolt hitch rotation Figure 8. New Gamma hitch design in CAD
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1.4.4. Welding Fixture

After standardizing the bends on the Hossfeld tube bender, a welding fixture was developed to
hold all of the components of the main trailer frame in the correct orientation for welding (see
Figure 10). The other side of the welding fixture could also be used for welding orienting and
welding feet onto the stretcher. The welding fixture is made from 25mm square tubing (see
Figure 9). The trailer components can be tied against perpendicular posts with metal wire so
each component is constrained by point contacts rather than line contacts. Thumbscrews were
also considered but the Disacare technicians claimed that the threads would wear out quickly,
making the fixture unusable.

Figure 9. Welding fixture alone Figure 10. Welded trailer on fixture

1.5. Project Overview

Since July 2005, I have been collaborating with Disacare on the development of bicycle
ambulances, or Zambulances, for Zambia. I have visited Zambia five times for a total of about
eight months to discuss the transport barrier with stakeholders, design and build prototypes,
gather feedback from users, and develop a fixture to facilitate fabrication.

While researching prior art, existing designs, such as those promoted by Design for Development
(DfD), Intermediate Technology Development Group (ITDG), and Oxfam, were analyzed to
determine the strengths that could be emulated and areas for potential improvements. The DfD
design was the foundation for the Zambulance. Niki Dun, the designer of the DfD ambulance,
provided advice and a production manual which enabled Disacare and I to start with a proven
design that we could modify to better suit the resources and needs specific to Zambia.

To gain a better understanding of the priorities and needs of stakeholders, I spoke to health
officials at the Mpanshya Mission Hospital, the Chilanga Mother of Mercy Hospice, and Mt.
Makulu Clinic. I also spoke to potential donors, and neighborhood health committee (NHC) and
home-based care (HBC) volunteers who take care of HIV/AIDS patients in Chilanga, a peri-
urban area of Zambia.
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Based on the design specifications determined by discussions with Disacare and other
stakeholders, three different generations of Zambulances (Alpha, Beta, and Gamma) were
designed and prototyped between July 2005 and August 2007. The Alpha was developed in
August 2005, the Beta in September 2005, and the Gamma in September 2006. Various
engineers from MIT, Whirlwind Wheelchair International (WWTI), Design for Development
(DfD), and UC Davis have also provided technical advice regarding the design of the
Zambulance.

Simple hand tools, welding and brazing equipment were used in the fabrication of the
Zambulances. The earlier prototypes were field-tested, and the feedback was used to generate
the final Gamma design. Cost and availability of materials and fabrication techniques, as well as
ease of operation were some of the selection criteria for determining the best design.

In order to standardize production, the Gamma was designed to be made with a Hossfeld bender
[6] and welded together on a fixture, which would hold all the parts in the proper orientation and
ensure consistency in quality and enhanced production speed. Disacare has been using the
bender and welding fixtures to produce ambulances, and claims that both have been working
well.

The first trial test of the Beta began in December 2005 in Linda Compound of Chilanga, a peri-
urban area of Lusaka. The first assessment was conducted in January 2006 after one month of
use. The Linda compound ambulance was assessed again in August 2006 as well as August
2007. Feedback from the Beta assessments was used to design and refine the Gamma
Zambulance. The Gamma Zambulance began being mass-produced in April 2007, and both
production and performance in the field was assessed in August 2006 and 2007.

From January 2006 to August 2007, one bicycle ambulance was used over 125 times to transport
patients from their homes to the nearby clinic and hospice. According to records, the ambulance
carried men and women between the ages of 12 and 90 who were suffering from various
ailments including diarrhea, cholera, tuberculosis, HIV/AIDS, blindness, broken bones, anemia,
and pneumonia. The versatility of the Zambulance is demonstrated by the diversity of patients it
can serve.

In December 2005 and then March 2006, an independent benefactor donated two Beta
Zambulances for health centers in Chilanga, a peri-urban area of Lusaka. The Zambulances have
received considerable publicity with two appearances on television, an article by the Zambian
newspaper The Post, and a promotional movie based on the conditions in Chilanga where the
two Betas are being used. In January 2007, twenty-three Gamma Zambulances were donated by
the WHO and distributed by the Zambia Ministry of Health. In February 2007, the Zambian
Ministry of Health also ordered eighteen ambulances and distributed them to district health
centers all over Zambia. In April 2007, Africare donated four Gamma Zambulances to a rural
area called Chikupi in the Kafue District just outside of Lusaka. As of August 2007, Disacare
was in the process of producing eighteen Gammas that had been ordered by the Zambian
Ministry of Health.
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To aid in the dissemination of the design, a production manual, complete with instructions and
engineering drawings, has been developed along with a user manual pictorially detailing
maintenance instructions. These materials are available for free downloading at
http://cadlab6.mit.edu/bike.ambulance. Disacare may also serve as a training center where
manufacturers from other countries can learn to produce their own bicycle ambulances. In
September 2007, Aaron Wieler began production of a bicycle ambulance (based on the
Zambulance design) for the Bicycle Empowerment Network (BEN) in Namibia.

1.6. OQutline of Thesis

In collaboration with Disacare, I designed three generations (Alpha, Beta, and Gamma) of
bicycle ambulances, or Zambulances, for Zambia.

The project involved the following five phases:

(1) background research including prior art and stakeholder analysis,

(2) design and testing of prototypes with modifications based on user feedback,

(3) the development of equipment and mechanisms for standardized production,

(4) the assessment of ambulance performance, and

(5) the dissemination of ambulance documentation, using production and user manuals.

What follows is an outline of what is discussed in this thesis. Chapter 2 provides an overview of
prior art in bicycle ambulances. Chapter 3 contains a discussion of the three generations of
prototypes designed for Zambia, as well as, detailed explanations of the evolution of the
stretcher, trailer body, clamp, and hitch. Chapter 4 discusses the applications for which the
bicycle ambulance is suitable. Chapter 5 discusses some findings of preliminary assessment of
the Beta and Gamma Zambulances. Chapter 6 provides suggestions for future research, and
Chapter 7 concludes.
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2. PRIOR ART

Before designing an ambulance specifically for Zambia, various existing ambulance designs
were evaluated to determine which would be a good foundation for the development of the
Zambulance. The prior art sections briefly describe the Design for Development (DfD),
Intermediate Technology Development Group (ITDG), and Oxfam ambulances, which are
representative of different classes of bicycle ambulance design. After discussing the advantages
and disadvantages of each, the Design for Development (DfD) ambulance designed by Niki
Dunn, was chosen to be the foundation for the Zambulances.

Design for Development

Niki Dun developed the Design for Development (DfD) ambulance (see Figure 11 and Figure
12) and produced 20 ambulances in Malawi as part of a pilot project with Transaid in 2003 [2].
The DID design was chosen to be the foundation for the Zambulance designs. The Zambulances
emulated the DfD ambulance’s removable stretcher with a reclining backrest and the two-
wheeled trailer with a low center of gravity. The clearance between the ground and the lowest
point on the trailer is 10” or about 25cm, which is adequate to accommodate rocks and ditches in
the road. The DfD ambulance and Zambulance are both made from 25mm OD round steel tube
with a bender to minimize the number of necessary cuts and welds.

However, there are also distinct differences between the DfD ambulance and the Zambulance.
The DfD stretcher bed is a canvas material that is attached to the stretcher frame by straps made
from bicycle inner tubes and sewn to the perimeter of the canvas. The DfD trailer has several
reinforcement tubes and metal mesh to protect the patient from debris. The DfD hitch attaches to
the seat stays of the bicycle and utilizes a car trailer ball joint. There is no mudguard or canopy
on the DfD ambulance.

Figure 11. DfD design [2] Figure 12. DfD ambulance in Malawi
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Practical Action or ITDG:

The ITDG ambulance is currently being used in rural Nepal. The bottom of the ambulance
appears to be made out of either sheet metal or wood, and can be padded with cushions to make
the patient more comfortable (see Figure 13).

Figure 13. ITDG ambulance in Nepal [1] Figure 14. ITDG trailer in Nepal [1]

The ambulance is meant to seat a caretaker along with the patient. Although it is useful to have a
caretaker on board, it makes it more difficult for the cyclist to pedal and the journey may take
longer. Usually the caretaker is a family member who is not medically trained so there is a limit
to how much medical care a patient can receive during transport. The ITDG trailer (see Figure
14) appears to be too short for a patient to lie completely horizontally, but sitting up may be
uncomfortable for some patients. The trailer also seems to be wide enough to seat two people
side-by-side. However, wider trailers face a greater risk of either interfering with vehicular
traffic or not being able to maneuver along narrow trails and paths in rural areas.

Oxfam:

The Oxfam ambulance consists of a thin flat bed that appears to be about 55cm to 65cm (about
227 to 26”) from the ground (see Figure 15). The elevation of the bed is convenient in hospital
settings so medical personnel do not have to stoop to treat patients. However, the high center of
gravity of the patient on a moving ambulance makes it less stable, and patients can fall off or be
injured if the ambulance tips over. High-bed ambulances are more likely to tip over when the
attached bicycle tips over because the hitch cannot accommodate such a large range of motion
without disturbing the ambulance.

Wi

Figure 15. Oxfam ambulance
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Disacare High-Bed Ambulance:
When Disacare started their bicycle ambulance project, they had limited access to researching

resources. A picture of the Oxfam ambulance, downloaded from the Internet, was the only
information Disacare had about the prior art on bicycle ambulances. In June 2005, Disacare
fabricated a high-bed ambulance (see Figure 16a) based on the picture. Although it looked
similar to the Oxfam ambulance, it did not function well and had several areas of weakness.
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Figure 16. a) Disacare’s copy of the Oxfam high-bed
ambulance, b) hitch top-view and c) side-view

The hitch (see Figure 16 b and c¢) only allowed for yaw, or rotation about a vertical axis, which
made it difficult to maneuver the ambulance safely. If the bicycle tilted too much to either side,
the trailer was in danger of overturning. Due to the flexing of the tow bar and loose connections
in the hitch, the trailer bed would also rock forward and backward about the pivot created by the
wheel axles. This instability combined with the high center of gravity and negligible guardrails
resulted in concerns that a patient could fall off the ambulance and injure himself.
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3. DESIGN EVOLUTION OF THE ZAMBULANCES

Similar to the DfD ambulance, the three generations of Zambulances (Alpha, Beta, and Gamma)
consist of a removable stretcher on a low-bed, two-wheeled trailer that can be attached to the
back of a bicycle. To frame the comparison of the Zambulances, Figure 17, Figure 18, and
Figure 19 display the hitch, stretcher bed, and trailer frame of the Alpha, Beta and Gamma.
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Figure 17. a) Alpha ball joint hitch, b) canvas stretcher bed, and c¢) 32mm OD tube trailer
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Figure 18. a) Beta U-joint hitch, b) PVC tarpaulin stretcher bed, and c) reinforced trailer

Figure 19. a) Gamma nut and bolt hitch, b) sheet metal stretcher bed, and c) planar trailer
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3.1. Overview of the Zambulances

Although the main configuration was preserved throughout the generations, changes in the
material, manufacturing process, and detailed design lead to significant improvements in
durability, manufacturability, and comfort. After a general overview of the Zambulances, the
evolution of each major component of the Zambulance will be discussed in detail.

The Alpha, Beta, and Gamma Zambulance are chronologically compared in the following
section to emphasize key features and differences from the DfD design and other Zambulances.
Although other designs, such as a rickshaw or sidecar, were also considered, they will not be
discussed further.

3.1.1. Alpha

The main difference between DfD design and the Alpha ambulance is the Alpha’s simple
rectangular trailer frame, which includes the tow bar, and forms one continuous perimeter of
32mm OD round steel tubing. The motivating factor was to reduce the number of parts and
bends needed to form the trailer body since Disacare did not have the appropriate dies for
bending anything but 19mm OD tubing. Having one continuous piece of larger diameter tubing
meant that the trailer body and tow bar would be stronger and would not need the extra U-beams
and cross beams as reinforcements.

Figure 20. Alpha ambulance Figure 21. Alpha trailer frame

The Alpha hitch was modeled after the DfD ball joint hitch. However, new car components are
very expensive, and parts at junkyards are not standard, reliably available, or economical. The
Alpha stretcher consists of a frame made from 25mm OD tubing. Various canvas materials were
tried for the stretcher bed, but it was difficult to attach the canvas by weaving rope through straps
around the perimeter of the canvas and the frame. Grommets were poor quality and would rip
the fabric, and straps made from the canvas itself would rip. Nylon strapping is expensive and
time consuming to sew on and reinforce. Lacing and tightening the canvas was also time-
consuming and cumbersome. The canvas also sagged significantly, lowering the patient’s body
towards the ground. No suspension is provided other than the limited inherent elasticity in the
canvas. The DfD stretcher used straps made from inner tubes to provide suspension, but
Disacare found that inner tubes tore easily and also resulted in too much sag.
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Figure 22. a) Alpha hitch is modeled after the DfD hitch, b and c) Rope attaches canvas

The trailer wheels were positioned with 4° negative camber to increase the stability of the
ambulance since tipping over was a common problem faced by previous models of ambulances
used in other countries. Disacare was already experienced with creating cambered wheels for
their basketball wheelchairs so the complexity of camber was not as daunting as it might be for
other manufacturers. Although camber was relatively easy to achieve, it is unnecessary for a
trailer with such a low center of gravity.

Mitering, bending, and brazing the three-dimensional trailer frame was more difficult and time-
consuming than expected. Although the geometry is simpler than the DfD design, it is difficult
to manufacture accurately. Since 25mm OD tubing and the equipment needed to bend it are
more commonly available than the equivalent for 32mm OD tubing in developing countries, it
was determined that future designs should be made with 25mm OD tubing. The stretcher and
trailer frame could then be made from the same tubing with the same equipment.

3.1.2. Beta

Similar to the DfD design, the Beta ambulance is made from 25mm round steel tubing, which is
bent with a Hossfeld bender. The Beta’s main design requirement was to be as robust as possible
while only using 25mm OD tubing. Its reinforcement tubes are of a different geometry than that
of the DfD design, and ensure less flexing of the trailer frame.

Figure 23. Beta ambulance with patient Figure 24. Beta trailer frame



The Beta hitch was designed and made by Chris Howard of Whirlwind Wheelchair International
(WWI). The hitch is a universal U-joint with three axes of rotation. However it was difficult to
make accurately, and slight errors would result in interference with the bicycle (See Figure 50).

Figure 25. Beta hitch Figure 26. Beta hitch side view

The stretcher material was changed from canvas to PVC reinforced tarpaulin for increased
durability. Also, rather than tying the canvas to the frame with rope, a strip of sheet metal was
sewn into the hem of the tarpaulin and bolted to the stretcher frame.

Tear in tarpaulin

Figure 27. Bolts and nuts hold tarp to frame Figure 28. Metal in hem causes tears

Although the PVC tarpaulin was adequately strong, it was imported and had a minimum lead-
time of two weeks and was sometimes unavailable. The sheet metal strips within the hem of the
tarpaulin may also wear down the material and cause the tarpaulin to tear over time. Drilling
holes in the stretcher frame in order to bolt down the tarpaulin considerably weakens the frame.

The Beta ambulance geometry is more complex than the DfD design because the trailer requires
three-dimensional bends and has more reinforcement tubes. This three-dimensional shape is
difficult to bend accurately and fixture. The most complex region of the Beta ambulance is the
tow bar. To reduce complexity in that region, the Gamma ambulance was designed with a planar
rather than inclined tow bar.

3.1.3. Gamma

The Gamma trailer, including the tow bar, was designed to be planar and as simple as possible.
The planar geometry made it possible to develop a fixture to align and position all the critical
components of the trailer, so all critical components could be welded at once. This greatly
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reduced the manufacturing time and increased the geometric precision of the trailer. Eliminating
components that require three-dimensional bends also made the fabrication of the components
much easier. All components are two-dimensional at most, and there are no more than two
bends in any one piece. All bends are 90° bends, which are easy to check and align.

The canvas or metal mesh features (stretcher bed and fenders) on the DfD ambulance were
replaced with steel sheet metal on the Gamma due to the following reasons: (1) canvas and fabric
are relatively expensive and not regularly available in Zambia since they are imported, (2) sheet
metal is more durable and cheaper in Zambia, and (3) Disacare is more familiar with its sources
and characteristics. In addition, unlike the sagging canvas, the sheet metal stretcher protects the
patient’s body from falling beneath the plane of the trailer, and allows the trailer’s reinforcement
ribs to be in-plane with the rest of the trailer.

Figure 29. The Gamma ambulance transports a patient from her home to a clinic

Instead of attaching to the hitch to the bicycle’s seat post, the hitch attaches the trailer near the
bicycle’s rear axle. This change eliminated the need for three-dimensional bends. A hand tow
bar made out of rebar was attached to the boom to provide a means for easy steering of the trailer
when the bicycle is not attached. Mudguards made out of sheet metal were also added to protect
the patient from debris coming off the trailer wheels.

3.2. Design Evolution of the Stretcher

3.2.1. Stretcher frame

The stretcher frame is 200cm by 65cm at its largest dimensions, and it is narrower than the trailer
(See Appendix F: Production Manual for specific dimensions). The stretcher’s length was
determined based on Disacare’s estimate of a length that would be able to accommodate most
Zambians. The width of the Gamma stretcher was adjusted to be wide enough to accommodate
an adult and narrow enough to fit through an average doorframe at Disacare. Limiting the width
enables only one person to lie down comfortably on the stretcher, and will discourage people
from overloading and misusing it with multiple passengers.
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The stretcher frame is made from 25mm OD and 1.6mm thick round steel tube since it is readily
available in most developing countries, and can be bent with a Hossfeld bender. The Gamma
stretcher frame is very similar to DfD’s design, but the Gamma stretcher is made in two halves,
and brazed at the middle of the long sides so it can be reinforced with 85cm long 21.4mm tubes.
Although the reinforcement tube increases the weight by 0.7 kg, it increases the strength by
essentially increasing the wall thickness (see Appendix B: Analysis). Unfortunately, Disacare
sometimes does not use reinforcement tube of the proper length or diameter so it is important to
emphasize the need to use materials of the proper dimensions. Another advantage of joining the
halves along the long side rather than the narrow head or foot of the stretcher is that small
variations (+/- 1cm) in the width of the stretcher are negligible over the length of the stretcher.
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Figure 30. Overall dimensions of Gamma stretcher frame from a bottom view

3.2.2. Stretcher material

The Gamma stretcher bed was made from sheet metal that is MIG welded to the stretcher frame.
Standard hospital stretchers in Zambia are also made from sheet metal (see Figure 31). Although
bicycle ambulances in other countries tend to have beds made from fabric or canvas, the material
found in Lusaka was not strong enough or was too expensive. PVC-reinforced tarpaulin could be
ordered from Tanzania, but the lead-time was about two weeks, and it cost almost twice as much
as the locally available sheet metal. A standard sheet of 0.6mm thick steel is about 2.45m’ and
costs about $15 (55,300 Zambian Kwacha or ZMK) while two square meters of PVC reinforced
tarpaulin costs $27 (100,000ZMK).
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Figure 31. Hospital stretcher in Zambia

Figure 32. Mattress disinfection

A Scm or 2” thick foam mattress with a water-resistant rexine cover (cotton or rayon canvas with
a PVC coating) is used with the sheet metal stretcher to provide a more comfortable surface for
the patient. To reduce the risk for the transmission of infectious diseases, disinfecting alcohol is
recommended for cleaning the mattress and stretcher bed on a regular basis. It is difficult to
estimate how long the mattress would last, but it is likely that the ambulance owners would be
able to make or purchase standard stretcher mattresses if a replacement were needed. The
ambulance that has been in use the longest was donated in December 2005, and was still used
with the mattress in good condition in November 2007. In rural areas, rats have been known to
chew holes through the rexine cover.

3.2.3. Backrest adjustment

The backrest of the Gamma stretcher is similar to that of the DfD stretcher. A piece of angle iron
is welded to the stretcher frame to prevent the backrest from falling below the plane of the
stretcher. A lot of braze is required to fill the gap between the vertical flat face of the angle iron
and the 25mm round tube, but it is too difficult to weld the 3mm thick angle iron to the 1.5mm
thick tube. The pivot is made by brazing a 21.4mm OD insert to the stretcher frame, and brazing
a 25mm OD sleeve to the backrest. It is recommended that the tubes fit snugly within one
another to prevent the backrest from twisting in torsion.
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Figure 33. Gamma backrest pivot top view Figure 34. Gamma backrest pivot profile

The angle of the backrest can be adjusted by increasing or decreasing the effective length of a
Smm gauge chain. The DfD design uses two 15” long chains with openings bigger than 0.25”
with a 1.5” long 0.25” diameter rod to fix the end of the chain [2]. The Gamma only uses a
single chain on one side of the stretcher because, at any given time, it is unlikely that the weight
of the backrest is being supported evenly by both chains. The worst-case scenario is that only
one of the chains is fully supporting the weight and the other chain may even be unhooked.




Thus, a single chain must be designed not to fail even if it is supporting the entire weight of the
backrest and the other chain is not necessary. See Appendix B: Analysis for details on how the
chain gauge and length was selected.

On the Gamma stretcher, one end of a 95cm long Smm chain is brazed to the backrest frame, and
the other end goes through a short 25mm tube. A 8mm rod is brazed on the end of the chain to
keep the end from falling loose (see Figure 37). To shorten the apparent length of the chain and
increase the angle of recline, the rod can be pulled out from the 25mm tube, and reinserted into
another link to keep the chain from slipping through and the end from hanging loosely (see
Figure 36). This chain lock may not be the most intuitive or simple design, but the end of the
chain will always be secured, and will not pose a possible nuisance or hazard. Assessments of
the ambulance revealed that users would sometimes tie the chain around the trailer to prevent it
from interfering with the wheels (see Figure 39).

Figure 35. Chain end is secured by a rod Figure 36. Lock new link to change angle

Figure 37. Chain secured when lying down Figure 38. Chain secured when reclined

Part of a link from a 8mm chain would be strong enough to secure the chain. However, Disacare
is usually reluctant to buy chain of a different gauge only to use a few links. Instead, Disacare
often uses the 3mm chain meant for their wheelchairs on the backrest or the chain hook, and it
fails under use. Using the 8mm rod and tube to secure the chain is less likely to lead to
manufacturing errors because both the rod and tube are standard steel stock that Disacare usually
purchases. The design has an inherent safety check because the 8mm rod will only fit in the
cavity of a Smm chain so it ensures that smaller chains are not mistakenly used. See Appendix B:
Analysis for details on the strength of the chain lock.
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Figure 39. a) 8mm chain hook as designed, b) broken 3mm hook, c) loose chain tied on

3.2.4. Handles and feet

Rather than attaching separate handles onto the stretcher like the DfD design, the Gamma
ambulance relies on the exposed corners of the stretcher frame to serve as handles. When there
were separate handles on the sides of the stretcher, people preferred to hold the stretcher from its
corners rather from the handles. Also, unlike the DfD stretcher’s small U-shaped feet bent from
3/8” solid steel rod, the Gamma stretcher’s feet are simply cut out of 25mm tubing. The feet
only have to be tall enough to elevate the mattress off the ground and to provide clearance for
fingers to reach under the stretcher to lift it.

Figure 40. Users lift stretcher at ends Figure 41. Feet provide clearance for hands to lift

3.2.5. Canopy

The Gamma canopy provides shade over the patient’s head. The canopy frame is shaped like a
soccer goal and is bent out of rebar and welded onto the backrest and covered with canvas. Itis
lightweight, cheap, and easy to manufacture, but it is difficult to stack and transport the backrests
without bending the canopy frame. The canopy also does not completely protect the patient from
rain, sun, and stigma from the community. Privacy is especially important for pregnant women
who may deliver their babies in-transit to the health center. Users have suggested a tent-like
canopy that would completely surround the patient.
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Figure 42. a) Canopy frame, b) and c) Canopy protects from sun, but not rain or stigma

3.2.6. Safety features

To keep the stretcher properly positioned on the trailer, locators on the stretcher sit in front and
behind the fenders, and prevent forward and backward motion (see Figure 43a). The fenders on
trailer also sandwich the stretcher and prevent side-to-side motion (see Figure 43b). This design
allows the stretcher to be lifted easily and quickly, but minimizes the risk that the stretcher will
accidentally come off the trailer. In order for an accident to occur, the stretcher would have to be
raised about 35cm or 14” over the fenders and off the trailer. Disacare sometimes makes the
blockers too short, and they are incorrectly squeezed against the fender sheet metal so it is
important to emphasize that the blockers be the right length and properly located on the stretcher.
Four blockers ensure than the stretcher cannot be improperly located on the trailer.

