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Abstract 6 

Self-propelled hydraulically operated multi-utility platform for orchard management system 7 

(SOMS) was developed to increase the accessibility of pickers to fruit on trees and to carry 8 

out orchard management practices like spraying and pruning. The platform was designed for 9 

vertical reach of 6 m and load carrying capacity of 200 kg. Point manipulation programme 10 

was developed by Microsoft Excel add in and by trial and error, position of the standard 11 

components were decided to determine the centre of gravity of the machine. Standard 12 

components were placed over the chassis in such an arrangement that, the centre of gravity 13 

(CG) always remain over the chassis during entire operation of the platform from minimum 14 

to maximum height with designed load. Forces acting on the chassis were analyzed to find 15 

out weight transfer and impending stability in various terrain conditions, various bucket 16 

positions loads on the bucket. The prediction equation for the determination of horizontal 17 

center of gravity (Xcg) was verified with the true value collected by keeping the wheels of 18 

SOMS on individual electronics weighing balance. The average absolute variations between 19 

the predicted and measured values of Xcg were within 0.44 % and 3.53%. 20 

Key words: self-propelled, centre of gravity, weight moment method, point manipulation 21 

method, stability  22 

1. Introduction 23 



Fruit crops like mango, cashew, coconut, litchi and arecanut etc. are cultivated on large area 24 

in India. Harvesting, pruning and spraying of these horticultural fruit trees are difficult due to 25 

height of trees and non availability of machines. It requires fairly large numbers of seasonal 26 

labour. It is difficult to pick fruits from tall trees and usually costs more for harvesting, 27 

pruning and spraying operations. Manually operated low capacity gadgets and tree-shaking 28 

methods prevail, which are time consuming, drudgery prone, damage fruits and damage tree 29 

branches. Harvesting of fruits in India is mostly done manually by means of curved knives, 30 

pair of scissors or blades attached to a hanging basket to the distal end of bamboo sticks 31 

(Devnani, 1980) and using ladder for small height trees. Tractor three point linkage mounted 32 

elevator platform and tractor trolley mounted elevator platform or scissor lift type platforms 33 

are available in India (Kolhe and Jadhav, 2011). These types of fruit picking platforms are 34 

more stable in undulated terrain, but manoeuvrability inside the orchard is a difficult task. As 35 

orchard holdings are small in size in India, their adaptability is less because of large turning 36 

radius. Many cases canopy structure of the plant doesn’t permit to move the machine easily.  37 

In many surveys, it was reported that the catching and collecting system was effective with 38 

low damage inflicted to fruits. These harvesters allow user to reach 6 to 10 m, but turnover 39 

accidents is a major concern. French Mutualité Sociale Agricole, the second largest social 40 

security agency in France, recorded 325 accidents involving these types of machine from 41 

2002 to 2009 and two deaths between 1995 and 2009, one following the machine’s loss of 42 

stability when working on a road shoulder (Cutini et al., 2017). Stability determination is of 43 

primary importance, while designing these types of machines, looking the safety of the 44 

operator.  Stability of cranes has been studied by some researchers such as Sochacki, 45 

Towarek, Klosinski and Janusz as cited by Safarzadeh et al., (2011). This paper presents a 46 

design procedure for the development of self-propelled hydraulic platform for harvesting, 47 

pruning and spraying of fruit trees considering the biological systems, engineering chassis 48 



mechanics and its stability analysis. The major research contribution of this paper is the 49 

development of optimization tool for distribution of weights over the chassis by Microsoft 50 

