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Fig.1. (a) Full vehicle vibration model of a tractor with semi-active cabin suspension, (b) Free body diagram of front
axle, (c) Free body diagram of chassis, (d) Free body diagram of cabin
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Fig.2. (a) Components and (b) Schematic figure of a hydro-pneumatic unit of tractor cabin suspension, (¢) Components

and parameters of jack, (d) Hydraulic accumulator, (¢) Components and (f) Working modes of a variable throttle,
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Table 1- Parameters utilized in simulation of the developed model

Parameter Value Unit Parameter Value Unit
[ 30000 Nm’' t; 0.87 m
ce 1000 Nsm” I, 0.91 m
Ky 30000 Nm’ g 1.35 m
Cu 2000 N sm’ - 1800  kgm’ . )
. 087 m Lys 750 kem’ 29515 Je slayiasl
¢ 1.10 m Loc 100 kgm2 Parameters of tractor model
Cw-seat base 0.00 m I}’)’C 85 kgm2
Clswat base 0 m IyyA 10 kgm2
mp 3000 kg mc 400 kg
A 1200 mm’ A, 600  mm
Acph 27.5 mm?> Agpr 22.5 mm?>
Auh 25 mm’ Ave 20 mm’ iy 205 e clo ol b
Poon 100 kPa Puor 50  kPa Jbtes Bl Jio ol
P 550 kPa P, 180 kPa Parameters of semi-active suspension model
Vaoh 800  cm’ Vaor 500  om’
w 750 N p 09 gem®
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Fig.3. Tractor seat base vibration measuring apparatus
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Table 2- Effect of variation of parameters of the model on the value of acceleration RMS and resonance frequency of
tractor driver vibrations

(ems?) GLS RMS  (Hz) sysuis wils ,8 Slow Ol 230 o
Acceleration RMS  Resonance frequency  Tolerance of treatment variation Treatment
42 2.12 500 oylil olop dlaises woe
37 1.45 1050 Accumulator volume (cm®)
84 1.43 800 5 chaite s
7 2.00 1600 Piston area (cm®)
12 1.77 350 o bl adg) (clon Lté
78 1.68 750 Initial air pressure of accumulator (kPa)
43 1.7 40 FESRCINE N
39 1.6 100 Throttle area (cm?)
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Fig.4. (a) RMS value of acceleration of transmitted vibrations as affected by piston area and initial air pressure of
accumulator, (b) and (c) Resonance frequency of transmitted vibrations as affected by piston area and accumulator
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Fig.5. Output of the model; (a) With activation of semi-active cabin suspension, (b) Without activation of semi-active
cabin suspension
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cand ¢,

Closeat base and

25515 Rl ey
Tire stiffness
29515 b (ol
Tire damping ratio
29515 s Gl 5T g gl (ol 151459815 Cle b gl 008 ezt ol
A parameter to indicate front or rear of tractor: i=f for front and i=r for raer
25515 e (@l J72 g sl JT1 815 o b el oailS asie il
A parameter to indicate left or right side of tractor: j=1 for left and j=2 for right side
35515 Slag e JuS] Sads 31 Ko o 53905 ool
Vertical displacement of each corner of tractor wheel axle
29515 gz I S 2 (032) (o) 53900 alrail>
Vertical displacement of the ground (road) beneath each of the tractor wheels
29515 0l g (ld JB 550 by cipa
Linear displacement of center of gravity of tractor chassis and cabin respectively
Xope Jp 55815 0nlS g (old logly bl e
Angular displacement of the tractor chassis and cabin about X axis respectively
Y sme Js> 05815 0l g (ool sl 2loale cosie
Angular displacement of the tractor chassis and cabin about Y axis respectively
9515 ol P g oeld p e
Mass of the tractor chassis and cabin respectively
Y e Jg 595815 0l g (il (o eyl oo e
Mass moment of inertia of the tractor chassis and cabin about Y axis respectively
Xy Jo 09815 0nlS g (ol (o2 (o] Olow a5y
Mass moment of inertia of the tractor chassis and cabin about X axis respectively
(ol J8 59 50 0aiiS paseie sla oo
Lengths which determine the center of gravity of chassis
Wlors oo bl 4y (Slogisg tem (slasoly & S g (ol cloadsS | S o 0allS e ol
“& 9 51> 4.u9§ dl)-.’ k=4 n.';.wl)j 51> 4,\.:; dl)é k=3 n.';.wl) 9 s M; dl)-.’ k=2 w9 s Mﬁ dl)-.’ k=1
Parameter which indicates each of the corners of tractor chassis and cabin which a hydro-

pneumatic unit is attached. k=1 for rear-left corner, k=2 for rear —rigth corner, k=3 for front-
rigth corner, and k=4 for front-left corner

