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Abstract

Many factors affect the quality of brazing process, including temperature, time, clearance, surface
roughness and alloy elements. Actually, they influence on the formation of intermetallic
compounds in brazed joints. Since intermetallic compounds are brittle, they considerably degrade
the mechanical properties of joints. In this study, the mechanical strength and microstructural
characterization of AISI 316 brazed joints with BNi2 filler metal in different temperature has been
investigated. Brazing temperatures changed from 1050 °C, 1100 °C, 1150 °C and 1200 °C for a
holding time of 60 min then, the influence of this variable on the brazing strength were examined.
Tensile test samples were evaluated at room temperature and metallography samples and fractured
tensile sample scanned by a microscope. The results showed that the higher brazing temperature
leads to diffusion of boron element into base metal and less volume formation of intermetallic
compound phase in the brazing joint and consequently more tensile strength.
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Abstract

The leaf water content is a specific index for the assessment of the physiological status of the plant
based on the water content of the vegetation. This research provides an appropriate model based
on the reflectance spectra between 400 and 2500 nm to estimate the leaf water content. We
examined 53 different species of the well-known Leaf Optical Properties Experiment and a total of
263 spectral curves were employed in a supervised modelling procedure. for this purpose, three
different linear models were proposed based on the two different indices and their combination.
The first index refers to the ratio of reflectance value in two wavelengths and the second one is the
ratio of the derivative of the spectral curve slop in two wavelengths. The experimental results
indicate the dependence between the water absorption bands and leaf water content. Finally
determination of coefficient for hybrid linear model, which is used both indices, resulted to be 87
percent, indicating a very good fit. Also, the 0.06 relative root mean square error represents the
aceptable accuracy in the water content modelling.


mailto:tb.managhebi@gmail.com
https://dx.doi.org/10.22034/jssta.2022.295493.1028
https://dx.doi.org/10.22034/jssta.2022.295493.1028

b Bodld (S oS Sy ol (6097 g0 (e Joko Sty

" g yilae Lo yozmo 7 (Bl b (S 50 20y oy

Journal.isrc.ac.ir
(s 00 g5) th.managhebi@gmail.com < ! oLad oKigsy *o)

doctor.mobasheri@gmail.com ¢ cwsb pall oai axles olKiils Y

aolilab ¢

9 69L=d (pole
u.’l_»as LsLba).g)lS

US>

e gy ol el Ol 0T Condg Glie oS (Sulalsnied (s Sl srlio 23S olS Sy O sl
dalllas ol 1o 020 g0 @l ;o YO+ B ¥ v ogume jo anb pl sboosls Gulul 5y LS Ol (Slgie 55515 sl 1,
29 4B 8 eolitul 8550 5y (Sl ol alRiulejl slaosls | alise oalS 48 OF (Sanbil b
s G5l 5o slate Cal (sl iad 48,5 15 4 ead )l (gl Jae sy Sy b (S YT seme
Jsb 99 5 (sheb (Sl s Jsl (a3 ls wind sl Lol w8 g e (a3 lo 99 slie 5 > oo
slosly (Kiuwly 00iiS 0l (020 bl Sl 9o Jobo 93 10 (b (Somie Ghbo S p93 (a3 Lo g ciliie 90

Y1-Ve amiio ¥ olos o Jol Jlw
Voo pliwo) g 5l

J.:IB RN ;QL;.: oo (s LgUa? C:LUJA u.‘i:la.a )».\> R 2N Sl osls » JM WL.Q u.u)‘).» odu.mdul.m; 10.22034/jssta.2022.295493.1028

ool S Ol (lgizms 891 5 50 soloiinn Joo Joud

&9l Az ;b
VEue[oFIYF il o

YFoe N NY i oy
soals slaojly
‘Ghliwlo).f 03l ( Aub il wglai

Gl g5l 99 3l o
(b (Sxin o5y O (glgizmo oy



mailto:%20tb.managhebi@gmail.com
https://dx.doi.org/10.22034/jssta.2022.295493.1028
https://dx.doi.org/10.22034/jssta.2022.295493.1028

Sribo g lo

St Sdde ;0 a5 Sl paiS adg Ol ee 3 00 (s
Sl cnl sl 9,0l 5 DVYT 08 oo J18 ool 590 a5
srsba 5l oalital U e 5l Giomes o |y Slinises 5| saasy dlan>
oliass o Dol g DVF] cul sols olais! sg5 40 ik
Sl 5l eoliiul b o (605250 951 ae) 45 45 (5oL
W85 8o pmblineg xSl il il slaggs Job o
Slr Slaye oyieS gy @ k3 Gl Sl skl el
o9 4 Sl g ol goszge la sl o BLS ) )8
L 5e8 ogole 5 (NIR) MSio3 508 gole slaosgume 5
Al el azals 1) o )5 o i (SWIR) MWobisS 240 Job
AFOe AT AV 5lasle a5 OF ods slawil 81,0 Y-
@ e lagee Job lee 4 gl YO- o g VAT
obize | 6,500 slawt axgs as o [V ] LS O o550
oLKen 5 "o riles 3929 ol b LYO-YY] Wilosg av e oyl
oS Sy Ol 09240 a5 wisly lis ol oy S
L &5 as ally gl 9 50 (S anlih Cond b cenlite wilgs oo
o aSh gl 18 cabliseg iSI Gl ol G odgame yo
mod A5zt 1 o lpad 4 ead colaiul Wil g0 ol 51 S
ol 3l o opl ol [YF] W jlas S OT (09290 asLis L
ool podal sty w3ls a5 cwl cusnl Sl g
wyeme Ol (pir ail o5 cul (e Jsb e Sanlil
s o oolail BB sl Cawods el ogy ! 5l g 04 so3
Al g2 T by (535250 5l Do &y a8 Ceal (5o lgale 50
ool @i sl Sy gl b oles 5 s ol
5 S8k S (aSlh iy izmen 9 (Sl b
L)l 6ol Bn Bl (b sl s la SRy
o U 1y orboliing U1 il 51 e o ey o

6’4} L}“’)‘)" sals )‘J.S P9 Con Oy90 ol.:f u_)] 6‘9».7:.4

9 Radar

10 Multi Spectral

11 Water Content

12 Near Infrared

13 Short Wave Infrared
14 Mobasheri

15 Pu

doosio —

ssbaie a4 Ty90 5l Gonis ools qlie 51 (oY b ol sl

Oty ojgyel el Bun sla el )y 5yl 5 TR plulis
5o il 5 oy oo oSS el GBS slo i
Jdo a8 il joo 5l romiw o Sl e sloasll )
elaBlogt 4 l) gl sl Giogh o Ml £55 5 Cues
slass SSw [V ey it camaid cwl ool
slayalb oy5ln o [¥] olS consy adllas Y] g ,5tes
aites bl ool ciiete 5] 0T et 5 (s
2 ewbin 0018 oals ol Glegoge 51 G o 0 aS Conl oy
g oo Lyt LS 0590 CBS g 0l Sl Hlaise £e.040 L]
Yo plgn sloosls &g as ool 33 (gl camlin (5w L]
0,5 UL 5 celie ¥ il o7 SIS SIS o Ll Lo plas
Syl (S asdllas Ban 4 Ken Hg ol L Mg, e 00ls g5
Al las Buan SH8 4 gyloly slaosls ( LS D ygo 4
ol ol GBlaal Sleonds la She 5,8 ooy 4
3o calie S0 SIS a> bl a5 canl oy dies o
(elst s B g adllas gaoge wBan gy ke WalS
cAaetiS 53 Forkee B a3sS g9 (il )0 e vz 5l wilg oo
AL £9 D90 O (pizred I pite olS (5 le £
odgazme lulid (gl (orwlio 4351 o wiz sloosimin

oLS ol (057 50 colS mps grleardisn gl el )y 51 (S

kS (N3l et Cundy oy Sl el 2P &S il
ot 0,5 UL g L8] 5[] (6 ot conlin oyl cpnns [A-0]
oz V-1 L wloe oty S o (559005 €58
ool ly 51 (S ey b o S OF gl il 5 o) 2

