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Considering uncertainties in the design process is one of the most important factors to achieve
reasonable and reliable results. In this article, a collaborative structure, which is a
multidisciplinary design optimization, is combined with a robust design approach to design an
optimum and robust launch vehicle, while considering the effects of uncertainties. First, a liquid-
fuel vehicle is designed under two disciplines to send a 1200 kg mass to the 750 km orbit from the
earth surface with 50.7- orbital inclination, using the collaborative structure. It should be said that
the first discipline includes three subsystems that are engine design, geometry design and
estimating the mass. Also, the second discipline includes three subsystems that are pitch program,
aerodynamic calculations and trajectory simulation. Then, the optimum collaborative output is
combined with the robust design in a multi-objective model to achieve the final vehicle
configuration. The results show that the calculated mass of the first stage of the project using the
collaborative robust design process is 3 tons heavier than the calculated mass using optimum
collaborative design approach and the engines working time is increased. The overall size of the
launch vehicle is increased too. The outputs of each subsystem have been evaluated and also, the
overall results have been compared with another design process, i.e. MDF. This comparison shows
the acceptable accuracy of the proposed approach.
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min rl
2
= (thrustlsyS — Mean(thrustldisl’l, ,thrustldisl,loo))
2
+ (thrustZsys - Mean(thrustZdisLl, o thrustZdisllloo))
+ (thurnlgys — Mean(tburnldisl‘l, ,tburnldisl’loo))z
+ (tburn2gys — Mean(tburnZdislyl, ,tburnZdisl’wO))2
+ (Dials,s — Mean(Dialgisy 1, - ,Dialgisi 100))°
+ (Dia2gys — Mean(Dia2gigy 1, - Dia2giss,100))”
+ (MO1lgys — Mean(MO01 gisq 1, - ,M014is1.100))°
+ (M02,ys — Mean(M02451 1, ..., M024i51 100))?

+ (Mpls,s — Mean(Mplgisy 1, -  Mp1ais1100))°

+ (Mp2ys — Mean(Mp2gs1 1, - MP24i51.100))°
thrustlgisy 1 thrustldisl’mo) <o

MO14is11 % g ~ "MOlgis1100%9) ~

s.t 1.3 Mean(

thrust2g; thrust2;
05< Mean( SR dlsmoo) <2
M024i51,1 % g MO024i51,100 X 9
(14)
doles JS& &y (gjluaings Alas alie 31,k & 53 p30 9090 (6l
il oo (15)
min r2
2
= (thrustlsyS N Mean(thrustldiszyl, e thrustldiszyloo))
2
+ (thrustZsys = Mean(thrustZdiSz’l, s thrustZdisz,loo))
+ (thurnlgys= Mean(tburnldisz,l, ,tburnldisz’loo))z
+ (thwrn2,ys — Mean(thurn2gig 1. .., thurn2gisz 100))°
2
+ (Dialsys — Mean(DialdiSz,l, ,Dialdisz,loo))
2
+ (Dia2Sys — Mean(DiaZdisz,l, ,Diazdisz,loo))

st: 7403.22 < Mean(Vf 1, ..., V¢ 100) < 7552.78

7275 < Mean(hy.q, ..., hg 100) < 772.5

-10< Mean(h’fyl, N 100) < 10

20ty < Mean(tburnldisz’l, . tburnldisz‘loo) —10

10 + Mean(tburnldisz,l, o tburnldisz,wo) < tho
< Mean(tburnldisz,l, ,tburnldisz’loo)
+ Mean(tburnZdiSz,l, . tburnZdiszyloo)
—10

S+ Bfinall < Bml <85

—10 < Oz < Ofinai1 — 9 (15)
P C iy g Sy g g5 Jhme Sl ke pgo gadge jo arl
gl Sun b & lodies 5 oot adlne ol pes p S50 g
e by o2 18l 2 ogdle it mhaw jludinge U390 s
) oo vz 2l So il Jal jo g ses fals 55 ) bl Bl ol

ol 00T (16) aoles B [0 gt haws jloaige Al . aiS 5L

min - w x M01+ (1 —w) %X (g3, + oy + o)
s.t  Dia, > Dia,

my, = 3000 kg

my, = 1700 kg

r, <100

r, < 100

|[MO1,s — Mean(MO1ig; 1, ..., MOLgigq 100)| < 100 Kg
|M025ys — Mean(MO024;s1 1, ..., M024i51,100)| < 50 kg
|Mplsys — Mean(Mplgisy 1, - aMpldis1,100)| < 100 kg

|Mp25ys — Mean(Mp2gjs1 4, -- aMPZdis1,100)| <50kg

(16)

$lp Slaal cownl mhw Kby 5 aib o $ig oo W akaly pl )0
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