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GOOD TO KNOW! If you are missing any
parts, please contact Thames & Kosmos
customer service.

US: techsupport@thamesan
UK: techsupport@thamesan

dkosmos.com
dkrosmos.co.uk
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You will also need:
(1.5-volt, type AA/LR6), and a small

CheCkliSt: Find - InspeCt . CheCk oﬁ Ifh)i(tllxis:r?;;edﬁsecsrewdrlver to open the battery compartment

¢/ No. Description Qty. Item No. ¢/ No. Description Qty. Item No.
O 1 Body plate Left, green 1 7392-W10-L1 O 31 9-hole rod 5 7407-W10-C1D
O 2 Body plate right, green 1 7392-W10-L2 O 32 11-hole rod 8 7413-W10-P1D
O 3 Large body plate 3 7398-W10-C1 O 33 15-hole dual rod 2 7413-W10-Z1D
O 4 Large body plate B 3 7398-W10-C2 O 34 3x13 dual frame 2 7406-W10-A1D
O 5 Flat body plate 2 7407-W10-D1 O 35 Rounded short frame 1 7411-W10-E1()
O 6 Small body plate C, right 2 7407-W10-D2 O 36 3-hole bolt rod, black 9 7406-W10-B1D
O 7 Small body plate C, Left 2 7407-W10-D3 O 37 5-hole L rod 9  7406-W10-B2D
O 8 U-shaped body plate 1 7396-W10-11B O 38 Worm gear 2 7344-W10-A1D
O 9 Gripper 1 7411-W10-G1D O 39 35-mm axle 4 7413-W10-01D
O 10 Button pin 8  7061-W10-W1TY O 40 60-mm axle 5 7413-W10-M1D
O 1 Anchor pin, red 10  7061-W10-CIR O # 70-mm axle 6 7061-W10-Q1D
O 12 Short anchor pin, blue 100 7344-W10-C2B O 42 100-mm axle 9 7413-W10-L2D
O 13 Shaft plug 1 7026-W10-H1R O 43 150-mm axle 1  7026-W10-P1D
O 14 Joint pin 8 1156-W10-A1R O 44 Axle lock 2 3620-W10-A1D
O 15 Axlerod connector 21  7410-W10-CiS O 45  Small gear, gray 12 7026-W10-D2S
O 16 Two-to-one converter 2 7061-W10-G1D O 46 Medium gear, gray 7 7346-W10-C1S
O 17 90-degree converter X, black 4 7061-W10-X1D O 4t Medium gear, green 5  T7408-W10-D1G
O 18 90-degree converter Y, black 4 7061-W10-Y1D O 48 Pulley wheel, small 1 7344-W10-N3S1
O 19 1-hole connector 29  7430-W10-B1D O 49  RubberO-ring 1 R12-08S
O 20 Curved rod 2 7061-W10-V1D O 50 70-mm tube 2 7337-W16-A1D
O 21 3-hole rod 1 7026-W10-Q2D O 51 Tube bolt 2 7404-W10-G10
O 22 3-hole cross rod 6 7026-W10-X1D O 52 Tube bolt cap 2 7404-W10-G20
O 23 3-hole dual rod 6  T7413-W10-Y1D O 53 Flange 2 7398-WI0-E1S
O 24 5-hole rod 2 7413-W10-K2D O 54 Washer 3 R12#3620
O 25 5-hole cross rod 1 7413-W10-R1D O 55 Anchor pin lever 1 7061-W10-B1Y
O 26 5-hole dual rod C, black 2 T7413-W10-X1D O 56 Wheel 4 7407-W10-B1Y
O 2t 5-hole dual rod B, black 3 7413-W10-W1D O 57 Tire 4 7408-W10-C1D
O 28 3-hole wide rounded rod 5 7404-W10-C1D O 58 4-channel remote control unit 1 T44T-W85-A
O 29 7-hole wide rounded rod 5 7404-W10-C2D O 59 RC Receiver 1 T447-W85-B
O 30 7-hole flat rounded rod 5 7404-W10-C3D O 60 Motor (35x Motor) 2 T447-W85-C

620381-02-xxxx18




Here are a few tips for assembling
and using the models. Read them
carefully before starting.