Locator rests in front
of Fender.

Figure 43. a) Locators position stretcher lengthwise, and b) fenders position it sideways

Seat belts made out of Velcro straps and 8mm rebar were designed for the stretcher, but Disacare
decided not to manufacture ambulances with seat belts. It is unclear whether the seat belts would
be used in practice since many Zambians do not wear seat belts in cars except when in the front
seats.

38



3.3. Design Evolution of the Trailer

3.3.1. Trailer frame dimensions and height

The trailer frame is made mostly from 25mm OD round steel tube, and is about 200cm by 98cm
at its largest dimensions (See Appendix F: Production Manual for specific dimensions). The
Gamma trailer (98cm wide) is narrower than the DfD (107cm or 42in wide) trailer. The
narrower width makes it slightly easier for the Zambulance to navigate along the sides of major
vehicular roads or narrow trails in rural areas.

N\ J

Figure 44. Overall dimensions of Gamma trailer frame

The height of the stretcher was determined by balancing benefit of being as low to the ground as
possible for stability, and the risk of colliding with rocks and other obstacles if the trailer is too
low to the ground. From the field test results of the DfD ambulance in Malawi, it was
recommended that the ground clearance be no less than 10” or 25cm. Since the trailer’s
reinforcement ribs can be in the same plane as the trailer, the lowest point on the ambulance are
the stretcher feet. The ground clearance is approximately 30cm.

3.3.2. Tow bar geometry and reinforcement tubes

Due to the difficulties with ensuring accurate dimensions and positioning of components for
earlier ambulances, it was determined that the Gamma ambulance should be manufactured with a
welding fixture. Since it is much easier to design a welding fixture for a planar two-dimensional
part, the Gamma trailer was designed with a flat trailer body. The Gamma trailer has only one
central reinforcement rib going across the body, and a single square tube reinforcing the tow bar.
This design is minimalist compared to the DfD or Beta trailers, and is much easier to produce.
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Figure 45. Gamma with reinforcement rib and tow bar

In earlier models, the reinforcement tubes and tow bar were the only precisely located
components that were not in the same plane as the trailer body. The fenders are perpendicular to
the trailer frame, but they can easily be located by aligning them with the trailer’s side tubes.
The reinforcement ribs for the DfD and Beta designs had to be in a different plane to provide
space for the stretcher’s canvas to sag. Changing the stretcher material from canvas to sheet
metal enabled the rib or reinforcement tube to be in the same plane as the trailer. Designing a
planar rather than inclined tow bar also allowed the tow bar to be incorporated into the planar
trailer frame.

Designing the tow bar to be in the same plane as the trailer had many advantages. The Gamma
tow bar does not require any bends or complicated reinforcements. The tow bar is made from
two stacked lengths of 25mm square tube, joined at 45° to a 38mm square tube. Although the
remainder of the trailer is made from round tubing, square tubing was chosen for the tow bar
because the planar interfaces are easier to cut, align, and weld together.

38mm square tube /25mm square tube TOP VIEW

Figure 46. Gamma tow bar consists of two 25mm and one 38mm square tubes

Although the planar tow bar does not serve as a handle for pulling the ambulance by hand, it
seems that it is not necessary to directly hold the ambulance by its tow bar when a bicycle is
attached. According to ambulance operators, they usually leave the ambulance attached to the
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bicycle and use the bicycle’s handlebars to maneuver the ambulance when they cannot cycle and
need to move the ambulance on foot.

Figure 47. Operator maneuvers with bicycle's handlebars rather than the tow bar

A separate handle was designed and prototyped to provide the option of towing the ambulance
by hand, but Disacare decided not to include it in the final product. It was cheap and easy to
manufacture, but it was not durable or robust enough to be used with a patient on the trailer (see
Appendix F: Production Manual for details).

The advantages of the Gamma’s planar tow bar become even clearer with a discussion of the
disadvantages associated with inclined tow bar designs. Since an inclined tow bar would have to
be attached to the bicycle in the space beneath the seat and above the rear wheel of the bicycle,
there is a high risk that the hitch will interfere with the bicycle if there are inaccuracies or
failures. Furthermore, inaccuracy in the positioning and geometry of the tow bar has significant
negative consequences, such as the trailer body being inclined rather than level, or the tow bar
colliding with the rear wheel of the bicycle during turns (see Figure 48).

Figure 48. Beta tow bar and bicycle rear wheel interference

If a part of the clamp or hitch bends, it may easily interfere with the bicycle frame and the
ambulance may be rendered inoperable. In fact, the Beta ambulance that was donated to Mother
of Mercy Hospice in Lusaka was rendered inoperable by this interference and was repaired by
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Disacare (see Figure 50). Although one may suggest that a robust hitch design will prevent this
interference problem, it is preferable to reduce the risk that the geometry of the trailer will
exacerbate the negative impact that a damaged part has on ambulance functionality.

Figure 49. Beta hitch as designed

In addition to the risks associated with an inclined tow bar resulting in interferences with the
bicycle, there are also manufacturing challenges. These manufacturing difficulties can be
illustrated through descriptions of the Alpha and Beta Zambulances.

The Alpha had a simple trailer body geometry, which required fewer parts than the DfD design.
Since larger diameter tubing is stiffer, the Alpha ambulance was designed with 32mm (rather
than 25mm) OD round steel tubing to eliminate the need for reinforcement tubes to brace the tow
bar. However, this change from 25mm tubing to 32mm tubing did not significantly decrease the
complexity of manufacturing. Since it was infeasible to make the capital investment for the
specialized bending equipment, the tow bar angle was formed by mitering, bending, and brazing
the manually-bent trailer frame. Mitering and brazing requires more skill and time so the simple
geometry was negatively offset by the difficulty in manufacturing without specialized
equipment. The transferability of the design was also a concern because 32mm OD tubing and
the equipment necessary to bend it is not reliably available in all developing countries.
Compared to the Alpha design, the Gamma design is easier to manufacture, does not require as
many parts or bends, and can be constructed with readily available 25mm OD tubing.
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Figure 51. CAD model of Alpha trailer Figure 52. Original Beta trailer in CAD

The Beta trailer was originally designed to be similar to the Alpha trailer, without reinforcements
ribs beneath the trailer body and no reinforcement tubes bracing the tow bar (see Figure 51). To
reduce the stress concentration at the joint between the tow bar and the trailer, the tow bar was
made from the same piece of tubing as the trailer. A Hossfeld bender was used to bend the
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25mm tubing, but it was still difficult to obtain the correct geometry since the tow bar was
designed with three-dimensional bends. While trying to correct the angle, a strong technician
was able to bend the tow bar with his hands while steadying the main trailer frame with his body
weight. To ensure that the tow bar would not bend during use, additional reinforcements were
added (see Figure 53).

Figure 53. Beta tow bar reinforced  Figure 54. Trailer wheel rim collapse

The Beta ambulance was tested until failure with three times the typical load (with three, rather
than one, adult males on the stretcher). As the rider was pedaling full-speed over a curb, the
locally available 28 wheel on the trailer collapsed (see Figure 54). This result adheres to the
design for failure guidelines since the weakest component (the trailer wheel) is easily
replaceable, and can fail without severely damaging the other components. Moreover, it became
apparent that the trailer frame did not need to be quite so robust because the trailer wheels will
always fail before transmitting any significant forces to the trailer frame. The Gamma
Zambulance is reinforced only where it is needed, and does not require any complex bends.

3.3.3. Wheel surrounds, dropouts, and wheels

The wheel surrounds are wide U-shaped arms that surround the trailer wheels, and protect them
from being hit directly or hurting someone. The wheel surrounds also provide a mounting
surface for the dropouts, which hold the trailer wheel axles (see Figure 55). The wheel surrounds
(85cm long by 14cm wide) were designed to accommodate the size of the tire, and to locate the
dropouts at the correct position to mount the trailer wheel axles (see Figure 56).

Wheel
Surround

Figure 55. Dropouts mounted on surround Figure 56. Surround fits 24” or 28” wheels

The rear leg of the Gamma wheel surrounds meet on the spinal axis of the trailer to form the rear
rib of the trailer body. The other leg of the wheel surrounds butts into the trailer side beam,
rather than also meeting at the spinal axis of the trailer since it is extremely difficult and
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unnecessary to ensure than the width of the two wheel surrounds are accurate enough for the legs
to meet (see Figure 57).

Wheel Surround Y l
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Figure 57. Wheel surround geometry in CAD

The dropouts are made by cutting a slot into a piece of angle iron in order to hold the wheel axle
in the same manner as dropouts on bicycles. The dropouts are attached underneath the trailer
frame, so that they can transmit forces from the wheels directly to frame (see Figure 58). All the
Zambulances were designed with dropouts that would hold the trailer wheel axle 1.5cm below
the bottom of the trailer. Unlike the DfD design, which uses 0.25” or 6mm flat plate, the Gamma
ambulance uses 3mm thick 25mmx25mm angle iron. The angle iron provides a horizontal
surface to mount to the wheel surrounds, ensuring that the face with the slot is vertical so the
wheel is not cambered or misaligned. The fixture used the keep the trailer components aligned
during welding, also includes a feature to align the dropouts perpendicular to and flush against
the trailer tubes (Figure 59).

~ =
— " | Fixture
Trailer
Dropouts o
>Trailer tubes [° ,-'N,
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Figure 58. Gamma dropouts on trailer Figure 59. Welding fixture for dropouts

The trailer is designed to use common 24" wheels (see Figure 53) for cargo bicycles, rather than
the 28” roadster wheels (see Figure 54), which are more prevalent but not as robust. Camber is
not necessary but can be easily created by putting a spacer in between the dropout and the trailer
frame.
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3.3.4. Fenders and mudguards

The fenders prevent the stretcher from moving side to side, and protect the patient from the
rotating wheel and debris from the road (see Figure 60a and b). The fender location was
determined by the trailer body width. The Gamma stretcher (65cm wide) was designed to be
narrow enough to fit through an average doorframe at Disacare, and the trailer body (70cm wide)
was designed to be slightly wider so the fenders would sandwich the stretcher (see Figure 60a).
One traditional birth attendant suggested that it would be preferable for the fenders to be 20cm
further apart to accommodate pregnant women giving birth on the ambulance.

Figure 60. a) Fenders confine the stretcher, and b) fender and mudguard protect patient

The Gamma fender frame is made from 19mm round tube that is bent into a semi-circular shape
on the same wooden fixture that Disacare uses to make hand-rims for their wheelchairs (see
Figure 61). The semi-circular fender frame is about 38cm or 15” in radius and can accommodate
both 28” and 24” diameter trailer wheels (see Figure 56). Bending the fender frames requires
less time and material than cutting, mitering, and welding the DfD trapezoidal fenders.

Figure 61. Fender frames are bent on a jig and cut in half to form matching arches

The semi-circular fender frames are welded to the trailer after the trailer is welded on the fixture.
A vertical reinforcement tube can also be welded from the center of the top of the frame to the
trailer tube to transmit and distribute forces from the dropout through the fender frame to the
trailer.
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Figure 62. Fender frame welded on trailer Figure 63. Fenders made from sheet metal

The Gamma fender and mudguards are made from 0.6mm steel sheet metal (see Figure 63)
because canvas or metal mesh would not adequately protect the patient. The sheet metal is
brazed, rather than riveted, to the semi-circular frames. If steel rivets are available, the sheet
metal can be riveted onto the fender frame. However, Disacare could only source aluminum
rivets and did not realize the importance of using steel rivets to join steel sheet. Consequently,
the aluminum rivets would wear and come out after time. Figure 64a shows a Beta Zambulance
with a loose fender due to missing rivets. Figure 64b shows how one community fixed their
rattling loose fender by tying it to the reinforcement tube with a wire.

Figure 64. a) Aluminum rivets wear out, and b) communities fasten fenders with wire

Although brazing is more expensive, it is more reliable. Manufacturers who are not familiar
with rivets may purchase those of the wrong dimensions or material, or drill holes of
inappropriate sizes especially when correct drill bits break and are not replaced. Stick welding
the sheet metal onto the frame is also an option, but welding thin sheet metal is challenging and
also requires more time with grinding down the welds.
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3.4. Design Evolution of the Bicycle Clamp and Hitch

The design of the clamp is strongly influenced by the geometry of the trailer because the trailer
geometry dictates which part of the bicycle connects to the trailer’s tow bar. The earlier
ambulance designs (DfD, Alpha, and Beta) each had an inclined tow bar extending upward,
forward, and inward from the front corners of the low trailer bed towards the seat post or the
upper parts of the chain stays. It was assumed that an inclined tow bar was necessary to allow
the operator to tow the trailer by hand. For any trailer with an inclined tow bar, the clamp had to
be connected to a high point on the bicycle, such as the seat stay or seat post.

Due to manufacturing difficulties with making an inclined tow bar and user feedback from
Zambia, indicating that the trailer was rarely pulled by hand, it was decided that the tow bar
should be in the same plane as the trailer rather than inclined, and that the clamp should be
attached near the rear axle to the bicycle’s chain stay and seat stay, rather than the seat post.

The original seat-and-chain-stay clamp and nut-and-bolt hitch were designed by Allen
Armstrong, and are shown in Figure 65. The clamp can be attached to the chain stay and seat
stay of common bicycles and consists of angle iron, flat bar, nuts, and bolts. The nut-and-bolt
hitch is a universal joint that is made from M16 nuts and bolts, and allows for three axes of
rotation. Field assessments revealed that users sometimes attached the hitch to the clamp
incorrectly since there were two possible orientations. I redesigned the clamp and hitch, as
shown in Figure 66, so that the hitch could only be assembled in the proper orientation and
could not be accidentally disassembled. Details about how the new hitch is made can be found
in Appendix G: New Hitch Production Manual. The following sections detail the design of the
bicycle clamp and hitch.
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Figure 65. Nut and bolt hitch rotation Figure 66. New hitch design in CAD

3.4.1. Seat-and-chain-stay Clamp

Armstrong’s seat-and-chain-stay clamp only requires angle iron, flat bar, nuts and bolts so it can
be easily manufactured and repaired anywhere with a steel industry. Figure 67 through Figure
70 show various views of the clamp back and clamp front subassemblies.
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Figure 69. Clamp back views Figure 70. Clamp front views

The bicycle’s seat and chain stays are sandwiched between the angle iron pieces of the clamp
back subassembly and the double layered flat bar of the clamp front subassembly (see Figure 71
and Figure 72). The clamp can only be installed in one orientation, and it can accommodate the
slightly different angles between the chain stay and seat stay of common bicycles.

Figure 71. Clamp back fits bicycle stays Figure 72. Clamp front is bolted to back
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However, the clamp is not intuitive to install (see Figure 73) because it has no familiar
counterpart in the technologies commonly found in developing countries. The clamp requires a
few minutes to install and remove from the bicycle frame so it is recommended that the clamp
remain on a dedicated bicycle and that the ambulance be detached from the bicycle at a joint in
the hitch.

Figure 73. First-time users have a difficult time determining how to attach the clamp

Users also tend to over-tighten the clamp and collapse the bicycle frame because they assume
that the two sides of the clamp should touch. To avoid this problem, the clamp was designed
with wing-bolts or thumbscrews specifically so no wrench or spanner could be used to over-
tighten it. However, Disacare did not understand the reason for thumbscrews and assumed that
they were only for areas without wrenches or spanners. Consequently, several users over-
tightened the clamp with wrenches, and damaged the bicycle frame and bent the clamp (see
Figure 74 and Figure 75).

After speaking to Disacare about problems caused by the design change, they agreed to provide
thumbscrews and elongate the clamp slightly to provide more room around the bolt-holes, which
made it easier to turn the thumbscrews. This experience demonstrates the importance of working
with community partners on the design, and ensuring that they understand the reason behind
design decisions.

‘ \‘ E
Flgure 74. Over-tlghtenlng dents bicycle Figure 75. Over-tightening bends clamp

Disacare also decided to change the angle of the caster barrel welded to the clamp front
subassembly. It was more intuitive and easier for them to weld the caster barrel perpendicular to
the flat bar (see Figure 76), rather than 45 degrees to the flat bar (see Figure 77).
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Figure 76. Clamp front modified  Figure 77. Clamp front as designed

However, this change in the angle of the caster barrel raised the attached hitch with respect to the
bicycle. This change in position resulted in interference between the hitch and the bicycle chain
stays so the bicycle cannot lie completely flat (see Figure 78). It is important that the bicycle is
able to fall completely flat on the ground without disturbing the ambulance (see Figure 79) so the
patient will be safe even if the cyclist falls off the bicycle.

i Interference

Figure 78. Angle change causes interference Figure 79. Correct design allows bike to fall

Several lessons have been learned from the assessment of the clamp. If possible, all components
should be designed in collaboration with community partners so everyone understands the
reasons behind the design. Any questions or disagreements could have been discussed and
resolved by both the designer and manufacturers. The clamp and hitch were also the only critical
components, which were not manufactured with welding fixtures. Creating a welding fixture for
these components would also drastically decrease the risk that they would be redesigned
improperly or manufactured incorrectly.

Although the changes made by the manufacturers resulted in some denting of the bicycle frame,
and interference between the hitch and the bicycle, these consequences were not critical. The
interference would not allow the bicycle to lie completely flat on the ground, but the ambulance
was still safe and stable even if the bicycle fell. The Zambulances were still operational and
maneuverable.
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3.4.2. Original nut-and-bolt hitch

Mr. Allen Armstrong designed the original nut-and-bolt hitch shown in Figure 80. Since field
assessments revealed that users would sometimes incorrectly connect the hitch to the clamp, I re-
designed the hitch (as shown in Figure 81) to make it more intuitive to use. Both the original and
redesigned hitch is a universal joint consisting of M 16 nuts rotating freely on threaded rods or
bolts to form three perpendicular axes of rotation: (1) yaw, (2) pitch, and (3) roll. What follows
is a description of the original nut-and-bolt hitch. Section 3.4.3 provide more detail about the
redesigned hitch.

Figure 80. Original nut-and-bolt hitch Figure 81. Redesigned hitch

Using threaded nuts and bolts is more effective than unthreaded shafts and bushings because the
threads counter the moments on the shaft more effectively (see Appendix B: Analysis for
details).

The nut-and-bolt hitch requires the nuts to remain approximately centered on the bolt shaft in
order for the nuts to turn freely. If the nuts rotated all the way to either end of the bolts, it would
either jam or ruin the threads. It was initially assumed that this would not be a problem since the
nut never makes one complete revolution while it is fully assembled and in use. However, field
assessments revealed that users did not understand how the hitch worked, and sometimes
attempted to operate the ambulance with the nut rotated all the way to the end of the bolt shaft.
When the nuts are too close to the stationary nut on the pitch axis or too close to the bolt head on
the roll axis (see Figure 80 for axis definition), the nut will jam as shown in Figure 82. When the
nuts are too close to the free end of the bolt, the moment on the bolt will put pressure on the end
threads and damage them as shown in Figure 83.
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Figure 82. Hitch incorrectly inserted in top Figure 83. Roll-axis bolt has worn threads

When Armstrong and I were initially considering the design of the nut-and-bolt hitch, there was
a option between welding the threads on the free ends of the bolt to prevent the hitch from being
disassembled, or leaving the threads intact and enabling all bolts and nuts to be removed (as
shown in Figure 80) for ease of servicing. It was decided that the end threads should not be
welded so if any bolt threads or nuts were damaged, they could easily be replaced. However, the
free bolt ends made the hitch easier to damage and there were also rare occasions when the
trailer detached from the hitch because the nuts were too close to the free bolt ends.

It was assumed that jamming and ruining of threads could be avoided by instructing the user to
make sure than the nut was always axially centered on the bolt shaft. Jason Alcaraz and I created
a user manual consisting of pictorial instructions indicating that the nuts should be centered on
the threaded rods after each attachment and before each use (see Appendix C: User Manual).
However, Disacare did not distribute these user manuals to their customers, and no training was
provided when communities received their ambulances. This experience may indicate that
designs requiring even the simplest instructions are susceptible to misuse.

Neglecting to distribute user manuals or provide trainings resulted in more mistakes by users
concerning the attachment of the hitch to the bicycle clamp. The original hitch can be connected
to the clamp in two possible orientations: one with the M16x100 bolt inserted from the bottom of
the caster barrel (see Figure 84), and the second with the M16x100 bolt inserted from the top of
the caster barrel (see Figure 85). The M16x100 bolt should be inserted from the bottom of the
caster barrel in order for the trailer with 24” trailer wheels to be level with the ground. The
second orientation is intended to allow for the more common and prevalent 28” trailer wheels to
be used as replacements if the more robust 24” trailer wheels were not available in the
community. The 28” trailer wheels raise the height of the rear of the trailer, and inserting the
M16x100 bolt from the top of the caster barrel raises the front end of the trailer by a
corresponding height to allow the trailer to remain level.
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Figure 84. Hitch inserted in clamp bottom Figure 85. Hitch inserted in clamp top

Although offering two different orientations for attachment was meant to offer more flexibility in
the range of trailer wheels that could be used, field assessments revealed that this option resulted
in some users attaching the hitch to the clamp incorrectly. The ambulance is usually delivered
unattached to the bicycle due to space constrictions during transport, and the users must figure
out how to attach the two together. Some users inserted the M16x100 bolt from the top of the
caster barrel (see Figure 86), and disregarded the fact that this caused the trailer rear to tilt
downwards toward the ground (see Figure 87). This behavior is understandable because
inserting bolts into the top of the caster barrel is probably more intuitive than inserting it from
the bottom.

Figure 86. Hitch incorrectly inserted in top Figure 87. Trailer rear is tilted downwards

3.4.3. Redesigned nut-and-bolt hitch

I redesigned the clamp and hitch, as shown in Figure 88, so that the hitch could only be
assembled in the proper orientation and could not be accidentally disassembled. The M16x100
bolt is constrained to only rotate and not move axially in the caster barrel. When the clamp is
attached to the bicycle in the only possible orientation, the M16x100 bolt is up-right, as intuition
would suggest. The M16x100 bolt is not removable from the caster barrel because a washer is
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welded to the shaft after the bolt is inserted. Neither the nuts nor the bolts are removable
because they are constrained at each end by a bolt head, nut, or weld ruining the threads. In
order to attach the hitch to the clamp, you must hold the free nut against the bottom of the
M16x100 bolt while rotating it clockwise (see Figure 89). A safety nut may also be tightened
onto the M16x100 bolt after the hitch has been attached to it.
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Figure 88. Redesigned hitch assembled Figure 89. Assembly of redesigned hitch

Hitch

In the original nut-and-bolt design, the yaw axis could potentially be jammed by inserting the
M16x100 bolt into the caster barrel, and then over-tightening the nut on top (see Figure 84). The
rotation of the yaw axis (which requires the greatest range of motion and allows for left and right
turns) on the redesigned nut-and-bolt hitch is achieved by a bolt rotating freely in wheelchair
caster barrel. A washer welded to the shaft of the M16x100 bolt prevents it from shifting axially,
and prevents it from being jammed by over-tightening of the safety nut against the bottom of the
caster barrel.
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4. APPLICATIONS AND TECHNOLOGY TRANSFER

4.1. Appropriate Environment for Bicycle Ambulances

The Zambulance was designed specifically for Zambia. The design was heavily influenced by
material availability and cost, manufacturing capabilities, terrain, and cultural values. The
Zambulance may be suitable for use in other developing areas that may have similar conditions
to Zambia. What follows is an outline of the conditions found in areas with thriving
Zambulances. Bicycle ambulances are likely to thrive in other areas with similar conditions (see

Table 2).
Table 2. Summary of properties of an appropriate environment for bicycle ambulances
Conditions Description
Bicycle Many people ride and fix bicycles
infrastructure Many bicycles and bicycle components are available
Manufacturing Steel stock
infrastructure Bicycle components
Welding or brazing capability
Healthcare De-centralized so distance to homes < 20km
system Affordable or free services and medication
More beneficial for patient than services at home
Terrain Passable by bicycle
Not very mountainous or hilly
Does not cross many deep waterways
Competing Too slow: carried on back, in wheelbarrow, on stretcher
transport Dangerous: motorcycles
options Too expensive: private cars or taxis
Stigma: exclusion of severely ill from public transport
Cultural No stigma against riding ambulance
acceptance
Community People must respect the ambulance’s purpose as medical transport
support People must be willing to contribute to the maintenance and volunteer

to operate it

Bicycle infrastructure:

Bicycles and bicycle components are available in most developing countries. People who are
already familiar with bicycles are likely to be able to maintain the bicycle ambulance with their
basic knowledge of bicycle maintenance. Basic bicycle components, such as inner tubes and
tires, should also be available in areas where bicycle ambulances will operate. These items are
essential for the regular maintenance of ambulances. Hubs, rims, chains, and spokes may also
need to be replaced occasionally.