5515 0l g (ol & b STpee Ll bl 38 1S i o ey
Vertical displacement of each point of chassis and cabin where a hydro-pneumatic unit is
attached respectively

515 g JuS1 Y 55 0 (ool Lt oo (5390 (IS0

Vertical displacement of the pivot point of the front axle
S b sle JusT 4l
Angle of the front axle relative to horizontal line
Yoo Js> sl JuS (o eyl loe
Mass moment of inertia of the front axle about Y axis
Ol B S e oS et sla b

Lengths which determine the center of gravity of cabin

515 oIS B 3550 5 s s Lol s 0025 e slo oo
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Cuv-scat-base Lengths which determine the location of the seat base from the center of gravity of cabin

Sloghg i Galai dilolw (i ;3 e3lkwl 3,90 M S
Oy Ad SIS Bl =2 gy o Gy )b 1 Sdgyies Sa o j 008 ez el
Parameter which determines each side of jack: i=1 for head side, i=2 for rod side
S S )b 5 (Slgyae Sl L8

P
¢ Hydraulic oil pressure on each side of the hydraulic jack
A Sdayi Sa Bl pn ) gty glae g
' Piston area of each side of jack
v (Sayion S 38 b Sl S
Raise or retraction velocity of the hydraulic jack
AV, Sl S ot | S o i
1 Volume alternation of each side of jack
Displacement of the piston arm of the hydraulic jack
Q, Sdapie S G o b ol (23
1 Volumetric oil flow rate of each side of jack
j )15 Pli.}.h d)yb dl>).o_]:2 9 )15 Pli}.h d.le 41>).a_]:1 cilolus &9 us )l Ju& d.1>).o_]:O Zﬂj)‘)ﬂ.& b)LgJ‘ d)L{ cdls o,\u.fuw ).a.o‘)L\
Determines the operation mode of accumulator: j=0 pre-installation mode, j=1 initial mode, and j=2 final mode
P il Jolpe )3 (Silgyam o)ll e > lgn L2
Y Air pressure of hydraulic accumulator air chamber in different operation modes
V. iz () Jolpe > (Sgrdn o)l plgp daiee oo
Y Volume of hydraulic accumulator air chamber in different operation modes
Acr Sgen So B jajl (295 Ay glalio
1 Cross sectional area of outlet pipe of each side of jack
A S B o eite 5lS oo gl
‘ Cross sectional area of the variable throttle of each side of jack
AP So (29 S o) S pa jl (2gp A e g L8 B
o Pressure variation across the outlet port of each side of jack
1 Pressure variation across the variable throttle of each side of jack
Matlab )33l p 5 g doly baes 45 453815 0aly & il Gl RMS Slaslbre doby a8 (3
fs=; %Sampling frequency
aw=[]; %Measured data must be entered in this vector
N=numel(aw);
aw=[aw."2];
AW=0;
for i=1:N
AW=AW-+aw(i);
end
AW=AW/N;

Arms=AW~"(1/2)

Matlab 133l p 5 aw g doliys laee ;3 PSD Sluslos ol y o5 (Y

Heave=awa; %Acceleration data awa is from "for RMS calculation section"
fs = 10; % Sampling frequency

T=1/fs; % Sample time

L = size(Heave,1); % Length of the signal

NFFT = 2"nextpow2(L); % Next power of 2 from length of y
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10.

11.

12.

Win = hann(NFFT); % Window is a Hanning window of the length NFFT

f= fs/2*linspace(0,1,NFFT/2);

[mpsd f] = psd(Heave, NFFT, fs, Win, 0);

PSD = [2*mpsd/NFFT]; %Plot PSD Graph

figure (3), plot(f,PSD,'d','LineWidth',2)

aro2=0.2*max(PSD); axis([0 20 0 aro2]), grid minor

title('c) PSD chart obtained from high piston area & low accumulator volume'), xlabel('Frequency (Hz)"),

label('PSD (m2/ s4/ Hz)")
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