1 Hyper Spectral

2 Remote Sensing

3 Pattern Recognition
4 Airborne

5 Spaceborne

6 Spatial Resolution
7 Spectral Resolution
8 Optic

\Y [\Fee ub.w.o) 9 ).ul.: ©9o e)l.o.»fb ;Jg‘ JL»A - GJLAS ‘_gl.tb.b).g)lf 9 ‘5)51.13 ‘f’?‘Lc MU.L\aégo



b (ool 1 o ol S Sy o (599250 et ko 9

w3 Jed S ol (609750 5ol oS iz (gl el )y 051
el 43,5 )18 g0k (oo 4z 95 9550 (95T S el o
Job esgame ;o Saubsl Jlade bosls ol ,o [Y#] 4 [YAl
&l sl S sa SIS s b egilb YO o U e oo
oo 5l glaiges VS el sad cud iz slaassS
LRG| ‘SQJJJ MJ‘SA QL..M) ‘m..\j oL:f 445.04 ;S_, 6‘)) b@...'a
O 50 aBislej] slassls cpl 5l Jol> guls 5l eolawal
6)&......0.“ ul.?L.M JL@&‘ ra)l.....wo ‘G‘Las o).:jda 9 @‘3.&'& )99 )|
H % aliolel slaools 5l aiges YEY (ol adlllas ;o

5 Silwdae phite 4 1 ctalojl o T lbiel w0l lyie 4,
ouls Gl sladigad ggame jlanias )8 colatnl 5,50 b))
Sy dges VYo oy alidee alS @55 OF a4 bgyye a5
ol a8 )5l s Jae 2b)l Sl e 9903 OF 5 55leJoe
G «/+YY gem™2 51 EWT) "Sp Jole of cuwlks
Slxe Blsul g+ [NV gem™? Sl L o/ OY0 gem ™2
S8 50 puizmad 28,5 18 JLaiae /- VY gem™? L]
g5 €55 5 EWT Jlade g9 5 (ctalesl 5 (o550l slaosls
29288 8 s palesl s (jgel ools 5o y0 o aisS
slrosls WigS a0 ol Sleze 5l ez bosgase
SBl Y  F s by Bolal O ygo 4y cinlesl 5 Ji5ge]
EWT jlade b 565 £65 <SG )0 digad olows a5 50 ;0 250
o g shjaal ools 40 diged S Bl gy 1 0050me S 40

Al ools 13 ‘;f(o.g.La)'] oald ;o diged

7 Normalized Difference Water Stress Index
8 Leaf Optical Properties Experiment

9 Train Data

10 Test Data

11 Equivalent Water Thickness

Shg aS ol las sael cussas slo Sy 9 el oy
WY o) eVe g 2agilb VIV =AY Ldo slaail o ' colus
0ol Gyl ol Cod la SRy eizes 5 Sl
£S5 s e ol olS Ol slgizs b 1) aonlis (Stnron
i Olsieds TCR 5l soliiul asdllae ol o Job LB g i )ls
il ralaille K00 o )lie s 5 i 55k, S05T (6l (3l
@iz lal gla Shs nle ol et s (i lasil TGee
& g0 Sl 1 g o o LYV] el Tl 5 ol auile
ol &5 et ol S Ol g09290 5l )y 85915 (sl 4z S
Celid 515 adlllae 9550 Sglite Of glaced b L ol S
T RV X PR 1 La5,o.c RUSTINY Lyvl 3 [v#]
oolaiwl cawl ST o> slal 4 sgume 4 yudblineg xSl
Oliee axdllas jglaie 4y cimgh Y-V Jlo o [YV] caslons
@SB s 2l sl (1 5l oa a8 0l il (LWC) 85 5 L]
a3l g (WD 7Ol asls g Lulal 5 ol Ol o920
s 90 e (NDWSD) YOl oyl oo Jley Gillas|
Jsb) Seo3 30,8 gole slasily ;o (Fonlisl yuolie jles el

D] oS o ool (ogli A+ g+ AD slazge

ol anlllas | Bum o plnil (sla tmg3y y30 42 az g b

b gie o ol e e Bl o)
e e dl)) oot 4y pomie cnl Grde 5 Gl 2SI
3550 sloools 5l loal medsi ool oS DT (g09750 951
oot O3 e g 95ise Al amy (isu o )57 i 5 eslatul
) g el aelol (sl ol o o) gulis <)

IWRREAPES

L g; 9 dlge-Y
(LOPEX93)' 5, Sl plys ikl sleesls

1 Area

2 Continuum Removal
3 Depth

4 Asymmetry

5 Leaf Water Content
6 Water Index

'Y [\Fee ub.w.o) 9 ).ula ©9o e)l.o.»fb ‘ng Jl.w - ‘SJLAAS ‘5130.5).3)l5 9 ‘5)51.13 ‘f’?‘Lc ngo



Sribo g lo

b (S0 595 2 CR gza Jlosl ¥ S

GO Wi v 595! (sladigy Y ISl

Olis aslls &ja0 a1y (golpiing (B9, sladaig, ¥ IS
.\.\.QQGA
Pl lagilo i 5l (So 09 o0 abimlle &5 j5bolen
2 sieb il S Jlesl ik e cloosls gy, 2 o
V5l kb S a malS b ks ol el baosls s,
3 ng Gl g (Somie HAb Fp s crge ylegll Ve o4 slegil
b Guie polie iyl 4 el b S
zoe Jsb 90 5o Soulsl nolie sl Hio I (Sanbsl

3 Fresh Weight

LOPEX93 005 )0 puiS £ S b JSoxiw ) S0

5 ol Sy ol (gogzse ol sl (Fslite sla il
o lgimme oy @l 4 g3 e ales )] 5l aS 058 e
o)Ll EWT) "S5y Jolas ol cules a3l g RWC) 'Ol

iy s (V) 9 (V) kailyy b i i 4 (a3ls g0 (nl oS 00

IvAl silooss
FW — DW \ abl,
RWC =100 X — g
DW
FW — DW
EWT = — (g cm™2) Y bl

5 T SAS S (359 DIV Toil Sy 59 FIV (35 Ll o
oL oolatnl 5 )50 2islejl glaosls o .l Sy mlas 4
a8, 18 oolanwl 5,90 olS Ol lgiome alis olgic 4 EWT
o

Sl S 5l axse ooliinl jolaie (310 5 i Al 50 50
Load Jles! ladiges olod o s CR ol oo
Ll 5 ond 5k iz oy adly 5o oslal ol Josl
Moo S g OSes Jlade Sl 4 o (g ST
e Jloel 5l am |y dinb soie 5l slaiges ¥ S5 LYY
D20 oo lid jeS e

1 Relative Water Content

4 Di Wei%ht 2 Equivalent Water Thickness

¥ [\ ula.m.o) 9 ).o.:b ®9S e)l.o..i) ‘ng Jl.w- ‘SJL»AS ‘_le.b).g)lf 9 ‘5)5L23 ‘f’?‘l'c dwl;.laaégo



b (ool 1 o ol S Sy o (599250 et ko 9

Iy b g0 oo (Soobsh cond oz ls o) Ken ¢ (5 0l

V9] W05 i 5 Sy90 &

$ abyl,
ISRRzg—;;,i,je{l,z, w2101}, i #j

Sade Fgib (Sanlil s aSls Igpg o] 0 &S
5 SRl e Ry 03Ul g ol i zge Jobo 5o (Sanlisl
el ol @ge Jobo

i s 5l eslital L NIDI Lasls Y10 Jlo o
308 sole o3gazme slanil o (Fanliil polie ulul 5 sl
vl ot s ;@90 4 Sle

R
NID] = 1529 Y abl,

R14-16

pas yiegl VHIF 5 10T ggn Jobo polis & e L
Joe 4 aS conl J oy vt 198 holS sla 2ld 5l ool
S SUBT RS

Slgie 4 (CWD) Aegjemls Ol asls ¥V Jlo o
A iy p) Oyge 4 ol OF plie 8yl ln patls
{1