It is important that bicycle ambulances are introduced to areas that are already familiar with
bicycles, so that they will be properly maintained and operated. If bicycle ambulances are
distributed to areas without bicycles, it is possible that the ambulance will be stolen or misused
for other transport needs.
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Manufacturing infrastructure:

In areas where bicycle ambulances are to be produced, basic steel stock (round tube, angle iron,
rebar, sheet metal, nuts and bolts) must be available, along with metal fabrication workshops
able to stick weld, MIG weld, or braze. If durable weather resistant canvases, tarpaulins, or
plastic sheets are also available, they may be used to make the stretcher surfaces, rather than
sheet metal.

Table 3. Recommended equipment for bicycle ambulance production

Process Recommended Equipment
Cutting * Measuring tape * Vise
tubing e Marker, chalk, and scribe e Hack saw
* Protractor * Metal file
* Chop saw (optional)
Bending | * Hossfeld tubing bender * Large squares for checking 90° bends
tubing *  25mm bending dies *  Wooden fixture (for bending 19mm
* Vise grip tubing into mudguards)
Drilling * Center punch and hammer *  Dirill bits (8 mm and 10mm?)
* Drill press * Cutting oil for drilling or lubricating
bender
Metalwork | ® Sheet metal shears * Rubber hammer and anvil
Metal e Stick welder * MIG welder or brazing equipment
Joining *  Welding goggles * Pliers and wire cutters (to attach and
remove tubes from welding fixture)
Tailoring | * Sewing machine * Scissors
Finishing | * Angle grinder * Angle grinder to smooth welds
operations | * Face mask * Paint gun and air compressor

Healthcare system:

Transport to health centers is only effective if the health center is able to provide services or
medication that is not available to the patient at their home. If the health center is poorly
equipped, then it may not be beneficial to transport patients to that center. Also if people do not
trust or cannot afford the healthcare system and would prefer to see traditional herbalists or witch
doctors near their home, transport may not be necessary. Moreover, if the health care system is
extremely centralized with very few health centers, which are more than 20km from patients’
homes, motorized transport may be more appropriate than pedal power.

Terrain:

Roads in developing countries may not be suitable for motorized vehicles or fuel may be too
expensive or not readily available. However, paths that may be too small or rough for cars may
be manageable on bicycles and ambulances, which are narrower in width and are more
maneuverable.

The bicycle ambulance is intended for areas in which bicycle use is prevalent. Any region where

riding a bicycle is difficult would be even more challenging for a bicycle ambulance. In areas
where it is extremely mountainous or hilly, it may be too difficult to pedal a bicycle with a heavy
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load in tow. Also if paths tend to cross waterways and there are no means for transporting the
bicycle or ambulance across, that area might not be appropriate for bicycle ambulances.

Competing transport options:

Often, in rural areas, the only means for patients to travel from home to health center is to be
carried on the backs of others, in a wheelbarrow, or on a makeshift stretcher. These methods are
often too slow and may lead to more injuries during transport if they are carried in an
inappropriate position or if they should fall. Motorcycles are a faster alternative, but it may be
dangerous for patients too weak to hold on or sit up. Motorized transport is usually only
provided with a fee, since the cost of transport includes the cost of fuel and maintenance of the
vehicle. Most patients, especially those suffering from chronic diseases, cannot afford to pay
even a small fee for transport. Also, in urban areas such as Lusaka, public transport in the form
of buses are available, but severely ill patients (especially those seeming to suffer from
AIDS/HIV) face such a strong stigma that they are not allowed to ride the bus. Very few people
have private cars or can afford to pay a taxi to transport them even 3km.

Cultural acceptance:

In some cultures, it may be inappropriate to ride upon certain types of vehicles. For example,
lying down during transport may seem similar to being ferried away in a hearse. Thus, some
people view transport as a bad omen that death is near. Those with severe illnesses may also be
stigmatized and will need privacy during transport. If the ambulance is designed with these
cultural considerations in mind, it is more likely to be accepted.

Community support:
The support and acceptance of the community is essential in the success of the bicycle

ambulance. Healthcare transport must be valued over other needs for transport. For example, if
there is a stronger need for cargo transport, then the purposes of the ambulance will be
disregarded and it will be used to transport goods or cargo. The temptation to steal or misuse the
ambulance will only be overcome if people recognize the dire needs of patients to reach health
centers.

Community members must also be willing to communally pay for the ambulance maintenance or
volunteer to operate it. Relatives of the ill or the patient himself cannot be expected to bear the
full burden of transport in addition to their other difficulties.

4.2. Management and Operation Models

There are various ways in which to manage or operate a bicycle ambulance service. Different
models may be appropriate for different conditions and environments.

Cargo trailer rentals for free ambulance service:

In Malawi, the DfD bicycle ambulance was sold in conjunction with a bicycle cargo trailer.
Revenue from renting the trailer could be used to cover the cost for operation and maintenance of
the bicycle ambulance. There were also concerns that the ambulance would not be available in
case of an emergency if people misused the ambulance to transport goods. Requiring that people
purchase a cargo trailer if they wanted to buy an ambulance, ensured that a cargo trailer would be
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available to for transporting goods, and that the ambulance could then be dedicated to
transporting patients.

Donated ambulance operated by community volunteers:
In Zambia, the Zambulance was donated to communities by the WHO, the Zambian Ministry of

Health, local organizations like Africare, and independent donors. Neighborhood health
committees (NHC) or volunteer health groups operate the ambulance for free. The villages or
neighborhoods served by the community sometimes pay a small maintenance fee to make the
service available to everyone for free. The NHC must also sometimes raise more money for
maintenance by engaging in income-generating activities or soliciting donations. With this
community model, the ambulance is usually kept at someone’s home in the village or a
community center, such as a school, so it is close by in times of emergency.

Health center owned and operated:

Bicycle ambulances may also be kept at health centers and shared by several communities served
by the health center. For example, a Zambulance in Kafue in Zambia is being shared by three
NHCs. When someone in the community is ill, an NHC member has to go to the health center to
retrieve the ambulance, cycle back to the village, and then back to the health center. Sometimes
the ambulance is already being used to carry a patient when someone comes to retrieve the
ambulance. This centralized model increases the time before the patient reaches the health
center, but it also makes the ambulance available to a larger number of people. Some
communities allow relatives to operate the ambulance while others restrict use to NHC members.

Medical transport service as a micro-enterprise:

Vehicular ambulances have been used to start micro-enterprises in which an entrepreneur
charges a large fee to wealthier patients, in order to subsidize or offer free transport to poorer
patients. It is possible that this model may work with the bicycle ambulance to generate income
for the person operating the ambulance.
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S. ASSESSMENT

Long-term assessment is important in understanding how the ambulance is used, whether the
design can be improved, and whether it will be useful in other areas. Disacare can use the
information for marketing purposes and to accurately inform their customers about the
ambulances benefits and capabilities. The volunteer health group operating the ambulance may
also be able to use the data to prove to donors how they are helping their community. This data
may help them to procure more funds for community service projects or to gain credibility with
potential partners. Appendix D and E contain assessment materials, such as record forms and

survey questions.

The following sections provide a summary of where Zambulances have been distributed, and

preliminary data on assessments of the Beta and Gamma Zambulances.

5.1. Summary of Zambulance Distribution

A total of forty-seven Zambulances have been produced by Disacare (see Table 4). In December
2005 and March 2006, an independent benefactor donated two Beta Zambulances to Chilanga, a
peri-urban area of Lusaka. In January 2007, twenty-three Gamma Zambulances were donated by

the WHO and distributed by the Zambia Ministry of Health. Ten were delivered to health
centers in Mumbwa District, while the other thirteen were donated elsewhere in Zambia. In
February 2007, the Zambian Ministry of Health also ordered 18 ambulances and distributed them
to district health centers all over Zambia. In April 2007, a non-profit called Africare donated
four Gamma Zambulances to a rural area called Chikupi in the Kafue District just outside of
Lusaka. Eighteen Zambulances that were ordered by the Zambia Ministry of Health are in
production are expected to be distributed in 2008.

Table 4. Summary of Zambulance orders and deliveries

Date of . Zambulance
Donor Delivery Location Number Model
N 12/2005 Chilanga* 1 Beta
Cossie Findlay 3/2006 Chilanga 1 Beta
World Health 1/2007 Mumbwa* 10 Gamma
Organization Undisclosed Katete, 13 Gamma
(WHO) by WHO Chongwe
Zambian .
Ministry of 212007 Undliffo}sled by 18 Gamma
Health (MoH) °
Africare 4/2007 Kafue* 4 Gamma
Zambian Still in
MoH N/A production 18 Gamma

*Note: Zambulances in these locations have been assessed by the designer and Disacare.
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5.2. Beta Assessment in Chilanga

5.2.1. Overview

In November 2005, Cossie Findlay commissioned Disacare to make a bicycle ambulance to
serve Linda compound in Chilanga, a community in a peri-urban area of Lusaka. Mrs. Findlay
had previously been assisting Linda compound by donating money for medicine. When she
learned of Linda’s difficulty with transport to health centers, she decided to donate a bicycle
ambulance.

The first assessment of the Beta Zambulance was conducted in January 2006. Assessments are
being conducted every six months by either Disacare or student volunteers every January or
summer for the lifetime of the ambulance. Records from January 2006 to August 2007 have
been analyzed to draw conclusions from the number of times the ambulance was used each
month, the patient’s age, the patient’s gender, and the patient’s illness. Subsequent sections
detail how the data was tabulated. A summary follows.

A total of 124 people used the ambulance during this period of twenty months. This is
equivalent to an average of eight patients per month or two patients per week. The ambulance
was used most frequently during a cholera epidemic in January and February 2006. Patients
were usually between the ages of twenty-one and forty, probably due to the prevalence of AIDS
infection in this age group. Fifty-four percent of the patients were male while forty-six percent
of the patients were female. The patients served by the ambulance have a wide range of medical
conditions, ranging from gastrointestinal illnesses such as dysentery to accidental injuries or
chronic illness like HIV/AIDS. Although the patients being served by the ambulance are quite
diverse, the ambulance operator tends to be a male relative. It is assumed that males are viewed
as being stronger and more capable of towing the ambulance behind the bicycle for several
kilometers. The roundtrip journey from NHC office to patient’s home to the health center
usually takes about an hour and a half to three hours, depending on how long the cyclist has to
wait for the patient to be treated.

5.2.2. Operation model

Disacare delivered the Beta Zambulance to Linda compound in December 2005. The
Zambulance is operated and maintained by the neighborhood health committee (NHC) at Linda
compound. The NHC is a group of volunteers responsible for providing some basic medical
services to the community and referring patients to health centers for professional care.
According to Johnny Shawa (the chairman of the NHC), when the ambulance arrived, the NHC
announced to their community that free ambulance service would be provided at NHC
headquarters. Volunteers or relatives usually transport the patient on the bicycle ambulance from
home to the health center, waits for the patient to be treated, and then transports them back to
their home unless they are admitted as in-patients. Since no service fee is charged, the NHC
members reserve some of their own money for the maintenance and repair of the ambulance.

Patients are typically transported from their homes to Mt. Makulu Clinic or to Mother of Mercy
Hospice. Linda compound is about 2.5 km from its center (3.5 km at the furthest point and 1.5
km at the nearest point) to Mt. Makulu Clinic, and 4km to Mother of Mercy Hospice. Mrs.
Nangwale, the Sister in Charge at Mt. Makulu Clinic, stated that the bicycle ambulance has
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helped the community because people otherwise have to walk, call a taxi, or hire a vehicle when
they need to reach the health center. Mother of Mercy Hospice cares for patients who are
typically brought to or referred to it by the home-based care (HBC) program caring for
HIV/AIDS patients and orphans. Although patients may receive free medical care, room, and
board at the hospice, the wards in the hospice often have empty beds. The hospice staff, patients,
and HBC volunteers have agreed that lack of transport is one reason why patients are unable to
reach the care they need. Although there are vehicular transport options available, the buses do
not allow patients to board due to stigma and fear, and taxis are too expensive to hire. Even if a
private car is available, sometimes the challenge is reaching the main paved road from within the
compounds, where there are interweaving dirt paths passable only on foot or by bicycle.

During the day from 8am to 6pm, a bicycle remains attached to the ambulance and is available
for use. Every night, the ambulance is detached from the bicycle and stored in the NHC’s
community office. Since Mt. Makulu Clinic is closed in the evening, the ambulance is not used
at night. If a patient needs urgent care in the evening, they must travel 15 to 20 km to
Chawamba Hospital or University Teaching Hospital (UTH). If the patient does not have money
for transport, the community helps out with cost-sharing.

5.2.3. Use trends

Johnny Shawa, the chairman of the Linda NHC, has volunteered to keep records of the
ambulance use. Records from January 2006 to August 2007 have been compiled and analyzed.
The ambulance is sometimes used without record because some cases occur in an emergency or
Shawa is not present at the time of its use. During the month of January 2006, Shawa stated that
the ambulance was used at least ten times without record. For other months, there may be fewer
or no records (May or June 2007) because the NHC was preoccupied with other tasks. I will
attempt to draw some conclusions from the available data but there are some inaccuracies due to
some inconsistencies in record keeping.

Frequency of ambulance use:

Analyzing the number of times the ambulance was used per month should indicate any seasonal
trends. October to February is the rainy season, while March to September is the dry season.
Water-borne diseases are usually more prevalent during the rainy season, but people are less
likely to travel.

A cholera epidemic during the rainy season of January and February 2006 resulted in frequent
use of the ambulance. The ambulance was sometimes needed multiple times per day. The
following rainy season does not show nearly as much use (see Figure 90). It is possible that the
ambulance is used less frequently during the rainy season when there is no epidemic because the
muddy roads are more difficult to traverse, and patients may be more reluctant to travel in the
rain.

Table 5 summarizes the number of times the ambulance was used per month from January 2006
until August 2007. A total of 124 people used the ambulance during this period of 20 months.
The ambulance was used an average of 8 times per month or two times per week (May and June
2007 were disregarded because no records were kept for those months).
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Figure 90. Frequency of ambulance use per month from January 2006 until August 2007

Table S. Ambulance use per month

Month in Month in
2006 Numbers 2007 Numbers
January-06 11 January-07 2
February-06 20 February-07 6
March-06 4 March-07 6
April-06 10 April-07 4
May-06 7 May-07 0
June-06 3 June-07 0
July-06 7 July-07 9
August-06 9 August-07 6
September-06 13
October-06 3
November-06 2
December-06 2

Age range:
The youngest patient to use to the ambulance is 12 years old and the oldest is 90 years old.

Children are less likely to need to use the ambulance because they can be transported easily on
bicycle or may be carried more easily than adults. An overwhelming 68% of the patients were
between the ages of 21 and 40. This trend is probably due to the fact that people in their twenties
and thirties are the most severely affected by AIDS, and thus are the most likely to need medical
care. In 2003, it was estimated that 16.5% of Zambian are infected with HIV or AIDS [8]. In
fact, the life expectancy in Zambia is 38 years [8]. The percentage of patients being transported

62



by the ambulance increases to 13% around age 60-70 because these people were in their prime
after the AIDS epidemic, but were suffering from illness in their old age.
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Figure 91. Distribution of patients by age

Gender distribution:

Fifty-four percent of patients using the ambulance were men, while forty-six percent were
women. This is a surprising contrast to the FABIO (First African Bicycle Information Office)
bicycle ambulance project in Uganda, in which 70% of the patients transported were women,
29% were men, and 1% were children [5]. The presumed reason that women were transported
more frequently in Uganda is that 52% all patients transported were pregnant women [5]. In
Chilanga, Zambia, none of the patients transported were pregnant women, presumably because
the Mt. Makulu Clinic and Mother of Mercy Hospice do not provide obstetric services.

Female
46%

Male
54%

Figure 92. Ambulance use by gender
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Medical conditions:

Patients using the bicycle ambulance were asked to state reasons for needing transport. The
reasons were later categorized into gastrointestinal, respiratory, skin/muscle/bone, or other
condition. General needs such as emergency or accident or also listed under miscellaneous. The
reasons were so varied that it is difficult to determine which is the most prevalent. Irregular
circumstances such as a cholera epidemic also make it difficult to make predictions for future
years. Itis, however, evident that the bicycle ambulance has served patients with a wide range of
medical conditions and needs.

Table 6. Reasons patients stated for being transported by bicycle ambulance

Gastrointestinal Respiratory Skin, Muscle, Otl.le.r Miscellaneous
or Bone Conditions
* Diarrhea * Chest pain * Joint pain * Fever * Accident
* Cholera * Tuberculosis * Backache * Anemia * Chronic illness
* Dysentery * Pneumonia * Leg wound * Malaria * Infection
* Stomach pain | * Cough * Bone fracture |* Sexually * Collapsed
* Dehydration * Swollen body transmitted * Emergency
* Poison * Swollen legs infection * Death
* Boils * Epilepsy * Operation
* Bed sores * Blindness * Medical
* Burns * HIV/AIDS review

Ambulance operators:

Usually, relatives or friends of the patient borrow the ambulance to transport patients.
Community members or NHC members also occasionally volunteer to use the Zambulance to
bring patients from their homes to health centers. The fact that relatives often use the ambulance
suggests that the ambulance is easy to use since no training is required to operate it. Cyclists
who operate the ambulance tend to be male since it is often quite difficult and tiresome to pull
the ambulance for several kilometers over rough terrain. The standard bicycle is also usually too
large for the average-size woman to ride comfortably.

Destination and travel time:

The majority of patients are transported to either Mt. Makulu Clinic or Mother of Mercy
Hospice, which are respectively between 2km and 4km from most households. The roundtrip
journey from NHC office to patient’s home to the health center usually takes about an hour and a
half to three hours, depending on how long the cyclist has to wait for the patient to be treated.
This variability in distance traveled and waiting time at the health center makes it difficult to
estimate how fast the cyclists are able to travel on the bicycle ambulance.

5.3. Gamma Assessment in Kafue

5.3.1. Overview

Africare was running a program on malnutrition in Kafue, and many people complained about
the lack of transport to the clinic. Due to these requests, Africare donated four bicycle
ambulances to communities in Kafue on April 18,2007. An assessment of the Gamma
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Zambulances was conducted in Kafue in July 2007. Disacare will not be able to conduct regular
assessments at these sites because these areas are too far from Lusaka and transport is too
expensive. Records forms have been distributed to community members, who have been ask to
mail the records to Disacare every six months. What follows is a summary of the preliminary
data that was collected.

Two of the ambulances were distributed to clinics and shared by local neighborhood health
committees (NHCs). The other two ambulances were operated by a particular NHC member and
kept locked in a storeroom at their home. Table 7 summarizes the locations of the ambulance
and the impact of their use. The low frequency of use at Mongu Health post and Lumbaika
Village suggests that ambulances kept at a person’s home are unlikely to be used as frequently as
those kept at community centers. More patients can benefit from the ambulance service if
multiple communities are allowed to share it.

Table 7. Bicycle ambulances in Kafue

. Maximum Average . Ambular}ce Number
Location distance Time [hrs] Population | Use (April — | of NHCs
July 2007) | Sharing
Chikupi Clinic 25km 1 10,000 30 3
Chanyanya 26km 0.5-1 11,977 100+ 12
Clinic
Mongu Basic
School 9km over hills 2.5 2,000 3 1
Health post
Lumbalka 12km on sand 1.5 Unknown 8 1
Village

The Zambulance has been used for distances up to 26km, traveling at an approximate speed of
25kph on amenable terrain. When traveling over hills and on sand, the speed decreases
drastically, as does the frequency of ambulance use. Although it is not recommended to travel
distances further than about 25km, a Gamma Zambulance in Mumbwa has transported patients
35km when the only other alternative was hiring a private car or taxi for 180,000 Zambian
Kwacha ($45 US).

More women than men used the ambulance at Chanyanya Clinic, and Ms. Mwangala, the clinic
officer, speculated that it is because women get sick more often than men. Children did not use
the ambulance because they could be carried while their caretaker rode a bicycle. The patients
were typically men and women between the ages of 20 and 65. The patients suffered from
conditions including HIV, cholera, fractures, malaria, and complicated pregnancies. A cholera
outbreak between February and March lead to an increase in the frequency of ambulance use at
Chanyanya Clinic because of its close proximity to Kafue River.

5.3.2. Operation model

The location and operation model of the four ambulances were quite different. The sections
below detail how the ambulances were operated at each location.
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Chikupi Clinic:

Bristol Ntebeka, the Environmental Health Technologist at the Chikupi Clinic, was interviewed
on July 21, 2007. There are about 10,000 people in the Chikupi area, which extends in a 25km
radius from the clinic. There is no vehicular ambulance serving this community. Before the
bicycle ambulance was available, people used to bring patients to the clinic by putting them on a
regular bicycle, with one helper steering and pulling from the front, and two more helpers on
each side of the bicycle, balancing and pushing from behind. Some patients would borrow or
pay for an ox cart to bring them to the clinic.

Three of the five Neighborhood Health Committees (NHCs) in the Chikupi area share the
ambulance at the Chikupi Clinic. Each NHC has ten members, and only members of the NHC
are allowed to operate the ambulance. Some of the benefits of the bicycle ambulance is that it
only requires one person to cycle, takes about one hour to reach the clinic, and is a free service
with volunteer riders. When traveling from the furthest edges of Chikupi area (25km away), it
can be estimated that the speed of the bicycle ambulance is about 25km/hr (15mi/hr). Mr.
Ntebeka also mentioned that the ambulance decreased in the instances of “births before arrival.”
Moreover, the ambulance has strengthened the relationship between the NHCs and the clinic,
and between the NHCs and the community. According to Mr. Ntebeka, the ambulance has saved
many lives, and patients praise the ambulance and have no complaints.

The Chikupi Clinic received its ambulance on April 18, 2007. The ambulance is kept indoors in a
storage room and appears to be in good condition. A Classified Daily Employee is in charge of
maintaining the clinic’s bicycles along with the bicycle ambulance. There is a bicycle dedicated
to the operation of the ambulance. During the three months from April 2007 until July 2007, the
ambulance was used thirty times to bring patients to Chikupi Clinic. The patients were men and
women of all ages and suffered from ailments, such as fractures, malaria, and complicated
pregnancies. The average frequency of use was ten times per month, or two or three times per
week. Sometimes the ambulance was being used to ferry a patient when another patient needed
it. This may suggest that the Chikupi area needs two ambulances rather than one.

Chanyanya Clinic:

The Chanyanya Clinic serves a population of 11,977, with 4,000 of those people living on small
islands in the Kafue River. The clinic also serves people living in the highlands across the river.
The Chanyanya area extends in a 26km radius from the clinic. There is no vehicular ambulance
serving this community. Before the bicycle ambulance was available, people used to bring
patients to the clinic by balancing them on a regular bicycle and pushing it.

The Chanyanya Clinic received its ambulance on April 18, 2007. Twelve neighborhood health
committees (NHCs) area share the ambulance at the Chanyanya Clinic. Each NHC has ten
members, some of whom volunteer to operate the ambulance. Other community members, such
as relatives of the patient, are allowed to operate the ambulance. No fee is ever charged for the
ambulance service.

Ms. Mwangala, the clinic officer, estimated that the ambulance was used over 100 times to bring
patients to Chanyanya Clinic during the three months from April 2007 until July 2007. If the
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usage was steady, the frequency of use is thirty-three times per month, or roughly once per day.
Trip times vary greatly with the distance and terrain traversed. From Magowa, which is 23km
away from Chanyanya Clinic, it takes 1 hour on the bicycle ambulance. However, from
Bonanza, which is also 23km away, it only takes 30min.

According to Ms. Mwangala, the patients appreciate the ambulance and have no complaints.
The patients were men and women from the ages of 20 to 65. More women than men used the
ambulance, and Ms. Mwangala speculated that it is because women get sick more often than
men. Children did not use the ambulance because they could be carried while their caretaker
rode a bicycle. The patients had conditions and ailments varying from HIV treated with ARVs,
cholera, and severe malaria. There was also one case with a complicated pregnancy. The
ambulance was used more frequently during the cholera outbreak between February and March.
Severe malaria and other water-born diseases are more common in Chanyanya area because of
the proximity to Kafue River.