Excel point manipulator tool and development of mechanics of stability analysis for design 51 

and development of any type of elevator platform for field application. 52 

2. Hydraulic System Design 53 

Slope and soil condition are the most critical factor for designing the self propelled picking 54 

platform. These factors directly decide the power requirements as well as stability of the 55 

machine. For stability, the center of gravity should be as close to the ground as possible while 56 

considering also the humps and bumps present in the terrain. Lugged tyre or floating tyre 57 

should be used for getting enough traction. With above assumption, a self propelled vehicle 58 

transmission system was designed. The transmission system was designed considering two 59 

conditions such as: (a) the vehicle will just climb a desired slope without slipping under 60 

design conditions (b) for vehicle starting on gradient, there should be sufficient starting 61 

torque to drive the vehicle up the gradient and this starting torque must be greater than torque 62 

required to drive the vehicle up the gradient. Total force to drive the vehicle up the gradient is 63 

the summation of force required to overcome the rolling resistance and force required to 64 

overcome gradient. The coefficients of rolling resistance () and is calculated from the 65 

equation, 66 

ρ = 1.2×W
CI×b×d

+0.04            (1) 67 

where, W is the total weight on the wheels, CI is cone index of the soil, b is the width of 68 

wheel, d is wheel diameter.  69 

Assuming CI = 300 kN m
-2

 and W = 15 kN, the coefficients of rolling resistance for the 70 

orchard management system with b = 0.264 m and d = 0.78 m is 0.22. Rolling resistance for 71 

the vehicle is calculated as,  72 



𝐑 = 𝛒 × 𝐖           (2) 73 

and the force required to overcome gradient is given by the expression,  74 

𝐅𝐠 = 𝐖 × 𝐬𝐢𝐧 𝛉          (3) 75 

Where  is the slope of the terrain and a maximum of 5° with the horizontal is considered for 76 

the design of the SOMS. Rolling resistance and force require to drive SOMS up the gradient 77 

is calculated as 3.18 kN and 1.28 kN, respectively and the total force required to drive the 78 

SOMS up the gradient, F is 4.46 kN. Maximum force at drive wheel before slip occurs is 79 

given by the expression, 80 

𝐅𝐬 =  𝛍 × 𝐍           (4) 81 

where,  is the coefficient of friction between the wheel and ground surface and N is the 82 

normal reaction. Considering value of  as 0.85 and 70% of the total SOMS weight 83 

distributed over the rear traction wheel, Fs was calculated as 7.5 kN.  84 

The wheel torque (T) is assumed equal to the total force required Ft acting at a moment arm 85 

equal to the rolling radius (r). Torque requirement was calculated for four conditions such as: 86 

(i) SOMS operating on level terrain (ii) SOMS moving up the gradient (iii) SOMS 87 

descending in gradient and (iv) SOMS starting on gradient. SOMS operating on level terrain, 88 

only rolling resistance was considered where as for the SOMS moving up the gradient, both 89 

rolling resistance and gradient force was considered. SOMS descending on the gradient, 90 

gradient will add the drive. SOMS starting on the gradient, maximum torque which can be 91 

applied at the wheel is that which will cause the wheel to slip.  92 

Torque requirement when SOMS moving on level terrain is given by the expression,  93 

𝐓𝐥 = 𝐑 × 𝐝𝟐           (5) 94 

Torque requirement when SOMS moving up the gradient is given by the expression,  95 



𝐓𝐮 = (𝐑 + 𝐅𝐠) × 𝐝𝟐          (6) 96 

Torque requirement when SOMS descending on the gradient is given by the expression, 97 

𝐓𝐝 = (𝐑 − 𝐅𝐠) × 𝐝𝟐          (7) 98 

Torque requirement when SOMS starting on the gradient is given by the expression, 99 

𝐓𝐬 =  𝐅𝐬 × 𝐝𝟐           (8) 100 

Torque required for the SOMS at individual drive wheel for conditions (i), (ii), (iii) and (iv) 101 

were calculated as 603.95, 360.28, 847.62 and 1425.88 N, respectively.  102 

Based on the maximum torque requirement, hydraulic system was designed and the circuit 103 

was developed (Fig.1). The open loop hydraulic system was adopted to power the vehicle as 104 

well as lifting and lowering the arm. Since machine was conceptualized with three wheel 105 

systems, the two wheels are required to be powered and third wheel should be caster wheel 106 

for self-steering. Hydraulic system was designed for forward and reveres movement, steering, 107 

differential action of the SOMS, raising and lowering the platform and free-wheeling the 108 