CWI = Ry660 X Rig20 A ahl,

Sy90 hlize slo Pl (o wedi oo dbixlle &5 (lizea

oolainl 890 (uablioeg xSl b jo  Saulish jolas coslaul
e polie Gelol oz (ALl e (ol )3 55 (o0 13
oglle o i cnl @ g 005 (oo )18 oolitnl 090 il St
B e 3590 58 (SRk Sl 5 Sl jlade 5

5 Normalized Difference Water Index
6 Haunt

7 Spectral Reflectance Ratio

8 Composite Water Index

Aoy (ol S el SSE o b e 3 e
o il (G ;0 g AL S Ojle 4 9 855 (o0
W 0gbon paro (done meo ST LI Gl o0 4 s it
&2l Ssledae 5o oolitul 550 slaasls JUiiul jelase
oS il slaaieS g Ll 5 slowdinn lsixe Ol )
il (il o sl | Ol Slgime laasli psas
ool )3 058 o slitl baail oads Jlo s Gl 5 Sulssh
By 08,5 )18 oolitul 5 90 ragh (nl 50 &5 plaaSls
g g0
aeobe oad Jloy Bllsl asls o) Kan 5 ) (Ses,lo
DYV wssls sleiy oy JS & |, (NDID ¥ 50,8
R850'R1650

NDII = —230" 1650 ol
Rgso + Ryes0 ¥anl

AD+ 9o Job 93 3 0ud Jlo b (Sonlisl Sl Gl ps a8
O9ole § S35 50,8 gole slawly by jblie a5 2agili 170
255 50 1,8 oolatul 550 ol obigS 30,8

3008 Opdle 5 Seo35 sey8 gole wily i ()l Sen 5 TS
(NDWI) 8T ous Jlo s (ol delee sl 1, (MIR)' Sileo
DyALssls 5,8 eolazwl 0550

Rgs50-R1240
NDW[ = ——— ¥ akl
Rgso + Ri240 e

bl p E,NDWST asla YoV ) o jo o Ko o7 il
4 S0 8 geoke jo (Sanlsl polas oads Jle g Sl

Ival wo S Gy ) )50

0 akl,
R850_R970
NDWS = ———
Rgs0 + Rozo
1 Hardisky
2 Normalized Difference Infrared Index
3 Gao

4 Near Infrared

O [Yfee ub.w.o) 9 ).ub ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5)”[5 9 ‘5)51.13 ‘P?‘L‘ ‘ul;.haégo



Sribo g lo

\Y akl,

EWT = a310ptSRR + b310 + C3

PLSRDR

Ad oS 5 s Jae sl yialibcz 9bg caz ol o aS
e ol 5o lwang Al e plnil 4 (3l &5 Col
g abal, sl Jas sl oel Cavods aig slaail g o las 392
S oo 8 eolaiul 0590 Sl Jas o ada
el @b Blla ol (o) 2 9 @S (2L Hekae &
ol a5l g wSoslail 5l ol polie g ouds a3l sla s,
e pl @ gen )Ty gkl (asli 0l oo ealatul (g )]
el @b (Staven Olie pgd Ols5 @ly 0 a5 T s
elos 18 15 & 50 40 Sl (65§ ol s 5

w‘

\W abl,
, _ E(EWTo — EWTo)(EWT, — EWT))
E(EWT, — EWT,)2E(EWT, — EWT,)?

Sy ol Glyzme wusp 4 EWTp 5 EWTy o jo &5
EWT; wiwsd lawgie JSlaalie 5 O Glyie § Sloalie
bsgio 5 Jao | Slaslre Sy Ol (glgime i 5 4 EWTE 4
55,5151 50 45 sl ool el sl E 0,3 UL o aitan o]
4 e 5 ool iy oSl O 90 & Taleen 1 3 SG03
29 o0 5 4l

\F abl,

1y (EWT,, — EWTo)(EWT,, — EWT,)
ST (EWT,, — EWTQ)2(EWT,, — EWT,)?

2

laools degasma 10 oolaiuwl 390 diges dlaxi n ¢yl jo aS

3 Maximum Liklihood
4 Root Mean Square Error

Sl iie Cawd laie cow jasld pl 0gd e 0ols
W a5 g 4yl 9 8 (| ek

Q akl,
OR);
ISRDRzﬁllJe{l- 2. |2101}| l:pt]
on

0 5 heb (Sonljl Fuio Coms (a3Ls Ippg O] )0 45
PP w0sd e alaxlle a5 jsblen (s 312w 5l
S oo Jut b mie i bl y0 5
oled il 4 g F ahly) sl asls 51 S e aslsl o
EWT oo b atls (Siad 5 B0l dewle oo slaaily
Joe ccolys jo b o 6&)'5AT lrosls o wily g0, sljla
Py WWL»M,EWT)IMM&

RV E-IRV L R

EWT = alloptSRR + b1 \. A.b.tl)

‘SLQJ.JL} 6‘}‘4.3 ISRR ol 4}.:.@.3 PLM’J IOPtSRR sQT )«) 45
Gliv witwe b Joo olpo by g a5 conl agy ab
sloasl slilay g Isppr oo iy o5 2l (5l k> Jaw o2
il 5 O)g0 4 disge
EWT = a,l

OPtSRDR + b2 " A'L'fl)

sleail slila Igppr ool a2l Lopreppr <o) 50 &S

aS Jow aiee s Joe colpo by 9a; 5 casl age b

Wybise Slediy gy (rl 5o @l Je Olgre 4 ol o

ool sl 895 jo 1) gy el 9o 2 aS Cuul S 5 Jow

3lesheb (o o (Sl lade clelbl poglle a8l o

25 Opge 4 g3l Jae S ox s b (g ol
D9l g0 Ly yai

1 Spectral Reflectance Derivation Ratio
2 Determination of Coefficient

\# [Yfee ub.w.o) 9 ).ula ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5).3)l5 9 ‘5)51.13 ‘f’?‘Lc ngo



b (ool 1 o ol S Sy o (599250 et ko 9

1v 10 ab
RMSE = HZ(EWTO — EWT,)?
i=1
0.06F
E i . ] 530 (sl by, CBS (yad 50 45 g (55le] Lasli
- 004} ] \LST'“'“'; lbz Sl o (1 Sbe Hdo a3l (285 1,8 colanl
:E\ 003} ) . i - :09':'\5" u.u).u Py Syge aS cewl (RRMSE)

RMSE \$ b,

002 L}

H
oy
<

S

0.01

Bl Jlake 4 ax g b Solas e jo sl ] o aS

TY
o

| orbcbod) | A
Ty
S
-
LE -
[ ]

58 0a ol (6 bl el )b dws oS Ol 08 so et e
-0.01 L L L

1 12 14 16 18 ‘ 2 22 24 28 28 )L‘\s& losline 5 A—JLWL?DO O g ’ Q‘)—*—" Py )L’S
datt slagse Job 50 (gub (Sall Soud pils o ) .
.0)5 M‘? 0)9‘).3)'.;.: ‘) k_)L».HUL?LQ = 9 dl.’a.c 6Ua.>

Cond 2Ll g ouls oudlio EWT o s o5l 0 . F S
Fogl YA g VO glagge Jgb 5o (Fuulish
-y
Lpss a3l 5o ante Sl (e ) oy bt b &
g WWFe e Wbl as,le a5 Lbjgel slaesls 5l solacul
b Jae ol po wlisS 508 yaole oagame ;o ylegil VOV
Cesddy 5 D50 g Slaye nyeS gy 4 5 o b bl

sdae 1S e 0 e cupe 2SS ) p

Job elebd 4 22 (V) 5 (V) (V) Laly)) soleriny
el (a3l slw » ogdoe Joo o 50 abgy slagse
Jsl Joe 50 @l bo e et cupe G Gl CokS

x|
e ol VYA g VO+ zg0 Jobo 90 50 (Solislh s s gy e
! ob55 ).oJ.S uijo 9 Y)AJ.B 4..J aéjdau L .bj.:fo aS el
S | 5 e . . “ .
EWT = —0.0302=22% — 0.0101 VA ekl isel slaosls Gulal p iy Glasil Ces 5l
1520 abaly oy Tige Cosoy Slagpo (0 52aS gy 41 (b3 Joe calpo