The ambulance was stored in a staff’s house next to the clinic. The ambulance operators at
Chanyanya did not know how to use or maintain the ambulance properly. For example, the
clamp was not tightened onto the bicycle frame. This suggests that a user manual is critical for
the safe and reliable operation of the ambulance.

Mongu Basic School and Lumbaika Village:

There is one bicycle ambulance at the health near Mongu Basic School and one in Lumbaika
Village near the Kabweza Basic School. Each is operated and maintained by a member of the
neighborhood health committee and kept locked in their storeroom. No one else is permitted to
operate the ambulance, but the operator is not always accessible since he is often in his fields and
has no phone. Of the eight patients that needed the ambulance at Lumbaika, only one was male,
and two passed away. At Mongu, one patient was pregnant, another had severe malaria, and the
third passed away from unknown causes.
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6. SUGGESTIONS FOR FUTURE WORK

6.1. Long-Term Monitoring and Assessment

Although some preliminary assessment data has been collected, it is recommended that Disacare
monitor the Gamma Zambulances, until some of the ambulances have reached the end of their
useful life. Transaid, a prominent non-profit organization, recommends the following metrics as
indicators of success:

* 10% reduction in mortality attributable to reduced delay in access to medical care

e Percent of total number of patients served that are transported by ambulance

* Percent of total number of patients who were previously unable to reach the health

center, but could obtain access to healthcare with the help of the ambulance

Appendix D and E contain record forms and survey questions and that have been distributed to
communities with Zambulances. The assessment data would be useful for design improvements
as well as marketing.

6.2. Business Model Development

The Zambulance design is available online for free so any manufacturer that chooses to produce
ambulances can have access to the design. The profit margin is determined by how affordable
raw materials, labor rates, and overhead are in comparison to the selling price. Although Disacare
has been able to produce and sell Zambulances, they make little profit because they struggle with
materials sourcing, production efficiency, and marketing.

Table 8 shows the costs of materials, labor, and overhead as well as the profit for Disacare and
the cost to the customer for one ambulance. Disacare does not budget their overhead and labor
expenses based on the number of man-hours or resources a product requires. Instead, the
overhead and labor are calculated as percentages of the material costs. Since production is usually
not as efficient as it could be, with delays caused by lack of materials or power failure, the cost of
producing one ambulance may be significantly more than the percentage of the materials cost.
Disacare also does not change the price of their products based on changing material prices, which
vary considerably with the volatile exchange rate.
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Table 8. Itemized costs for one Zambulance

Zambian Kwacha

Expenses [ZMK] US Dollars [USD]*
PAINT 300,001 $76.43
STRETCHER 115,985 $29.55

TRAILER 208,200 $53.04
MATTRESS 73,000 $18.60

Labor (35% of materials) 247,690 $63.11

Overhead (15% of materials) 106,153 $27.05

Profit 138,471 $35.28

COST TO CUSTOMER 1,200,000 $305.73

*Exchange rate as of May 24, 2007: 3925 ZMK/USD

Furthermore, Disacare functions primarily as a manufacturing center and does not have adequate
resources for marketing or monitoring and evaluation. They have struggled in the past with
convincing aid organizations to purchase their wheelchairs because they do not have data
demonstrating the superior performance and durability of Disacare wheelchairs in comparison to
foreign wheelchairs which may be a third or less of the cost. Disacare is the only producer of
bicycle ambulances in Zambia, and none are being imported or exported. However, the demand
for Zambulances may quickly decline if there is no data about their performance or effectiveness,
and little or no marketing or sales efforts.

Disacare also has difficulty sourcing new materials or outsourcing phases of production. More
than twice what they make in profit goes towards buying paint, which could in theory be
purchased for much less or eliminated. If Discare could source inexpensive paint, they could
make up to $100 in profit per ambulance, which is 30% of the cost to the customer. If Disacare
is unable to source different materials or modify their production methods, they may choose to
train others how to produce ambulances, and profit from the training rather than the production.
Other manufacturers may then have the opportunity to profit from ambulance production.

6.3. Dissemination

Organizations in various countries (Malawi, Gambia, Kenya, Sri Lanka, Columbia, and the
Philippines) have expressed an interest in the Zambulance design. A production manual, user
manual, and record forms are available online at http://cadlab6.mit.edu/bike.ambulance. Aaron
Wieler has used some of these materials to develop a bicycle ambulance for Namibia with the
Bicycle Empowerment Network.

It would be interesting to compare the designs for the Zambulance, and the ambulance used in
Namibia to determine which features should be changed to meet the conditions of the specific
country in which they are used, and which designs offer the appropriate feature. A
manufacturer’s guide could then be produced to recommend designs based on the metrics of use.
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6.4. Design Challenges

6.4.1. Possible improvements for the Zambulance

Ideas for improvements were suggested during assessment, production, field-testing, and
discussions of profit-enhancing ideas. These improvements can be implemented with minimal
changes to the current Zambulance design, and they are briefly discussed below.

Stretcher curtains:

The Gamma Zambulance is currently equipped with a canopy that protects the patient’s head
and upper torso from light rain and sun. It also provides some privacy for patient with
stigmatized conditions like AIDS. Traditional birth attendants, who assist in delivering babies in
rural areas, suggested that curtains be designed to entirely surround the stretcher to provide a
pregnant woman with privacy in case of deliveries during transport. A full over-head canopy
would also provide protection against rain. Aaron Wieler developed a canopy in Namibia that
may be adapted to provide an option for curtains (see Figure 93). However, this design for a
canopy does not allow the backrest to lie flat.

N

Figure 93. Namibia ambulance has a full-body canopy

Seat belt:

Some medical personnel recommended seat belts, and a seat belt was designed out of rods
inserted into straps of Velcro, but Disacare chose not include them with the Zambulances. It
would probably be beneficial to have some means of securing the patient during transport.

Kickstand:

Getting on the ambulance by stepping onto the rear of the stretcher sometimes causes the trailer
to tilt backward with the front raised into the air. A kickstand could be mounted underneath the
trailer to support the rear and prevent the ambulance from tipping.

Mattress straps:
The mattress occasionally slides off the ambulance when the ambulance is being used without a
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patient. A cyclist suggested that straps be sewn onto the mattress to secure it to the stretcher
frame.

Broader tires:

For sandy terrain, it is useful to have wider tires. However, it is important that all components
are easily repairable locally with available materials so it may not be feasible to use wider tires if
they are difficult to find. Aaron Wieler created a way to weld two standard bicycle rims together,
and attach them to a standard hub with a non-standard spoke pattern to create a wheel with
double the width from local materials (see Figure 95). The Zambulance may be adapted to use
these wider tires by slightly increasing the space between the wheel surround and trailer body.

Figure 94. Namibia double-rim tire = Figure 95. Two standard rims are welded together

Cargo trailer:
In Malawi, Design for Development sold a cargo trailer and bicycle ambulance as a pair, so that

the revenue from renting the trailer could be used to cover the cost for operation and maintenance
of the bicycle ambulance. The availability of a separate cargo trailer presumably reduces the
chances that the ambulance would be misused to carry cargo, making it unavailable to transport
patients.

The Malawi ambulance and trailer designs were completely different, but the Zambulance trailer
could be sold separately as a cargo trailer without any changes to the design or fixtures. The
Zambulance could thus be two products in one if a cargo box were designed to fit onto the trailer
frame. The consumer can either purchase a cargo box or form his own to use with the
Zambulance trailer.

Rust resistance:

Paint costs $70 of the $175 total material cost for the bicycle ambulance (see Table 8). Paint is
responsible for 40% of the cost to the customer but the only value-added is aesthetics and
material preservation. Disacare may consider out-sourcing the painting or surface treatment of
the Zambulance to reduce internal costs.
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Some materials are inherently more rust resistant. Aluminum is also more expensive and is harder
to weld, but it is more resistant to corrosion. Another design could be implemented using
aluminum tubing, which is threaded and connected rather than welded. The disadvantage to this
design is that it may not be readily transferable because not all underdeveloped areas have access
to aluminum or threaded connectors.

6.4.2. Design challenges requiring a new foundation

Appropriate technologies can be the most effective when it is designed specifically to meet the
local conditions in which it is used. The Zambulance may be suitable for a wide variety of
conditions common to many developing countries, but an entirely new design may be better able
to address the following design challenges.

Crossing waterways:

In countries, such as Vietnam, paths between households and health centers often cross
waterways. An ambulance capable of land and water transport could be designed for such
regions. It is possible that the trailer could function as a boat with wheels so that it can be pulled
by a bicycle on-land, and then towed by another boat across the water.

Natural materials:

In certain areas, such as Kenya, bamboo is readily abundant and is used for other construction
purposes. A bamboo ambulance would be lighter and less expensive than one made of steel. It
may be easier to make repairs if bamboo is available throughout remote areas as well.

Sandy terrain:
In countries, such as Namibia, the terrain is extremely sandy, and it may be difficult to ride

bicycles even without a heavy load. It is conceivable that a pedal-powered vehicle with wide
tracks, such as those on tanks, would be a more affective means of transport.
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7. CONCLUSION

Transport to health centers is a challenge in many developing countries. Typical methods of
transport are slow, unsafe, or too expensive. The bicycle ambulance is one solution to this
challenge of healthcare transport. Three generations of prototypes (Alpha, Beta, and Gamma
Zambulances) have been designed and built for Zambia. The Zambulance design was based on
the Design for Development (DfD) ambulance that was designed by Niki Dun for Malawi.
However, different material availability and cost, cultural considerations, and needs have resulted
in a Gamma Zambulance that is quite different from the DfD ambulance.

The Zambulance is a two-wheeled trailer that carries a sheet metal stretcher, and can be towed by
common bicycles. The ambulance is fabricated from standard bicycle components and steel
stock, such as 25mm round tube. The stretcher’s backrest can be adjusted to accommodate
different angles of recline. A mattress also provides additional comfort. Mudguards, fenders, and
a canopy protect the patient from sun, light rain, and debris.

This project has been considered a success because it is locally sustainable. The Zambulance is
built, operated, and maintained by Zambians with local resources and skills. It requires no fuel or
continual contributions from outside sources. The Zambulance empowers the community to
help themselves by volunteering to operate the ambulance. Although it is recommended for
distances less than 25km, it has been used for distances of up to 35km. The Zambulance can
travel at an approximate speed of 25kph on reasonable roads. The Zambulance has helped men
and women between the ages of twelve and ninety, at a frequency of about twice per week if
kept at a community center. It also serves patients with a diversity of conditions, including
cholera, malaria, pregnancy, HIV/AIDS, and broken bones.

There are currently forty-seven Zambulances in Zambia, and more are being produced by
Disacare Wheelchair Center in Lusaka, Zambia. The design may be disseminated and adapted for
countries such as Colombia, Sri Lanka, the Philippines, and Gambia. The Zambulance could be
improved with seat belts, wider trailer wheels for navigating sandy terrain, and a curtain for the
patient privacy. New bicycle ambulances could also be designed to cross waterways or to be
made from natural materials, such as bamboo.

In addition to saving lives, empowering local health groups, and providing an economic
opportunity for local manufacturers, this project has demonstrated that it is possible for a
technology designed by a student to be implemented and used in developing countries. If case
studies of this project and others like it could define what features are necessary for successful
design and dissemination to developing countries, a new methodology for design for development
can be created. This could inspire academic institutions to encourage more students to tackle
more socially relevant projects.
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APPENDIX B: ANALYSIS

1.1  Analysis of stretcher reinforcement

Figure 96. Diagram of stretcher frame for analysis of strength and length of reinforcement

The stretcher frame is analyzed based on a scenario of misuse in which a person of weight 2W is
standing in the middle of the stretcher frame with both of his feet on the stretcher tubes. It is
assumed that half of the person’s weight is on each of the long stretcher tubes at the center
(denoted by points 1 in Figure 97) of the tubes, which is 100cm from each end. A reinforcement
tube made from 21.4x1.6mm tube is centered inside the 25x1.6mm tube, and is assumed to
double the wall thickness of that section (see Table 9).

Table 9. Dimensions of available stretcher frame materials

Round tube 25x1.6 mm | 21.4x1.6 mm | 21 inside 25mm

Outer Diameter (Do) [mm)] 25 21.4 25
Inner Diameter (Di) [mm] 21.8 18.2 18.2
Thickness (T) [mm] 1.6 1.6 3.4

The bending stress is analyzed at points 1 and 2, which are likely to be the areas of the highest
stress since point 1 is at the center of the beam, and point 2 is at the end of the reinforcement
tube. In order for the bending stress to be approximately the same at points 1 and 2, the length of
the reinforcement tube must be about 83cm. This number was rounded up to 85cm, which can
support a person of almost 112kg or 2501lbs before failing at point 1, which is in the center of the
beam. Table 10 shows more results of the analysis. If the stretcher frame were made only from
25mmx1.6mm tubing without reinforcements, it would be barely strong enough to support a
person weighing about 60kg or 130 1bs.
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Table 10. Assumptions and results of the stretcher reinforcement analysis

Assumptions:

Total Weight of Person (2W) [kg] 60 100 110 120
Applied Force (Fa) [N] 294 490 539 588
Reaction Force (Fr) [N] 147 245 269.5 294
Results:

Stress at center with 25mm tube [Mpa] 227 379 417 454
Stress at center reinforced tube [Mpa] 133 222 244 267
Stress at interface [Mpa] 131 218 239 261

Note: Bold values exceed the assumed yield stress

| |
s, |— T F,

Figure 97. Stretcher frame schematic of area in the red dashed box in Figure 96

The load on half of the stretcher frame is modeled as a point load on a simply supported beam as
shown in Figure 97. The applied force F, is equal to two times the reaction forces F,. The beam
bending stress is calculated at point 1, which is a distance L from the reaction force. The beam

bending stress is also analyzed at point 2, which is a distance £ from the center of the tube, and a

distance L- .2 from the end of the tube.

Beam bending is analyzed with the Euler-Bernoulli beam equation (see Equation 1.1). The
classic formula for determining the bending stress in a member is:

a=? (1.1)

where o is the bending stress
M is the moment at the neutral axis
y is the perpendicular distance to the neutral axis
I is the area moment of inertia about the neutral axis
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The moment due to the reaction force F,, (see Equation 1.2) acts at a distance x. By force
balance, the reaction force F,is equal to half of the applied force F.,.

M=Fx=};”x (1.2)

r

where M is the moment at the neutral axis
F.is the reaction force at the end of the beam
F, is the point load applied force at the center of the beam
x 1s the distance between the reaction force and the point at which the
moment is being taken

For a cylinder, the distance from the point of maximum stress to the neutral axis (see Equation
1.3) is half of the diameter of the cylinder.

D

= outer 1.3
y BN (1.3)

where y is the perpendicular distance to the neutral axis
D,...r 1s the outer diameter of the tube
The area moment of inertia about the neutral axis for a cylinder is:

L yinier = 614(D40m ~ D' ier) (1.4)

where [ is the moment of inertia for a cylinder about the neutral axis
D,...r 1s the outer diameter of the tube
D,,..r 1s the inner diameter of the tube

Combining all the equations into the bending stress equation, we can derive the general
expression for bending stress (see Equation 1.5).

_My_ Fa Douter 1
O=——= X (1.5)
1 2 2 E(D4 —D*, )
64
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1.2 Analysis of the backrest chain

The backrest of the stretcher can either lie flat, or it can be inclined and held in position with a
chain. The angle of the backrest with respect to the horizon can be adjusted by shortening the
apparent length of the chain. The chain gauge is selected by analyzing the chain’s tensile stress.

Figure 98. Backrest can lie flat Figure 99. Chain secures inclined backrest

Chain is welded here

Ap,
Zrent lengy, o o
£ Chajp Chain link is secured here

v

Pivot

Figure 100. Schematic of stretcher with an inclined backrest

The apparent length of the chain is the distance from where one end is welded on the backrest
frame to where a chain link on the other end is secured on the stretcher frame (see ~ Figure
100). The chain is located by placing its midpoint directly above the pivot, and welding one end
to the backrest when it is flat, and securing the other end in the chain lock (see Figure 101a).
Chain is sold in one-meter lengths, but the longest apparent length (2a) of the chain is about
95cm since a few centimeters are lost due to welding or being enclosed in the chain lock (see

Figure 101a).
~ _|smm chain =

SECTION B-B

B
B

Figure 101. a) Chain secured when backrest is flat or inclined, b) Chain gauge schematic
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Three chain gauges (3mm, Smm, and 8mm) are readily available where Disacare purchases their
other metal components. The chain gauge is determined by the diameter of the cross-sectional
area of one link (see Figure 101b). The Smm gauge chain was selected for the backrest by
analyzing the tensile force (F,) in the chain due to an applied force (F,), acting in the direction
normal to the surface.

It is assumed that the chain is most likely to break when the user steps on the end of the backrest
with the backrest at the minimum angle of 15 degrees from the horizon. The applied force (F,)
acts at the end of the backrest which is a distance x from the backrest pivot. The applied force is
countered by the tensile force in the chain. Dividing the tensile force by the cross sectional area
of one leg of a chain link will provide the tensile stress o, in the chain link.

The equation for tensile stress is derived based on the following assumptions, calculations, and
equations. From geometry, it is possible to relate the distances and angles shown in Figure 102.
Since the chain is located with its midpoint above the pivot, it is secured a distance ¢ (half of the
maximum apparent length) in either direction from the pivot. The line that is perpendicular to
the chain and intersects the pivot, divides the chain in halves of length a (half of the apparent
length at that time). The angle that the backrest makes with the horizon is 0, while the angle that
the chain makes with the horizon is o, which is half of 6 by geometry.

Figure 102. Basic force diagram of backrest, stretcher, and chain

By balancing the moments about the pivot, the applied force F, can be related to the tensile force
F, (see Equation 1.6).

Fx=Fb (1.6)
where F, is the applied force at end top of the backrest
x 1is the distance from the pivot to the applied force

F, is the applied force at end top of the backrest
b is the perpendicular distance from F',to the pivot

85



By geometry, b can be expressed in terms of L and 0 (see Equation 1.7), and substitution will
result in the tensile force F, (see Equation 1.8).

b =csin(a) = csin(0/2) (1.7)

where c is the distance between the pivot and the point at which the chain
welded to the backrest
a is the angle that the chain makes with the horizon
0 is the angle that the backrest makes with the horizon

F x
F=——"— (1.8)
csin(0/2)

where F, is the applied force at end top of the backrest
x 1is the distance from the pivot to the applied force
c is the distance between the pivot and the point at which the chain
welded to the backrest
0 is the angle that the backrest makes with the horizon

By dividing the tensile force F, by the cross sectional area of the chain link, the equation for
tensile stress o, can be derived (see Equation 1.9).

F x
O, =—
csin(0/2) * (7d” /4)

(1.9)

where F, is the applied force at end top of the backrest
x 1is the distance from the pivot to the applied force
c is the distance between the pivot and the point at which the chain
welded to the backrest
0 is the angle that the backrest makes with the horizon
d is the diameter of the cross sectional area of the chain link

Using the equation for tensile stress and the assumptions and dimensions shown in Table 11, the
tensile stress for chain gauges 3mm, Smm, and 8mm are shown in Table 12 for values of theta
ranging from 15 to 90 degrees at 15-degree increments. The 3mm chain is inadequate to
withstand 70kg or 1501b person pushing with all their weight against the top of the backrest. The
Smm chain is just adequate to sustain this scenario of misuse. The 8mm chain would be
unnecessarily robust, and it would increase weight and cost needlessly.
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Table 11. Assumptions and dimensions for chain analysis

Assumptions:

Weight of Person (W) [kg] 70
Yield Stress (Y) [Mpa] 250
Dimension of stretcher components:

Backrest length (x) [cm] 85
Length of chain (2¢) [cm] 95

Table 12. Results of chain analysis

Angle (0) Chain Gauge (d) | Chain Gauge (d) | Chain Gauge (d)
[degrees] 3mm chain 5 mm chain 8 mm chain

15 665 MPa 239 MPa 94 MPa

30 335 MPa 121 MPa 47 MPa

45 227 MPa 82 MPa 32 MPa

60 174 MPa 63 MPa 24 MPa

75 143 MPa 51 MPa 20 MPa

90 123 MPa 44 MPa 17 MPa

Note: Bold values exceed the assumed yield stress

1.3  Analysis of the lock for the backrest chain

It is assumed that when a patient is lying down, half of his weight is on the backrest, acting at
about one-third the length of the backrest (x/3) from the pivot point.

Figure 103. Basic force diagram of backrest, stretcher, and chain
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From a moment balance described in more detail in section 1.2, the tensile force F, in the chain
can be expressed in Equation 1.10.

_ F,(x/3) 110

" ¢sin(0/2) (1.10)
where F, is the applied force at end top of the backrest

x 1is the distance from the pivot to the applied force

F, is the applied force due to half of the patient’s weight

x/3 1is the distance from the pivot to the applied force

c is the distance between the pivot and the point at which the chain

welded to the backrest
0 is the angle that the backrest makes with the horizon

The chain lock can be modeled as a simply supported beam with a central point load. The
expression for bending stress is shown in Equation 1.11.

o
1 2 N2 \2)| ad* ’

where o is the bending stress

M is the moment at the neutral axis

y is the perpendicular distance to the neutral axis

I is the area moment of inertia about the neutral axis
Fis the tensile force in the chain

D is the diameter of the tube encasing the chain

d is the diameter of the solid lock rod

Figure 104. Chain lock schematic of a simply supported beam with a central point load
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The parameters listed in Table 13 were used to calculate the results shown in Table 14. The

chain lock is able to support the weight of a person that is almost 90 kg or almost 2001bs.

Table 13. Properties and dimensions of chain and chain lock components

Yield Stress (Y) [Mpa] 250
Backrest length (x) [cm] 85
Length of chain (2¢) [cm] 95
Angle between backrest and horizon (0) [degrees] 15
Diameter of chain lock (D) [cm] 2.5
Diameter of locking rod (d) [mm] 8

Table 14. Results of chain lock analysis with different loads

Input: Weight of person (W) [kg] 70 80 90
Applied Force (Fa) [N] 343 392 441
Tensile Force (Ft) [N] 1567 1791 2015
Stress at center [Mpa] 195 223 251

1.4  Analysis of the hitch

The hitch was designed with M 16 nuts rotating upon threaded bolts because the threads provide
a mechanical advantage over a nut whose threads have been removed, or a smooth shaft. This
concept can be exemplified by analyzing the moment about the center of rotation of the shaft.

If a torque T is exerted on the shaft, the edges of the nut can exert reaction forces F, in the radial
direction, acting at a perpendicular distance y to the center of rotation (see Figure 105). If the
same torque 7 is exerted on a threaded bolt, the nut can exert reaction forces F) in the direction
normal to the faces of the threads (see Figure 106). These normal forces act at a distance z from
the center of rotation.

_.§__________

i

Figure 105. Analysis of smooth nut

Figure 106. Analysis of threaded nut
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Since the moment produced by the reaction forces must counter the applied torque, the moments

can be set equal to each other to compare the radial force F, and normal force F), (see Equation
1.12).

Fy=F,z (1.12)

where F, is the radial force exert by the edges of a smooth nut
y is the perpendicular distance from the pivot to F,
Fis the normal force exerted by the faces of the nut thread
z 1s the perpendicular distance from the pivot to F),

By geometry, y can be related to z since d the diameter of the nut is 16mm (see Equation 1.13).
(d/2)" +y* =2 (1.13)

where d is the diameter of the hole in the nut
y is the perpendicular distance from the pivot to F,
z 1s the perpendicular distance from the pivot to F),

The ratio of F, to F, is shown in Equation 1.14.

_(d/2)” + /2y (114

z
y (h/2)

where F, is the radial force exert by the edges of a smooth nut
Fyis the normal force exerted by the faces of the nut thread
z 1s the perpendicular distance from the pivot to F),
y is the perpendicular distance from the pivot to F,
d is the diameter of the hole in the nut
h is the height of the nut

For an M16 nut with a diameter of 16mm and a height of 12mm, the ratio of F, to F is 5:3. The
unthreaded shaft and nut will be able to withstand a little more than half the force that a threaded
bolt and nut can withstand. If the threads on the bolt contact more than one thread on the nut, the
forces that the hitch is able to withstand before failure or jamming, is even greater.
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APPENDIX C: USER MANUAL

The Zambulance

Parts involved:

Figure 3: Clamp Backing

ICYCLE AMBULANCE) USER MANUAL

y

Comfortable transport to health
centres with no fuel required.

