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I.IV.  Breakable connection design 
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I.V,  Frame design 
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I.VI.  Ground processing tool design 
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II.I. Wheel  
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Part name (tot n°) N° Modifications Verifications 

WheelSprocketLug  48 Change of shape from 
parallelepiped to tubular   

3 Hole: to be done  
D200  

1 right front To be welded 5mm inside 
to avoid touching between 
tbox and square  

WheelSprocketTrackSqu
arePlane (4) 

4 Corners: to be cut to fit 
into rings  
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II.II. Frame 
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Part name (tot n°) N° Modifications Verifications 

M30 instead of M45 Max normal force the screw can stand before yelding 
(Sigmay=100N/mm^2): 
F = Sigma*A 
Cross section area A = pi*D^2/4= 710mm^2 
F = 7100 N  
>>>> Sh=2500N      OK 

Pt7tensioningscrew 1 

280 long instead of 
200 

L 

Pt7nut 1 M30 instead of M45 
double height: h30 

L 

Bottom hole D33 Robustness improved because now the hole is smaller Pt7attachment1 1 
Distance of four D13 
holes from center of 
33hole: 
H: 45 
V: 20 

A bit less stability as screws are placed more internally 
than before 

Hole D33 Robustness improved because now the hole is smaller 
Thickness from 10 to 
15 

L 
Pt7attachment1half 1 

Distance of four D13 
holes from center of 
33hole: 
H: 45 
V: 20 

A bit less stability as screws are placed more internally 
than before 

NO groove L 
Dimensions changed 
to fit inside 
SmallBox: 
W: 130 
H: 80 

Maybe dimensions have to be reduced to actually fit 
into small box (140x90, s = 5) 

Pt7 smalboxsurf 1 

Welded half inside 
smallbox 

L 

Pt7 smallbox 1 Length could be 
shorten  820 

L 

Pt7 attachment2 1 A L shaped standard 
profile used: 
dimensions: 
80x80, s= 8 

Hole distance from base unchanged, I have 5mm more 
in height, if it is necessary it can be cut. Angle might 
not be 90°. 

To achieve the same axle for front axle as for rear axle, 
ground clearance reduced by: 
87.1-10 = 77.1 
Hitch for GPT: 
GPT height over soil: 140 when working at 100 depth, 
90 when working at 150 depth 
Both >> than ground clearance   
Both << than (77.1+150) max height of box 
Or (by also reducing thickness of 6plate from 10 to 5) 
87.1-5 = 82.1 
Hitch for GPT: 
GPT height over soil: 140 when working at 100 depth, 
90 when working at 150 depth 
Both >> than ground clearance   
Both << than (82.1.1+150) max height of box 

 

Holes for frontaxle6plate move internally (more space 
for screwing), by enlarging 6plate 

Pt7Tbox3 1 Profile 100x150 can 
be used instead 

L 
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Thickness:4 Verified FEM 
Max Von Mises Stress: 40N/mm^2 
Max displacement: 0.185mm 

Thickness 5 Verified FEM 
Max Von Mises Stress: 32N/mm^2 
Max displacement: 0.1mm 

Pt/ stub axle 1 
(assem
bly) 

New frontaxle 9  
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II.III. Brake fixtures  
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II.III.  Ground processing tool and hitch 

  

Part (and TD) name N° of pieces Remarks 
Pt7arrow5spine 1 Steel sheet bended 
Pt7arrow4 (right side plate) 1 Steel plate 8mm thick 
Pt7arrow4tine 13 Steel rod 8mm thick 
Pt7arrow4_2 1 Steel plate 8mm thick 
Pt7arrow4_2longtine 4 Steel rod 8mm thick 
Pt7arrow5wrod2 1 Square 50mm 
Pt7arrow5hitchconnect 2 Square 70mm 
Pt7arrow5hrod 1 Square 30mm 
Pt7arrow5hrod_2 1 Square 30mm 
Pt7arrow5fwheelplate 1 Plate 200x25mm 
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Part (and TD) name N° of pieces Remarks (welding) 
Pt7arrowfwheelsquare 2 Steel plate 5mm thick 
Pt7arrow5fwheellug 10 Steel square 15mm thick 
Pt7arrow5fwheeltube 1 Tube 32mm, 42,4mm 
Pt7arrow5wheelaxle 1 Rod 30mm 
Pt7arrow5fwheelsideplatesl 1 Angle 40x60x7mm 
Pt7arrow5fwheelsideplatesl_2 1 Angle 40x60x7mm 
Pt7arrow5fwheelbox 2 Box 100x60x3 mm 
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Part name (tot n°) N° Modifications Verifications  

