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Suspension Analysis Control Algorithm
. le Considering the complexity of the analysis, the . Compl
Parallel beam suspension has been v system is modelled in Simulink using the above Simple Control: This cont
chosen, since it provides a q§cent TS calculated values for K,, K,, M, and M,. The model A Finite StaFe Machine (If'SM) is. implementgd to control ’Fhe basic FS
balance between soft and rigid Cr used for Simulink is shown below: buggy. A single state is desired at a time to provide Proportio
suspension. To do the analysis, the maximum stqblllty, predictability and safety. The buggy is controller
suspension system can be thought of as:a < controlled using an open-loop controller by moving at a set petter per
mass spring damper system with two speed, which is defined by the motor speed. A threshold when trave
degrees of freedgm 'IYhe input can be 1% distance (measured using the optical encoders) in each Even thous
N : 2 state is also defined. wheel dri
modelled as a displacement step input. | On power-up the buggy is in the Idle state. The Run state is mounted o
x. ] transitioned into when the controller resets the encoder wheels, wh
M, is the mass of the chassis divided by 4, K, and C, are and the buggy goes into the Run-to-Drop state, moving in a ground speet
the stiffness and damping coefficients of the suspensior continuous manner at a constant velocity towards the ém by possible f
. : drop zone. Approaching the correct distance, the system zs feedback
system, M, is the mass of the suspension for each wheel Braking in ord low d q l
d K, and C, are the stiffness and damping coefficients enters braking In order to slow down and stop accuratel. - controller.
el Iy 2 ) p. g ) | The Dropping state then takes over, powering the linear The controll
of each wheel. A damping effect can be introduced into| ; EarrﬁwlChassSls Frame actuator to drop the payload. Target Velocit
the system by using multiple layers of aluminium in the| The maximum required step input for this system A After the drop, the buggy continues in Run-to-Finish mode the Actual Vel
sheet that connects the chassis and the suspension, the| is estimated to be 20mm. At this value, B Lorge Wheel until the encoders reach 11m, at which point the Finished encoders whe
friction between the sheets providing the damping displacement and acceleration are found. 4 suspension Wheel Mount state is reached. In this state, the motors are stopped and moving. The PI
effect, or by adjusting the screw tightness to change | — the brakes engaged. This method is simple, strong, and very the motor powe
friction. Using the masses calculated by SOlidWOI'kS, :EZi 5 Circular Aluminium Payload reliable for operation on a known and repeatable track. moving at cons
M, = 0.64kg, M, = 0.77kg. or Holder make the left
S1t t. A ) Zl . o |I 6 C:assis Main Aluminium @ equal to drive -in
atic Analysis = Sheet — s | s The states of th
The static analysis of the suspension involves AN ; éma“ M°t°r5t - Run-to-Drop (P
considering the forces that are in the system to t Y Ty PR EEE e Dropping at 6m,
calculate the ground clearance of the buggy. The el |} 1 — controlled) and Fi
stiffness of the wheel is known, where K; = 4.5kN/m. Inf | | 10| Button Box Hovyever, qll the m
order to calculate the value of K;, The dimensions of | ' = ; ' J [reer Actstor retracts to ach1evled "21 do.ls.ﬁ
the system must be considered. Since the bars are ; B Onticat bonsor controt _mode. i
: : : , system to be mc
capable of freely rotating, they are not considered in 13 Optical Sensor holder L strong, and more re
the suspension calculations and only the beam ) Huminiam bection e e a sim;)ler system t
connecting the chassis to the suspension. Using the T - EZ’C'L?::)HOMH et —— | r e open-loop control.
dimensions of the beam: | . e
3EI [ *
T fﬂ | Payload Delivery System T
where | = e 5. | | A few possible designs were considered when deciding on the payload Tripdsor» Ex:enfed Ac:uazort Astyélltor nsidered and a
g [l N '\I‘ . . . . actuator actuator, extends to nitia .