SOMS. The main part of the hydraulic system consist a fixed displacement gear pump, two 109 

fixed displacement orbital wheel motor, mobile three position four port directional control 110 

valve having centre neutral line, a double acting cylinder, double over centre valve, four port 111 

detent type directional control valve and pressure relief valve.  112 

From the typical characteristic curves for an orbital motor, a wheel motor having 113 

displacement of 500 cm
3
 per revolution could produce the maximum required torque. The 114 

actuation of the motor was done by a spring centered two bank mobile valve from the 115 

operator’s platform. For lifting and lowering of platform, double acting hydraulic cylinder 116 

was used and controls for it was provided at platform as well as on the base. Mobile valves 117 

used to actuate the motors and hydraulic cylinder, were connected in parallel. Double over 118 



centre valve was fitted across A-B line of individual motor for restricting the SOMS from 119 

over running down the slope or not allowing the SOMS to move down grade, when the 120 

system stopped on a downward slope. Two closed centre directional control valve fitted to 121 

the system for free-wheeling the motors when the SOMS is required to tow.  122 

Flow required by the motor at maximum designed speed is given by the expression, 123 

𝐕 = 𝐃𝐦×𝐍𝐦𝛈𝐯×𝟏𝟎𝟎𝟎          (9) 124 

where V is the flow rate (l min
-1

), Dm is the motor capacity (cm
3
), Nm is the rotational speed 125 

of the wheel per minute (RPM) and v is the volumetric efficiency of the motor. 126 

To achieve a maximum designed speed of 3 km h
-1

, rotational speed of wheel per minute was 127 

calculated as 20.95 and flow required by the selected motor having volumetric efficiency of 128 

75 % was 13.97 l min
-1

. Total flow required for both the motor was 27.94 l min
-1

. 129 

Form the characteristic curve of the motor, the equivalent pressure drop when the motor is on 130 

the level ground is 140 bar and it is 180 bar when the vehicle is climbing the gradient. 131 

Assuming back pressure at motor, pressure drops in the line and pressure drop across valves 132 

is approximately 4 bar each, the pressure at pump to meet maximum torque requirement is 133 

152 bar and 192 bar, respectively when the SOMS is on level ground and the SOMS is 134 

climbing gradient.  135 

The maximum pressure requirement is 192 bar when the SOMS is climbing the gradient and 136 

the maximum flow rate is 27.94 l min
-1

, when the vehicle is on level ground. Speed can be 137 

reduced to 2.40 km h
-1

 on the gradient to match the equivalent power requirement in both the 138 

conditions. 139 

Actual input power to the pump is given by the expression,  140 

𝐏 = 𝐕𝐦×𝐏𝐫𝟔𝟎𝟎×𝛈𝐨          (10) 141 



Where, P is the actual input power to the pump in kW, Vm is the flow rate of the pump in       142 

l min
-1

, Pr is the pressure in bar and o is the overall efficiency. Using the above equation the 143 

power requirement of 7.86 kW and 7.95 kW was obtained for the operating speed of 3.0     144 

and 2.4 km h
-1

, respectively. 145 

Displacement of the pump was obtained using the following equation, 146 

𝐃𝐩 = 𝐕𝐦×𝟏𝟎𝟎𝟎𝐍𝐩×𝛈𝐩           (11) 147 

Where, Dp is the displacement of the pump per revolution in cm
3
, Np is the revolution of the 148 

pump shaft per minute and p is the pump volumetric efficiency. For Vm = 27.94 l min
-1