/ ) Figure 1:

The CLAMP should STAY on the
BICYCLE.

The NUTS and BOLTS should stay with the
TRAILER.

The TOP TWO NUTS should NOT MOVE.
All other BIG (M16) NUTS should TURN
FREELY on the threaded part.

Nuts should be at the CENTER of the
THREADED part.

Attaching the Clamp to the Bicycle

Figure 2: Wlnged-bolts (2)

s 1

Figure 4: Clamp Face Figure 5: Bolt Assembly

Manufactured

DISACARE WHEELCHAIR CENTRE

Plot 11308, Libala

Off Chilimbu’z Road Behomd Libaka High School

Designad by:
JESSICA VECHARKUL
E-mail: hike ambulasced

PO, Box S0091 RW,
LUSAKA, Zambia

Telefax: (+260) 1 261712
E.mal: disacare{@zamnetzm

. agmail.com
hup:icadiabé. mit.eduwbike ambulance

Page 1
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N
Huvch Backing

~ - T

ﬁgure 6: The clamp baél;ing should be Figure 7: Tighten the clamp face to the

on the INSIDE of the frame on the clamp backing with the winged-bolts.
LEFT side of the bike, CLAMP should NOT MOVE.
(LONG ARM is on the BOTTOM, DO NOT OVERTIGHTEN or bicycle
& SHORT ARM is on the TOP). frame will be dented.

Figure 9: Hold the 1" nut, & tighten
the top nut against the 2 nut so the
TWO NUTS DO NOT MOVE.

Figure 8: Put the LARGE (M16) BOLT into the
BOTTOM of the TUBE and screw on the nut
until there is only a SMALL GAP.

The BOLT should TURN freely.

If the threads are damaged, show the bolts
and nuts to a local welder, and he should be
able to make a replacement with three
M16x50 bolts, one M16x100 bolt, and 2
M16 nuts. Cut off the old bolts and replace
with new ones.

IMPORTANT: When attaching the bolts,
make sure they form an “L™ shape as shown
to the left.

Page 2
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Placing the Stretcher onto the Trailer

Figure 10: At least two people are Figure 11: One TUBE should be in FRONT
required to carry the stretcher. and one BEHIND the half circle FENDERS
to keep the stretcher from sliding or moving.

Adjusting the Backrest

Figure 12: Lift the backrest and hook Figure 13: Hook the chain even when
the chain to the hook to hold the it is not in use to prevent it from
backrest in a comfortable position dragging or hitting the wheel

If the hook breaks, have a local welder attach the largest piece of metal that will fit in the
chain link in the same place as the hook. RS rebar or solid steel rod is recommended.

1f there are any cracks between parts or if any welds break, have a local welder repair it
before any pieces fall off.

The Zambulance should last for several years unless it is misused.

The Zambulance can carry ONE passenger at a time from their homes to

health centers.
« The Zambulance should only transport PEOPLE, not heavy objects.

Page 3
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Maintenance of the Zambulance

Figure 14: The mattress should be CLEANED with Figure 15: Store the Zambulance in a
SOAP or DISINFECTING SPIRIT or ALCOHOL SAFE and DRY lecation that is NOT
after carrying patients with blood wounds or disease.  in the sun

Mounting and Removing the Wheels

The wheels to the Zambulance are attached to the trailer the same way that wheels are
attached to a bicycle. To change a wheel, turn the trailer upside down and loosen the nuts
with a spanner, as shown in Figure /6. To avoid losing the nuts, do not remove them from
the axle completely, but just enough to remove the wheel. To remove the wheels, loosen the
nuts until the axle is free to slide out of the slots, as shown in Figure 17.

Figure 16: Use front hubs with 36 Figure 17: Push the axle as far into
spoke holes. Make sure the wheels the slots as possible and tighten the
are straight before tightening. nuts so the wheel does not fall off.

If a new mattress or canopy is needed, or if you have any guestions about repairs or spares,
please contact Disacare Wheelchair Centre with information shown below.

Manufactured by PO Box S0091 RW, Designed by:
DISACARE WHEELCHAIR CENTRE LUSAKA Zambia JESSICA VECHAKUL
Plot 11308, Libala Telefax: (+260) 1 261712 E.mail: bidke ambulanced@gmail com
Off Chimbulu Road Behind Libala High School E-mail: disacare(@zamnet.zm http=icadlab6.mat edu/bike.ambulance

Page 4

94




APPENDIX D: RECORD FORMS

Bicycle Ambulance Registration Form

Please fax, post, or e-mail this form to Disacare Wheelchair Centre to register your ambulance.
P.O. Box 50091, Telefax: (+260) 1 261712, E-mail: bike.ambulance@ gmail.com

Disacare can better assist you with your ambulance questions if you register.

Name of Community Group/ Health Center:
Postal Address:

Name of Manager:

Phone Number: E-mail:

Date Ambulance Was Received: Donated or Purchased by:

Please describe your community or organization:

1. When was your group established?

2. What 1s the purpose of your group?

3. How many people are in your orgamzation and what are their roles?

4. What type of people do you serve (age, occupation, gender, location, illness, etc.)?

5. How large of an area does your group serve?
6. Please describe how your group operates financially. Do you do any activities to raise
money? Which of your activities require funds?

Please describe the impact of the bicycle ambulance:

7. How did patients travel to health centres before the ambulance became available.
8. Is the ambulance cheaper, faster, or safer than these other methods?
9. What do people say when they hear about the bicycle ambulance? Or when they see 1t?

10. Who is able to access the ambulance? How do people access the ambulance?

11. How much has the number of patients visiting the health center increased since the ambulance
became available?

12. How many times was the bicycle ambulance not usable during the last 2 months? Why?
13. Is there anything you would change about the bicycle ambulance?
14. Do you think your area needs another bicycle ambulance? If yes, how many?

Please describe the maintenance of the bicycle ambulance:

15. How many people paid for a tnp on the bicycle ambulance? How much? What was the
money used for?

16. What has broken on the ambulance? How was the repair paid for?

17. How do you clean the stretcher or mattress? How often do you clean 1t? Where 1s the
ambulance stored?

18. Who is allowed to use the ambulance as the bicycle rider?
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Name of your group: P.O. Box . City: Tel.:

Please fax, post, or e-mail this form to Disacare Wheelchair Centre every 6 months.
P.O. Box 50091, Telefax: (+260) 1 261712, E-mail: bike.ambulance@gmail.com

Bicvcle Ambulance Finance Form
Please record any funds associated with the ambulance. Two examples are provided.

Date Description of Financial Activity Explanation Income
18/12/06 | Patients’ fees for using ambulance for the past month | 1,000ZMK/ patient 20,000ZMK
25/2/07 | Clinic budgeted for ambulance maintenance costs 15,000ZMK

Please record any damages or failures, and maintenance or repair costs. Two examples are provided.

. Time Out

Date Description of Maintenance or Repair Part Needed Cost Of Service
15/7/07 | Need disinfecting spirit to clean mattress soap 2,000 ZMK 0 days
1/8/07 Tire on trailer got a flat Inner tube 5,000 ZMK 3 days
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APPENDIX E: SURVEY FORMS

Bicycle Ambulance Operator Registration Form

Name of your group: P.O. Box , City: Tel.:
Please fax, post, or e-mail this form to Disacare Wheelchair Centre every 6 months.
P.0. Box 50091, Telefax: (+260) 1 261712, E-mail: bike.ambulance(@gmail.com

The jollowing questions need to be answered every 6 MONTHS by each ambulance operator.

Name: Agre: Occupation: Date:

1. How many times did you personally operate the bicycle ambulance to transport a patient?

2. Usually, how is transport with the ambulance requested? Telephone? Sending a family
member? Home-based care visit? Neighborhood health Committee?

3. How many times was the ambulance not available when you needed it? Why?

4. How far (in kilometers) is a typical trip on the bicycle ambulance, and how long does it
take (in minutes)?

5. What was the terrain or road like? Gravel Paved Dirt
6. What obstacles did you encounter?  Sand  Hills  Ditches (How deep?)

7. What difficulties did you have with controlling the bicycle while pulling the ambulance?
Was it hard to turn or to pedal or stop or to keep your balance on the bicycle?

8. On how many trips did you have to pull the ambulance by hand? Why? (example: uphill)

9. On how many trips did you use the stretcher separately from the trailer or wheels to
transport the patient? Why? (example: path to house was not bicycle accessible)

10. On how many trips did you transport a patient who was sitting up? How many times
were they lying flat on their back”?  Sitting: Lying down:

11. How would you improve the bicycle ambulance?
12. What do people say when they hear about the bicycle ambulance? Or when they see it?

13. Please describe what you think of the following bicycle ambulance parts, and what you
would change.

Clamp onto bicycle frame

Hitch between bicycle & trailer

Canopy to protect from sun/rain

Removable stretcher

Sheet metal bed on stretcher

Foam mattress

Chain to adjust backrest

Fenders and mudguards

Small 24 inch trailer wheels

Other
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Name of Health Centre: P.0. Box , City: Tel.:

Please fax, post, or e-mail this form to Disacare Wheelchair Centre.
P.0. Box 50091, Telefax: (+260) 1 261712, E-mail: bike.ambulance(@gmail.com

The following questions should be answered by any patient who is willing to comment on the ambulance.

Name:

10.

11.

12

13.

14,

Age: Occupation: Date:
What kind of area do you live in? Urban Peri-urban  Rural
For what symptoms or illness would you go to the health center (diarrhea, malaria,

dysentery, etc.)

What, if anything, prevents you from going to the hospital when you are sick (cannot
afford the fees, no transport, no time, etc.)?

How far (in kilometers) is your home from the health center?

How much time (in minutes) does the journey from your home to the health center take?
Walking: minutes, By car: minutes, By bicycle ambulance: minutes

How do you normally get to the health centre (by bus or taxi)? How much does it cost?

How much money would you be willing to pay to use the bicycle ambulance?
How did you hear about the bicycle ambulance?

What did you think when you 17 heard about the bicycle ambulance?

Did you have any fears about how the bicycle ambulance? If yes, what were they?

Please describe your journey: (example: slow going uphill, comfortable all the way, scary
crossing big road, etc.)

How comfortable was the journey? Did you feel safe riding on the ambulance?

How would you improve the bicycle ambulance?

Would you use the bicycle ambulance again or recommend it to others?
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APPENDIX F: PRODUCTION MANUAL

[ swRDNRVSoRand | s [ WO |IDwBgedunnquuo adiq (IDVINOD rosnoaa cosser 002 ®) | \

v | INIDUDBA DOISSOT

MMV

|[DNUDW UOILONPOId
aoup|NquY 8|0ADIg.

A30[0UY00], JO OIMHSU] SPISNYOBSSEIA

101



EOU.__OEQ@QUCO_DQE0.0M_D QOVINOD | raoDBA CoSSET 2007 (2) ﬁ \

. _3¥U£8> Uo_mmm_- (L) Buonsuuy ua|y .
T I (o 20) Seopoeer

BMOH Sl . .

uolduosaq josloid (A oy 1 o (LIN) INYeYosA EOISSar  «

‘peoiqe woy s1aaubua Buimo||o) ay) Yiim uoneIoqe|| oo
$,21B0BSIQ P3|IBIUS BdueNque 3PA%Iq S,81e0eS1g 3Y) Jo Juswdoeaap pue ubisap ayy

82Up|NQWY 8]2ADIg
A3o[ouyoay, jo aymusuj mzuzszumwmm,_zm

‘aIninj ay) ul |qe|ieA. aq (|im ainixiy Suipiam B asn pue ayew 0) moy Joj SUoijongsu| “ainixiy
Ay yyum apew souenque sy ay) Buipjam pue ainixy ay asn 0y Bujwes| 1oy Japiam uogonpoud |e1oyjo ay) ‘ezuempy ebuoqpy .
‘sadAjojoud souenque ay) Buipiam pue ubisap u) aoue)SISSE SIY J0) ‘UolEoUqR) [B1aW Jo sadA) (e ul Jadxa ue ‘amiy) suuaQq .
‘sadAjojoud ay) Bugeouqey ul pue ubisap
0) Suidjay ul Anp o (|80 ay) puokaq ‘YOS PUB UOHBIIPAP SNOPUSLIAY] SIY JOJ ‘UBIDIUYId) Jleyd@aym e ‘exnebuebuly) sueag .
ao1ape Buumorynuew pue BupiNos sjeudeWw punos
2| 10j pue ‘aieoesiq je suonebiqo Jayo 1spiwe joaloid ay Buieuipioos 0) Suidjay Joj ‘1abeuew uoionpold ay) ‘eleeAngnpy Auuay
:9|qepUALILLIOD >tm_:o=._ma
ase suosiad Bumo|joy ay -sadhjojoud asueinque a)akaiq ay Bulonpouid pue Buubisap ul diysiaujied pue uoneIoqge||oo |Inpapuom
e 10} uonubooal pue syuey) |e1oads aAIasap BIQUIEZ ‘BYBSNT Ul J3JUa)) JIBYI|S3YAN SJB0BSI JO JJEBIS PUB PIBOQ SAINISXS ay |

(IMM) [BUORE WU JIBYDIBBYM PUIMPIYM  »

welboud (NzN) Ausiaaiun o) Ajsisaiun -

welb (1qn) aanenup jJuswdoeaaq |euojewBU| LN -

(OSd) 1auag ao1neg algnd LIN -«

(1daqg 3w) wawypedaq Buuaauibug eoueyda LIN - -

:s10InqIyue0 Bumo)||o) ay) jo Joddns pue diysiosuods ay ybnouy) ajqissod apew sem jaloid asuenque aphioig ay
¢ :sjuawbpamouyoy

-Ajdas e aa1@0a1 Jou |Im spuny Joj sysanbal Auy “Aouabe Buipuny e J ON 818 am J9ASMOH
‘woo pewb@asuenque ayiq o) pajoallp aq Aew SJUSWIWOD ||y

‘Aunod 0y Anunod woy Azea s|iys Suuoje)
PUB SOUQE] ASNEIAQ PAPN|OXa UAQ AABY JBA0D UIBI PUB ‘SSajeW “1an00 Adoued ay) J0j S|BUSJELL PUB SUOIJONIISU| "BaJEB JNoA u)
0B} NOA Spaau J10ads J0 SUOREIYPOLL JNOGE HOBQPA3) JO 30IApPE Aue awooam sJaubisap ay) pue ‘AIeA Spasu pue Suolypued |Boo7

‘BIQUWEZ U] SN pue uonesuqe) o) A|lepadsa paubisap sem
|BNUBLW S1Y) Ul dduenque 3|0421q ay ] -Ayjiqejieae Jo 9500 ‘Ajajes ‘paads u) ajeudoiddeu; aie podsues Jo SPOYIBLW JUaLIND alaym
‘seale |BJn U] S19JU80 Yjleay o) paau ul aidoad podsuel) 0) pasn uaaq aAeY saoueINqe aPAalq ‘saujunod Buidojeasp |B18ASS U|

:AleWwINg 3A1IN23x3y

; | : | y w : | : | :

102



B 40 T 138 — SAIBVUNID N B8V SNOENTNG _ SEILIWE EOU«:OE@@OUCO-DQEO«OM_D M.FU<.—-ZOU _‘ PO Dap DOSSeT 007 @_ — ]

SONUCRE 10V UD SSTNN

vy  IMIOYDISA OIISSOI e S 1 3TVOS MBIA Wopog GT1 IIVOS MBIA juoiy
SMBIA SNOLDA fe—)
a2ub|INQUIY ®_0>o_m.,.
ABojouysa], Jo amusuy Qosaaaaz i )
S=—"

GZ:1 IIvOS malp doj p
| S\

Ll L3VOS
2oéuUDINqQUY

YOJIH H10g8
puD

NN

L) _ s _ v . € M z _ t

103




T S [ aiaws | WO IDWBR@ouDNqUID' SN (IOVINOD roioon ooer 002® | :
- “Jopuad Jo )
v | IDDUOBA OSSN | oy ussarsoiser, [/ N i3pues %
“ % $)$8110jD207] _
< ‘ﬂ N
m

18|IDJ] PUD JBYDJ8IIS

L

A30[0UTOQ], JO JMSU] SPOSNYOBSSEIA]

/

Ing Jap|noys
By} uo Juols ul snl /
5§591 J004 Jayd}als:

IDg JSPINOYS.

\

ATGWISSY 3311Vl

¢ I0gIap|noys
oy} uo juosyurjsnl
5}591 JO04 Joyd}aus” & :

] {004
Jayoens”
‘pIOMNODg
Buipys wouy Jayojans desy o)
Jopua4 JO JUoy Ul §J591 10jD207~
y

J0}p207"

f

PEIVCIEIIS

N -

, 199UM
/ 8pAdg

§Z: 1 IIVIS MAIA OPIS
‘ Youl 12

T 198UYM w
8|2A2Ig

llllll

OL:1 3TvOS
ATEWISSY JIHOD13J1S

4y
layojals doay slopuad

GZ:1 3IVOS
MBIA JUOH

Bu 10 |8 Buipis wol;

‘plomio) Bulplis Luoy)
Joyojols doay 0} Jopuad
10 50DQg Ul §§581 1040207

__,._O~OUOJ .

|

104



s e [ wiewes | WO |IDWIB@9ouninquuinaiq JLOVINOD PR bosar 1002 @ | ¢
_D¥U£U®> O21sser , N (umoys jou) .
2ol PUNQUNS [BSUM ( | ) Hasul punouns _moc>> N
palegT SHUDJ 19|I01] o
C pIoNBPNW (Y1 |
A30[0UYP0, JO AMVSUT SPISNYOESSEI (1)
jno doig | 0 _\”. A/
1og yno doig | m _r-
g
{no aoho. € )

940 d /",
woog . M.w

./.

«O>_m_ 0— ._

IDIBW Jeays Japuay /m L

1Dg Jop|NoyS Jo|IDJ| H”_\. m/_
AQUIaSSY JDGMO] doy \ /o
enbuo; 4 | |
%~ woyogenbuoy \ ¥ |/ |
Wiy Jopuay _ L) [ Pgmooz .:

[D2IpaA Jopuay Z1 |

wojog o:mcoh v
AlQUUasSY IDOMO |

Eoo@”_,.,o\. 00| Iogmoy | E\__
| . :13WOS
& > SRS 1/ETe
)
< aoh
| a|p|d o:mcoh/ L) onbuol
L4 - £ [ [4

oamoy g ,,_
_

/

ogmoy "t
S

_

105




20508 | PV | | WO’ IDWbgaduninquio'aiiq [L1DVINOD oD BosseT 002 () [
Jopuaq adid sNIPDI LIDQ | D Yim asn Jo) pauoisuawp syjbua jnd .
— - n_s e - . 4 oLw JOYSDM -
omm_ m,_w‘wm _ oI . O w. - L | 410 PORY X3 05¥8 | o8 -
M3IA A0 DG } R 1OAL OIS _
@ AH‘U 08| gudduieas 1oAY
- ,_Ou. 51 wioy | 8qn; punoc! WwWy' 14| Y2071DgMO]| /1
‘SPUD UO SIOYSDM PIOM 0 o woy | 84N pUNCs WWY"|X4] JOAld 1IDgMO] 91
: C 1 Os | wxs |1 i Rutoue IoGMoL | §1
. - — 1 . 1 109Us [0als 1
o\m,w_\m,qwmm £/ |Wos6L ko] @ PIO! PIOD X214 90 pioNBPNW vl
- P09 T T peorpes you 0 IDIOW J00US 19pURS| €1
A\ agn} puNOJ) WWGE J0J JajIw @. 61 wooe ¢ 84N punci WXl |DIIUB A ISPUSH Al
.mecwwwﬂwu__w._h%*bmf_hmﬂ_mﬂw_v_md_\w . ory . woz L zZ .820::9 WIL9” (X4 . w1y Jopuad Ll
\\nr x J mw%ﬁ___wuwwo_ﬁ, Mwﬂmﬂmﬁ @ J wog ¥ uos 9|BUD WWEXGZXSE nO doig 0l
pov i Joppspbybe )6z LWOG 0l | | | 8anpunoiwwgxGz 10g JOPINOYS JONIDIL | 4
- H UWDQPXUIDQ Yy | 193Ys |9a1S Y21yl Wiwig 2)b|d Wwoog o)
o0 BEW T unggauogy | || eewieasouwie ojpigonbuol | £
| | H N D 8c woNs L aqn; aionbs wwg' | %8¢ woog Q
.| : =7 agnj} punol wwsz Jogsapw | [ sz woG 08 | 2gn; a:onbs WWw9" (%67 doj anBuoj] S
. sz wog9l | | agn;amnbswwg(xgz WOl og anBuo] 14
— SN} PUNOI WIS JOJ JBIIN | @) ¢, wseg ¢ | 9anipunoiwwg'xsz  Jog JnQ doig €
. N\ aqn; Hoasuy|
0Z:1 3IVOS OUIISIUSI HIDW | @] wool ¢ | punoiuwgxylz | punouns Paum | ©
MBIA U0l Jauno adid asn jou oo— _ _/u Sz « WO0/ | ¢ | 9qQnipunoiwwg’(xsz  PUNOLNS [PAYM L
NOILdI¥DS3d FTH0¥d  HIONITIND "ALD IVINILVYW JWVYN L3vd ‘ON

A3ojouyoa [ Jo aynj1isu] S)asnyoessejA]

1SI7 4N 18|IDI] :82UDINQWY 8|DADIg

106



A | wiavas | EOU.__OEQ@OUCO_DDEO.@M_D LOVINOD [ yoounes cosser 200z G) _ l

v | IMIOYDIDA DIISSOr . oWDI JOYDJaYS

p— -

A MY lapuad lapuad R . ON.ON E nlg — 8.@0— o

INOCADT [DJBW Jo8YS e N
PapUSWWODSY e

uL

. (Il

P

.
0Sv9

A0[ouY2a], JO MSU] SPISNYIESSEIA] NI P 0c:1 3IVOS

198Ys 9945 D|OPIOD O} WWPD e

ool

'
p—

05744

Ql |
‘Buyno 104 pasn ag Orn 7o — 1
PINOYS |99}S IO} OPDW SIDBYS [DJOW j9aYS 1
o) P - - [ p—y - 3 a
‘s04D|dWa} 858} WOJ) PODI) 0565 spionBpnw/ 057611 .
aq Abw spodaylo v 3LV 1dW3L, Paego| - Srz o
puD ‘PaADs 8q PINOYs §I ‘Aj24DINDDD

opDW U2aq SoY Jod YoDa JO QU0 22UQ PP———
‘sodDys auIDL Jaydjaus el
|DJBW J83ys 8y} 0 apbw aq sajoidway . = =1

821S ||N} IDY} POPUSUWILLIODBIOSID S )| » opudg— 09/ |

—_——

; 11

9|qissod so Jayjaboy \

250|2 sb sadpys ay} ||o jnd o} JNOAD| .
* D jno ainBi; pinoys NoA ‘jualaylp sl Buisn f \ N
21D NOA |IDJBW J88Ys a8y} §| “ANIgoIDAD _
Ul AIDA |DJBW }83YS JO $BZIS PIDPUDIS ores

\
.
L2

"Jooys
WOO" [XWSH'Z D SMOYs 2InBij Wojoq oyl «
"JOBYS WGZZ" | XWSH'Z D SMOUs aInBly doj oy e
“82UDINGID B|2ADIG Y} Ul SHD )
IDJOW J9BYS U O} SINOAD| PAPUSUILIODS] 02:1 3OS
OM| MOUS 0] 84} 0} saInBly oY) » T o
IS} JNO JND 9q 0} BUIOB 21D DY} sadDYS
v U} JNO AD| O} 159G SI §1 ‘[DLOJOW DADS O] =

05801
0szel

0S611

=1

SUOIDPUBWILLODS Y [DIBW J83ys L = \\
g4 spionBpnpy —

; [ : [ y ” : H : [ :

107




w0LEs | USROS 3V SRR [ Savs | WOD IDWB@aounnquID adIqg (IDOVINOD IO, DASSET 2007 (3) t
| |INJOYDIB A DOISSOr
py | IMOY ! o 2X108 /N _. |\ J
inodoig | € ) N_ *
SLILIIVOS ¢
UCDO.CDW _®®£>> ¢X{asul MBIA dO] J8)IDI]L
- punouns [ z o e )
_mo:g \_ ,,..‘ ~ _,..u
ABojouyoo], Jo AMNSU] SPOSNYILSSEA S DUNOLNG 7 NT 1 N, i
” agnN| punol WW9Q | XGZ ”N P _0®£>M W—_ _ M” V
SI¥vd .
1snlpD O} YiBua| ||0eA0 _. v|f &
2| 1no aq upo yjbua - ;:/n,_, 08 .M : °
2y} puD "8joINDO0D | X ‘YjBua| |Ip1oao papoads o) agn} §nD e

