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%************************************************************************** 
%ManPro: Main Processor, V1 
%************************************************************************** 
%This is the main script file to calculate the body moments and 
%gyroscopic moments.  PrePro is first run in order to prepare all the data 
%for calculation.  Once prepared, ManPro calculates the moments for each 
%node iteratively.  PostPro can be run, or not, as it simply formats plots 
%for easy review. 
% 
%Body moments are calculated based on the main equations of motion (EOM). 
%The equations of motion calculate moments at a single instance, therefore  
%it is necessary to perform calculations at each node to get a history of 
%the body's motion.  Output of each count is dumped to QV_THETA array which 
%is then used for analysis.  QV_THETA contains the history of the body 
%moving along track.  Each count creates a matrix from the EOM, these could 
%be used for analysis is so desired with minor adjustments to the main body 
%loop. 
% 
%PARENT FUNCTION: None. 
% 
%************************************************************************** 
%VARIABLE DEFINITIONS 
%************************************************************************** 
%Main Variables within ManPro (Main Processor) 
%psi1_i             Psi angle of main body w/o gyroscope at a single node 
%phi1_i             Phi angle of main body w/o gyroscope at a single node 
%theta1_i           Theta angle of main body w/o gyroscope at a single node 
%dphi1_i            dPhi/dt of main body w/o gyroscope at a single node 
%dpsi1_i            dPsi/dt of main body w/o gyroscope at a single node 
%genDTheta          Orientation vector theta, theta (euler angle) = 0,  
%                   no pitch. 
%A1                 Main body euler transformation 
%dA1                First time derivative of euler transformation 
%I1_bar_thetatheta  Inertia tensor in LCS 
%G1bar              Unit vector euler transformation 
%dG1bar             Frist time derivative of unit vector euler  
%                   transformation 
%M                  Mass matrix 
%omegaBarTilda      Angular velocity matrix, in LCS and skew symmetric 
%omegaBar           Angular velocity matrix, in LCS, not skew symmetric 
%Qv_theta           Quadratic angualr forces 
%QV_THETA           Transpose of Qv_theta, for formatting into other 
%                   functions 
%GYRO               Gyroscopic processor and associated outputs 
%RESULTANT          Body quadratic mmoments + gyroscopic moments, total  
%                   moments on body w/ gyroscope 
%DA                 Output array of PrePro (pre-processor) function 
%bNodes             Nodes in Zone 1, boundary 
%tNodes             Nodes in Zone 3, tangent 
%rNodes             Nodes in Zones 2.1, 2.2, radial 
%H_CG               Location of main body CG 
%L1                 Body length 
%L2                 Body width 
%L3                 Body height, above rails, excluding suspension 
%h                  Suspension height; rails 
%************************************************************************** 
%GLOBAL VARIABLES & DEFINITIONS 
%************************************************************************** 
% 
%Global variables are used to pass data back and forth between functions. 
% 
%NOTE: Variables which contain the C appended to them are the corrected 
%arrays. In order to avoid overlapping and double-counting nodes, the  
%loop outputs of each zone are corrected and then summed to have the 
%total nodes input by the user.  If not, the nodes will overlap at  
%each terminus, as that terminus is the start of a new zone, causing 
%the overlap. 