, Np = 149 

2500 and p = 0.9; the value of Dp would be equal to 12.42. 150 

Piston rod diameter was calculated by the expression given by Euler as, 151 

𝐊 = 𝛑𝟐×𝐄×𝐉(𝐒 × 𝐋)𝟐          (12) 152 

Where, K is the Buckling load in kg, E is the modulus of elasticity in kg cm
-2

, whose value 153 

for steel is 2.1 × 10
6
, J is the second moment of area of piston rod in cm

4
 and L is the free 154 

equivalent buckling length in cm depending on the method of fixing the cylinder and piston 155 

rod. The cylinder is pivoted at both ends the load is fully guided.  156 

Second moment of inertia is given by the expression,  157 

𝐉 =  𝛑 ×𝐝𝟒𝟔𝟒           (13) 158 

Where, d is the diameter of rod in cm. 159 

The lift arm is key component which carries the entire load. It is an overhanging cantilever 160 

beam. The free body shear force and bending moment diagram are shown in Fig. 2. The 161 

section dimension was determined by the expression 162 



𝐌(𝐚𝟒−𝐛𝟒)𝟏𝟐 = 𝐅(𝐚𝟐)          (14) 163 

Where, M is the bending moment in Nm, F is the yield stress in N m
-2,

 a and b is the section 164 

width of the hollow square cross section. Mild steel was chosen for the lift arm.  Using the 165 

above expression and considering the standard sectional width, thickness of the section was 166 

calculated.  167 

All other components like pins, shaft, and bushes, frame etc were designed and selected as 168 

standard/material available based on the load coming on it.  169 

3. Modelling of the crane 170 

CAD model of all the standard components and the chassis were developed. The external 171 

dimensions of all the components as well as their weights were measured. The position of 172 

horizontal as well as vertical center of gravity of all individual components was calculated. 173 

For very irregular structure, the centroid of the external dimension was assumed as center of 174 

gravity. Various components of SOMS, their weight and positions of horizontal center of 175 

gravity (x-distance) as well as vertical center of gravity (y-distance) of all individual 176 

components form the reference point were presented in Table 1. Center of gravity of the 177 

vehicle without boom, platform bucket and load on platform bucket was calculated by weight 178 

moment method using the equation 15 and 16.  179 

Horizontal position of center of gravity, Xg was calculated by the expression,  180 

𝐗𝐠 = ∑(𝐗×𝐖)∑ 𝐖           (15) 181 

and vertical position of center of gravity, Yg was calculated by the expression, 182 

𝐘𝐠 = ∑(𝐘×𝐖)∑ 𝐖           (16) 183 

The horizontal center of gravity of SOMS was calculated by using the following expression: 184 



𝐗𝐜𝐠 = (∑(∑ 𝐗𝟏×𝐖𝟏+𝐗𝟐×𝐖𝟐+𝐗𝐛×𝐖𝐛)∑(𝐖𝟏+𝐖𝟐+𝐖𝐛)        (17) 185 

Where, W1 = weight of SOMS without boom and bucket, W2 = weight of boom, Wb = weight 186 

of platform bucket, X2 = position of center of gravity of boom, Xb= position of center of 187 

gravity of platform bucket 188 

Point manipulation programme was developed by Microsoft Excel add in (Fig. 3) and by trial 189 

and error, position of the standard components were determined. Standard components were 190 

placed over the chassis to distribute 70 and 30% static load over the front wheel and rear 191 

wheel, respectively.  192 

Weight distribution and position of centre of gravity found from the above analysis at zero 193 

fruit load condition standing on the level ground is summarized in Table 2. 194 

The concept was translated in solid model using CAD software PTC Creo element 1 (Fig. 4) 195 

Aanalysis were per-formed based on maximum weight of various components as well as 196 

forces and moments acting on those components (Segerlind, 2010). The allowable stress 197 

method based on IS/ISO 8686 standard 2006 was used to assess the strength of the 198 

components. Brief specification of the developed SOMS is presented in the Table 3. 199 

4. Stability analyses 200 

As the vehicle is designed for the field application, it has to ride over very rough terrain. 201 

Safety of the operator should be the primary issue, while designing this type platform.  202 

Stability calculation must be done before being used for the field application. The complete 203 

process includes the proper selection of shape and dimensions, weight distribution etc.  204 

Position of centre of gravity plays an important role in deciding the stability of the platform. 205 