A. Place the tires on the
wheels

Place a tire over each of the four
wheels before you build the first
model.

B. Batteries in RF remote
control unit

Open the battery compartment by
pushing on the tab on the back of
the RF receiver unit and lifting the
back panel up. Insert two AA
batteries, paying attention to the
polarity indicated in the
compartment and on the
batteries. Close the compartment
again.

C. Batteries in RF receiver
Open the battery compartment by
pushing on the tab on the bottom
of the RF battery box. Insert six
AA batteries, paying attention to
the polarity indicated in the
compartment and on the
batteries. Close the compartment
again.

D. Using the RF remote
control

To control a model, turn on both
the motor unit and the remote
control unit by moving their
switches from the “off” position
(0) to the “on” position (). The
lights will flash on the RF remote
control unit and receiver while
they establish a connection. Once
a connection is established the
lights on the receiver will turn off
and the Llight on the remote
control unit will be solid. If you
are using multiple RF remote
control units and battery boxes in
the same area, set the remote
control units to different channels
and then establish connections to
the battery.

The Left side of the RC unit
controls the socket on the left
side of the battery box. The right
side of the RC unit controls the
socket on the right side of the
battery box.

If you want your model to
move in the opposite direction
when you press one of the RC unit
buttons, you can simply rotate
the direction of the plug in the
socket 180 degrees.

0 GENERAL BUILDING TIPS
\ ANCHOR PINS AND CONNECTORS
K

Take a careful look at the different assembly
components. Red anchor pins, blue anchor pins,
joint pins, and shaft plugs all look pretty similar

at first glance. When you assemble the models, it's
important to use the right ones. The blue anchor pins
are shorter than the red ones.

CONNECTING a
FRAMES AND RODS

Use the anchor pins to connect
frames and rods. L

AXLES —

The building system contains

axles (also called shafts) of ﬂ
various lengths. When assembling

the model, always be sure that #

you're using the right one.

ANCHOR PIN LEVER
When you want to take your model apart
again, you will need the anchor pin lever.
Use the narrow end of the Llever

[ to remove the
- .1 anchor pins. You
can use the wide

end to pry out

shaft plugs.
Sl "I- g

PULLEYS AND GEARS
If pulleys or gears are mounted too tightly against
other components, they can be hard to turn. If you
leave a gap of about 1 mm between the gear or

b pulley and an adjacent component, it will turn easily.
In some of the models, a washer is used to ensure this
kind of spacing. (There are no gears included in this
Rit.)

g

Q switch
socket
POWER >
SWITCH

switch

channel
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TIP!
You will find additional '
information in the “Check it out’
sections on pages 14, 18, 22, 26,
31, 50, 57, and 64.

Remote-Control Machines: Farm

Safety Information Inside front cover

Kit Contents 1
Tips and Tricks 2
Table of Contents 3
Introduction

Agriculture and Agricultural Engineering 4
Tractors 5

In this section build a tractor and four different attchments for the
tractor. You will also learn about how each attachment works and their
importance in farming.

The models:

Tractor 5
Disc Harrow 15
Cultivator 19
Seeder 23
Hay Rake 27
Combine Harvester 32

Build a combine harvester and learn how it is used on a farm to harvest
crops.

The models:
Combine Harvester 32
Farm Truck 51

Build a farm truck which is used to move materials around a farm, and
learn about how farmers are using remote sensing technology.

The models:
Farm Truck 51
Windrower 58

Build a windrower and learn about how new technologies, such as
drones, are being used on farms.

The models:
Windrower 58

Publisher’s Information Inside back cover

}‘

TIP!
Above each set of u.
instructions, you w!

»» It shows you the difficulty L
the model’s assembly:

ssembly
WL find a red bar:

evel for




Agriculture is the cultivation of crops or raising of animals for food or raw
materials. To make farming task easier farmers use many different tools and
specialized equipment. Currently, farmers are under increasing pressure to
harvest as much as possible from their Land due to climate change, population
grown, and limited resources. To overcome these challenges farmers and

agricultural engineers have developed new innovations and technology. In this

Rit, you will build some of these farm vehicles and learn about how they function.