:..\.méu.a QL.M.’ ‘) Jﬁ‘ ua>L~J U“’L"")" 0)9T).g L';b JM V'Y

R750 \Y akl,

EWT = 0.035 —0.0351

1390

Joe wolyl 0)9Tﬁ yekaie @@Z}yT slrools 4y lax 53l

el 0al ools Lzd ¥ S o as

2 Red Ed%e 1 Relative Root Mean Square Error

\v [Yfee ub.w.o) 9 ).ub ®9S e)l.o.»}"a ‘ng Jl.w - ‘SJL»AS 61»:,3,[5 9 ‘5)5U3 ‘P?‘L‘ ‘ul;.haégo




Sribo g lo

a4 dS Sl saie (g laie o)lgen tiil yiagil VOY . 4 VYT
500 Oyle 4y .l H5S e alall g0 0 cud Sy BULST e
&ly iz Al s 99,0 00 S5 lagge Job &5 bl
Lol Dglaie Coolle b Sanlish ool polie ol ls tasloas
ooly e &5 Jaw Glgrea AV Jow bl o caslsl o
sleosls 10 olS S Ol (505290 iy b9l slaools 1,
b oo 0,51 p EWT 3l glabais _ioles & JS& .o 090 s
&lp osls 6 5o5lil EWT Llae yo 1, Jgl Jow ;) eolaal
Sgi on aballe ¥ IS as 4z g5 b ams o yLid (905 (sloesls
2 el i Jgl Jode 4 G g0 Je 50 39l s aS
(SR o b annlie )0 (Falisl et 25 Cand 28l

w‘)Ja.:JA)M‘)l: J)BT).g)o d‘wa.A ua>L~a

b (S ol Cand (a3l g EWT (o as (55 .0 S

0.051 F0gbIOY 9 IVFe sbzgo Job 4o
0045 |
% 0.04f 5 > W > [CEN-S
EI a.)sm)éslﬂ_’otssmwow‘sodja}u.ndso >
- 003
g , Jsb 5l eslanal b g VY alal, elul 5 as oS5 o
o 0025
5 . o .. RMSE= 0.0012gcm ™2 il ) D)ge e slagse
?‘[‘ . . RRMSE= 0.1006
=t pois| . - rut ]
% ol .. ] R?=0.77 \9 akl,
3 I .
0005 " '
\. L B L L L L L L L | — R750 51340
0 005 001 005 002 0025 005 003 004 0045 005 EWT = +0.0113 - 0-02075 —0.0183
1390 1520

(gcm_i)wﬂ.\.‘au.._. oS F \_:]‘ e

@ axgi (b Jone bl 5 olS sla el )l acule (o
S50y 50 Jow oblss 55 g LS 4555 5l oals @3l Jowe JUae!
J.g.dl.a.c )‘ b ol o0 L)».:U.: ‘5\»)54!1 L;Lmolo g_;l.?w‘ BN ‘.).3.1‘50]3
Bgad ;0 a4 Cewl syl 4 o3l 09l colaiul EWT (alize
@ S UL EWT L laools Slgl 8 cooliiwl 8,50 alKisles]
sl Joo 3l Jol> bl cw)pm 09 oS (of EWT L slaosls
Gom 99 )0 b o ol Comd B0 g0 LS 0uls &Sl
S 35l0 bl olS O (535290 Gliae b (232 slaaily

Jlio 30 Jgl Jow 31 (Fluwlno Sy O (539290 i led & JSb
dk\.&slw.o J).g uT SO9> 9o

Toe Jsb 95 & bgrye a5 pe5 Joo jo oad a8 I ey ol

A [Yfee ub.w.o) 9 ).ub ®9S e)l.o.»}"a ‘ng Jl.w - ‘SJL»AS 61»:,3,[5 9 ‘5)5U3 ‘P?‘L‘ ‘ul;.haégo




b (ool 1 o ol S Sy o (599250 et ko 9

B L EWT 8ly jlode 8,905 a0 ;008 ool arwlwe EWT
Slr oS cuye polie ax STl o) 7l iy (oo
23l 5l ol amas 5l gy NDWI g NDIT slo asLs
s Gl olio Lol 0gs < /AY g </AY L ol g gl s
Hlas a8 sl Cavoas NYD 9 N CS 5 4 Ladls g0 ol
<ol el o b awsie jo 5500 slo asli das
2 b (Somie Fidee I eolaiul aliis 1o )55 5 55 0mb
2lie gy ed oS W oo | o5l l e bl e LS
3 gl slasl o (Falisl oless 550 Saabsl

g ool

G5 A g oy ¥

lo)9aS plo 5 Olnl o gouste glacs 8 ol Jl )
> lad g e 90 5l Ghamie 55l 5l eslanal Sl «
GogliaS s wedge (65,slaS 4 pltes sl
as)io Lulyd oo o §laS LS 50 L & wedise
sbunl) y0 abgr o Ol e sl 5 (ormilin slosal) aSdy 09 oo
amads @l G cpad (65laS Slsyly g olole Eoo
w9 $39laS ojslise ) g (55)0liS Ao ozen (Sleos
0 ol ool b Conndg 5ado anlllan diwl) ol 4o
5955 5 ol 4 olS L ads (e ol caallis (o yslaie
b &5 cwl aST 4 a3l el Sl sl cibpew
Ll 5 e s (5ol B oS sla sl
Ot (653l (ol nl 50 g 0 )5l eekias i sla 2,
Jdob o olS (Sanlsl lel » plbasls @l L e
o5l e 3 el oyl LS s dilize clagse
D10 8,105 Jialgr (55,5l 059> 4o AT ol

oolazwl b olS 5y G (699590 8591 1o e sidgin ol 5l o
0,99 ;0 obS 0T (s092g0 anlllas .l 98 31 iomiw (5,9ld 5
Candg sliwl, ;o sante Slellbl aSol 5 oglle oLS o,
Sk 3550 285 09t s R g0 il oS (S5e)s 5ud
S35t E)lpe adg Jlake (s 45 il (o 09d o0 Wy
30 og 4 abey e o pae glealy olS clils ooye0 5l s
Ll (65,9l sl g Ol yolo 659>

0.05

0.045 -

0.035 -
0.03F

0025
. " . RMSE= 0.0009gcm ™2

$He AT (,_winf)

0.02
~ RRMSE= 0.0809

0.015F " .
Ly - R?*-0.82

b cfad lé ?f;\

0.005 -

0 L L L L L L L L L |
0 0005 001 0015 002 0025 003 003 004 0045 0.05

(gcm"l),_;l.»m oS Sy - GOarae

Jilio 30 90 Juo 3l (Flawlne S 1 ol (539290 iuled .V b
@L.\AL»»A sfﬁ uT GO g0

2l eeS 5 Joe jl eolaiel b Sleslre mls A U
A3 oo uled Sl ool o ouls ploil Dlaslive b avglas

0.045

o
= =
3 =
o 2
T

sHe e (,_utaf)

0.025
L RMSE= 0.0007gcm ™2

0.02

{‘“ RRMSE= 0.0643
- "am

. oosr a om -
= R?=0.87
G om g e "
% i
£ ooosp ¥ e

0 I I I I L L L I I |
0 0005 001 0015 002 0025 003 0035 004 0045 005

(gcm")‘gmm oL_,f \_?}4 A,vT GEOa>ge

20 o5 3 Je 3l Glwlo Sy O (609290 (halad A S5
é‘-\bu}.o Jﬁ UT $99> 90 Jolio

oolaul a5 cewl Cdlas cpl 5ol pouw Jow 5l Jol> @l

Jo 52 59 ol o Conm 5 ghebs (it (Al S
u‘)—«.& 0)5])3 B (W) 45‘)‘ JM w.o..S DGy LAA?
waligon A U5 51 (lizren 090 olS S Ol 509750

|\ [\Fee ub.w.o) 9 ).ula ©9o e)l.o.»fb ‘ng Jl.w - ‘SJLAAS ‘5130.5).3)l5 9 ‘5)51.13 ‘f’?‘Lc ngo