E = 69GPa, b = 41 _5mm, h = 15mm, | = 152mm, oj‘ /4/,g//"J\/'\/\/\/x/MA . del]very system. One that was considered was one in which the actuator retracts and payload rests push payload extendid, d table yvas
-~ k = 688N/m ) J( Vo | starts in a retracted position and the payload is launched backwards at the plate falls with partially on off buggy as it payload rests 1 by scoring
** ¢/ . . . . . . payload actuator is moving, at  fully on :
Since the beam is at an angle of 20 degrees to the il 1 ?iame .spg e_clj_ht.hal;c tdhE bugg&y P dmgvmgf SL;Ch.that.LtS vellczic:)ty ér.\f;elalttlc;n to the y the speedof  alumintum lvlite]ﬁrlr?:; of>
horizontal, k. = 646.5N/m. 0 | | | | | oor is 0. This had been decided against, since it would be difficult to the movement  sheet
Hooke’s law %/s then used to find the total displacement : ! ; “ 5 : prevent the payload from toppling this way and the maximum speed of the e each
: . : : : : i ' ' ' ' ive. T
when resting. Separating the system into two parts, the The settle time for the system is relatively fast actuator is 13mm/s, meaning the maximum speed the buggy could go in this Payload inside  Bent aluminium  Payload rests  Rests in the fin wzse chosen
total static displacement due to gravity can be thought| and the system can settle within 1 second for all | Process would bg 13mm/s. Another design that was conmdered was the linear of the chassis,  sheet in on top of the  middle of the Hllng "
of as the vertical displacement of M, added onto the | values of ¢, apart from 0.2, which is 2 seconds. | actuator retracting from where the payload was being held in a circular S G e Do on ;ng ces 8 bt
vertical displacement of M, Additionally, at higher values, the rms acceleration | holding device. . . _ prachec o the sheet Ve and arbitrary
Yo = o 4 becomes much lower and settle times become To decide on the final design, the payload desigh was separated into two I ortance’ value out
MlT L (M, + My)g lower. This has led to the conclusion that the parts, the dropping mechanism and the holding mechanism. For these :
xr is found to be 12.8mm. At an estimated ride height | damping coefficient cannot be calculated, the The design that was decided on is starting with the actuz
of 95mm, the ground clearance is found to be 82.2mm sys;err(; ShOUlg be O\Zjerdan:]ped rather ichan A - - - 5 g As shown in the SolidWorks model above. The payload sit
. . underdamped to reduce the rms acceleration. As L : :
<10 = < 10 = < 10 = <10 = aluminium in the shape of a cylinder. The diameter of t
Dy_namlc AnalySlS , o such, more layers of aluminium should be used and 10220 10240 10220 10240 d to th {3 d di Y ¢ 76 This allow:
Estimating optimum values for damping coefficient can : : 5 4 4 3 2 compared 1o the payload diameter of /omim. 1S attow
- the screws should be tightened to introduce more d while also being ablesf IR
be done by rearranging the formula ¢ = : friction. The weisht in the bu i« distributed x5 =20 x 5 =20 x5 =15 x5 =10 secured wnite a S(? €ing a e. O Tall without resis a.nce
o 2vkm cuch that the cer?tre of macs ég?r’] the centre and 7 2 5 1 2 retracted. The point from which the payload drops is at
. C =2{Vkm o o ) X x7=14 x7=35 x7=7 x7=14 the chassis to let the payload fully fall without requiri
C, is assumed to be constant, where ¢ = 1.1 the wheel SHO €se pi?h ernsdol response are accurate. 6 1 ; ; 4 ground clearance thanmecessary. The placement of the
damping coefficient constant and slightly overdamped | ! OvaerF], he,mo te aSSUfmets an ‘”Stif‘ta”e‘éus step 6ot 61 6= 30 6o 24 mechanism is at theback of the buggy, such that it do
::?]pu , WhiC l]S n(t)' a Perr].eﬁ ai;umri):hlon an ST 5 2 4 5 4 by any part of the'chassis during or after falling. The a
e rms acceleration is higher than the true value. x5 =10 x5 = 20 x5 = 25 x5 = 20 payload rests on has 20mm overlap and so when the a
o P e 70 ) 127 108 13mm/s, it will only take 1.4 seconds for the payload
20.34 129.5 2.04 . . . amount of time the payload drops for and increasing
8.14 129.5 1.81 As shown above, solution 2 had achieved the highest score L o : :
‘ ‘ ' ’ g of the buggy, considering the speed is reduced during
o 129 H10 and so is the chosen design
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