Point of center of gravity is a descriptive one. Its location changes as the balance of weight at 206 

the platform changes. For example (a) when the vehicle is still, the center of gravity is at 207 



original position (b) when an operator board the platform and add his weight, the center of 208 

gravity moves immediately from original point forward to a new point where the sum of 209 

weights is balanced (c) When the operator pick the fruit and add the weight of the fruit to the 210 

picking container, the point of center of gravity continues to move according to the added 211 

weight and (d) when the arm lifted, the center of gravity moves up and backward since the 212 

tower's leverage shortens.  213 

The vehicle is supported by the ground, with its three wheels, and creates a triangle. As long 214 

as the line of center of gravity remains in the area of the triangle, the machine will be stable. 215 

If the line of the center of gravity goes beyond the area of the triangle, the machine will turn 216 

over in the same direction. The lower the point of the center of gravity (i.e., closer to the 217 

ground), the greater may be the slope before the line of the center of gravity will go outside 218 

the area of the triangle. 219 

4.1. Static and dynamic analysis of the longitudinal stability 220 

Longitudinal stability was analysed for the SOMS while it moves on both the upward slope 221 

and downward slope with carrying maximum pay load at the bucket and at various height of 222 

the elevator bucket. Free body diagram for static and dynamic model with application of 223 

forces were developed and presented in Fig. 5. Stability of the SOMS was checked up to 6° 224 

longitudinal slope.  225 

Using D’ Alembert’s principle, reaction forces acting at the ground wheels in static as well as 226 

dynamic condition and shifting of position centre of gravity on longitudinal slopes are 227 

obtained by the following equations: 228 

Case I: When SOMS is travelling on upward longitudinal slopes, the static reaction forces 229 

are: 230 

W'
f = (W× cos α × 𝐗𝐫𝐗 ) - (W × sin α × 𝐘𝐠𝐗 )      (18) 231 



W'
r =W× cos α -W'

f         (19) 232 

and the dynamic reaction forces are: 233 

RRear=W'
r+ (W× sin α × 𝐑𝐫+𝐘𝐠𝐗 )       (20) 234 

RFront=W'
f - (W× sin α × 𝐑𝐫+𝐘𝐠𝐗 )       (21) 235 

Case II: When SOMS is travelling on downward longitudinal slopes, the static reaction 236 

forces are:  237 

W'
r = (W× cos α × 𝐗𝐟𝐗 ) - (W× sin α × 𝐘𝐠𝐗 )      (22) 238 

W'
f =W× cos α -W'

r         (23) 239 

and the dynamic reaction forces are: 240 

RRear = W'
r- (W× sin α × 𝐑𝐫+𝐘𝐠𝐗 )       (24) 241 

RFront = W'
f+ (W× sin α × 𝐑𝐫+𝐘𝐠𝐗 )       (25) 242 

4.2. Static and dynamic analysis of the lateral stability  243 

Lateral stability of the SOMS in static and dynamic condition was analysed for the slope of 244 

the surface up to 6° and taking moment about right front wheels. SOMS will be overturned 245 

when the magnitude of reaction forces at the left front wheel will be zero and vice versa or 246 

the projected line of centre of gravity will fall beyond the outside area of the triangle. Free 247 

body diagram for static and dynamic model with application of forces were developed and 248 

presented in Fig. 6. 249 

When SOMS travelling on lateral slopes, the static reaction forces are: 250 

W'
L = (W× cos α × 𝐙−𝐗𝐋𝐙 ) - (W× sin α × 𝐘𝐠𝐙 )     (26) 251 



W'
R =W× cos α -W'

L         (27) 252 

and the dynamic reaction forces are: 253 

RLeft=W'
L+ (𝐦×𝐮𝟐𝐑 × sin α × 𝐗𝐫𝐙 ) + (𝐘𝐠𝐙 × 𝐦×𝐮𝟐𝐑 × cos α -  W× sin α)   (28) 254 