Sribo g lo

&1l slaazls sl5las RMSE polas 5l glawslas V Jgo
Sobe oad &l mmli s oo &l Jolaie slajazli g ool
el olS O (639590 0,91 5 5 oo &l Jaw ol

oolgiiiny 0

& e pae Jds 4 dlie cul o Al 4wy b
2Rl sleesls 51 ad> sleesls 51 LS acgee
2 O ol 99 o sloiing ol > e yo el ol oolasul
Pl Slaingh paes )3 ((izan D9l plnil i ools 4y
2 EWT lodas lp (b G55 5l 0592 cnl 5o o
pgo Sloiiuns egyonl 3l e o oslil Lasls S Ll
2l pleatls p Jeitie (8 Sy clad ol sl
JLS 5 NDI g NDWI oais Jloy Jolss slaasls
o 5l g B g ol 2l (6,500 sla Sy
G54 g Al cpl 3 ead (B w5 b
it S5l 5 st A5 IS5 egian g (slop 55
50 oolaiwl 0590 0old yo pizmen . wwl EWT (g5lu Jow gl
SUL olS Of (09790 polio b sladiges sloss ¢ idgh oy
Ol 02 siledae copcnl 5l g 09 dguzme Jentls )8 /- YO
olpiien plple canl oaid plil wle Cd0 L oogass
Silodse ol go9zg0 UL polis bools (s slmer b ogd o

S5 S50 Sl

&2l

[1] W. Zhang et al., "WTS: A Weakly towards strongly
supervised learning framework for remote sensing
land cover classification using segmentation models".
Remote Sensing, 2021. 13(3): p. 394.

[2] A. Orynbaikyzy, U. Gessner & C. Conrad, "Crop
type classification using a combination of optical and
radar remote sensing data: a review". international
journal of remote sensing, 2019. 40(17): p. 6553-
6595.

[3] J. Jung et al., "The potential of remote sensing and
artificial intelligence as tools to improve the resilience
of agriculture production systems". Current Opinion in
Biotechnology, 2021. 70: p. 15-22.

[4] Q. Xie et al., "Crop height estimation of corn from
multi-year RADARSAT-2 polarimetric observables

<l G357 s0 ke (rasd gly alaasls Wi ol 5o
aS s Sl elS ab o olelbl jloslaul b LS Sy
OV Jouz) o)ls (Swon EWT laie b olS g4 5l Jatss
PEiolosl ool aslis glaosls l  ragh cnl pbxl sy
L caslol jo .zl oads oolaxwl (lopex93) S, (Sol olg>
&) jasls 9o oS 5L o Jow obgel slosls 5l eslatul
Oweds a0l o FFY s CBo LA al el ond
Sitly 3l 908 (6l e (] 30 el ol S5 O (539250
b g Grie axlh ol gg a4 oud &l a3lo
el oad a5 S Ak (Sanbil LS e (Sasbil
ol ol iz glaail o (Fanbisl polie cod o)
el S Ol g392 50 5l (b (e o (6 03y 5B oaamo
SRl S el Gy @l Joe o Szl
(ool 0ol oolatwl ad Saolbl i s g b
2L Gz sladaisS sl EWT o9l ISl Sl puoglle
Bl 4zl )0 5 Gl (S s S @ S oo o2l 8 )
959 3 i 5 aSLE ol 3 oolizl Sl i 1 (o
Cols walg> dgzg 1 olad g olse

339y gy S pSLi g (s3leidioy (a3 LS gl dmglio ) Jgux

EWT
&+ | RMSE abay, b a3lo
NDII sl it
[vwl | 0.0042 Rgso-Ri650 Jer dL.l.A}l yu
" R850+R1650 7 QPL‘ -
NDWI
[VAL'|0.0051 | _ Rgso = Rizao | <loss Jloy sasls
T
[val | 0.00095 _ Rgso = Rgyo Jos uan‘ylw
= m Sl oyl 00
(v-1| 00012 | Nipr=taszo | o e oS
Ris16 b
CWIi
[v7]'| 0.0013 = Rig60 Caieels ol a3 ls
X Ryg0
EWT
R750
o - = +40.0113 Ruaso | e o5 o
o> — 0.020731340 Ol Frbe s
1520
—0.0183

Y. [\Fee ub.w.o) 9 ).ul.: ©9o e)l.o.»fb ;Jg‘ JL»A - GJLAS ‘_gl.tb.b).g)lf 9 ‘5)51.13 ‘f’?‘Lc MU.L\aégo




b (ool 1 o ol S Sy o (599250 et ko 9

[19] G. Krishna et al., "Application of thermal imaging
and hyperspectral remote sensing for crop water
deficit stress monitoring". Geocarto International,
2021. 36(5): p. 481-498.

[20] R. Filgueiras et al., "Soil water content and actual
evapotranspiration predictions using regression
algorithms and remote sensing data". Agricultural
Water Management, 2020. 241: p. 106346.

[21] L. Zhang et al., "Monitoring cotton (Gossypium
hirsutum L.) leaf ion content and leaf water content in
saline soil with hyperspectral reflectance". European
Journal of Remote Sensing, 2014. 47: p. 593-610.

[22] E.B. Knipling, "Physical and physiological basis for
the reflectance of visible and near-infrared radiation
from vegetation". Remote sensing of environment,
1970. 1(3): p. 155-159.

[23] C.J. Tucker, "Remote sensing of leaf water content
in the near infrared". Remote sensing of Environment,
1980. 10(1): p. 23-32.

[24] P. Ceccato et al., "Detecting vegetation leaf water
content using reflectance in the optical domain". Remote
sensing of environment, 2001. 77(1): p. 22-33.

[25] P.J. Zarco-Tejada and S. Ustin. "Modeling canopy
water content for carbon estimates from MODIS data
at land EOS wvalidation sites". in IGARSS 2001.
Scanning the Present and Resolving the Future.
Proceedings. IEEE 2001 International Geoscience
and Remote Sensing Symposium (Cat. No.
01CH37217). 2001. IEEE.

[26] M.R. Mobasheri, and S.B. Fatemi, "Leaf Equivalent
Water Thickness assessment using reflectance at
optimum wavelengths". Theoretical and Experimental
Plant Physiology, 2013. 25(3): p. 196-202.

[27] R. Pu et al, "Spectral absorption features as
indicators of water status in coast live oak (Quercus
agrifolia) leaves". International Journal of Remote
Sensing, 2003. 24(9): p. 1799-1810.

[28] P. Bowyer and F. Danson, "Sensitivity of spectral
reflectance to variation in live fuel moisture content
at leaf and canopy level". Remote Sensing of
Environment, 2004. 92(3): p. 297-308.

[29] E.R. Hunt et al., "Remote sensing leaf chlorophyll
content using a visible band index". 2011.

[30] D.M. Kim et al., "Highly sensitive image-derived
indices of water-stressed plants using hyperspectral
imaging in SWIR and histogram analysis". Scientific
reports, 2015. 5(1): p. 1-11.

[31] F. Rasheed, S. Delagrange, and F. Lorenzetti,
"Detection of plant water stress using leaf spectral
responses in three poplar hybrids prior to the onset of
physiological effects". International Journal of
Remote Sensing, 2020. 41(14): p. 5127-514e.

using machine learning". Remote Sensing, 2021.
13(3): p. 392.

[5] G.A. Carter, "Responses of leaf spectral reflectance to
plant stress". American Journal of Botany, 1993.
80(3): p. 239-243.

[6] J.Penuelas et al., "Reflectance indices associated with
physiological changes in nitrogen-and water-limited
sunflower leaves". Remote sensing of Environment,
1994. 48(2): p. 135-146.

[7] H.C. Stimson et al., "Spectral sensing of foliar water
conditions in two co-occurring conifer species: Pinus
edulis and Juniperus monosperma". Remote Sensing
of Environment, 2005. 96(1): p. 108-118.

[8] C. Xu et al., "Monitoring crop water content for corn
and soybean fields through data fusion of MODIS and
Landsat measurements in lowa". Agricultural Water
Management, 2020. 227: p. 105844.

