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- Define Problem(a)

Project/problem statement.
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- Define Problem(2)

Data and information collection.

Density of air  0.013kg/m”3

gravity 3.72m/s"\2

Coefficient of form 1.75
Disk (Nylon 66, Heat Stabilized )
82.8 MPa

120kg/m”3

Tearing strength
density

Cable (technora fabric)
Tensile strength 3000 MPa

density 140kg/m~3

mass gookg
Initial velocity  450m/s
Final velocity som/s

(ref)

v http://ejectionseat.com.ne.kr/naceshelpk.htm
(Rt FAES SRS L)
vHolA QMo — M KE: T EH
http://www.korearth.net/
(properties of mars)
v’ nasa.gov
v'matweb.com (properties of nylon)



http://ejectionseat.com.ne.kr/naceshelpk.htm
http://ejectionseat.com.ne.kr/naceshelpk.htm
http://ejectionseat.com.ne.kr/naceshelpk.htm
http://www.korearth.net/

- Define Problem(3)

|dentification/definition of design variables.

d1 : diameter of disk
t :thickness of disk
d2 : diameter of cable
| :length of cable

n :number of cable



- Define Problem(4)

Identification of a criterion to be optimized.

- minimize weight(or mass) of parachute

T y,
f= §ﬁdisﬁctd1 +

m
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|dentification of constraints.

g = Lﬁfz — 1, =0 (Final velocity)
ﬁpaércédl
2
PoiCaVidy | Ov qisk _ :
9, = o —{ 5 )=0 (tearing stress of disk)
tmgeos(arcsin( =L )
mgcos\ arcsin! —— .
g 2L Ov.eate - (tensile strength of cable)
g = J—
’ ?Tng S
=—d, +20f =
Ya ¢ 0t 0 parachute sprit Disk(Nylon 66, Heat Stabilized )
G — dl —2L =0 Coefficient of form c mass m Tearing strength | Sigma_disk
G5 — N(intege’r‘:' mars Initial velocity Vi density Rho_disk
G = dl =0 Density of air Rho_air Final velocity V2 Cable(technora fabric)
gravity g Tensile strength| Sigma_cable

g8 :—tio

density Rho_cable

gg :_dz = U
G =L =0
G =—N=10

* k(safety factor)=3




= Numerical Method

Excel Solver

25
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f(kg)
L(m)
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Initial ‘N’ =40
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= Numerical Method

Excel Solver

5 variables
11 constraints

d1 (disk)

t1(disk)

d2(cable)

L (cable)

N (cable)
f

12.2434 m
0.2555 mm
0.3882 mm
3.6581 m
40
71.2237 kg



= Numerical Method

o [ T O S T T NS )

S A e i = i L i i R =
ElwimPE SOt < oy Al (o] =S

B C D
Properties
Sigma_ny 82.6 MPa
Sigma_li 3000 MPa
Cd 175
m 900 kg
g 372 mjs™2
rho_air 0.013 kg/m*3
rho D 120 kg/m*3
rho L 140 kg/m*3
S 3
Tolcon 1.00E-06
V1 450 m/s
V.2 50 m/s

F G H I J K
Design Variables Object
initial solution f | 7.223703 kg
10{d1(disk) 12.24340109
0.001ft1(disk) 0.000255452
0.001fd2(cablé) 0.000388202
20[L(cable) 8.658075356
40[N(cable 40 I _l
Constraints
v gl Of Active
disk g2 OfActive
cable g3 240288E-(7| Active
disk gd -12.23829205|Inactive
form g5 -5.072749626|Inactive
integer g6 40| Integer
g’ -12.24340109Inactive
gs -0.0002554% 2| Inactive
g9 -0.0003882(2|Inactive
gl0 -8.658075356|Inactive
gll -&0(Inactive

M



= Numerical Method

MATLAB™ : fmincon

d1 (disk) 12.2434m
5 variables t1(disk) 0. 2555mm
- d2(cable) 0. 3362mm
10 constraints [.(cable) 6.1215m
N (cable) 41.8

f 7.2211 kg



= Numerical Method

Optimization terminated: masnitude of directional derivative in search
direction less than 2Z+options.TolFun and maxinum constraint violation
is less than options. TolCon,

ictive inequalities (to within aptions.TalCon = Te-00):

[ower URper ineqlin  ineanonlin
I
2
x =
12,243 0.0003 0,000 61215 41,8357
fval =
72211
pnitflag =
]

output =

iterations:
funcCount :
|zsteplength:
stepsize:
alaorithn:
firstorderopt:
constryiolation:

nessage:

lanbda =
[ower: [Bul
upper: [Bxl
eqlin: [0l
aqnonl in: [Ox1
ineqlin: [Tu1

ineqnanlin: {31

x>

17

15

0. 5000

1, 1650e-004

‘mediun-scale: S0P, Ouasi-Newton, |ine-search’
5, 1019e+016

-1, 0000e+009 -1, 2285e+011

(14172 char]

double]
double]
double]
double]
double]
double]




= Numerical Method

MATLAB™ : GA
YIEZ A QY O

(1) Optimization terminated: no feasible point found.
(2) Constraint function must return real value.

-> (1) or (2) error B£AH

AR HIA BEA s IE ALK ZorT QL8



= Numerical Method

MATLAB™ : pattern search

Optimization terminated:
mesh size less than options.
TolMesh and constraint
violation is less than
options.TolCon.

output =

— TolMesh & TolCon=

problemtype: "nonlinearconstr '
pol Imet apspositivebasisz2n’ K ": . O
eeeeeeeeeeee 1 <= = constraint=
iterations: & E
funccount - 1365
meshsize: 1.0000e-011 ‘:,", O—l \/,-i 7 ? ,.
andstate: [625x1 uint32] A —
d [2%1 doublel

maxconstraint: 0
ge> [1x115 char] -




= Compare

Compare with last solution

d1 (disk) 12.2m 12.2434 m 12.2434m
t1(disk) 0.7mm 0.2555 mm 0. 2555mm
d2(cable) 1mm 0.3882 mm 0.3362mm
L (cable) 48m 8.6581 m 6.1215m
N (cable) 100 40 41.8

f 21kg 7.2237 kg 7.2211 kg
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=> f(d1,t) : n=100; 1=48; d2=0.001;
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Excel solver

=> f(da,t) : n=40; 1=8.6581m;
d2=0.3882mm;
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d2

* Graphical method

Excel solver

=> f(d1,d2) : n=40; t=0.2555mm;

|=8.6581m;
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= Conclusion

D, = 12.2434m
t = 0.2555mm

D, = 0.3882mm
[ =8.6581m
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