% 
%   bN rN tN                Zone nodal counts 
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%   x                       x track coordinates 
%   y                       y track coordinates 
%   z                       z track coordinates 
%   s                       Arc length 
%   ch                      Curvature        
%   m                       Mass 
%   n                       node 
%   psi                     Psi, yaw angle 
%   t                       Time 
%   phi                     Phi, roll angle  
%   dphi                    dPhi/dt, roll velocity 
%   lambda1,C, J, L, m_h    Intermediary roll calculations 
%   dpsi                    dPsi/dt, yaw velocity 
%   ddphi                   d/dt(dPhi/dt), roll acceleration 
%   Mth                     Gyroscopic moments 
%   thgy                    Gyroscopic theta with respect to time 
% 
%************************************************************************** 
% 
% 
global bN rN tN 
global x1 x2 x3 x1C x2C x3C x2S 
global y1 y2 y3 y1C y2C y3C y2S 
global z1 z2 z3 z1C z2C z3C 
global s1 s1C s21 s21C s22 s22C s3 s2C s3C 
global ch1 ch1C ch2C ch3 ch3C ch21 ch22 ch21C ch22C m21 m22 
global n1 n1C n2 n2C n3 n3C  
global psi1 psi1C psi21 psi22 psi21C psi22C psi3 psi3C psi2C 
global t1 t1C t21 t21C t22 t22C t23 t23C t3 
global phi1 phi1C phi21 phi21C phi22 phi22C phi2 phi2C phi3 phi3C 
global dphi1 dphi1C dphi21 dphi21C dphi22 dphi22C dphi2 dphi2C dphi3 dphi3C 
global lambda1 lambda2 C1 C2 J L1 L2 L3 H_CG m h 
global dpsi1 dpsi21 dpsi22 dpsi2 dpsi1C dpsi21C dpsi22C dpsi3 dpsi3C 
global ddphi1 ddphi1C ddphi21 ddphi21C ddphi22 ddphi22C ddphi2 ddphi2C ddphi3 ddphi3C 
global Mth1 Mth1C Mth21 Mth22 Mth2C Mth3 Mth3C 
global thgy1 thgy1C thgy2C thgy21 thgy22 thgy3 thgy3C 
% 
clear all %Clear out all data 
% 
clc %Clear out workspace 
% 
disp('****Starting Simulation****'); 
disp('--'); 
disp('--'); 
pause(1); 
disp('Running PrePro'); 
disp('--'); 
pause(1); 
PrePro %Run pre-processor and get data matrix DA to feed rest of processor 
disp('PrePro Complete'); 
disp('--'); 
pause(1); 
% 
disp('Running ManPro'); 
disp('--'); 
pause(1); 
format long 
% 
%************************************************************************** 
%Body Processing 
%************************************************************************** 
% 
for i = 1:1:numel(N) %begin counting per each node. 
     psi1_i = DA(i,6); 
     phi1_i = DA(i,4); 
     theta1_i = DA(i,5); 
     dphi1_i = DA(i,10); 
     dpsi1_i = DA(i,11); 
     genDTheta1_i = [dphi1_i; 0; dpsi1_i]; 
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     A1(:,:,i) = a1transform(psi1_i, phi1_i, theta1_i); 
     dA1(:,:,i) = a1dottransform(psi1_i,phi1_i,dpsi1_i,dphi1_i); 
      
     I1_bar_thetatheta(:,:,i) = I1bar(m, phi1_i, H_CG, L1, L2, L3); 
     
     G1bar(:,:,i) = transpose(A1(:,:,i))*... 
                    g1transform(psi1_i, phi1_i, theta1_i); 
      
     dG1bar(:,:,i) = g1bardot(phi1_i, psi1_i, dphi1_i);   
    
     M(:,:,i) = mass1(m, G1bar(:,:,i), I1_bar_thetatheta(:,:,i), ... 
                A1(:,:,i), L1, L2, L3, h, phi1_i); 
      
     omegaBarTilda(:,:,i) = omegabar_tilda(A1(:,:,i),dA1(:,:,i)); 
      
     omegaBar(:,:,i) = omegabar(G1bar(:,:,i),genDTheta1_i); 
  
     Qv_theta(:,:,i) = -transpose(G1bar(:,:,i))*... 