~apIsul papasul aq jsnul”
agn} punol Ja}awpIp
w1z Buojwog|
JaNo agny
Yim nd 10N 0d

SIUIPIM IDI9A0 B4}
1DY} DINS DY DU ||Wh
suL g 1y sigom |1
| SNUWGZY 1D o
poyIDW aq pjnoys  °
18 xau 8y} 0§

"l=x‘gzy snd | 1o L

"s1ouloD 9a16ap 04 Yyim ioupid stadaid jpyp3oayD .
oup|d 1 doay 0} bulAly ‘odid jO pud Joyjo puag
"X AQ 8u|| J8juad 8y} 0} 1850|D U puaq
puz 8y} aAaow ‘x AQ 18BID| S YIpIm i e
X AQ OU|| 19juDD Ay} WO ADMD DUl puaq
pUZ 9y} 9A0W ‘X AQIO|IDWIS S YIPIM Y| =
"OUI| ©JJUDD WIOI} Y}PIM ||DISAO JO JIDYADDYD  »

SEV SIUIPIM JIDH I \ 18 1 8 | ‘puaqg layjoouls Joi alp Bulpuagq IO .
. FUWVX3 | //_ 2 m& ‘Buips wouy 1 deay o) adid jo pua dub asipA
P S ‘Buipuaq uaym wojog 1o doj uo ag pinoys
DI [[D16AO ['0€ ) agn} oy} Ul WDas pjam palnoninubul ay| e
" ooH ) —czy 0L L3vOS , lnmzo\,z:o 21juaD wol ‘aul puaq jp add Ucom.. B .
L YIPIM [IDIBA0 —— - 58 . i R 9891
SOPIS OY| U0 UoIssaIdWOD puUD UoISUd}  agn) punol ,___ . , _
Ul 2ID $95594)5 1sayBiy oy} 9ous Buipem M_&%.waw Tro SL:L 3OS jm 7 10 8
uaym doj uo ag pinoys j1 0s agnj} ay, — n

1O 581 DY} UDY) JONDOM §I SUI|SIYL ‘agn} Y} \ N /
v| J0 apisul oy} uo dwng Buo) D a3 5199} WDas
Plam Byl ‘SWDas ay} |0 paulol puo pajol _
QIOM UDIYM ‘SIDBYS |D)I WOI) PO DIOM |DUY|

$50QN} Ul WD3S PIam PaIN| oD NUDW D §l 218y~ fl.\\

9 M 5 % ¥

‘Soul| pUSQ PUD 9Ul| D4JUSD }IDW
"94DINDDD JOU BID SPUBQ I PBJSOM JOU §I [DUBJDW
0s pausep Yibua| 0} JND J8J0| PUD WD9'gY9| 1O Yibus)
1ND WINWIUIL DY} UDY) NEooN [~) QoW A D IND .
SPUNOLNS [92YM JO uoljbindald

€ z _ '

108



i 208 13 | | e EO\U.‘_‘_:OE@‘@OUC‘O_DD‘E‘U‘.OM_Q AOVINOD roouDBa DossET 200z (2) _ \
Tyv | IMIOYDBA DOISsOr zx10g ynodoig (€ ) (1) 7 N
A NMYED N/ N
>_DE®mm< Z X Jasul punouns |[29YM H\. Z ,.w > - Jx
pUNoOLUNS [938YM - Z X punouns _mmc>>_m _..\,_" ‘SLvd _\m,ﬁ
A3o[ouyoa], JO IMNSU] SPISNYIBSSBIA] . sposul ml|.1 o _“_,,.m\.”_ lm
OGN PUNCT WG X4 "0qN) PuUnCs WAIg’ [ X572 Tvealyw | .._U W—.— w.~<um |_O ,\ﬂ
JoY;oBO} SPUNOLING [SOUM BU) PIOM ¥ punouns [SSum / A SELIVOS
*$148SU| BY} JBAO PUNOLNS o wm cr_z o wo . Ny
[98UM PUZ BU} INd "PUNOLNS [BBYM HISUIPIoM 3901 f )
> AU} JO PUD AU} O SHBSU| DY} PIPM AODL ¢ N 4
"SMOUS IS S DUl U D By - . ! (1)
0S PUNOLNS |[98YM BUO JO SPUd ay} 04Ul o/
spOsU| 8y} ind puUD ‘BuUIauD oy o g PUNOUNS P9UM o
'sebpa |y puo (woQ ) yibusjo4nd |
SUOIDNIJSU| JJBSU| PUNOLNS |98YM wt{2) L 3VOS
IDg N0 doIp 10 pud pug sl - ¢ - ol P=—
JBJIW JBYJO 1O BPISUI JIDW ¥
‘puUNoOLNS [8aym 8y} 10 sBa| usamiaq Ul j8s ¢ 3e)
e 1Dq jno doip 9y} 10 pUad [ IQIW  Z - )
(wogzg) ybusgj o} jnD | oqn punas o) L1 3vVOS
SUOKINIjsU| JOg (nodoiqg URLS XY |2 o/
"soul| paysop ay} Buo|p - =
agn} jnd 0} MDSYODY D Ol
— Buisn pup ‘esia Ui aqn J Z X JOsU| PUNOLNS |99YM
Buidwpo AQ 1opw - N
e GLIVIS G
N ...‘....\...‘.. —3 ﬁL
(L) Yinowysly apisino 0528
v agnj punaj e HELLAS €
WL |X6Z —L
7N ...,.... = =
‘T yjnow ysi apisur 08
Z X siog ino doug
9 _ 5 _ ¥ £ z _ t

109




110

oo | T s | WOD |IDWBEaouDNqQuID a3Iq .FuSzou roouden OoNser 0023 | ‘
NJOYIS Oo_mué *040|d Wooq Ay ||
v 104 ..._ > r wwwvn Ul DOY DU} OJUI O] 1
0SX9 LW D PIam {9l —
sUpd @nBuo] Ja|ini]
N
ABojouyoo], JO AMNSU] SPISNYIESSEN B
2010 |0y Ay Wil ¢-L 3OS 4 ,/\
SN} PIONDS WILY | XFEXEE sA:_ 0Nk WL | Xepz TIYW __/,w.\._ — p
8JD|d WOO w C e
10|d m — doj onmco.—/W\ 9]D|d woog
Ve 1
N 2)b|d oamcot L _Eozom o:mcoh/vu / M .
> )
woog anbuoy | o ?) S1¥vd
‘Alguuassy anbBuo] @as 'y \\.
LW | Oy} ‘WuiQ] ‘NG |Up wwg D Ui |up-2.d pup ‘siod|pd x\ P> ]
Ui Qo_a W00q O JajudD JIDW ‘YOJIH JO8 PUD JNNJO4 '€ | [ a &
‘©# diys 'YyopH Jeqqny Jo4 'sebpa ybnosio dioys o a4 g |
"MDSHO DY D YIM JND PUD SSIA
Ul AjoINDas 5}99ys D} pub sagn} aionbsdwpy | .
suoljonyysu| Jod anBuoy — . 57 =
B “aul| 2JD|d anbuoy
8y} o} puub puo  “jepuub =
8qn} 80nbs 0092 wucw 10 mﬂm.co youaq [ai4 |
WY’ | XGEXGE /E uo siy} moug QC.%C__..._M 8qn; sonbs WW9' [XGEXSE _
- AQ'Jo _.2_ ==
it 0s woog anbuoj
VY130 < .@5 —— e G| mq<om BNy sIoNbs Esv._xﬁémmv._
. ( mw 508 doj anBuo]
Wi = it [ - - S 131¥OS 8GN 9/0NbS W9"XSEZ |
"POJOU BSIMIBUYO SSOIUN [:] FTVIS IV (v §911 wopog anbuoy
[\ '3
9 [ 5 _ ¥ £ | 4 _ [




111

w0 | a siaves | OO IDWBgaouninquuD’ adIq (1DOVINOD [ roounen cossar z00z G M t
yv  IMIOYDSA DOISSOr A~ . o
‘pajou m \ 4
B5IMIDYJO SsOJUN
AlQwiessy eanbuo] Jo|pa]  oLLIvOsIY
A30[OUYI9L, JO AMTSU] SPISNYIESSEI v L 98
DN SONES WY | XEEXGE ‘DO SIENES WY (X507 vmayw N— z N~ N / N\ 7
"9}D|d woog
oy} 21n0as 0} woog anbuo] ay}
10 JajewRd By} Buoip |I0 pEM i8I ‘¢ -
N ‘8pisul 8y} uo poay J|og
ME Uiim wioog anbuo) ayj Jo puad
uado ay} uo ajp|d Woog ay} lojua ' — £ g
ui 1old g9y} Bjuad | ﬁw 9¢ c'08
5130 C .
) malp doy o
7 _.\,x : ../,. ..\... = ,/. ./:O.\._
¢ "WI00g 8y} JO BPIS Y} O} Jl pfem 0S|y “woyog puo doj
) anBuo] ay} jo spua jbji ay} b ajojd anBuo) ay} pleM
YOJIH Jaqqny "uo}jog anBuo] ay} 10 UWI0L0g 9y} SD |9A9| DUUDS
T 10§ 1OQ IO {NU ON— Oy} 4D S W00g DY} 10 WOH0g 9y} 4oy} ains Buppw ‘sagny
a 2JDNbS 1O 3YOD}s Oy} O} WO By} 10 PUD PAJUD|S Y} PIOM
L spnd ay) usamjaq wnas ayj buoip sdob wog usamiaq
sppaq Buo| wo L yim 1ayiabo) pjam pub ‘sapis y,oq 3oL
‘wojjog anbuo] pup doj anbBuo] jo mocw 1ol dn oc:m "1
suoloNYsUl Alquiassy anbuo] € 1 3IvOS
- _ VYIvi3d
v L SWIDSS B s9LL - N
punoid ¢ , § &) 9
PRM P — — _.|
- 9¢ 08 L MBIA BPIS

9 5 _ v e z _ t



ol | s [ v | WO IDWB®@oUDNGUD NG (IOVINOD | e oser ooz | :
Cpy | IMIOYDISA DOISSSN

AqQuuassy
anBuo)

M NMYEd

S& 1L 3VOS

AQuisssy
pUNCLNG |88YM

Iog JOpINOYS JSIDI] 0%k 31vos

awID
J2|10IL

A30[0UTOQ], JO JMSU] SPOSNYOBSSEIA]

Q0| PUNDI WY XSE

10g 1epnoys”

i3

.@EQE@UCD 210j0Q |00252201d |27 .

A~ ‘Buipjam alojoq uoljsod jadoid ayj ul sedald o dwp|D .
iDog Japinoys /. : o+ . : :
O oo S 6 )is1avd |oAd] 99 P|NOYs 590D) doy [IY  »
| ) . "MO[BQ UMOYS SD
WBuUS1 10RO ln.n-_..%ﬁ.%wm.; =1 | 82D4NS |0} D U0 c\sn.vv-oo_maa Alquiassp anbuoy pup
> ._ . 1Dg Jop|INOYSs ‘A|QUIASSD PUNOLINS |92YM 20D|d  »
UipIm __Mhmmo SUOIDNYSU| DUIDLS Ja|ID1) Buipiom
_Ew__u_u, ‘,_ —————— 'sJlouloD aalbap 04 Yim Joupid sl aoaid oy yoayD e
DISAQ OL:L 3MvOS — ‘agn} 2y} 10 apIS|N0 Ay} 0} Yjnoulysly ayj} 1o apisul
I \\ —F oIoWDIp U} LIOK IOy SIUIDIA IDISAY OUl O BUS SULIOUIN
. A\ & 8 LULUG PUS JOYIO JO {WOGT [ F) YIDIM [[DIBAO JO08YD o
#snfpo o} 4 89 10} o1 40X UIBUB| 0 415 % AQIBBIOIS! P11
upd Yioual ayi puo / / ’ ‘Buipem uaym dob i 0y x ybusg) 0 1800ds
S4PINJOD S| YPIM % L IVOS D }JND ‘WDG Q) UDY} DI0UL AQ JD|IDUISSI X YIPIM )| e
IPIBAQ By} bW = O ‘agn} juaqg o apIsjno
. aNs oW IMSUL 1S |5 0} 9gn} JO PUd WO} (WD /9) YIPIM [IDIDAO JD3YD  »
"£°6S styoym ‘o snid ‘puag Jayjoows Jo} alp Bulpuaq 10 .
1'GG |0 paxiow ag Ul DU ‘Buipys woly j) deay o) adid jo pus dub asiA .
PINOUS 18 }XaU 8y} 05 " S ol Buop BupUSg uaym woKoq Jo doy uo 8q PINoYs
T 0=X'Z°0 SnuIW |°GS ( —— aqgn} 1N o} agn} 9y} Ul WDAs PlaMm PaINionNUDWL 2y
0 6VSSTWPM IPH I o |y wLaa MDSYODY O ‘aul puag b adid puag .
| AdWVYX3 L L) _ Buisn puo . . e
"asiA Ul aqny (20— =
Buidwpa [ 0L'ss _

SApIS oyl uo uolssaidwos

AQ W (
DUD UOISUD} Ul 90 $as5aus 1sayBiy ays aouis — ’ : Tl
Buipjom uaym doy uo aq pinoys 11 os agny ay; \\/ oLL3vos
0 Jsau € INOOM Sl OUll S| “agN] & _ WO ('GG D (1) SouUl puagq JIDW e
v O L e o o oL o S / "9IDINDDD JOU ID SPUAQ Jl POJSDM JOU S| DU JDW 05 YjBug)

10 apisul oy} uo dwng Buo) 0 ay)| 5o} WDas | | ; - -
DjaM aY| “SWoas ay} 1o paulol puo payol f& palsap 0} jND ‘J9}D7 "agn} WU | XGZ D O JNO WIS |0l

QIOM UDIUM ‘S|O0YS D) LUOL ODOW DJOM JDY] JO YBus| §Nd wiNWuiW 8y} Uy} (WDEQL~) BI0W BRI D IND  »
$aQN} Ul WDAS DIaM DAINLDDINUDW D §1 21ay]” 11DQ JBP|NOYS 18|10} 1O uopindald

; [ : [ y ” : H : [ :

112




LS 19T UO SSTN

Hvier v | WOY'IDWB@aounnquio ayq (1OVINOD roooap Dotsser L002 @) | \

Z:

v L 3IVOS
8 1Iv13d

—*[g) 10g Jnodoip
_uco 1) punouns [eaym

|MIOYDID A DIISSO . Jog ynQ doiq Io ~
L L Z:13WOS O Punoung |[98Um = :
\ vIvI3a . N\_ \M J J
inodouq Ja|p.] N
: jnodoig—+-e [ o \d. Y
L 7 _/m.\n
AZojouyoo], JO MNSU] SHASNYILSSEA | THE o
Uy 85u0 WIWEReZXGZ, TIIYW l MBIA EOtOm
ol oy
A\ AV Y f.

8y} usamyaqul aq
PINOYS 22D} |DDIDA DU} L 3VOS
pup ‘10g jno doip
2y} 10 92D} |DDIIDA BY}
uo ag PINOYs JoJs 9y —
rw|..m'rm.|.mL
$10q JNo doup pun 0S¢ 0S¢
spunouns |aaym ay} o} Buippm "9 D ypm sobpa dioys punoy g malp doy
alojoq Alainoas sjno doljpdwn)y ‘¢ H ybnouiy; Ajoaly sasspd 9|xo ﬁ.w S W.._
"PIDMJNO JO PIDAUI PBJUDIS JOU a3Ig D JUN Yoowss Jois a4 9
2JD sjnodolp 9y} jpyY4 puD aul| Ul "MDSHODY D UM OIS IND G
21D sjOfs sinodoIp |yj aINs 30W ¢ HG lUp WWIQL Yyim aloy Iug  h
‘eaym uIgz D 10 gny 8|2AIq JIDB8I D NG UP Wy YPm up-2id '€ L1l 3TIVDS 1
10} Buinpds ay} Jas 0} s4no doup jo ‘youndiajuad pup siadiiod JIVOS _
JI0d Yyopa ugamjaq ul agn} punol UJiM UOIIDOO| D0Y HDW g
W9 [ X41 Buojwo | Dyog 1 ‘yibug| o) uos 8|Buo IND | = =
[suoyonusul Buiplam 1nO doug :sinO douq j0 uoypindaid l MOIA OPIS

12101} DY} JO 59AYM BY} PIoY SINO dOIP BYL 4,y 1nodoig

9 _ S _ ¥ £ z

_ t

113



RASREONI SV SoRere) | (v | WOY'|IDWB®@ounnquID’aXg (IOVINOD raooap Do 002 | !
» | INYOYDSA DOISSOr et T 11 @& PG 97
e JIVOS ho__o:, / I ,?,._ \ Q
MBIA . : \\ A
o G 7 e g1V 20UDISIP
BUID.{ Jopus Jojn.]L s siopuay” S S14j YDJOW |

uL

AZojouyoo], Jo AMUSU] SHASNYOBSSBA

BON PUNI WL | Y4 |

0Z:1 3TVOS MIIA BpPIS

YW

"SWIDAS |0 PIOM Udy) “Ja|nl] 0} soaibap
04 2.0 s1opuad os uoljisod jsnipy

‘Buipjem 320} 9)iym 2o0|d ul sooaid p|oH

SIDq JNo
doip sy} 10 doj uo 1syaboy jii pinoys
SIDQ |DDIIDA Z PUD WL 1OPUD) Z 9L

Z:13IVOS  Z13TWOS
8vI3a v 1Ivi3a
MBIA BPIS  MBIA JUOLd

‘PUNOUNS [9YM
puD Jopuad ay} 1o
abpa ay) usamjaq
WOy IN0QD §| sy~ =
"PUNOLNS [2AUM
2y} Ypm palsajuad
2q p|Noys Japua4

Z x g jno doiq A,,.m..”
Z X |DDIOA Jopudd | m_
Z XWiy Japuad | Slavd

9 f s

M)
r— _

— -

lopunb
youagq o _.»._z, Buipuub 10 MDsYODY D
yim Buyino AQ agny W Gz D 10} sagny

1yBioys pup PAAIND JO SPUD |ID JOIW

“2pIS|NoO 9¢
r 3 £ th N —_
- opisul GE
WOQE~ O} SBQN} PUNOI W4 OM] JND

‘P3JOU SSIMBYIO SSBIUN O L ITVOS IV

r £

0O} Wiy Jlapuad /
yojaus Allonuow’

"SWL JOPUD)  OID JINSIDYL e
.,

\ ~.

"MDSHODY D Yjim spud jybioys
$s90x8 2y} 10 Bulyyno ‘sdooy
2y} jo BwWDIp 8y} Buop D .

Jopuaq Japuaj ay} Buisn agny

PUNOJ WIW9® | X41 Buo| w9 o

10 JNO mco_S_o\,Q ¢ Bipuaq AqQ
*spod JUBIDYS WO OJSOM PIOAY  »
:uolDID oi dWD4 JOpudy |

(4 ]

114



7 071 136 %

_ e

[D}OW J98YS Jopus

A3ojouyoa], Jo oymnsu| sposnydesseN  ((

ONIDUS| WOy Y Q0 Wy
OOYS |00 PIW PSOL P00 Wwwg') YW

MBSO H1 Say Woo IbWbBgadunNQWD a3Iqg [1DOVINOD ratuDBs DoSSET £007 (3 _ t
] =) . ‘unB JaAll 2y} JO JNO D) pUD
yv | IMOYOSA BOBSSI | gz an 140 dous pinous 1o pajuIod oy«
‘poay syl dod ojun

}8Al BY} UO o_oco,wos- azaanbs .

Yiim 2|0y ay} Ojul ppay ay} pasul e

‘unB JoAl 2y} ojul

1oAl 8y} JO pua pajulod ay} pasu|
"SJOAL JUBIaLIP 95N JON 0Q

7 Y .—-(.—mo .V.O Mu.. &= f
TN el o
Z X |Djow joays Jlopuad ”.,,m _\_ __ o™

Slyvd N *

> " LeL) o Buwos i ?
) " ol joal oy} L Lo 3TvOS
- mm@ sdooy abup)y pup
pojoIsUl oAl Buo) wwgx gOwwWy @ oBinq padod oy
DB||DISUIUN JOAL
‘|IoMm 29N} 8y} Jo apis duo ybBnoiyy ob Auo Buo| wwg x go wwy’ 1|
pINOYs s9j0y 9y} ‘|pjaw joays ay} ajisoddo - )
BWDJ} B4} UO $9)0Y AUD 995 JOU PINOYS NOA = 197 J
VY | RN N 18 o081 NMOQ G:LFIVOS s
. b ‘S19AL 10} Jojawuad ay) paEEL
N ! woJy wo| jnogo sejoy -/
Wy paonds Aluasra K
. N~ ' ,. £ |IMP joU Op NG HIOW .
- J ) \EV) " DjeW je8Uys ;BPUS) By} INO L
o . v IND PUD PO} | 1O} BUY puaq
owDly | 4 S 7 N\ U} JO BPISINO BY} O} WL PPV ’
Jopuaj ayj /  ojenses o] wojoq
Jsunbo apis [ mues ey u eg pinous ‘[Bull puag ayj Jow )
POPIO) DY} YIIM \ [/ 8uO Sians oy w0 spou S " saqn} W Japuay -

v IDjow joaus DU {0 SBI0Y WLy U0/ W JOPUD)  oyjowopogeul - — o_ﬂﬂow_w v
_aypdwo) IDJOW jO9US o o 408PEIN0 g el " UMOP WY Jopuad
WOoHOQ pup / . lapuay €l ®@yjaooi AD|“19|ID1] O}

doyj ay} dn aun” . Buipjom alojog
9 _ 5 _ ¥

: _ :

‘|oyawW Jaays ay) Jsuinbo abuoyl ay) N

115



. [ soavas |

Woo'|IowB@adunNqUID'd4q JIOVINOD

yoeouDBs, DT 2007 ()

w | IMOYISA DOIssOr

A NV

pionBpnw Ja|ind]

L

A30[0UTOQ], JO JMSU] SPOSNYOBSSEIA]

$)0AL SU0) WWg X QOWIWY

TIYW

"JOOUS 1006 DIW PON0I DI0D 33| W] J
SPIOJON-—
'slapuayj ay} Jo
apIs |DjOW JO2YS AY} UO
> sBupyiaao pionBpnw
"S}OAl
10} so|0y “splo
wwy paosods | Ploj €
Ajuana £ |iug”
e
Sl 3vOS
l‘l T~
Z X pionBpnw Hﬂ,v_.u_ SINVd

_ s _

abpa pap|oun

__.’sagn} awpl}

JOPUB} YjIm ysnij
sI|DJeW Jaays Jo

‘20D|d Ul |DJOW JOaYS DY} }OAIY OWIDI) JOPUD) O

agn} o apIs | PUD |Djow Jaays ay} ybnolyj sajoy

wuwy paosods Alpnba / Juq @2o|d ul dwpD

IDJBW J83YS OU SDY JDY} WD) J8pus)

Ay} JO apIs aY} Ypm ysnjy oBpa pap|ojun ayj ypm

auwD)} Japua} ay} j0 doj uo |Djawl Jaays o& :m
*qQoJs 9ADDUOD D 9)pald o} dn do

1ajuad ay} apw o} Jayjaboy sabpa poys ay} |Ind

9
*apIis do} BY} UO SPIO} [ID UM [D}8UW |88YS BU) PIOH 'S

‘(enogDp 2853

|DjOL J2aYS JO SI9AD| JINO JoB 0} a2IMm} JOA0 |l PO}
pup ‘abpa Buo| ay} Buod plo) WD | auo puag
‘sobpo poys mc_mo yoona Buojp p|o} wo | D puag
‘abpa Buo| auo J0 PodD WD | sau|

WDG" 44 L XUIDQZ L 4NOQD O} |DJBW J88YS JN
:suolonysuU| pionBpn

‘g

/WD b
ooiy*]