Tractors

OO@ TRACTOR
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o OO@ TRACTOR

Speeding up and
slowing down?
HERE'S HOW

Measure a set distance on your
floor, for example two feet. Use a
stop watch to measure the
amount of time that it takes the
tractor to travel this set distance.
Then use the instructions on page
13 to change the gear ratio of the
tractor. Repeat the previous
experiment with modified tractor.
What happens to the time it takes
for the travel this distance?

12



remove wheels, gears,
and axle

(#45)x2 L

replace axle, gears,
and wheels

13



CHECKIT OUT 0

Engines

How do tractors produce enough traction to

pull large pieces of machinery through
different conditions, such as muddy or sandy  #:

soil?

The ability of a tractor to preform work comes from the
engine. The type of engine used in tractors and cars are
called heat engines, because they convert thermal
energy, or the energy from heat, into mechanical
energy, or the energy of motion. Heat engines
accomplish this by heating up a fluid, called the

working Fluid.
Carnot heat engine

STEAM ENGINE

The.first Powered farm machines used steam
engines. In a steam engine, the working fluid is
water, which is hegated until it is steam.

Water is made up of many very small water

| molecules. When water is heated the water

molecules move around faster, take up more

| .space, and bump into their container more
lncr.easing the pressure. The steam can then be
Putinto a sealed container which has only one
surface that can move up and down as the

w' steam expands and contracts, turning the

thermal energy of the steam into Mechanical
.energy! This sealed container js called a
INn an engine and the part that moves up and

- Steam engines are external combustion engines
SURE .
HIGH PRESSURE .. because the steam IS separate from what is used
to heat the steam, such as burning coal.

Now tractor engines use internal combustion engines
that use a fossil fuel, usually gasoline or diesel. They
are called that because fuel is ignited inside the
cylinder and, just Like the water in a steam engine,
expands pushing on the piston. This cause the piston to
turn the crankshaft which is used to turn the wheels of

the tractor.
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EXPERIMENT 2

Tilling soil

HERE'S HOW

Have the tractor drag the disk
harrow attachment through a
thin layer of fine sand. Flatten
the sand and then run the disk
harrow attachement through the
sand again but with the disk
closer together. What do you
observe happens to the pattern
formed in the sand?

17
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PREPARING THE SOIL FOR PLANTING Compacers dealSo

The physical characteristics of soil are very important for the

growth of plants. Soil consists of very small particles of

organic matter with spaces in-between the particles. The size

of these spaces, determine the ability of soil to hold and

conduct water, nutrients, and air to the roots of plants. If the

soil particles are spaced to close together (called soil

compaction) water and air can’t pass through the soil easily.

Soil compaction also makes it harder for the roots of plants to SallSelt) Wt
break through the soil.

The process of preparing the soil for planting is called
tilling. The best-known tillage device is the plow. In the
U.S. plows have been replaced by implements that use
offset discs, similar to ones used by the disc harrow, or
chisels. Plowing is done first to provide a deeper tillage,
while harrowing is often carried out after plowing to
provide a finer finish.

SIMPLE MACHINES: THE WEDGE

Farm machines, such as tractors or disc harrows, are very
complex machines. To make it easier to understand and
analyze them, you can break them down into a combination of
many simple machines that work together.

The blade of a plow or the disc of a harrow are a simple
machine called a MWedges are used to make splitting,
pushing apart, or cutting materials easier. The blade of an axe

ol : — = ?
is another example of a wedge. WHAT IS A SIMPLE MACHlNE"

e

. . t
Asimple machineisa mechanical devflceru:ie
i orce.
irection or magnitude of

changes the direc! Far

A forceis simply a pushora pull. : Srl::j‘:lces
machine takes one input force an p .

an output force, whichis used to do w?r . —
simple machines are used to make doing w

easier.
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Just Like the disc harrow, cultivators are
also used for secondary tillage after a
field has been ploughed. However,
cultivators are designed to disturb the soil
surface in specific patterns so that crop
plants are spared and weeds are killed.