                      (cross(omegaBar(:,:,i),(I1_bar_thetatheta(:,:,i)*... 
                      omegaBar(:,:,i)))+I1_bar_thetatheta(:,:,i)*... 
                      dG1bar(:,:,i)*genDTheta1_i); %Calculate QV_theta matrix 
     QV_THETA = transpose(Qv_theta(:,:)); %Change to vertical array 
end 
%************************************************************************** 
%Gyroscopic Processing 
%************************************************************************** 
%Run gyroscopic moment calcualtions contained within gyroscopic function 
% 
disp('Running GyroPro'); 
disp('--'); 
pause(1); 
GYRO = GyroPro(bNodes, tNodes, rNodes, ixx_gyro, iyy_gyro, dtheta_gyro); 
disp('GyroPro Complete'); 
disp('--'); 
pause(1); 
% 
%************************************************************************** 
% 
% 
%Calculate combined moments of body and gyroscope.  Resultant motion is  
%sum of body's moments and gyro's moments. 
% 
RESULTANT = QV_THETA + GYRO; 
% 
%************************************************************************** 
%Post Processing 
%************************************************************************** 
%Run post processing script which formats plots for review; optional, can 
%comment out if desired and analyze nodal data in application of choice. 
% 
disp('ManPro Complete'); 
disp('--'); 
pause(1); 
disp('Running PostPro'); 
disp('--'); 
pause(1); 
PostPro 
disp('PostPro Complete'); 
pause(1); 
disp('--'); 
disp('--'); 
disp('****Simulation Complete****'); 
%************************************************************************** 
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%************************************************************************** 
%PrePro: Pre Procressor, V1 
%************************************************************************** 
%This is the main script to process all of the inputs for the main motion 
%equations.  PrePro calculates the track nodes, nodal positions, time, and 
%euler rotation angles.  All track geometry is designed into the coordinate 
%functions directly.  Each of the below functions calculates the specific 
%variable at the current node.  For example, the third element in the X 
%coordinate array is the X coordinate that belongs to node 3, and so on. 
% 
%NOTE: It is important that the order in which the functions are called 
%remains as-is, or are carefully rearracnged.  Certain functions require 
%data that is calcualted from other functions.  This data is in turn called 
%out as global variables to make it available globally. 
% 
%PARENT FUNCTION: This script is called in ManPro 
% 
%************************************************************************** 
%VARIABLE DEFINITIONS 
%************************************************************************** 
%NOTE: All global variables are defined in the ManPro documentation. 
%N                      Nodal count array of node numbers 
%X                      X track coordinate array 
%Y                      Y track coordinate array 
%Z                      Z track coordinate array 
%THETA                  Body pitch angle array 
%S                      Arc length array 
%T                      Time array 
%CH                     Curvature array 
%PSI                    Yaw angle array 
%PHI                    Roll angle array 
%DPHI                   Roll velocity array 
%DDPHI                  Roll acceleration array 
%DPSI                   Yaw velocity array 
%DA                     Preprocessed data matrix 
%alpha                  Intermediary variable for radial calculations 
%beta                   Intermediary variable for radial calculations 
%zeta                   Intermediary variable for radial calculations 
%************************************************************************** 
% 
format short 
%Define global variables for use across functions 
global bN rN tN 
global x1 x2 x3 x1C x2C x3C x2S 
global y1 y2 y3 y1C y2C y3C y2S 
global z1 z2 z3 z1C z2C z3C 
global s1 s1C s21 s21C s22 s22C s3 s2C s3C 
global ch1 ch1C ch2C ch3 ch3C ch21 ch22 ch21C ch22C m21 m22 
global n1 n1C n2 n2C n3 n3C  
global psi1 psi1C psi21 psi22 psi21C psi22C psi3 psi3C psi2C 
global t1 t1C t21 t21C t22 t22C t23 t23C t3 
global phi1 phi1C phi21 phi21C phi22 phi22C phi2 phi2C phi3 phi3C 
global dphi1 dphi1C dphi21 dphi21C dphi22 dphi22C dphi2 dphi2C dphi3 dphi3C 
global lambda1 lambda2 C1 C2 J L1 L2 L3 H_CG m h 
global dpsi1 dpsi21 dpsi22 dpsi2 dpsi1C dpsi21C dpsi22C dpsi3 dpsi3C 
global ddphi1 ddphi1C ddphi21 ddphi21C ddphi22 ddphi22C ddphi2 ddphi2C ddphi3 ddphi3C 
global Mth1 Mth1C Mth21 Mth22 Mth2C Mth3 Mth3C 
% 
disp('Running VarInput'); 
disp('--'); 
pause(1); 
VarInput %Input user defined variables through VarInput script. 