RRight=W'
R+ (𝐦×𝐮𝟐𝐑 × sin α × 𝐗𝐫𝐙 ) + (𝐘𝐠𝐙 ×W× sin α -

𝐦×𝐮𝟐𝐑 × cos α)   (29) 255 

5. Results and discussion  256 

Using the Eq. 18 to 29 for the stability calculation, wheel reaction forces are calculated for no 257 

fruit load, 100, 150 and 200 kg fruit load at six vertical positions of the lift arm such as at the 258 

original position of the lift arm, lift arm parallel to the horizontal, 10°, 20°, 35°, 45° and 60° 259 

with respect to horizontal in anticlockwise direction. Wheel reaction forces with various 260 

loads and vertical positions of the lift arm was calculated for every degree rise of the 261 

longitudinal as well as lateral slope up to 6°. As explained earlier reaction force at the rear 262 

wheel is the critical factor, when the bucket is fully loaded and the lift arm is at its lowest 263 

position. But for the lift arms at its highest position, both the wheel reactions are important. 264 

Results of static conditions are summarized in the Table 4. 265 

 Results indicate that the SOMS is stable within the designed condition with minimum of 266 

wheel reaction force of 11.5, 10.13 and 41.87 % existing on longitudinal upward slope, 267 

longitudinal downward slope and lateral slope, respectively. In the analysis, it was also found 268 

that three is not much variation between the static and dynamic condition and the variations 269 

are in the order of one to two percent.  270 

Displacement of horizontal position of centre of gravity (Xcg) and vertical position of centre 271 

of gravity (Ycg) with various fruit loads and vertical positions of the lift arm was calculated 272 

for different slope of the field using Eq. 17 to 28. Rear wheel ground contact point was 273 

considered as reference point. Figure 7 represents the displacement of the positions of the Xcg 274 



and Ycg with increase in fruit load at the bucket in the levelled ground, 6 upward and 275 

downward longitudinal slope and 6 lateral slope. It can be seen from the Fig. 7 that, with 276 

increase in upward slope, the position of Xcg shifting towards the rear wheel whereas it is 277 

shifting away from the rear wheel for the downward slope. With increase in vertical position 278 

of the bucket, the position of Xcg shifting towards the rear wheel for both the upward and 279 

downward slope, resulting in increasing stability of the SOMS. 280 

At 6° lateral slope, the position of Ycg is shifting 165 mm to either side of the centre line of 281 

the SOMS. The projected line of the centre of gravity passing a point just 201.3 mm away 282 

from the centre line and is well within the area of triangle created by the three wheels of the 283 

SOMS. The designed vehicle could be operated in more than 6° lateral slope, as it is found 284 

from the results of the analysis, but it is recommended only up to 6° considering the condition 285 

of the field where both longitudinal and lateral slope may exists. 286 

5.1 Validation of the predicted center of gravity with measured value 287 

The prediction equation developed for the determination of Xcg was verified with the true 288 

value collected through laboratory experiments. The wheels of the SOMS were placed over 289 

three independent electronics weighing balance (Fig. 8). Various loads were placed on the 290 

bucket of SOMS and reaction loads at individual wheel were observed through weighing 291 

balance. To simulate the various terrain conditions, wheels are lifted by to the desired height 292 

e.g. for longitudinal upward slope, the two front wheels are lifted to desired height keeping 293 

the rear wheel on original level.  Then the bucket of the SOMS was lifted to various reach 294 

height and weights at the weighing balances were recorded. Knowing the wheel reactions and 295 

the distance between wheel centres, the Xcg was calculated.  296 

The comparison of measured and predicted values of the Xcg w.r.t to the height of the bucket 297 

of SOMS for all terrain conditions and two extreme loading conditions (no load and 298 



maximum design load) are plotted in Fig. 9. A close relationship was found between the 299 

measured and predicted value of Xcg. For lateral slope, the developed equation under 300 

predicted whereas for all other three terrain conditions it was over predicted. The measured 301 

and predicted values of the Xcg for all terrain conditions are plotted in Fig. 10 and results of 302 

statistical analysis for model validation are given in Table 5. The percentage variation of the 303 

predicted values for level ground, upward slope, downward slope and lateral slope were 304 

found to be 0.72 to 3.40, 0.84 to 2.43, 0.44 to 1.91  and -1.91 to -3.53, respectively.  305 