[9] J. Penuelas, 1. Filella, C. Biel, L. Serrano & R. Save,
"The reflectance at the 950-970 nm region as an
indicator of plant water status". International Journal
of Remote Sensing, 1993. 14: p. 1887-1905.

[10] S.L. Ustin et al., "Estimating canopy water content
of chaparral shrubs using optical methods". Remote
Sensing of Environment, 1998. 65(3): p. 280-291.

[11] J. Carlson, and R. Burgan, "Review of users' needs
in operational fire danger estimation: the Oklahoma
example". International Journal of remote sensing,
2003. 24(8): p. 1601-1620.

[12] E. Chuvieco et al., Improving burning efficiency
estimates through satellite assessment of fuel
moisture content. Journal of Geophysical Research:
Atmospheres, 2004. 109(D14).

[13] W. Kong et al., "Estimating Vertical Distribution of
Leaf Water Content within Wheat Canopies after Head
Emergence". Remote Sensing, 2021. 13(20): p. 4125.

[14] AF. Goetz et al., "Imaging spectrometry for earth
remote sensing". science, 1985. 228(4704): p. 1147-
1153.

[15] P.J. Curran, J.A. Kupiec and G.M. Smith, "Remote
sensing the biochemical composition of a slash pine
canopy. Geoscience and Remote Sensing", /EEE
Transactions on, 1997. 35(2): p. 415-420.

[16] R. Colombo et al., "Estimation of leaf and canopy
water content in poplar plantations by means of
hyperspectral indices and inverse modeling". Remote
Sensing of Environment, 2008. 112(4): p. 1820-1834.

[17] M. Hardisky, V. Klemas and M. Smart, "The

influence of soil salinity, growth form, and leaf
moisture on the spectral radiance of". Spartina
alterniflora, 1983. 49: p. 77-83.

[18] B. C. Gao, "Normalized difference water index for
remote sensing of vegetation liquid water from
space". in Imaging Spectrometry. 1995. International
Society for Optics and Photonics.

A3 [\Fee uw) 9 ).o.:l.: ©9o e)l.o.«fb ;Jg‘ JLw - @Laﬁ ‘5&0)9)[5 9 L_g)gl.‘é ‘P?’Lc d.ol.l.l.\aégé



Available in:
Journal.isrc.ac.ir

Journal of
Space Science, Technology
& Applications (Persian)

Vol. 1, No. 2, pp.: 22-33
2022

DOI:
10.22034/jssta.2022.305782.1032

Article Info

Received: 2021-9-20
Accepted: 2022-1-11

Keywords

Spacecraft, Active fault-

tolerant control, Stabilization

Designing Active Fault- tolerant Controller for Spacecraft under
Actuator Fault

Rouzbeh Moradi ™!

1,*. Aerospace Engineering Department, Renewable Energies Faculty, Urmia University of
Technology, West Azerbaijan, Iran, rouzbeh moradi@uut.ac.ir, Corresponding author

Abstract

Fault- tolerant control is one of the important issues in automatic control. The reason for this
importance is the probability of fault/ failure occurrence in controlling subsystems (sensor-
actuator-system). Direct access to spacecraft is not always possible, Therefore fault- tolerant
control has become even more important in space systems. On the other hand, due to the necessity
for weight reduction in these systems, employing hardware redundancy has limitations. So,
analytical redundancy has gained much attention in such systems. In this paper, reference inputs
are corrected based an open- loop control command adjustment. Using simulation shown, without
reference input adjustment, the controller will not be able to satisfy mission requirements when
actuator faults occur. Then, the proposed method is used and the desired requirements are satisfied.
The advantage of the proposed method is that, there is no need for taking the first and second
derivatives of the reference inputs and these inputs can be obtained through integration.. This will
prevent computational problems associated with differentiation.
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Abstract

This article discusses the need for research, monitoring and forecasting services related to space
weather events and the establishment of a national center to achieve these goals. It starts with an
introduction to the growing dependence of human civilization on advanced technologies, including
space technology, and with an overview of the big investments and costs incurred in building
critical infrastructures on Earth and in space. Then, this paper investigates the vulnerability of these
infrastructures to space weather events and the need to monitor and predict these phenomena. In
the next section, some examples of monitoring and forecasting systems created by different
countries and space organizations are introduced. Also, the need to establish a national center in
Iran is proposed. The initial organizational structure and mechanism for the activities and
cooperation between this center and other national and international institutions are discussed.
Finally, different types of actions and the most important activities that can be carried out in this
center are presented.
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Abstract

Due to the unique characteristics of the geostationary orbit and the importance of establishing a
satellite in this flying corridor «it is necessary to investigate the effect of environmental disturbances
on the orbital elements and to maintain the satellite orbital elements in order to increase the
longevity and operation of a satellite in this orbit. A satellite in earth orbit is always exposed to
various environmental disturbances such as earth gravity gradient force <gravity of the moon and
sun ¢solar radiation pressure «and so on. For this reason ¢it is constantly deviating from its original
path and needs to study the effect of environmental disturbances on the orbital elements in order to
properly correct the disturbed orbital parameters. To achieve the above goals «in this paper «we try
to investigate the effect of the environmental perturbations on the orbital characteristics by
simulating the satellite translational dynamic behavior in the presence of environmental
disturbances. Then «utilizing the genetic algorithm and fuzzy logic approach <an attempt was made
to modify the compensation logic of the orbital elements correction ¢so that «the satellite may be
forced to remain in its limited operational orbital window during the mission lifetime. The proposed
method could improve the problem-solving operational effectiveness to maintain the position of
the satellite with the criterion of minimizing fuel consumption. The case study simulation results
may indicate the capability of the proposed approach in satisfying the performance requirements
of the satellite station-keeping maneuver.
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Abstract

The purpose of this paper is to present experimental data for merging two outlet fluid skirts in a
dual pressure- swirl coaxial injector. In this study, a dual pressure- swirl external mixing injector
was designed and fabricated. Operational characteristics including discharge coefficient and
breakup length were expressed in terms of different injection pressures for internal and external
injectors. Utilizing fast shooting, based on the backlighting method, the interaction between of two
outlet skirts were investigated and the merge performance map was extracted. The merge
performance map results indicated, when the pressure difference of the external injector increases
from 0.3 bar to 0.95 bar, the pressure difference of the internal injector for the merge to occur
increases. The reason for this increase in this range of external injector injection pressure
differences is that, the effect of the internal injector injection pressure for merge in this area is
greater than the external injector injection pressure, the external injector skirt is pulled toward the
internal injector skirt. For injection pressures difference of more than 0.95 bar in the external
injector, because the effect of the external injector injection pressure for merge is greater than the
internal injector injection pressure, the internal injector injection pressure difference is reduced for
the merge to occur and the internal injector skirt is pulled toward the external injector skirt.
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Abstract

Magnetometer is one of the main sensors in Attitude Determination and Control Subsystem
(ADCS) of Low Earth Orbit (LEO) satellites and since it is operable in all times during an orbital
period, it can be utilized in almost all functional modes like detumbling, nadir pointing and orbit
transfer. Therefore, the accuracy of magnetometer data and its calibration is essential in the success
of the missions. In this paper, regarding to the importance of real-time approaches in practical
applications, an Extended Kalman Filter (EKF) is used for magnetometer calibration. Then, in
order to study the role of magnetometer calibration in attitude estimation (AE) results, calibrated
data is employed in the structure of a Multiplicative Quaternion EKF (MQEKF). Finally, a
Hardware in the Loop (HIL) test bed equipped with a three axis Helmholtz coil and a three degree
of freedom platform is utilized to measure the performance of developed algorithms
experimentally. In the calibration process, magnetometer parameters are estimated and used in the
AE filter. The results show that the attitude error gradually decreases and the final accuracy
increases.
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Abstract

Achieving a flawless solid composite propellant requires proper processability of its corresponding
filled polymer slurry. In other words, a highly filled suspension with optimal rheological properties
makes it possible to transfer to the mold and complete filling in complex geometries. In this
dynamic study, the rheological properties of the obtained suspensions have been investigated after
adding molybdenum disulfide nanoparticles to the model materials.