Pt7arrow5    

Pt7arrow4tine 13 D 10mm instead of 
8mm 

They exceed of 2mm the side plate thickness. This 
might cause differences in soil and mines translocation. 
But I can weld the rods tangent to the blade externally. 
The space between tines is reduced to 30mm instead of 
32mm. 

Pt7arrow4_2longtine 4 D 10mm instead of 
8mm 

I mistake the side to which weld tines. The plate with 
13 vertical tines is correctly weld, with tines tangent to 
external surface. 
The plate with 4 horizontal tines is not correctly placed, 
causing tines to be tangent to the internal plate surface. 

Pt7arrow5hrod 
(High carbon steel) 

1 32x25 instead of 
30x30 

It is not symmetric anymore. I put the longest side 
vertically has it has to resist the bending moment 
induced by the Soil tool force. 
Angles change as in pt7arrow5rodnew.prt. 
Distance of top upper surface from top plane at the 
bottom of the tool kept equal to 230mm. 
Distance from side surface to the middle plane of GPT 
is changed to 10mm. 

Pt7arrow5hrod_2 
(High carbon steel) 

1 32x25 instead of 
30x30 

It is not symmetric anymore. I put the longest side 
vertically has it has to resist the bending moment 
induced by the Soil tool force. 
Angles change as in pt7arrow5rodnew.prt 
Distance of top upper surface from top plane at the 
bottom of the tool kept equal to 230mm. 
Distance from side surface to the middle plane of GPT 
is changed to 10mm.  

60x60 instead of 
70x70 

Ok still space for welding.  

Hole: 33mm instead 
of 31 

A bar 32mm has to pass through. Minimum meat on 
the side of the hole is enough: 13.5mm 

Pt7arrow5hitchconn 
(High carbon steel ??) 

2 

New cut, 25mm high 
and approx 80mm 
long 

For adapting the frame available into the workshop to 
the GPT, we mounted the hitche connections on the 
frame welding them to the lower bar mounted on the 
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two lower linkages (25mm thick), welded 
symmetrically wrt the frame middle plane, 400mm 
apart (taken from their middle planes) to fit with the 
plates already welded to the frame. 

Pt7arrowfwheel 
Pt7arrow5fwheeltube 1 D43mm, d28mm 

L changed to 235mm 
as the actual width of 
the front wheel is 
210mm, not 190mm 

More thick, more weight but more resistant. Now 
pt7arrow5fwheelplate (25mm thick, 300mm wide and 
200 mm long) is not wide enough to support angulars. 

Pt7arrow5fwheelaxle 1 D 25mm instead of 
30mm 
L changed to 320mm 
as the actual width of 
the front wheel is 
210mm, not 190mm 

Now pt7arrow5fwheelplate (25mm thick, 300mm wide 
and 200 mm long) is not wide enough to support 
angulars. 

Pt7arrowfwheelsquare 2 Hole D 44mm 
instead of 43mm 

Ok enough meat 

Pt7arrow5fwheelbox 2 C shape std profile 
instead, welded near 
to the fwheel 
(approximately 
335mmm from the 
axis of front wheel to 
the middle plane of 
the C shape) to 
prevent lateral 
divergence of 
angulars. 
They don t have 
boxes 

Dimensions: 80mm wide, 42 mm high, L to fit within 
the angulars. Thickness is 5mm. 

Pt7arrow5fwheelsideplat
e 

2 60x42 mm thickness 
7 can be ok. 

I have to weld the angular plate to the plate on top of 
GPT underneath and over. 