A close agreement between observed and predicted values of the Xcg was found with slope 306 

varied from 0.98 to 1.00 and coefficient of determination varied from 0.87 to 1.08 for all 307 

terrain and loading conditions. These variations are considered acceptable considering the 308 

variations existed in assumed center of gravity and actual center of gravity of all the 309 

components of the SOMS, slight variation in model weight and measured weight and changes 310 

in shape of the hydraulic oil in the reservoir as well as water in the spraying tank in tilted 311 

condition of the SOMS.  312 

6. Conclusions 313 

This paper presents a innovative method to optimize the weight distribution over a chassis for 314 

designing a self-propelled elevator lift by using Microsoft Excel point manipulator add in 315 

tool. The position of Centre of gravity in any plane and weight distribution over the ground 316 

supported wheel can easily be determined by simply scrolling the horizontal and vertical 317 

scrollbar. The design process essentially concentrated on the design of hydrostatic 318 

transmission for a self propelled machine, design of hydraulic systems for other functions and 319 

development of mechanics for analysis of stability to design of a self propelled elevator lift 320 

with the aim to decrease the hazards associated with field application. This not only helps the 321 

operator for safe operation but also future industry for development of these types of elevator 322 

lift.  323 
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 =  angle of  slope       

αs  =  Tip angle of tractor rigid body @ ground contact point under static condition 

 = coefficient of rolling resistance  

g = centre of gravity of earth 

HP = height of platform base from ground 

m =  total  mass of the SOMS                            

R  = turning radius of SOMS  

Rf = radius of front wheel                    

Rr= radius of rear wheel                                                          

u = forward velocity of  SOMS 

W = weight of SOMS 

Wf = weight at front wheel 

W'f = weight at front wheel on slope 

Wr = weight at rear wheel 

X =  wheel base 

X" = wheel base at raised condition 

Xcg = Distance between Rear Wheel to CG from front view 

Xf = distance between front wheel to CG 

X'f = distance between front wheel to CG at slope 

Xfw = Distance between Front Wheel to CG from front view 

http://www.eprints.unimelb.edu.au/


Xr = distance between rear wheel to CG 

X'r = distance between rear wheel to CG at slope 

Y' = height from base to centre of front wheel  

Y = height from base to front wheel  

Y1 = height from CG @ horizontal condition to CG @ slope condition 

Ycg = total height of centre of gravity at slope condition from ground @ horizontal level  

Yg = CG height from centre of rear wheel at horizontal level                  

Y'g = height CG from ground surface at horizontal level  

Z =  track width 

αs  =  Tip angle of tractor rigid body @ ground contact point under static condition 
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Figures

Figure 1

Hydraulic circuit diagram of SOMS.

Figure 2

Free body, shear force and bending moment diagram.



Figure 3

Point manipulation method to optimize the center of gravity.

Figure 4

Computer models of the SOMS: (a) wire frame and (b) solid 3 D model.



Figure 5

Free body diagram of the static and dynamic model of longitudinal stability in (a) Level ground (b)
Upward slope (c) Downward slope (D) Shifting of CG on slope.

Figure 6

Free body diagram of the static and dynamic model of the lateral stability.



Figure 7

Displacement of positions of Xcg and Ycg with fruit load and degree of slope in (a) Levelled terrain (b)
Longitudinal upward 6°slope (c) Longitudinal downward 6°slope (d) lateral 6°slope.



Figure 8

Experimental setup to measure Xcg.

Figure 9

Comparison of measured and predicted values of the Xcg w.r.t to the height of the bucket on (a) level
ground (b) Longitudinal upward slope (c) Longitudinal downward slope (d) Lateral slope.



Figure 10

Validation of the measured and predicated values of Xcg on (a) level ground (b) Longitudinal upward
slope (c) Longitudinal downward slope (d) Lateral slope.