disp('VarInput Complete'); 
disp('--'); 
pause(1); 
% 
%------------------------ 
%Calculate angles for radial distances 
%to pass to other functions 
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alpha = atan(sLane-2*rTurn)/(vMan*tMan); 
beta = acos((2*rTurn)/sqrt((vMan*tMan)^2+(sLane-2*rTurn)^2)); 
zeta = Pi/2 - (beta-alpha); 
% 
%Call functions 
%************************************************************************* 
N = nodalCount(bNodes, tNodes, rNodes); 
X = xCount(bNodes, tNodes, rNodes, sBuff, rTurn, vMan, tMan, zeta, sLane); 
Y = yCount(bNodes, tNodes, rNodes, sBuff, rTurn, vMan, tMan, zeta, sLane); 
Z = zCount(bNodes, tNodes, rNodes, sBuff, rTurn, vMan, tMan, zeta); 
THETA = thCount(bNodes, tNodes, rNodes, sBuff, rTurn, vMan, tMan, ... 
    sLane, zeta); 
S = sCount(bNodes, tNodes, rNodes, sBuff, rTurn, vMan, tMan, ... 
    sLane, zeta); 
T = tCount (bNodes, tNodes, rNodes, sBuff, rTurn, vMan); 
CH = chCount(bNodes, tNodes, rNodes, sBuff, rTurn, vMan, tMan, ... 
    sLane, zeta); 
PSI = psiCount(bNodes, tNodes, rNodes, sBuff, rTurn, vMan, tMan, ... 
    sLane, zeta); 
PHI = phiCount(bNodes, tNodes, rNodes, Kt, Ct, m, g, L1, L2, L3, h, rTurn,... 
              vMan, eps); 
DPHI = dphiCount(bNodes, tNodes, rNodes, Kt, Ct, m, g, L1, L2, L3, h, rTurn, vMan, eps); 
DDPHI = ddphiCount(bNodes, tNodes, rNodes, Kt, Ct, m, g, L1, L2, L3, h, rTurn, vMan, 
eps); 
DPSI = dpsiCount(bNodes, tNodes, rNodes); 
% 
%Compile data into single matrix 
DA = [N S CH PHI THETA PSI X Y Z DPHI DDPHI DPSI]; 
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%************************************************************************** 
%VarInput: Variable Input, V1 
%************************************************************************** 
%This script consolidates all of the user defined variables into a single 
%location for ease of modification. 
% 
%NOTE: All units are inches, seconds, slugs, pounds, and radians 
% 
%PARENT FUNCTION: This script is called in ManPro 
% 
%************************************************************************** 
%VARIABLE DEFINITIONS 
%************************************************************************** 
%vMan                       Body speed, in/sec 
%tMan                       Time of maneuver, sec 
%sBuff                      Entry (zone 1) distance, in 
%rTurn                      Radial curve radius, in 
%sLane                      Center-center lane distance, in 
%bNodes                     Desired zone 1 nodal count, # 
%tNodes                     Desired zone 3 nodal count, # 
%rNodes                     Desired zone 2 nodal count, # 
%Pi                         Define pi for radial calculations 
%g                          Define gravitational constant, in/s^2 
%m                          Body mass, slug 
%h                          Height of body above ground, in 
%L1                         Body length, in 
%L2                         Body width, in 
%L3                         Body height, in 
%Ct                         Rotational damper constant, in-lb-s 
%Kt                         Rotational spring constant, in-lb 
%H_CG                       CG location, in 
%L_gyro                     Width of rotor, in 
%R_gyro                     Gyro radius, in 
%rho                        Density of rotor material, slug/in^3 
%V_rotor                    Rotor volume, in^3 
%m_rotor                    Rotor mass, slug 
%rotor_speed                Speed of rotor, rev/min 
%dtheta_gyro                Gyroscope angular velocity, rad/sec 