In order to study the effect of molybdenum disulfide nanosheets on the rheological behavior of the
suspensions, polyethylene glycol matrix and glass beads, with particle distribution of 60 to 103
microns were used as a model.

Single- layer and multi- layer molybdenum disulfide nanosheets with thickness of 50 to 100 nm
was obtained using acid washing, oxidation and heat shock of raw molybdenum disulfide. Then,
after preparation of suspensions containing 10- 40 vol% glass beads, the effect of obtained
molybdenum disulfide (less than 0.1 vol% of the matrix) on the rheological properties of the
mixture was studied. The results of frequency sweep and temperature sweep tests showed that by
increasing the percentage of molybdenum disulfide nanosheets by less than 0.1%,The mixed
viscosity has a significant decreasing in all microfiller values while maintaining the storage
modulus and increasing the loss modulus. Finally, the dynamic shear flow test demonstrated that
the dynamic viscosity also decreased significantly after the addition of nanoparticles.
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Design and Analysis of Pressure- Swirl Fuel Injector with Full-
Cone Spray for Catalytic Thruster
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Abstract

The monopropellant thrusters of the situation control system are a requirement for the development
and application of satellites and space capsules in space, which are high-tech and expensive. In this
paper, the design and simulation of a pressure- swirl injector with full-cone spray as a fuel injector
of a monopropellant thruster are presented. For this injector, internal flow simulation was
performed in order to predict its output flow characteristics including spray cone angle, output
velocity distribution, mass flow rate, spray pattern, etc. For this purpose, VOF fluid volume method
is used and the flow turbulence is simulated using the k-eps model. This type of injector is actually
a combination of straight flow injector and swirl flow injector. Jet straight flow in the center of the
injector and swirl flow along the injector wall are flowed. Both flow regimes are combined in the
swirl chamber and the spray is formed as a full-cone. If the ratio of the outlets is selected correctly,
the radial and environmental distribution of the liquid jet will be uniform. This injector is preferred
to the capillary type (straight flow) and the swirl type. The pressure-swirl injector spray angle is
larger than the capillary type, which improves the coverage of the catalyst bed, at the same time,
spray angle is not as large as the swirl injector, which enlarges the radial dimensions of the
decomposition chamber. Based on the results, it was ensured that the injector provides the desired
mass flow rate (about 5.8 gr/s) at a certain design pressure difference (3 bar) and determines a

suitable spray pattern. It also provides the desired spray angle (about 35°).
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Abstract

In this paper, the results of the process of analyzing potential failure situations on the operational
product of the reaction wheel condition control operator are discussed and the effects of the
identified failure situations are eliminated or reduced. The technique of analyzing failure modes
and their effects is the first technique in meeting the requirements of reliability in design. In this
regard, the block diagram of the functional flow of the reaction wheel is presented for the first time
and the dependence of the functions is presented statically in the form of a matrix. To achieve this
goal, the different parts of this operation are identified and their failure modes and the cause of
failures of each part are determined. Also, the effects of failure of different levels will be
determined locally, at the equipment level, at the subsystem level and at the system level. In
addition, the way to diagnose failure and deal with the effect of failure is presented and related
analysis is performed, which is a quantitative analysis and will determine the parameters of severity
of error effect, probability number and criticality number, calculation and critical items. Then,
based on the identified critical sections, a list of critical items is also extracted. The information
extracted from the analysis of failure modes and their effects, while helping to improve the
reliability of the design of the reaction wheel operator, will provide the designer with important
data for fault and error management during the test and mission stages.
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Abstract

In this research, the performance of a monopropellant hydrazine thruster in atmospheric conditions
has been investigated experimentally. For this purpose, after designing and constructing the thruster
according to the functional requirements of the thruster, a test was designed and after that, the
desired thruster was tested in atmospheric conditions. The test results show that the tested thruster
can generate 2000 pulses with a width of 0.5 seconds and a periodicity of one second with
reproducibility. It was shown that the life of this thruster is more than 2000 pulses and the thruster
was able to produce very small beats of 3 mNS in reproducibility. Also, comparing the results of
the current thruster sample with the experimental results of other thrusters showed how by selecting
the appropriate dimensions for the injector, catalyst chamber and nozzle, the characteristics of
pressure rise time, minimum impulse, pulse centroid and pressure drop time in the Thruster can be
well controlled. Reducing the injector diameter (by keeping the flow rate constant by increasing
the injection pressure) reduces the impulse (within a constant pulse width) and increases the
pressure rise time. Reducing the dimensions of the catalyst chamber also reduces the increase and
decrease time of the pressure, resulting in a smaller pulse centroid.
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Abstract

In this paper, we investigate the orbital characteristics of a constellation consisting of 24 LEO
satellites. All the configurations are based on the Walker Delta model, which include single-
regulated (one constellation) and double- regulated (intertwined two constellations) models. For
the sake of comparability, it is assumed that the orbital period of all satellites is 127 minutes and
regarding the maximum altitude of 2000 km, the three eccentricities of zero (circle), 0.19 (with an
apogee of 2000 km) and 0.097 (=0.19/2) with the longest presence time on the mission area, are
considered. In order to limit the search space, the inclination of all orbits is assumed 40 degrees
and three values of 320, 340 and 360 degrees are considered for the argument of perigee in elliptical
orbits. Examining the various scenarios, it can be seen that, Assuming the need for at least two
observable satellites, basically, it can be found that for the argument of perigee of 320 degrees
provides the best coverage beside the least standard deviation. As expected, the higher eccentric
orbits perform better regardless of changes in signal strength. on the other hand, Double-regulated
configurations can be associated with a larger number of satellites in view, which generally is
accompanied by higher standard deviations. In General, a configuration may be chosen according
to mission requirements and no one should be regarded as the absolute optimum.
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Abstract

In this research, the time-optimal 6 degrees of freedom (6DOF) orbital rendezvous maneuver
problem for an inertially asymmetric rigid spacecraft with independent attitude and position control
actuators has been investigated. It is also assumed that the spacecraft is equipped with the thruster
actuators and the control forces and torques are generated along the three principal axes of the
spacecraft. In order to obtain the time-optimal 6DOF maneuver state and control trajectories, at
first, the relative translational and rotational dynamics of the spacecraft are described. Then, the
Gauss pseudospectral method is used to solve the time-optimal control problem in the presence of
constraints on control forces and torques. Also, the costates are estimated to first-order optimality
proof of the obtained solutions. The Numerical simulation results show that for the assumed time-
optimal 6DOF maneuver problem, the control structure for all of the control forces and torques is
‘bang-bang’. Eventually, the optimality of the obtained solutions is verified by checking the
fulfillment of Pontrygain’s minimum principle.
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4 Gauss pseudospectral method
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6 Pontrygain’s minimum principle
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11 Direct methods

12 Indirect methods

13 Two-point boundary value problem (TPBVP)
14 Nonlinear programming (NLP)

15 Gradient-based methods
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17 Global collocation methods
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4 Particle swarm optimization (PSO)

5 Differential evolution (DE)

6 Bacteria foraging optimization (BFO)
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9 Sequential convex programming (SCP)
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5 Local vertical-local horizontal coordinate system (LVLH)

o Oyglre Hgile plol gl Al ol ciges Glgieds ol
G gerd T Bun loglad S L NeanSias slolad
el 0ss o eglS band by, 3l eslil b g e
OR8,5 ki damlad (og o),lael b )i alex I Slla>lle
o 5 Jl slacSalins ojlodde 55 o yle Saslizs
Condy S8 Ol SikisS (58,5 Slaiye (izren 5 Lo lad
OF sl ol cowday Jor g Al (S dloglad Coedise
a5 oad o,8 Al ol oy e o S8 00 cou |
4 o 5 e caBan 5 Cundy S (gl sl Slas
e J5S 6095 L cnl Hoaies b Say ol
Sgr dalys )] Condg b Cow deglad Coadae 0S8 6l
2010 292y SalysS Lanylad Coxdse 5 Ly J5S m g
S9lg ril Ghagh dda (59) » oo ploxl Olalllas el
il 305 9)l50 50 GipgTy ol
sle s & e ploy Sundg joile Alies arng -
Olesee sple Jali ae ooy ol azps pd
(O el slonlad O (gl umdge g Condg
Comdy J5S Olee SikisS 5 5 e Seals Jlosl -
doylad (Sealos (g5l oo ;o Cundse
J> &5 GlaigSay 553 alius sl e Jo @Il -
03,90y 1y Jgl i (S Lulpd el Cowsay
S o

