function[ pend] = quadopt

% Desi gn of quad pendulumw th bl ade spring optimnmisation vl1.01
% Witten by KAS 7/99

%edited by T 11/99

% changed again by KAS 12/99

% changes to use structure 12/99 KAS

% Cal um s/ M ke' s/ Matts bl ade equations added 12/ 99 KAS
% routine to optinm se bl ades added 12/ 99 KAS

% pendul um updated 27/1/00 CT & KAS

% QUAD PENDULUM MODEL W TH CANTI LEVERS

% see pendul um di agram for definitions of parameters

% the parameters are now fixed to represent the REFERENCE DESI GN
% for the LIGO Il main optics suspension

%

% coordi nates x
% y
% z

| ongi t udi na
transverse
verti cal

u LI roll about this axis
v_LI GO pitch about this axis
w_LI GO yaw about this axis

%l‘*******************************************************************

% MASS (N) is REPRESENTED by a rectangul ar BLOCK
%inreality it will be larger and | ess dense.

gl obal pend

pend. g = 9.81

pend. nx = 0. 125; %li mensi ons of MASS (N) (square)

pend. ny = 0. 40;

pend.nz = 0. 13;

pend. denn = 5600; %lensity (steel)

pend. m = pend. denn* pend.ny* pend. nz* pend. nx; %VIASS (N)

pend. | nx = pend. m*( pend. ny*2+ pend.nz”"2)/12; %roment of inertia (transverse roll)
pend. | ny = pend. m*( pend.nz"2+ pend.nx"2)/12; %roment of inertia (longitudinal pitch)
pend. | nz = pend. m*( pend. ny*2+ pend. nx"2)/12; %oment of inertia (yaw)

%l‘*******************************************************************

% MASS (1) is REPRESENTED by a rectangul ar BLOCK
%inreality it will be larger and | ess dense.

pend. ux = 0.125; %i mensi ons MASS (1) (square)
pend. uy = 0. 40;

pend.uz = 0.13;

pend. denl = 5600; %lensity (steel)

pend. mL = pend. denl* pend.uy* pend.uz* pend.ux ; %ASS (1)

pend. | 1x = pend. m*( pend.uy”2+ pend.uz”2)/12; %roment of inertia (transverse roll)
pend. | 1y = pend. m*( pend.uz"2+ pend.ux”"2)/12; %roment of inertia (longitudinal pitch)
pend. |11z = pend. m*( pend.uy”2+ pend.ux”"2)/12; %roment of inertia (yaw)
%*******************************************************************

pend.ix = 0.125; %li mensi on of MASS (2) (cylinder)

pend.ir = 0.16;

pend. den2 = 5600;

pend. 2 = pend. den2*pi * pend.ir”2* pend.iXx; UVIASS (2)

pend. | 2x = pend. nR2*(pend.ir”2/2); %onment of inertia (transverse roll)

pend. | 2y = pend. n2*(pend.ir”2/ 4+pend.ix"2/12); Y%roment of inertia (longitudinal pitch)



pend. | 2z = pend. n2*(pend.ir”2/4+pend.ix"2/12); Y%roment of inertia (yaw)

%l‘********************************************************************

pend. t x = 0. 125; %i mensi ons of MASS (3) (cylinder)
pend.tr = 0. 16;
pend. den3 = 4000; %lensity (sapphire)
pend. n8 = pend. den3*pi *pend. tr *2*pend. t x; UVIASS (3)
pend. | 3x = pend. nB*(pend.tr”2/2); %oment of inertia (transverse roll)
pend. | 3y = pend. nB*(pend. tr”"2/ 4+pend. t x*2/12); %roment of inertia (longitudinal pitch)
pend. | 3z = pend. nB*(pend. tr”2/ 4+pend. t x*2/12); Y%roment of inertia (yaw)
%*******************************************************************
pend. | n = 0. 54; %vre length 1: short version
pend.l1 = 0.304; %M re length 2: short version
pend.l 2 = 0.302; %vre length 3: short version
pend.l3 = 0.6; %vre length 4

%l‘****************************************************************************************7

pend. nwn = 2; Y%wunber of wires (= nunber of cantilevers if fitted) per stage (2 or 4)
pend. nwl = 4
pend. nw2 = 4
pend. nw3 = 4

%\‘**********************************************************************************

pend.rn = 800e- 6; % adi us of wire (N)
pend.r1 = 805e- 6; % adi us of wire (1)
pend.r2 = 602e- 6; % adi us of wire (2)
pend.r3 = 200e- 6; % adi us of wire (3)