14

£

€ pupD ‘8bpa POYS YO8 WOLj WD | 8UIl| D YOW g
L

W

25IMIO U0
pajou ssajun
oLl

JvOS

v

qo|S
DADDUOD

o08L dNn

‘[| -
pojwo | 82l

ocO,---ﬂm

P10}

081 dNn
96L1L

SPIos € Splo} Z PO |
_ H ;
, = T 12 3IVOS
= S/l =
~ Sploy g —

pIO} WD U

¥ | v | z

~ plojwd| uO-

=

_ t

dn

116



DN 38V SN0
S P

0 S5

[ s |

Woo'|IowB@adunNqUID'd4q JIOVINOD

Nao DB, DosSeT 002 ()

vy  IMIOYDISA OIISSOI "0 JIDGMO] 8y} JO JNO
di|s 0} 9|pubH 2y} 1o} pupD
‘PUBQ O} JI MOJID PINOYS
Apogiogmo] ayj uo Bund v
Wo0g Y} UO §}591 IDGMO |
8y} JO 9|pPUDH a8y} a1aym
A00IDgMOL |yl pleM e
IDQMO |
10 PUD |S| 9y} JoAO X007

M NMYEd

SHUDJ IOQMO|

uL

A30[0UTOQ], JO JMSU] SPOSNYOBSSEIA]

\
O

L*l 3I¥VOS
aqN} W9 X4 |

"(YopH Jaggny

' ujyuasaid ou) YoyH 4og
PUD JNN 10} 40g 0GX9 [W

= o

HE o
aqn; WW9™ %4 |

. — JOUSDM

oysop/ == y
"PUS WO WDy~ Wo0g Jo|Ioi] 0 joald Plam
y "UO POPJOM S| PUB SSBOXD BYj 2I0JOq
IDGMO} DU} Ul Z PUDE JO PUD DU} JOAO HIBSU|
"9gn}_ By} JO BPIS YODD UO JOYSOM 0 LW D PIOM
“YBuB| Ul Wop Of 8GN} PUNOI WWG®[X4] D
JOAId JIOGMO

’ % s _

e

« b

SHEOA W PONG PUNOL WG [ X6] SO0 WILE  rvealyw JOAld pasul ‘woog Oojuo
| jond Jogmo) Buipem Japy g
3007 Jogmorl /1 woog| 9 | ‘sebpa dioys
= p—d Sy pup ybusiopagnind L 9:13WVWDS
jond Iogmoy 91 ) enBuol( ¢ ) -SUOHONJsU| 3007 Jogmoy | (91 VIVEd o)
) S \_/ - ./
1PgMoL (g1 ) SI¥Vd 3
 PPM.L e
€ Uﬂmm U_>> e t_ JOGMO] O} 1O pua Js| |
N0—— — BUILLOD WO} Z:1 3IVOS ¥
A 4 joald sdooy MaIA dO ] IDgMOo)
1 P 007 JOAld 9|PUDH
o |9 ' —~ 1IDOMOL- | | |
. |e—————pndsiyjisno (S1) - Apog
{ 1oA1d 1IDGMO} JIasuU| " Iogmo] L puag_ |
¢ Zpuog Y O O Y\
v o

"PIoM PUD ‘jND ‘PUD WOJ) WIDE 2INSDIW ‘JNDIP 004 SI g puag )l '8
*2ODLUNS JD)) D UO D)} J$81 UDD 80a1d aJjud 8y} aINs ayOW 7
‘(maIa doj iogmo)) moeqg Bumpip syl yiim saiBun ayj 3o8yn ‘9
"UOIDAMIP DUIDS 9y} Ul saalbap
04 J PUSQ PUD J12UI0D BPISUl Y} WO} LIDG 2INSDAW '€ puag 'S
"¢ puag Buipuaq
210}9Q 7 puUag O} JXOU ‘PUD PUZ 9y} JOAD JOAld JIDGMO] By} Hasu|  “p
‘PUB JBYJ0 Y} SPIDMO)]
seaibap (04 Jl PUSQ PUD PUS PUZ 8Y} WO WOQL JOW iz pusg ‘¢
'soalbap 04 ) PUSQ PUD PU §S| 9y} WO WDG / JIDW I puag 'z
‘YBua| U WD/ G JSDa| JD O} IDga) WwIg InD |
suol NI sU| uoypIndald JDgMO |

e z _ t

1
117




PUD JOANBUDW O} pasn

G:Z 3OS
8 V130 /
L plam—

: | ; |

2Q UDD JDgGMO] BY| h .\ mm\_,ﬁ_%owmwc:om
wooq o} /" ipgmoy ayy Buiind
joald plap— C rwioog ay) Jsunbo
IDgMOo | oy} sdoay
3207 10gMOo] ay]
¢ malp doj
woog”
‘woog
woog. ooch 0 %om Dcw
| > uol ayj
DQMOL, N apis oy} uc_omo

Usnls 2 PINOUYS \“‘..‘_\\‘..oamcoh /
}D0]IDgMO |~ . e
< woog \/ )

3 O {1 1326 | : e | e w QL <.—ZQU yaouDas, ooisssr 200z (3) _ 1
yv  INIOYDOSA DOISSOr =S ——raaaaa
0¢:L 31vOS
AlQUIBSSY JIDOMO] . MIA OPIS
Tw o_o” .ﬂ_ﬂw\%m
0¢-1 31vIS
ABW omnm__z.__.meﬂwm . wooq o} maiA doj
JOGMOL BU 1 XING ~ [Jondpiom
5 ) anBuoy ayy S IIVOS
a[PADIg AV YJIM IDGMO} 21v1i3d
D O} PAYODHD joU 7 cayydnaurn ,
s juaymagpil ayyind A spiomdn 9jpjol )

/ pUD J20|uUn O}

\joagiogmoy  JPaMOLT S

¥007I0gMoL.

TGz VIS
Y lIvi3d

118



L

abin
-awbl4 Adound) . m_

1004 JOYDJ0IIS .H_wm _U_.

A30]0UY0, JO AMUSU SHOSNYOESSE | UOUD (1 |
| " YOOH \m_
upyD |
(umoys jou) /™
Jasu) hosohozm_/m\,,
5 uoyo | | _/H

~

1040201 3 _

hmcoﬁozm

TV TR TN

IDJOW 188US | o_ )

/

hocu_\ozw )

\ ~ _,, )
Z JIoHeYDless |

(umoys _05_, —/
tomc_ _oco.,m.:w

8740 81 135 ﬁ _ 011 IV EOI._%@ u.—. <.F28 P08, DS 00T @u _ t
JIOH/”
—D¥O£8> oo—mmm—l A NMYE) ‘_osohwhm . ﬁoom
Joyojalis ,m_ _~PIOUPUDH
P8IagDT SHD JaUDjals &.L s / 1004/ m._ _

)

119

9 _ 5

_ v

yoH outons L) 1oaid isesong

: [

PIOUPUDH . ~
¢ @oﬁ_mcowvo_ooocm L6
i 10JD207 7y, \—/
D - v_
-owID. >Qn_wc0nw 0— laydjals _
[DIOW J80US () A9 JOMd
awoidJayojays Ut L —~
¢ 13VOS Bm_\ w.,_
— 8 1vi3d Buiupjoy ~o>_m
|D}awW *oocw
y awID Jsaoog | .m. s ( m...\
oddn e
ﬁwob_uom, m. D_ocDCOI 1 awDI4 Go._v_oog.. g )
v — oH Joyspons | 1) ~—
1900dg *mw._u_OOm v NN JIPH BUSISLS ._‘\... Hasu| «O>_m_ .w _ ¢: 1 3VOS
~ sanod (€) S~ v 1Iv13a
*_oxhocsoﬁ_ | ) ¥R A




w s | Y| | woo' | IbwbBgaounnqQuD ayq 1DOVINOD roonDa, BoNSSET 007 (3) [
Japuaq adid sNIPDJ WD | D YjIm asn 10} pauoisuawip syjbua| jnd ,
‘puaq oy — (Ioq wawasiojual} [[s[89]
O w9 '
Ggiavas | Beswsiocdmuus | Os | wevoe | 1) il | awsliidoos |
' "Pusq o} ~ (Ioq uswaiojuial) abin7
b ooty | F Wt ] Tewipinolis | awokdouoo | S
10 oge.ﬂﬂﬂn_v m.%c;&..%% _:ou BHIW C SC uog'g Z  @qni punos wWwe X6z 10JDD0TIayDjaNs | v
n o ona_.ﬂﬂw n_v_hmgrﬁmh%wo* U \m o wog y | 8qn; puUNOI WG [ XGZ 1004 Joyd}a4s el
 pud PaAIND 10 4nD @) NIL | uDYDe9SWWg | YOOHUDYD | Zl
e as ™M | © | wese | uowppeswss | wew | L
'SPIOJE 9ADY sabpa aaiy — ) ) Joays [9als IDJOW J100US
O} POPIOM 810 PIO) | LI S96F3 /URGYIXURSEOL L pajorpooyomign | awoig seyoays | O
'SPIOJE BADY 536pa sa14 ) o J00ys |01 IDJOW 100US
01 PP S B 0B /o WIDGTESXWOGLL L pajorpioo o1 970 1S90 Dg 6
S o tou s e | Os wos'e ¢ Ras hiroivalg | og Buupiey joNd | 8
vy el O st wog Z | 9qn: puNcs WY | X6Z 0ADDS JOAId /
agn} punoJt UIWIGZ 10} JojIW MM\ ¥4 Wog Z  9qn PUNCI WY |Xp° | £ Hasu| joald 9
0Z:1 3IVYOS - 3 wo0 L | | uossBuo wwexgzxsz  poddng jsanoog | S
1 MIIA JUOL N - — wiog L | Q10 WWEXGZ 192Ddg jsanong 14
T P agqn} PUNOJ WWIGZ 10} JOW Sz L W01z | aqn; punci WW9|1x5z  OUWIDI] Jsa100Dg €
_ _ Mﬂxmrnw%mﬂhwmc .mn\,_ \Z wogg Z 2qn punolwwe Xy JasuU| Jaydjals A
"1ajno adid asn jou og muu_ S¢ « WOZSZ ¢ | 9QNi puUNos W9 X5g 1IDH Jay2ials l
NOILI¥DS3a 311408d  HIONITIND  "AID  IVIEIVW  JWYNI¥Vd  |'ON

A3ojouyoa [ Jo aynj1isu] S)asnyoessejA]

ISI7 4ND JBYDJ8lS :22UpNqUY 8|2ADIg

120



121

WORLEE | sl U | IS EO\Q._‘_a@@\O\UQQDQQQ\@MQJHU<.—.ZO\U YD oSS 002 () t
— - = (= : =
py  IMIOYDISA DIISSSM 0Z:1 3TVOS MOIAOPIS _
A 2ouUD|NqUY 9jADIg
~rasey
"Jog Jepjnoygs Jaoly /. @I8y J0JD207
mCO__.Onvou_ tnun_ Lmr_o._.m‘;m 1O JUOJ} Ul S| JO04 Jayo4als’ J0IP20T PIaM
- ) PlOM S JUBIBINSDAW o>>ono
By} AQ UMOUS SUOL DDO| BY} UO PasDQ SWIDI} J8YDI8IS 8y O} Pap|am 8q Abw
A3ojouyoo], Jo MPSU] SPISNYIESSBIAL (3004 LIDUD PUD “UIDYD AJOUDD *JoAId JOJDI0] 93} SJUOUOUIOD JOUDIONS IV
] o _ _
O = R e S S S =
“'SIOPUS) 9y} JO YoDa puIyaq puD Juol) Ul - -
SUOLDOO| By 4O uoHsod By} JIDW PUD IO JBPINOYS ._ 56
5 ay} JO Juoy Ul J99) DY} Yyim Ja|IDl} poyaldwod | z1 ) /
oy} uo Joyojays pojoidwos ayy aooid ‘Aoa | MIIA BpIS I =
SUOISUSLUIP JOPUD) JNOA J| "sJopud} oy} 10 YyoDa L
PUIYEq PUD JUOI} Ul JIS O} JUDSW 21D $10}DD0| Y] L 7 ~7
_— o - N f
~ pajebbng  §'8S St ), i
vl o Uyl |-
Q v —
TN TN \ / b /
>Q0COU “ 0— ,”_ _ W L " b1 //,,.f.,l.,. TN /- |A../., //
‘ et v N (et
10}D207 JOUIRNS | ) o o ! M.Q £9) —
- MOIA WIO}|O
1004 JByogRNS (¢ A WoKoR N
u | (g9
\|. _ ﬂ_. , />|\ \l N
AooH uoYD (2L O
uyD ,_>_,_ / \\ | _ @\_..
v = = s
7o Y L 58
joad| 849 o 00l
B 00z
9 _ 5 _ ¥ £ . z




twu(.\i:.)?.:.su _
120 ARUC SSTN

1IN

WO |IbwbBgaouninquD ajq (IDOVINOD

yoeouDas, Dasser 002 )

.o IN *SUOIIDNIISU| 10} AIQUUBSSY |Sa1yoDg 985
rv _ ¥OCU®> UO_mmm—. A3 MMV ' aqn; punoc’
. W9 | X |Z
soqn] punNoy W’ |z A .
no a|dwiig Jaydla — 5
D Sidwis Joydleus . o
A3 o oM S)OSNUOesS aqgn; punocs
OJoutd9], J nsuy | no. BSSEAL — ik e
DONG PUNCI ALY X 12 rwvasaw . z 1 WA<UW ..\.
Y vi3d Y - P
Hosu| Joydjals-. o\_ i 0s'v
i _ o 0 : Z X pJasu| joAld
o
s Ty N |
N
‘saul| paysop ay: Buop
aqni iN2 Ol MDSIODY D
Buisn pup ‘asia ulagn;
® a s Buidwoio AQ JauwW [
f - I 1 ak
T D& .. —
Ol:1 3VOS Jasu| JByopens "WIDSS QU 1D SSAIDY JOYDJBUS S} OJUl LIBSUI ISYDIBIIS B PISM
— isnoJaBupp aq |m }110 SIY} uapoys jou o “Buynaiq 10 yonuw -
00} Buipuag woy sagny} 1ayd4a.s oy} sjuasaid pasul laydjals ayl
agn; PUNCI WWY" Xy |Z ]
N ]
. (2] 58 .
itk _uxwom S 8qn; punoi WWy' |%p' 1 Z _
Y -
2 :1 3OS 58 Z X JOsU| JoYD}oUS
9 _ 5 ¥ £ z [ N

122



U7 40 22 LS ﬁ SN _

0 S5

e | WOD IOWBESoUBINGWD ENG TOVINOD

yaouDas, ooisssr 200z (3) _

v IMIOYDSA DOISSOr

\

10AO BW028q

A NMYED

‘UMOP 3|
pun dn 0} jsanong ay)

" mh%m&&ww_w%mﬁw SMO||ID 242395 Joad wE\
Sadn] punoy Wuwgy, 140 UD ool o) puS oo 0dd o 10u # eaqn; puncs
IND m_QE_m 1BYDJB1IS = ‘Buojwogg siojooo) MOSAIDUD UIMINDT 11 wiwg” 1x52
: o 12YD421)s 2y} jnD |
AB0jouYod], JO AMSU] SPISNYIESSEIA] LT e
SN PUNGY LAG X5 rwpsaiew | \
. 4 N0 adid D Jou |
0Z:-1 3vOS ‘MOSHODY D UM 1N/ | #3GN) punos
A~ \El— y S wwg 16z
, N\ N D ==—"1 (¢)= 5
- - 05Z €
e Z X 10}D207 JoyD}o4s Z X 9A29|S JOAId
aqn no ]
")l Buuajuwl o PDaJsuUl |IDAO UD ,me_omwnm 0
93DW 0} PUD BUO JaWWDY _
pup ‘Buol woy/ 8q o} 188
__Jaydjays ay) 4no Abw No .N.
. T DUBIDW PUD BWIl 9ADS O] = 7 = |&
. aqn; punol A aqn punol
aqn: punos A~ WILI9” X5 LILI9" | X§Z
< wwgr | X6z m_\
N [
8 8
_ aqn; puno’ _» aqgn; punoi
‘pabubyd ag o} 9|Bup uw._v_oom oy} —~ WG [XGZ W9" X6 Z
v MO||D pasUl pub aA9s joadayl  « (g ]
‘|pjow joays ay} Buibowbp o/
noyum punolb ayy uo jnd aq oy [ P — =
18YDJ8lls By} MO||D J23) JBydjalls . 8 8
"POjoU asMIBYI0 ssalUN |11 ITVIS IV ¥ X JO04 Jaydjalis

9 _ 5

£

: _ :

123



womme | S | v WO IDWBEaouDNqUID NG IIOVINOD | reeuoan paser 00z ) t
“pv | INOYDSA DOISSIr q M :
A NMYED J
S0
—~ SLLIIVIS
w4 Jaydlalls 2 x s (7) (2) MmalA do]
- yojous Y
lz) )
A30jouyoo], JO MNSU] SPISNYORSSBJA homw #_%m (1) \ %/
8GN PUNO) WY | X6Z, LYW &M(M A D h.,_U _ ,,,0 i \
— € S
yibuar IpeAQ S8
_— - - 'soqn} 9y} 9pIsUl SHBsU| JaYDa1iS ay) Yiim Jayjeboy
N 00l 4 SOA|DH JOUD}OLS OM} DY} PIOM PUD SOA|DH Jayo4als oy}
> = ¥ i | JO DUO O} DUIPJJUDD S}I JD JOsU| JOYD}aLS Y} PIOM 3OD] »
18 ] - ‘Ybug| |0JaA0 pawoads o) agny N
/o 's1ouI0D 2al1Bap 04 Yim Joupid s aoald jpy 0oy .
S | RN pup|d jI dooy o) BulAl} ‘odid jo puo Joyjo puag
_* 10 X AQ ou|| Jojuad ay} 0} 1950|D dul| puag
T o puz 9y} 9A0W X AQ JOBID| S YIPIM )| e
UIDIM Too [T c_/ X AQ 8U|| 18jusD 8y} WOl ADMD 8U|| puaq
|DIBAO - % °Gs\ PUZ B4} BAOW ‘X AQIS|IDWS S| YIPIM §|  »
1O PH—% 1 /S Ul @ “UIPIM QU D1JUDD WO YJPIM ||DIDAD JO JIDYNDBYD
— 1 o12A0 ‘puaq layjoouwls Joj alp Bulpuagq O e
‘Buipis wouy jdoay oy odid jo pua dub asiA - e
s ¢ X}|IPH JBy2dpalis ‘Buipuag uaym wo}oq 10 doj uo aq
PINOYS 8QN} 8y} Ul WDSS PIam PaIN|ODINUDW 8Y]
1snlpo o) In2 aquoo yibual ay) = ‘PIOMINO B1JU8D WO ‘aul| puaq (o adid puag «
PUD “3jDINDDD SIYIPIM ([0I2A0 BY| DY} (N =
INS DADW (1M SIYL "€ L€ SIYDIYM ‘| snuw |0 - S . 9052
| £¢% |D POAIDW 8Q PINOYS g XU dy| | toe| | |loe
0§ "1=x'g'¢e snid | JO ¢ S WPIM JIOH I | . f '
aieri¥as 3 L s | SLLIIVOS IV
SOPIS OY} UO UOISSIdUIOD PUD UDISUD} 84N DUNGS WY [XGZ 18 10 18
Ul 210 sossaus tsaybiy oyt aouis Bupjom uaym doy ‘SOUI| pUSq PUD Ul S4USD JIDW .
v| UO 9Qq PINOYs JI 0§ aqn} 8y} JO J5aI 9} UDY} JON0OM \! / '24DINDDD JOU 21D SPUAQ Jl PAJSDA JOU Sl |DLJDUI
st aul siy] ‘agn} oy} jo apisul ayj uo dwng Buoj o || || 0s pausop yiBua| 0} §n2 JoJ0| PUD WD9 057 10 YiBua)
ol| 5190 WDas plam Oy] SWoas ay} jo paulol puo 1N WNWIUILL By} UDY} NEonNL QIOWBYIDIND .
DOJ|0) QIBM YDIYM “S}OYS 10|} WOY 9POW DIOM .
1ou; m_n_.une ul Ecoou DIOM UMS*n_uoSccoE D 51 2Oyl — :auwID) Jayo}als jo Buipem pup uolpindald
9 % 5 _ v € . z _ '

124



B 0 LS

15 N1 Jav SNoe I fiawss | WO IDWBgaouninquID adIg (IDVINOD [ roounan cossar z00z B _ \

v IMOYD3A DOISSOr

5) ) TiLAVOS

C 1

M NMYEd

Z X 9A28[S |OAld H_,\. N,.HH 2 v13a

~ z [ 7S MBIA 9pIS
wovpog(€) [/ |

9

v| 0 apisul ay} uo duing Buo| o 8y 5|99 WDas

D|aM 8Y| “SWDas ay} 4o pauol puo pa|jol
BI9M UDIYM 'SJ28YS } D)} LU0 9DDW 2ISM jDU}
$8QN} Ul LWDSs Djam DaINDDINUDW D 5l 819y

{-+-9 ar09|s joald
1seopg Y
I Shavd
L3V
AZo[ouydQ], JO IMNSU] SPISNYDESSEN 7 : | 37vOS | V / ¢ g v mwm
N . VY
wind e e el vi3a — > / B - malpdog
saul| paysep ay: Buoip aqni N3 OF MDSY30Y . ,,,.w_u m SASIS JOAld
o Buisn pup ‘asia uraqn Buidwois AQ JauwW .
aqn} PUNoJ W' |Z D
aqn} O WWGZ b 1O SPUD 9} JOAD SOADD|S ~o>_am:omc_ ‘uBip dipy of .
> . _ 10} PUD JOJIW. 'sBo| jsaong Jo SpuUd
6 4snipo 04 40 oﬂcoo ~ : ~ [ 0} soA29[s JoAId JOUDJDIIS PIOM 20N} 0 SPUD JBIW
WSue 8y pup ‘eyol oooo w \ I ‘yiBus| |ID1BA0 pawoads o) agny N .
st F“J_U_E IDISAQ U} oY} I 18 $18U10D 93163p 04 Yim Joup|d siadaid joyl 308yD) .
@INS SO (M mn_uf. ¢oe | % 3 Joup|d i desy o) Buikly ‘adid jo pus Jayjo pusg
SIUYDIYM G0 SNID L6 10 | 12 ~ "X AQ Ul JojuaD Ay} 0} 1950|D aul puaq —
POYIDW 8 PINOYS 18 xau | PUZ DU} DAOW X AQ JOBID| S| YpIM §|
_PUI 0SS 0=X "G SNUIL &, 1| 8qn} O WwWGg D * "X AQ 9UI| 19JUDD BU} WOl ADMD aul puaq
L6C 10 £76C S 5_.U_>> JIOH JI 6 8 10J PUD J1DJIW. | PUZ @Y} SA0OW ‘X AQ JS|IDWIS SI YIPIM §| .
JldWVX3 ™ f - %_%_3 “QUI| B1JUSD WIS YJPIM [[DISAD JO JDY 384D »
YIPIA [|DIOAO P —=x7 P8R0 "puaq JOYL00LS 0} aIp BUIPUAT IO =
¢ " Jo JoH” wnew ysy ops 908 < ‘Buiplis woly j) doay o) adid jo pua dub asipA - e
S oW sy opEING 218 = .@C_UCOD uaym wio}joqg 1o doyj uo aq
P PINOYS @gNn} 8y} Ul LUD3s pjom Painjobpinubw a8yl «
Yibua oieAQ—— 159H008 "PIDMIND BIJUSD WOJ} ‘DUl puaq Jo adid pusg
3 ~ -
— 111 3IVOS e/ T e 7802
"S9P 9y} UO UoIssaIdWoD S M
DUD UOKUSB} Ul 21D 59550415 jsayBiy oy} aouis w9 1%5e 8 10 e SLILIVOS IV

‘9JDINDDD JOU 2ID SPUAQ JI POJSDM JOU S| |DUB)DW 05 YiBua)
PaJISaP O} JND ‘807 "8gN}) WWQ' [XGZ D JO JNO W90
10 YiBus| jnD wnwiuiw 8y} uny} (WoQg~) SI0W | D IND
:2WID) JSanoDg Jo Buipjam pup uoybindald

Bupjom uaym doj uo aq PINOLS Jl 05 aqn; Bl - )
ey o0 P b or oot o m v SOUl| PUSQ PUD SUl| D4USD JIOW
[ _

% s _ v ” ¢ H : _ _

125



I favs L WOD'IDWB@aduninqQuID ayq (IDVINOD oD BosseT 002 () [ 1

v | IMPUOSA DS, SR
saIN}0a4 AS|DS 2\ Pyl puny

1S2.D00g oA00lS
10AI
AZojouyoo], JO MNSU] SPISNYIBSSE] ~ oy Bupjom
00 WL I0CY S0 WILLEXGZ UCH D5U0 WILLEXSENGZ ypaivw v O—n— m.~<uw _.DﬁO%h__M_SO_.NOgMLm_
oS o SuttoR