Pt7arrow5fwheelplate 2 Not useful anymore 
as width is not 
enough for 
supporting the 
angulars. 
We use two square 
rods 15mm each 
instead, 
perpendicular to the 
hrods, welded on top 
of them and on the 
side, internally to 
side plates. 
The first with back 
side at 300mm from 
the spine and the 
second nearer to the 
spine  

Pt7arrow5fwheelplate_2 1 500mm width by 
300mm long placed 
from spine 
backwards and cut to 
follow side plates 
angle. 
10mm thick to 
achieve fwheel axis 
distance from top 
plate equal to 
285mm.  
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Welded on 15mm 
square rods and on 
the side plates with 
some added material 
to fill in the gap 

Pt7arrow5hitch 
Plates 25x75 mm 
both for back plate 
and side plates 

For adapting the frame available into the workshop to 
the GPT, we mounted the hitches on the tool welding 
them to the pt7arrow5wrod (50x50), symmetrically wrt 
the GPT middle plane and 400mm apart (taken from 
their middle plates), to fit with the hitch connections 
welded to the frame. 
This will cause the hitch connections that will be fitted 
on the Tbox of the tractor unit to be 5mm out from the 
tbox on each side (the tbox is 450mm), but it allows to 
use the frame without too many modifications. 

Pt7arrow5hitch 2 

Hole: 33mm instead 
of 31 

A bar 32mm has to pass through.  
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Appendix III  Control data 
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III.I.  Pneumatic part list 

  

Where, actuator code numbers are designed in the following way:  
first set of digits describes actuator type,  
second set of digits specifies the range in [mm],  
third set of digits gives the value of range in [mm],  
additional characters describe additional features of the cylinder for example 

M means magnetic material inside stroke which allows to easily attach limit switches to 
this construction. 
The standard cylinder used in acceleration, differential and brakes is shown below.   
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Clutch cylinder is shown below. This is special designed cylinder because of 
extraordinary working conditions: high force and low range. This also increases the cost 
of this cylinder. 

  

Valves code numbers are designed in the following way:  
first set of digits describes valve series,  
second set of digits describes the valve type, for example 52 means valve with five 

connections and two positions,  
additional characters describe features in similar way to described for actuators. 

The valve used for the acceleration double acting cylinder with 5 connections and 3 
positions is shown below. 
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III.II.  Electric part list  
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III.III.  Air compressor 

Air compressor type: 

 

Data sheet for model MK102: 
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III.IV.  Remote control panel: electric circuit 

diagram  

 

III.V.  Valve bay: electric circuit diagram 
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III.VI.  Valve bay: pneumatic system diagram  

 

The diagram can be divided in the following subsystem: 
1. differential, 
2. acceleration, 
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3. left / right brake, 
4. clutch, 
5. air preparation. 
Differential system consists of 4/2, electrically actuated valve, two throttle, directional 
valves, limit switch detecting position when differential is switched on and double acting 
cylinder. This approach allows us to use only one signal to define both positions of 
differential. Throttle valves with respect to pneumatic cascade idea influence the cylinder 
speed in both directions. Acceleration system consists of 5/3, electrically actuated valve, 
two throttle valves, two limit switches and double acting cylinder. In this construction 
system is adjusted for making small and not frequent changes with position handling 
capability. Two signals are needed for both directional movement. Throttle valves allow 
to define speed in both directions. Left and right brake systems are done in the same way 
with usage of 3/2 electrically driven valves, throttle, directional valves and single-acting 
cylinder with return stroke by spring. This approach allows us to decrease switch on 
speed of the brake. Switch off speed is not modulated. 
Clutch system consists of 3/2 electrically driven valve, throttle valve, limit switch and 
single-acting cylinder with return stroke by spring. One signal is needed to control the 
clutch position. Return speed can be modified with throttle valve. Clutch on signal is 
indicated be limit switch. Service unit is attached directly to air compressor. It consists 
of:  

filters,  
lubricator,  
regulator. 

Filters are especially important because of working conditions  they have to be chosen 
in the way that guarantees clean and dry air not depending from dust or rain. Lubricator 
allows cylinders to work in wet friction conditions as well as preserves valves from 
deadlocks. Regulator is needed to keep system pressure in desired borders. In this 
application it is desirable to resign of air receiver. This device is very sensitive to 
destruction during explosion (stones, acceleration, impact etc.) and is difficult to mount. 
If it is possible to avoid using it will benefit construction in other way it always can be 
added to the system. 