Cultivators that are attached to tractors
using what is called a three-point hitch. If
the cultivator needs mechanical power
from the tractor it can also be attached to
a power takeoff (PTO) shaft on the tractor.

o (]
Three-point Hitch
The three-point hitch is used to attach implements to
tractors. The three attachment points of the three-point
hitch are positioned like the points of a triangle. The lower
two attachment points are often connected to the
hydraulic system of the tractor allowing the attachment
to be lifted up and down.

The three-point hitch is used because it is the simplest way
to attach an implement to a tractor, in which the
implement is held in a fixed position with respect to the
tractor. An advantage of using a three-point hitch is that it
transfer some or all of the weight of the attachment to the
tractor.

Power takeoff (PTO)

A power takeoff is a drive shaft which is connected to the
engine of the tractor. It can be used to transfer mechanical

power to farm implements that are attached to the tractor.
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r sows seeds by metering out individual seeds,
placing them in the soil, and then covering them up. A ,
seeder ensures that the seeds are planted at the correc
depth and space from each other and ensures that the;:‘ ,
are not eaten by birds. The use of seeders m.akes sure't 3
more of the seeds grow into plants, increasing crop yield.

A seede

SOIL CHEMISTRY

To ensure proper plant growth soil must also have the

correct soil chemistry. The two fundamental factors in

soil chemistry are fertility and pH.
pH

pH is a measure how acidic or basic a solution is. An acid is a
substance that gives off hydrogen ions (H*) when dissolved in
water. While bases are substances that give off hydroxide ions
(OH") when dissolved in water. You encounter many acids and bases
every day. Vinegar and lemon are examples of acids, while baking
soda and ammonia are bases.

RALRRAN

-

The pH scale goes from 0 to 14. Values below 7 are acidic and
values above 7 are basic. Pure water has a pH of 7, which is
considered neutral — neither acidic or basic.

The pH of soil is measured by mixing the soil in water and using an
indicator. The indicator changes color if it is placed in an acid or
base. pH is important for plant growth and health because it
influences many different chemical process. For example, pH
affects the availability of different nutrients. The proper pH range
for most plants is between 5.5 and 7.5.

Fertility

The fertility is a measure of the nutrients available in
soil, primarily the amount of nitrogen, phosphorus, and
potassium or NPK. These three elements are vital to the |

growth of plants. You can often see the amount of NPK
in fertilizers on their Label.
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Spinning gears
P 99 Done!

HERE'S HOW

As the gears on the hay rake turn
Llook at the speed of the different
different gears. What do you
observe about the speed of the
small gray gears and large green
gears?

30



CHECKIT OUT g

MAKING HAY

Hay is made from herbaceous plants, such as grass,
and is used to feed animals. Making hay is a multi-step
process. First the hay is cut and allowed to dry

in the sun. Then it is collected into long,

narrow rows known as ya

hay rake. A hay rakes works just like a

garden rake that is used to collect Leaves.

However, the forks of the rake are driven

by gears. Finally, the hay is turned into

hay bales and stored until it is used.

-
B o Bl -
SIMPLE MACHINES: GEARS

Gears are used in many different devices to transfer power.
A gear is a rotating wheel that is connected to an axle and
has teeth or cogs that are intermeshed with another set of
teeth. Gears transfer power by changing the direction,
speed, or torque of another gear.

et ™

Did you know...

...that gears have been found in
insects? In 2013, scientists from
the Universty of Cambridge found
gears (right) in the rear legs of the
juvenile for of Issus celoptratus.
The gears make it so that the
insect’s legs are synchronized
when it jumps. The gear
mechanism also gives the insect
more power when it jumps.
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Combine Harvester
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Pulling IE) on the joint pin will make the head move down.

2548

Pulling down on the joint pin will make the head move up.

Reaping grass

HERE'S HOW

Have the combine harvester go
through a small patch of dry
grass with the front of the
combine harvester down. What
do you obeserve happens to the
grass at the front of the combine
harverster as it goes over it.

44
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Combine Harvester
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HOW A COMBINE HARVESTER WORKS

The ediblem};ortion of crops such as wheat, corn, barley, and rye are
covered by an inedible casing called To use the grain it has to be
separated from the chaff. Before the use of machines this was a very labor
intensive process. The combine harvester gets it's name because it combines
three processes in preparing grain crops: reaping, threshing, and winnowing.