%ixx_gyro                   Gyro mass moment along x axis, in^4 
%iyy_gyro                   Gyro mass moment along y axis, in^4 
%************************************************************************** 
%Body Inputs 
%************************************************************************** 
pause(1); 
vMan = 968;         %in/s, equivalent to 55mph 
tMan = 5;          %sec, time to swerve 
sBuff = 1000;       %in, Buffer distance 
rTurn = 1200;       %in, turn radius 
sLane = 144;        %in, lane distance (12ft) 
bNodes = 28;        %#, nodes in buffer 
tNodes = 36;        %#, tangent nodes 
rNodes = 26;        %#, radial turn nodes 
Pi = 3.1415926535897932384626433832795; %define pi 
g = 386.088;        %in.s^2, gravity 
eps = 7.731E-3;     %rad, epsilon, equiv. to 1 in distance 
%************************************************************************** 
%TRAILER DATA: 
%http://tractor-trailer.model.ntrci.org/test/test.cgi?model=1&navv=2 
%******************************************************************** 
%Year: 1988 
%Make: Pines 
%Model: 48' Van 
m = 984.876;        %mass, slugs 
h = 72.1;           %in, height, lower rail 
L1 = 565;           %in, total length, D+E+F+K 
L2 = 102.5;         %in, Width, A 
L3 = 114.5;         %in, Cab height, W-L 
Ct = 6E5;           %in-lb-sec, rotary damper coefficient 
Kt = 1E8;           %in-lb, spring coefficient 
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H_CG = h+L3/2; 
%************************************************************************** 
%GYRO DATA 
%************************************************************************** 
L_gyro = 6; %rotor thickness (in) 
R_gyro = 48; %gyro radius (in) 
rho = 2.14468277435E-2; %density depleted uranium, slug/in^3 
rotor_speed = -10000; %speed in RPM 
%************************************************************************** 
%Intermediate calculations 
V_rotor = Pi*R_gyro^2*L_gyro; %calculate volume to find mass 
m_gyro = V_rotor*rho; %gyro mass(slugs) 
dtheta_gyro = (rotor_speed*2*Pi)/60; %convert RPM to rad/s 
ixx_gyro = 0.083333*m_gyro*(3*R_gyro^2+L_gyro^2); %x mass moment 
iyy_gyro =  0.5*m_gyro*R_gyro^2; %y mass moment 
%************************************************************************** 
%PERFORM CHECK-OUT 
%************************************************************************** 
%Check that input data is OK with constraints, if not, exit. 
Jphi = (L2*L3^3)/12+L2*L3*(h+L3/2)^2; %Calculate Jphi for checks 
H = h+L3/2;%Calculate H for checks 
A1 = Ct/Jphi; 
A2 = (Kt-m*g*H)/Jphi; 
B1 = Ct^2; 
B2 = 4*m*Kt; 
pause(1); 
disp('Running VarInput data checks'); 
disp('--') 
pause(1); 
disp('Checking discriminant'); 
disp('--'); 
pause(1); 
if (A1^2 - 4*A2)<0 
    disp('Discriminant less than zero, check OK'); 
    disp('--') 
    disp('Checking for underdamped system'); 
    disp('--'); 
    pause(1); 
else  
    disp('WARNING: Discriminant larger than zero'); 
    disp('--'); 
    pause(1); 
end; 
  
if B1 < B2 
    disp('Underdamped system, check OK') 
    disp('--'); 
    pause(1); 
    disp('VarInput checks complete.'); 
    disp('--'); 
    pause(1); 
else 
    disp('WARNING: System is not underdamped.'); 
    disp('--'); 
    pause(1); 
    end; 
%************************************************************************** 
%Clear Variables no longer needed 
%************************************************************************** 
clear Jphi H A1 B1 A2 B2 %clear variables since no longer needed 
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