%l‘***********************************************************************************

pend. Yn = 1. 65ell; %oungs Mdulus of wire (N) (s/steel 302)

pend. Y1 = 1.65ell; %oungs Mdul us of wire (1) (s/steel 302)
pend. Y2 = 1. 65ell; %oungs Mdul us of wire (2) (s/steel 302)
pend. Y3 = 7el0; %roungs Mbdul us of wire (3) (fused silica)

%l ade design
mt b = (pend. m+pend. ml+pend. n2+pend. nB)/ 2; % ot al per bl ade

mb = pend. m/ 2; %uncoupl ed mass

[uf, | nb, anb, hnb, stn] = opt (mb, mt b, 9e8, 0. 55, 0. 12);
pend. | nb = | nb;

pend. anb = anb;

pend. hnb = hnb;

pend. ufcn = uf;

pend. stn = stn;

pend. i nt rode_n = 55*hnb*0. 3772/ (0. 002*| nb"2); %scal ed from GEO bl ade

%l ade design

mitb = (pend. ni+pend. nR+pend. nB)/ 2; % otal per bl ade
nmlb = pend. ml/ 2; %uncoupl ed mass

[uf,11b, alb, hlb, st 1] = opt (mlb, mlt b, 8. 5e8, 0. 48, 0. 07) ;

pend. | 1b = 1| 1b;
pend. alb = alb;
pend. hlb = hlb;



pend. ufcl = uf;

pend.stl = st1;

pend. i nt mrode_1 = 55*h1b*0. 3772/ (0. 002*| 1b"2); %scal ed from GEO bl ade
%l ade design

n2tb = (pend. nR+pend. nB)/ 2; % otal per bl ade

n2b = pend. nR2/ 2; Y%uncoupl ed mass

[uf,]2b, a2b, h2b, st 2] = opt (b, nRt b, 8e8, 0. 4, 0. 07) ;

pend. | 2b = 1| 2b;
pend. a2b = a2b;
pend. h2b = h2b;

pend. ufc2 = uf;
pend.st2 = st?2;
pend. i nt rode_2 = 55*h2b*0. 3772/ (0. 002*| 2b"2); %scal ed from GEO bl ade

%\‘****************************************************************************************

dees = 0.001;

pend. dm = dees; Y%height of wire break-off above c.of m nass (N)
pend. dn = dees; Y%height of wire break-off below c.of m nass (N)
pend. dO = dees; Y%height of wire break-off above c.of m nass (1)
pend. d1 = dees; Y%height of wire break-off below c.of m nass (1)
pend. d2 = dees; Y%height of wire break-off above c.of m nass (2)
pend. d3 = dees; Y%height of wire break-off below c.of m nass (2)
pend. d4 = dees; Y%height of wire break-off above c.of m nass (3)

%ddi tional information for ribbon breakoffs

% hese are needed in translation/roll node cal cul ati ons
pend.twi stlength = 0.006; %ength of twi st section in ribbon
pend. d3tr = dees - pend.tw stlength;

pend. d4tr = dees - pend.tw stlength;

%l‘****************************************************************************************7

%X direction separation

pend.sn = 0.00; %/ 2 separation of wires (N)
pend. su = 0.002; %/ 2 separation of wires (1)
pend.si = 0.002; %/ 2 separation of wires (2)
pend. sl = 0.007; %/ 2 separation of wires (3)

%l‘****************************************************************************************7

%y direction separation

pend. nn0 = 0. 25; %/ 2 separation of wires (N) at suspension point
pend. nn1l = 0. 05; %/ 2 separation of wires (N) at nmass (N)

pend.n0 = 0. 2; %/ 2 separation of wires (1) at nmass (N)

pend.nl1 = 0.07;

pend.n2 = 0. 12;

pend.n3 =pend.ir+0.0065; 9%/2 separation of wires (2) at nass (2)
pend. n4 =pend.tr+0.0015; 9%/2 separation of wires (3) at nass (2)
pend.n5 =pend.tr+0.0015; 9%/2 separation of wires (3) at nass (3)

%ow we can work out the true |l engths comto com etc.

pend.tln = sqrt(pend.| n*2 - (pend.nn0-pend. nn1)"2);
pend.tl 1 = sqrt(pend.l 172 - (pend.nO0-pend. nl)"2);
pend.tl2 = sqrt(pend.l 2”2 - (pend.n2-pend.n3)"2);
pend.t13 = sqrt(pend.l3*2 - (pend.n4-pend. n5)"2);
pend.| _total = pend.tln +pend.tl1+pend.tl2+pend.tl 3;

%\‘**********************************************************************************

% represents snmall | oss
pend. bd = 0.01; % makes phases of open | oop plots | ook nicer



pend. |l ever _roll = 0.15;
pend. | ever _pitch = 0.05;
pend. | ever _yaw = 0. 15;

%end