The first step in the process is to cut the
grass when it is ripe, called reaping. At the
front of the combine harvester is the
header, which gathers the plants into the
combine. Behind the header is the cutter
bar, which functions like a giant electric
razor and cuts the base of the plants.

The next step is to remove the head of the stalk and
Lloosen the grain from the chaff by threshing, which is
accomplished by hitting the grain against a surface. In
a combine harvester this is done by the threshing
drum. The threshing drum is a cylinder with large bars
that hit the grain as the cylinder rotates at high speeds.

The grains is finally separated from the chaff by
winnowing. Under the threshing drum the grain and the
chaff move over a grate. Air is blown through the chaff
and grain, and the heavier grain falls through the grate
while the chaff is blown towards the back of the combine.

T

SIMPLE MACHINES: THE SCREW

Once the grain has been separated from the chaff it is
stored in a tank in the combine. When the tank is full the
grain is emptied into a trailer through a pipe called an
unloader. Inside the pipe is a screw or auger conveyor
which moves the grain up the tube. A screw is simply a
spiral blade around a shaft. As the screw turns it pushes
the grain up along the tube.
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EXPERIMENT 6

Lifting materials
HERE'S HOW

Se up an incline using materials Llike
books and cardboard. Time how long
it takes for the farm truck to go up
the incline. Then place a small heavy
object in the back of the farm truck
and measure the time again. What
happens to the amount of time it
takes the truck to go up the inlcine?

56
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USING REMOTE SENSING
TECHNOLOGY

Modern farmers have access to much more information about their lLand and crops due to two

important information systems : Global Positioning Systems (GPS) and Geographic
Information Systems (GIS). Using these systems farmers are able to understand how different
farming techniques influence their crops. This allows farmers to make better decisions about
their Land and water usage.

GLOBAL POSITIONING SYSTEM (GPS)

The Global Positing System or GPS is a navigation system,
which is often used for finding the directions to a location.
Many farmers now use GPS to make a map of their field.
This can be used to plan field boundaries, roads, and
irrigation systems.

GPS is also used in farm equipment, such as tractors and
combine harvesters, to keep track of where they have and
haven't been. This allows farmers to follow the same path
again and again with different machines. For example,
after tilling the ground with a disc harrow, the farmer can
follow the same path with a seeder. This ensures that the
seeds are only placed in the areas that have been tilled.

GEOGRAPHIC INFORMATION SYSTEMS (GIS)

GIS is a tool used to visualize and analyze
geographical data. The power of GIS comes
from it's ability to analyze different types of
data together. For example a farmer can
combine rainfall, elevation, slope, and soil type
data together using GIS to plan drainage and
irrigation in a way that will prevent flooding.

£
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Use the handle to make the front of the
windrower go up and down.

EXPERIMENT 7

Moving materials

HERE'S HOW

Place small light objects
around a room. Use the front
of the windrower model to
move all the objects into one
area.
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THE FUTURE OF FARMING

As you have learned, agricultural machinery has
made farming much easier and less labor
intensive. These machines about have developed
and changed over the last 150 years. This trend
continues today with the development of new
ways to automate farming using technologies such

as driverless tractors and drones.

il (s
DRIVERLESS TRACTORS

Driverless tractors are programmed to perform their task
without the presence of a human. Driverless tractors
have developed within the Last 10 years because of their
reliance on GPS and advances in computers and
computer programing.

Developing driverless tractors is challenging because
they need to imitate human abilities such as visual
observation and decision making. For example, driverless
tractors must be able to determine their path, react to
unknown situations, and make decisions all in an
appropriate amount of time. This is accomplished
through the use of sensors that relay information to the
tractor, which is then processed by complex computer programs. For example, the position information from GPS is
used by driverless tractors to determine the route and speed that the tractor should follow.

DRONES

A new area of development in agricultural
technology is the use of drones. In combination with
sensors and imagining technology drones can be
used to gather information about fields. For
example, drones can capture infrared and visual
spectrum images of crop plants. Infrared light Lies
beyond the visual spectrum, or the Light that human
eyes can see. Using these images farmers are able to
tell if plants are healthy or unhealthy.