III.VII.   Battery bay: electric circuit diagram 
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III.VIII.  Accelerator electric circuit diagram 
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III.IX.  Control system diagram  
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III.X.   Controller program 

Logo! Block control diagram 

                 

Logo! Ladder diagram  
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III.XI.  Forces exerted by cylinders and 

calculation for air demand 
Cylinder Required Force Load Factor Theoretical Force 

Differential 
Cylinder 

100N 40% 250N 

Clutch Cylinder 1200N 60% 2000N 

Acceleration 
Cylinder 

20N 60% 33.33N 

Brake Cylinder 80N 60% 133.33N 

 

Cylinder Bore Diameter (mm) Stroke (mm) Volume (m3) 

Differential Cylinder 25 40 1.96E-05 

Clutch Cylinder 70 12 4.62E-05 

Acceleration 
Cylinder 

15 40 7.07E-06 

Brake Cylinder Left 20 40 1.26E-05 

Brake Cylinder 
Right 

20 40 1.26E-05 

 

Action 
Air Usage 

(m^3) 
Usage Factor 
(per Second) 

Air Demand 
(m^3/s) 

Stopping 
7.13E-05 0.02 1.43E-06 

Acceleration 
1.41E-05 0.07 9.89E-07 

Left Brake 
5.18E-05 0.05 2.59E-06 

Right Brake 
5.18E-05 0.05 2.59E-06     

Mean Air Demand 7.60E-06             

Peak Air Demand 1.89E-04   

 

Ft= P* *(D2-d2)/4 
Ft= Theoretical Force 
D= Bore Diameter of the Cylinder 
d= Piston Rod Diameter 
P= Internal Pressure 
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Appendix IV Budget     

CODE

 

DESCRIPTION Unit cost 

 

Quantity 

A A. MATERIAL 

     

Power tiller, second hand 100,80

 

1

  

Carburator pin 30,00

 

1

  

4 tines rake 10,00

 

1

  

long rake 15,00

 

1

  

various material for first test (plastic containers, wooden and foam rubber protections) 30,00

 

1

  

Flanges 70,00

 

2

  

Breakable connection 70,00

 

2

  

Breakable connection support 50,00

 

1

  

Accelerometer +-50g 120,00

 

1

  

Accelerometer +-500g 341,00

 

1

  

Various material for second test (plastic containers, wooden and foam rubber protections) 30,00

 

1

  

Disk brake, second hand 45,00

 

2

  

LOGO! PLC controller 153,36

 

1

  

electric components 94,57

 

1

  

pneumatic components 762,76

 

1

  

alluminium 100x40x1000 mm 75,86

 

1

  

manufacturing on pieces already made 10,00

 

1

  

fuel 12,50

 

1

  

wooden plate for valve bay 6,35

 

1

  

electric components 17,25

 

1

  

screws and nuts 5,50

 

1

  

manufacturing of components 50,00

 

2

  

pneumatic components (all small parts plus magnetic sensor) 127,93

 

1

  

tracks 0,00

 

2

  

5 wheels 150,00

 

1

  

cardboard 6,70

 

1

  

sand 3,13

 

1

  

Screws and nuts 6,00

 

1

  

Nipple 0,25

 

2

  

Manufacturing of wheels lugs 0,00

 

50

  

Manufacturing of frame parts (Angelo) 0,00

 

5

  

Manufacturing of frame parts (Davide)  4
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Manufacturing of control parts (Davide)  4

  
Components and assemblying of wheels and frame (Guglielmo Barabino) 900,00

 
1

  
Spare parts (starter spray, steel cable, brake oil) 25,58

 
1

  
Spare parts (engine oil, spark plug) 17,50

 
1

  

Bearings, fastening rings and protective rings for stub axles 131,10

 

1

  

Manufacturing of new stubaxles parts 384,00

 

1

  

Welding of new stubaxles 180,00

 

1

  

Hiring of Tractor for Test (Risha, Aqaba, Jordan) 60,00

 

1

 

Tot TOTAL 4327,39

    