SOMODE.  z: 1 31vDs o I08

R 8 1Iv13d c_c_ﬂwo_m

2 . . } >&/
ANE N
v Iv13d
plom
PRl

l2ondsg
1sonoDng” e
awDl
1oy2}oS”

Hasu| Joald”

(D IvI3Q) 8|puby D SO JaYD}aYs By}

10 Joul0D oy} dspiBo) puby D MO|ID O} SagN}

158000 PUD J8Y2}als 8y} usamjaq aonds
D $9}0212 (g 1VI3Q) J8onds jsaong ay .

layojals oy} 1o woyoq ayj jsod Mm__.__%mmnmu
1DQ O} WWYXSE 1so00q oy} sjuoaaid poddns jsanong oyl e

(v Iv13Q) podo Buiios woly jsa1ong ay}
— —— 10 j0oAld 8y} jusasid siog Buuoes joad sy e

Ol Jeopds js0y 3008 3 3 _
\\ \\ 1DGOJ WWg
/ g /7 8 ..(__,... |

'8 ‘ (g ] 0s'E
uoJ 9|BUD WIWEXGZXGT o 10ge ‘_.M_Ew - @ - | Ingeswwg
poddng > = o= =i . st
sy x008 | S HEN N poddng jsay 3o0g FLIVOS 5y 1ng Buluibioy 1ol

y [ § [ y ] B 4 [ '

126



Woo'|IowB@aoudinqUID'd4q JIOVINOD

i 0 R ES | : [ oriawas | [ roounan cossar z00z B _ t
¢: 1L 3IVOS ¢- L 3VOS
pv | IMJOYDS A O2ISSOr _ av13a 10q Buupjoy gy 8 1IV13d Bo|
10q Buubiey 8- | Bo| - / Jsap00g
BA88[S JOAId DAD9|S JOAId- ]
AlQUUIBSSY 1Sa 00 , / ¥sepo08 o <
19 SV 15 d pasul JOAId | , pasuljoad | *N* _h
aut aWIDI4 oW 1 ./ ]
layojal
ASo[ouyda], JO NMNSU] SPISNYIBSSBA] UHS4S Locu_ozm/\/ . \
BON PUN WY | XGZ LYW
“UDdD BuioD INOYIM SHBSUI JOAID PUNOID 810101 O} 8A83)S JoAId MO|ID O}
(aaags joad jou) pasul joad ojuo (IDgal O wwg) 8y 10q Buuinial papm
"S|asUl JoAald 19A0 S2AD3S JoAId jsaODg UoISOday .
"DUWID) JOYD}ols 0} AlRINDas SPasUl jJoAld PIOM e
2 "spasul Joad WOl ADMD
plomul s6a| Buipuaq AQ }59130DQ DAOUIDY 'SOJDJOI JSOI0DQ AINS DADW
‘BUIDY JBYDals JO 8qn} apis
0} yjnow cmfﬂo\s AOD} PUD 8A83(S JOAId BpPISUl JasUl JOAId UOIJISOd  »
"1000ds 0} pJoddns jSap00Dg PUD ‘JayD}als 0} J20DdS |SOnODY PIOM .
"J1sa0Dg 9y} Wopog oy yim aunid ul S|
< poddns jsal 3opg 9y} J0 90D} do} ay} allyMm ‘|aAa| uipwal Aoy}
05 JSONDDg PUD SUIDI) JaYD}alls 9y} 9}DAD|D 0} 51o0Dds a5«
MOIA 2PIS j "MBIA Y IVI3C U 8A0GD UMOYS SD
VT ) ‘BUID) 1BYDJaSs 84} JO BpISUl By} O} 1S80Dg puD
. ( — ‘Hoddns jsapong ‘1aonds jsalyong ayj duun|D e
R / 1 // "9ODUNS D]} D UO JSO130DQ PUD JOYD4al)s ADT  »
soyoog /11 20 1 3VOS , 1oopdg
U} Jejues poddng jsoy Joog. /59y 3oog
T Jayojals pun B _ [ —
*wom Moom OC_— \ .~I||||||||||..|||||-»..:y....y Y Sriotiammt
usamiaqing ol / Jeopds—T e | a ..._,,
DIy} Wy QEo_U_”__,.,mEoi_ocoﬁozm,, J ‘ S R I R
. m ™ \11 .T------......\...w.\l. :
= AN I & Louss sso1y /. UO1295 S5013 /
(B ! LYV
( — RS OOT aqny doj jsay yoog” ANl doj Jayojays vi3a
9 M 5 _ ¥ c H z _ t

127



W20 0 ﬂ SAIMUNID NI By
L0 TS0 VLY

o caves | WO IDWBgaouninquD aq IIDVINOD |

o Dap, Colsser 00z O) _ t

v IMOYD3A DOISSOr

‘BuUIBIUSD s 2qN} 8y}
Buo|o awply jsa14204g

A NV

2y} jo doj ayj o} i
IDIOW 49BUS JOUDJBIYS eimoasolfejour oot ol
aw WOy AJSAS Plam 300 ]

"qQD|S ADDOUOD
AZojouyoa, JO AMYSU] SPISNYIBSSBIA] D 9DaI 0} ho_.%omo
- 1 sobpa Buo| ay} Buyn

9945 9915 I POIOI PIOD XM WWGDO  maiow | G 191089 Y} UsNd

"8IS JaPUN B4} UO SPIOJ |0 YHIM |D}8W }88YS 8y} P|OH

‘(mojaq 88s) |DjBW Jaays JO SIBAD|INO }a6 Of 821Mm) JBA0

} pIo) pup ‘sabBpa poys ay; 1o yona Buo|b plo) W | U0 puag

'soBpa Buo| ay} 10 yona Buop p|o) wo| b puag

> ‘2Bpa Joys yona o PJodp wd| saul| £ pup

‘obpa Buo| yopa WOl WD | Ul D JIDW

H08IQ D IO SIDSYS YHM JNO

_Eom.% XG'80 | PUD WG 6GXG £ /)

s9|Buun}oal |DjaW jaays ayj jnd

"POJOU SIMIDU}O SSOIUN
oLl 3TVOS IV

SSQUNDIY) DIXS
sapinoid sebpa
paplm Buop poy |

[O}aW ja8ys
awID JoYDJals”

'spoodwi woyy Bujuap ,
v| Wol |pjow joays ay} juaaaid
sabpa papjemun Buop spjoy g PIOF L—

IDJOW JoaUys 5014008 spjoj g

9 _ 5 _ ¥

o s 1o

1:231VOS SPI04

L

Sv9

[DJOW JoBYs 9ADDOUOD)
N“\\.\.\u\l\l‘}n

SpIol € SPIoL ¢ PIos |
= $'801 B
L} §101 A
. pIoy 1 |
Tsplo
o CPlOiE SPI0} €
' .7V |
wn 7N
|D}OW 489S SWDI4 JaYD4ays | OL |
PIO} L |
L SLL m
O S0/ \ =
I PIoj 1 e y
g | spoe spoyg |
o || e

IDJoW 400U jsanoog 6 )

/

pIO} |-

: _ :

128



ﬂ SAIBMUNID N
LR

S [ v | WOD'|IDW Q@OUCQDDEU. 9YIq IDVINOD [ roounen cossar z00z G M L

1 _Dv_0500> UO_mmw_. ‘20D|d Ul JI PlaMm pubD 22D|d Ul JOOH UIbyD ayjdwn|D  «

8 WMV "INDJ S UIDYD Y4 [yun §i

puajxa pup (v 7Iv13Q)iseiyong ay} wol Apmp Buiony Buuado ayj yim
UIDYD 9y} JO PUd 9215 8y} 10 Jul| §SD| 3y} YBNOoIY} YOOH UIDYD 8y} JNd  »
“JOAId 1SEDDE By} WO ADMD WD/
BWIDI4 |SBH0DgG 8y} O} YUl JSD| 8y} PI8 .
"PasnIpD s UOIJISO

uioyD 1sasyong

3OOH uIbYD,

L

A30[0UTOQ], JO JMSU] SPOSNYOBSSEIA]

A UCUD Q0 WG 'uey> QouiLg Bud) WDGSE mwvmavw

5}1 SD JSaH2Dg 9y} 2INDas
O} UIDYD WG JO WDGE IND
"JOOY UID YD 9y} 93w
O} U] UIDYD WWg D
JO 14O puUa PBAIND ofm nD e
9| syl
10 UOI}D5 §5010 D YBNOoIY}) WG
1O JO}OWIDIP D SDY JUI| UDYD UG Y
‘Ba| sy 10 UoYDas $S0ID D yBnouyy
WILIG JO J2JSWIDIP D SDY Uil UIDYD Wwg Uy
AVIHE AVW 113SNVY D38 SNOH¥ZONYA S Z_<IU
SITIVWS ONISN 3O SNIVHD ANY ONINILYOHS

= |
O-D NOILDO3S U
\m m
. mow | UIDYD WIS
Z:13WWOS - 0 — ‘pajou
v 1IV13a 8-8 NOLO3S d ) asIMIO U0 mmmﬁ_c:

% V-V ZO:.Omm < = LL3vVOS IV
() N\ (s . |
3OOH by~ o .

uoyy”
3OOH upyD” m

YV & uIDYD) Wilg

9 _ 5 _ v e z _ t

129



ﬂ CHIBVUNID M) 8 S v

10 82 133H5 QENTA ﬁ s
QUL 19w, 0 I

Woo'|IowB@adunNqUID'd4q JIOVINOD

o Dap, Colsser 00z O) _ t

»v | IMIDUDBA DOISsEr

A NV

Adoup) Jeydlalls

L

A30[0UTOQ], JO JMSU] SPOSNYOBSSEIA]

JDQOJ WG waoew |

s|Djop

10} }9ays SUODD0O7
SHDJ Joyojals 9o .
‘8oD)|
Ul PIaMm 30D} pup awnly
AdoupD |Ipwis ay} woly
ADMD WD/ E jSa500g
2y} uo awnl4 Adoup)

=

or'ze

obipjoy} Jojua) .
‘eonid Uyl
PeM YO0} pUD Jsapo0g

e}

8l

-

ay} jo agn} doy
oy} uo awnl4 Adoun)d
[IDWS DY} JoJuaD) .

"9zZIS JODXD
0} }no puo syibug| yoayd
“JIoy Jayo 10} jpaday (9
seaibap 04 puag (S
‘pus Buipusixa ay)
19A0 8N} QO W4 | apIIS (¥
"HDJs puaq
oy} j 9s1A D Ul pos dwp|D (g
JOJUSD FIDW PUD 2INSDOW
(W9 04 IDWS ‘WO9y| 8BID)
v yiBus| oy posind (|

SUOIJO NIYsU| awni4 Adoun)

L

9 _ 5

‘9

N

_

_ .

GZ:1 3IVOS = . b
layojals i ~
i £ - 0¢:1 3OS
\ MI3IA BPIS
[PWS |l 26D
-owpl4 Adoun) -awni4 Adoun)
) V7 __
a 1
3R
N
w» wn
i 7 nQ.:v‘
N ¢
a 8
o
| $13VOS $:1 3I¥0S
A L
P = T _l__ﬁ_
LZ i_ — &=
- orse s o Hu
,_ ) _orov -
| IDWS - 9w Adound (61 ) 8bio - swpig Adoun)

r £

: _ :

130



[ woimissmEs [ v ] Wodiowb@eduninquo'd)q dIOVINOD [ wowscoser0oz@ |

+v | IMIDUDBA DOISSEr

[ONUDW UOIONPOIY
UDJIH Jog pup JNN

A3o[ouyoa], JO AMSU] SPISNYILSSBA

IDONVINGWY J1DADI8 40 WOO8—

FJ1IOADI 40 VI~

HOLIH 1108 ANV Sz\

dWV1D 318

131




moKE | ABWNDNRBVSOoRand | soEwes | WOD|IDWD@aduDNQUID O (IOVINOD | rwouoas oosssr 200z (3 [ !
py  IMJOYDISA OISO e
YOI 1108/INN oSN 0) :
pajeqpT dwn|D aig
Jut
A3o[ouyoa], JO AMISU] SPISNYILSSB
o |ouDg 18JsDD) “_\..,m./”.
19pIoH ADjs upYD (¢ )
S
> ADIS UIDYD >
.
JBPIOH
ADJS | z) | Q
jpag —
MBIOS
quINyYL gN-—
¢ o3 b
Juol4 ,\v/
QCLO_U \__/
pung” SMOIDS JOP|OH \.-/\
B S quinyy ADIS ("7 ) Apys )
- SW jpag. .—00%
v Y
SMBI0S
quiny]
8W
9 _ 5 _ v



[ WO’ |IDWB@32uDNQUID 3] IDVINOD

yoeouDas, Dasser 002 ) _

'831J BID 7 "WO0Q O} Pap|am & © - 14 8w 1NN -
Joyaq sl go Jabio &) . 8 gW JOUSDM -
*§110q JJIDLWIS BN JON Q) L O - 1% 110q poay xay GZxgwW 108 -
"JUSWSIC JUIai Py ol wog 183ys Jaqqni
NSk e o tealec : ® of| xunpl | 1| o rnad o dwy 1eqqnd )
NOLJI¥DS3A 3140¥d HENTT Ao viaivw INVN V] | 'ON
"HOLIH ¥388NY
o e S et & © - G 9IW NN €z
b T - ) - z 0SXEW 108 PPOH XOH | -
o oo gt o ™ O | - | (] oopsw OB POBHXBH | -
NOILJI¥DS$3A 340¥d HENT Ao viaivw JNVN 18V | 'ON
"HOLH 1108 GNV 1NN
T T ForEy @ O - o N :
.%%ﬁﬂg}%ﬁ ¢ G— - Z 0SX8W MaIOs quInyl | -
[t © - el ew | eww |-
Ao e 930S wousoy. @ © 1] wogs | 1 eaniawnbs wwgixsg  10UDGIOIODD | G
. _._ﬂwo%cum_%uohoﬁmwxm“ﬂﬁ (— o | wosl |1 0q P WWKXsZ | D4 Juold dwo)D | ¥
o) %%mm_: v w\mu.wmmww__ﬂ_wam_m = m& wog ¢ uos 9Bup WWEXSZXGZ  18P|I0H ADJS upyD| €
i S L Fan o W 1 0 D woyz | g uonebuouwessosz| OPIOH ADS 1008 | 2
A ot o B 2oy L6 8|wosgl| || mamyuwwps | oy pogdwop | |
NOILJI¥D$3A 3140¥d HIENIT o viaivw JINVN L¥Vd | 'ON

:dwp|D 812AdIg [DIBUBS)

A3ojouyoa [ Jo aynj1isu] S)asnyoessejA]

ISI7 1nD YD4H S|2ADIg :20uUpn|nquy 8|2A2Ig

133



PiowEs | siDwDumveOoRend | v | WO IDWB@edouDnquD g (IDVINOD PO CoSSET £002 (3) '
vy | IMIOYDISA DIISSOI e 19 P|OH AD}S UIDYD ”W,...m..\.”
1BpPIOH ADJS Joag _H_\. [4 "sJouloo pup sebpa dipys a4
C_U.—_I :OM\.—DZ 10 ._OQQDN_ ,\,.,.,. = “(wo9z pup wog) yjbusj o sesaid jnD .
S| Jorg dwp|D joyoog dwon( | ) uoyoiodaid Jep|oH ADjS joas pup Abjs upyD
uL o B \
A30]ouYo3], JO AYTYRSU] SHASNYILSSBIN SIdvd
UOI BIBUD WAUEXSZHSZ J0Q (DY UAUYZ  wavw | uolJ| aibuy £XGZXST
18p|OH
ADJS
> jpag
JapIoH ADJS UIDYD
T %.N P
uoJ| 9jbuy £X5ZX5Z
19p|oH ADJS UIDYD
e _,\
- = w =
1Dg D5 ¥XGTXST
- G UP WS Ypm ug .
WG UP WG D YIM IUP-2ld .
‘Yyoundiouad e
"s1od||DD YJIM SUOIJDDO| Dj0Y FIDW = 6
"S1OUl0D pup sobpa dioys a4 .
v "MDSHODY D Yim sabpsa paiBun jnD .
S A28 R 7 =
-uoyD) d P4 3208 1D ( _f.,”_ 1Dl4 yo0g dwo|D
9 _ 5 _ v ¢ z _ '

134




graor s | X [ vos | EOU.:OEQ@@UCO_DDEU.QM_Q LOVINOD [ yoounen oosssr 2002 ) M '
py  IMJOYDISA OISO “10]4 3208 0} SISPIOH ADIS UIDYD PUD 0SS 1O LUDAS SjUd POM
A v $HO0Q aA0wWay ‘dwD|D 8y} O} $HO0Q PlEeM JOU O
.momoo:t abpwpp _%c oQ '}bjl 3ong ac.mo_o O} SINU PIOM "SINU 8W 2y}
ubio 0} Jod o0g dwp|D 0} JDI JUOI] dWD|D 2INDAS O} SYOY W SN » @
>_Q WIassyY V_O_Um QEO_U "JOUIOD Yo Da y0D} pub ‘@bpa aai6ap Gy oy} Uo S| JOp|oy ADJS
- upyo pup ‘obpo oaibap 4| 9y} UO S11OP|0Y ADJS JDIS DINS DADW
p= P ‘PIDMUMO P mc_cMQo sa|6up E_\” 80DuNS »o_h
ouyad], Jo nSU] Sposnyoess D U0 JapP|oY ADJS UIDYD pup ‘jo|) 3o0g dwpo ‘18p|oy AD)S j0as ADT  «
° L 3O 3ot N | hmm_%ﬁ_.m SUOONISU| AQUUasSY yong duunD
umloyo.
JOPIOH . 1op|OH AD}S _omm,.,,,,,,
ApjsuoyD | € ) NN 8W NN w_z,._._,
- \4Pl4 3208 dwb|D, . o
. _ ﬁ .
2 ‘ ,0 \,\ ?
MBIA do)
_-19pIoH ADJS UIDYD 1!
10143008 dwp|D,  4BPIOH ADJS Jo8S,
P ~PloMm
jold 3008 dupD( | 7 NODL NN gW | N BW,
¢ NN 8W/ __ !
P .
19pP|0OH AD)S JDaS 4 )
] . o \F TSplam
1op|oH ADjs uoyy € ) A MBIA oM v o1
PIOH AD}S Ul LU/ ,W_UOMH 1014 o008 QCLO_U 18 p|OH AD)S 1D8S
1op|oH ApjS _bmmn_, [4 \,__ 19p|OH ADJS UIPYD, NN BW-.
v \w 1.,.../ Ve - : v V ,‘. A v
{014 3008 QEo_U“_, L .\,”. c <
SNV d MIIA U0} Og

9 _ 5 y £ z t

135



@ 40 §C 135 a CHIBVUNID M) 38 SNOENTN Vs

QUUCAL IOVATUC (ST ﬁ

WO IPWB®aouUDNQUID NG IIDVINOD | rouvan oorsar z00z ) :

wv | IMOYDSA DOISSer
Y34IH {1Og pUb NN
SHDd juold dwp|D

AZojouyoo], JO )MSU] SPISNYILSSBIA
BECM YT .
.afocvx&.BEncao;.QmNS._i.

uL

Z X JOUSOM 9 IW

¢ X JBYSOM 9 LW~

|auDg 10D ﬁ”_\,.w,, )
}O}4 Juol] dwp|D vH

Slavd

0 "OpIS YOD3 UOISUSDM QLW D PIBM =
agN] PUNOY WY [XGZ . g O "(w24°g)
T —1»  ybus| o} agn} puNoI WWGZ IND e
5 _ U :uolpIDdald |2.UDg J19}sDD
Z XIOYSOM QIW e
Q RS
8GN PUNOY WILY® | XSZ _ @ | #¥s0d o ‘yound Jojuely e
'$19d||DD YIIM SUODDO0| D|I0Y JIDW =
— _— - "9|12A21q 9y} uo padwp|D
PlaM STD SI Jl UBYM 8S00| SWI0D ADW pup
puaq |m 1D} 8Y4 IO papasu aID
Z X JOUSDM 91W 1DQ }DJ} 1O SIDAD| OM] DIy} LILIg
. _ IH SouI02aq J1 05 Jayjo ay} jo doj
N ZXIOUSOM LW F——= w UO DUO Y}IMSID|} OM} DU} PIOM =
(S) e ¢ 1 s1ouloD pup sobpa dipys oy .
(wog|) ybus) o) jop yuoi N .
:uolpindaig 04 juoi4 dwpD
}0]4 yuolj dwp|D jo
. _yipim Buoip sejuad.
, 10§ D4 WW yXG7
Zx tn - 3 g -
v o .
. — —~ =
s 6l
0 w. 1014 Juoid dwp|D
9 % 5 e z _ t

136



10 5T LIS _

T v | WO IDWB@aounnquID aIq (IDOVINOD

roouoa ootser 002 @) |

v | IDIDYOBA DOISSEF

Alquiassy Juol4 dwpD

95N 1M NOA sjo0q Buim

A8 N0 Y} UM D18119JUI JOU SOOP |2UDg JOJSDD) By} JDY} 8INS 93D 0S|y
"ol aUy JSUIDBD Ysnjj JIS UDD [BUDE J9JSDD B JOY} PUD ||
JuoL4 WD) BY4 JO BPIS YO0 O} IS SISYSDM B4} JDU} BINS 3DW

|ouDq JOJSDD By} JO UoHDDO|

pUD UoKDUBLIO By} 10} apInB yBnos D 2ID BA0QD UOISUBWIP BY]

AZ0[ouydo], JO MNSU] SHISTIYIBSSBJ]

[puUDg JBISnD
1013 juoy dwoD.

[ouDg _ _
124502, <

o B_* >\ _ o _
4

g juoy {04 juol4 duwip|D
wo[D, , N
1o 10|14 juoig dwod, cm_wo%/ |auDg JoyspD, - 53 _-g
.
e
- o N aone

[

|

‘U0 padwp|d uaym a810ADIg ay)

LU0} 9500] 8UIOD puD puaq jou

|1 } OS pOpoaU 21D SIQAD| OM]
:J0]4 Juold dwp

104 JUOM QEO_UM\..vJ N
J

s

9 _ S v | €

137



vosms | _ oo | WO |IDWBgadunnquin aiq (LOVINOD roxioan oo 10020) | '
MIOYDID A DIISSO
b _ x c > - —l 48 MY m>>0‘_0._m quinyl 8w \...LOW_MH
YOHH Hog/INN JOPIOH ADIS 1095 _ferz\ uoL5
Algwiessy dwp|D a3ig yuoi |/
| jop|oH ADJS UIDYD dwoid” X N
AB0[oUYOR], JO IMNSU] SHASNYOESSEIN 191108 9§50
. MBI
quinyl 8w 1ap|oH AD)S UIDYD
|laung J8ysny . [ 1014 3204 3
ADJS UIDYD - Te sepioy  dWoD
> - .\»ooo*m
0|4 3008
& dwo .
ma1os A JUOL -
quunyL 8w - A dwp|D ¢ \
10 N d SMBID —
ol / INN 8W g |jauDg p E:cm
1OP|OH dwop - 1BJsDD oy
ADJS UIDYD,  ADJSUIDYD. 19PPH A
oy hois
¢ . joag” N
18P|OH e Eplelel: 19P|OH
jouog T 14, O ANR / Ao} UPYD
19ISPD, . jpag ]
{014
—  IBP|OH uo.J
ADJS JDOS! % / QPO_W == — !
o4 . T MBIS ( 0
d juoly X quinyl 8w
oD~
v 19 Ao1S |joung
. 12450
jpag— * | SO
smaIos quinyy g’
9 _ S v £ z _ 1l

138



MO 1S VARUD SSTN

i [ e WoOTDWB@eoUDNGUIDSNA IOVINOD | e e o® | .

v | IMIOYDIOA DOISSSI

pajeqo Sl o
YOHH 408 PUD N

A3o[ouyoa], JO AMSU] SPISNYILSSBA

L

JO|IDJ} ©2UD|NGWID WOl Woog’

NU9IW,

oG 05X9 LW/

g0

inu 0:2/

JO|IDJ} 22UDINQID WOl 9)Djd Woog U9 _2._\,.‘_.

1H0G 0SX9 LW/

110G 001X9 LW/

139