Step Climbing by a Tracked Vehicle










xG = location of CG forward of rear axle (parallel to track)

yG = location of CG above bottom of track (perpendicular to track)

r = radius of rear roller including track thickness

h = height of step

s = horizontal distance of track contact point to edge of step

d = distance along track from unwrap point on rear roller to edge of step

sG = horizontal distance of track contact point to CG

 = track inclination angle

sG = r sin + xG cos - yG sinh = r - r cos + d sin          d = ( h - r + r cos ) / sin
s = r sin + d cos = r sin  +  ( h - r + r cos ) cos / sin
sG < s  climbing               sG > s  rock onto step               sG = s  critical condition

r sin + xG cos - yG sinr sin  +  ( h - r + r cos ) cos / sin
xG sin cos - yG sin2h - r) cos  +  r cos2               (for r=0, xG sin - yG sin tanh)  
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xG (2u-2u3) - yG (4u2)h - r) (1-u4) + r (1-2u2+u4)

(2r-h) u4 + (2xG) u3 + (4yG-2r) u2 - (2xG) u + h = 0          solve quartic polynomial for u, then        

if quartic has four imaginary roots, the vehicle cannot ascend the step

MATLAB code and plots

% step_climbing.m - step climbing by a tracked vehicle

% HJSIII - 04.08.26

clear

% constants

d2r = pi / 180;

% geometry

r = 4.2;         % roller radius including track thickness

xg = 18;       % location of CG forward of rear axle (parallel to track)

yg = 6.5;      % location of CG above track (perpendicular to track)

h = 9;         % height of step

c = 27;        % ground contact length (separation of rollers parallel to track)

% starting theta

th1deg = asin( h / c ) / d2r;

th2deg = 90;

% try all theta

thdeg = ( th1deg:th2deg )';

th = thdeg * d2r;

d = ( h - r + r*cos(th) ) ./ sin(th);

s = r*sin(th) + d.*cos(th);

sg = r*sin(th) + xg*cos(th) - yg*sin(th);

figure( 1 )

  plot( thdeg,s,'r', thdeg,sg,'g' )

  xlabel( 'Theta [deg]' )

  ylabel( 's (red), sG (green) [inch]' )

c = [ 2*r-h   2*xg   4*yg-2*r   -2*xg   h ]';

thcr = 2*atan(roots(c)) / d2r

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% plot CG stability curves

yg_keep = [];

xg_keep = [];

for yg = 4 : 0.5 : 12,

  xg = yg*tan(th) +  (h-r)./sin(th) +  r./tan(th);

  yg_keep = [ yg_keep; yg ];

  xg_keep = [ xg_keep; min(xg) ];

end

figure( 2 )

  plot( xg_keep,yg_keep,'r' )

  xlabel( 'xG - forward of rear axle [inch]' )

  ylabel( 'yG - above ground [inch]' )

  title( 'Safe CG location for 9 inch step' )

  legend( '8 inch OD wheel' )

xy = [ xg_keep yg_keep ]
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