UL a5 (s e (Soolns Glapionn ;o 5 jsba
Ty o opley %S e J5uS alies gl (2 3)
ate 55 5o Jglate oy b alis cpl o g 0105 0925
Sl oA e (el i€ 5 prinns Lo hs))
4 oliwd jglated obly glas )5 5o Irol e sn b adl>
b olilizel g laeakd pas 4y Cod gl pglie o Slas
aote S Gl s (210, sl atn adl> S 56 S
Oley 2 ieS dinde S5 e J> 50 onlply 050 (b
1 Chaser spacecraft

2 Target spacecraft
3 Closed-form solution

oY [\Fee ub.w.o) 9 ).ul.: ©9o e)l.o.»fb ;Jg‘ JL»A - GJLAS ‘_gl.tb.b).g)lf 9 ‘5)51.13 ‘f’?‘Lc MU.L\aégo



oo &yglzo y9ilo 4o Loy Las G Cordipo 9 Cordy iy Hloj J oS

bty slowmlad cw il o sile diag([1y, I, 13]) € R3S
Lol jo sl ol (ol cwynl las slayme Jo> 00sS
G ge p 0aisS Cudss o™ oKiws slo,goe 45 ol o8
iy @ [P ER? 4 [w"]P € R® [w;, 0y, w3]" €R?
s 0055 olind S oSwd slasgly ey sl Sl
& olliws slagly Coyn (Ban gl az e oKy 4
N VU S SUPUIE S| I L CONR S VRTLIVOW ST KV SpP S K
o yia] ol Ay S 00l ol Sy oy (slasl;
oduS ol Sy olSws ;o Jlo g aw ol aiis 35 e -y
)L))..’ )f.;L:.} [T]B = [Tl' T2, T3]T € IRS )‘Q).} .u.\.;‘OM L’)L;..‘)
Sl (2,8 bocal suls lo ouisS b N Ko
ol 1o ol ails )18 g9 pls Jlae jo Bua sleslas
e 55b 3 Osgea (V) dobas ;o ,h gl aolee cams jo .ol

D9 g0

Ig[DP[w?*]P] + [wP 1P X (Ig[w®]%) + [0"]% (v)
X (Iplw®']?) = [T]?

ol Y ol Jlhes Soleiw oy glaied
6[.{&)1,0‘)[.3: )'\ RV L§)|J"’ ) oiws 4 G ousS
Sy dr el )b ol ol ool solaul Manibzllol 555,04,

Mg g0 i g

[el tan(%)]

g = [0'1’0'2:0'3]T =

(O]
e tan(z) | )

le3 tan(%)J

0] 4\.35|) 9 )Lj‘ ‘51..4‘ )L)).g 6[&4\.9.]9.9 €3 9 ey &q U‘ o aS
ol s alslas o gl ol ma s g9 @y Sil

uL“*-' Lo 5o o..\.;.;_fuﬁm. 7%} le.o...al.,as EAY Slaite oo

Sl 00 00l

Glais olBuws J 35 50 — o) (o | Olaite oliws Y JSi
sl lad S Olais olSiws L Bud slowlad ;1o 22> w0
B susios cudss

&z o oBws p ahaie Ban (Soy olliws Sl (24 L
Seals Olgise Syglme Heile S sl el Bun (g5l0e
oiws 4 Cad 1) oS i G olKiws pes Sy
hes Seslus ey slp 05 oy Baa )l g2
Buad (6,10 x po olKiwd 4 Cod 00lS Codnd (S oK
59 gl doles gyl 0,8 5l conl olow ol 8 oKy G a5
[es] OS¢l oo oslaiwl (V) dlolas

Ig[DP[wP 1P] + [wPH]? X (I5[w™*]%)
+ Ig[D*[w"]P] + [w"]* M
X (Iz[w®']%) = [T]?

S olfiws Kby iy 4l g LB By ol jo a5
el oiws g Ban (g)lae xo e oKiws wailS o
Comd (Sgo (Sloj e Rhos Sy DF s 58 p0 = s

Ip = wyl Cwl oauScois  Jo oKuws

1 Modified Rodri%ues parameters (MRP)

VoY [Yfee ub.w.o) 9 ).ub ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5)”[5 9 ‘5)51.13 ‘P?‘L‘ ‘ul;.haégo



Oy p8 ez pS e low] (G950

[Ué]l’: 6Lﬁ)‘bﬁ NG IRV LS)‘\.\A P oKwo 4
oy [sp.]" = [s1,52,53]" € R? 9 [vy, v, v3]" € R®

cuind Sloglad oy 35 00 ConBae g Sy lajloy Ske

oy g0 el aiiis Bus (g e x> e oSws 4 Cnd caiS
JFIF € R? oy aloas ojlo Bad (50w g e olSws ;o
Sl 0aisS calind slomlad 0 )ly (S5 slog il Sl
ol 0 Hlo Bas (g las x> e w0 g
2 Usame (J58 logyei loadlse aS] 4 azgi b
ol g e ol oA ok (glamliss oy olKiws

& Ko L (5')"‘"5 ‘55).\..» le.lbd.o.ls.o 00)3] Cawdds 6‘;)

e plxil 53 o Wb Gas gl

[F]* = T**[F]* W)

LgL(bj).:..? )L))J ;.:L.u 5[F]B = [Fl' Fz, Fs]T S Rs u] )O aS
U PE R olBiws [y oaiiSnass gleglad 5 o), Py
o ot 51 Jasl e Sle Sls TPy ien ool s0isS

Lol Bap (5l x> o oBlws 4 0uS il

oty J 7S Ao iy po5 Y
D9 ge S ) O ygods (IS e85 a8 alis

slaisTar (M) alolas 13 T35 )8 4 a0 2 (55luaieS

398 5 i Ll (Swolns 958 ol s 948 a5
u.\.:‘o..\.wuL».: (\\) by (Q) Sloles B w).v 4 J)M‘SBLML’

g 0391 5
] = (I)(X(to)r tO'x(tf)’ tf)
tr
+ | gCx(®),u(t), t)dt W)

to

2 Bolza

wslzlol 55555, 6l el 5l eslinul b lss Silorpws

V] 058 oo oolo (F) dolee &0ty s )ls 0 o3 50
1
6= ZB(J)[(;)BL]B )
2 Syge 0 B(0) b 0? =0f +0F+ 0% iy b
D9l e by yai
B(0)

()]

[1_g : _ 1

|1 o +20, 2(0,0,-0,) 2(0,0,+0)
2 2

=|2(0201+a3) 1-0 +20, 2(0,0,-0)

2 2
2(0,0,-0,) 2(0,0,+0) 1-0 +20,]

slamlad Jisl Solew 5 Salys oy jolateay

aSl 23 L iBus (5 )lae a e olKiwd 4y S 00iS Coias
Comddy Bad g 0015 ol gloglad 50 o ood alold
a5 shulyd 5o 5 Bl 05 s (e 55 50 U Ll geled alolé
solazal (F) Wolas 3l sl Jaics o BB s lae ololexs
39 g0 axLis N Glaw alsles ab L alobes ol [FA] 595 0

<
w
X
w
|
—
o
o
o

0 0 —anl *)

o Sy90 Sloj Grie Slae Sl DE sl 008 Cohas

1 Hill’s equations

\OF [Yfee ub.w.o) 9 ).ub ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5)”[5 9 ‘5)51.13 ‘P?‘L‘ ‘ul;.haégo



Syl yglxo ygilo yo laglad K Cardgo 9 Cardy digy loj S

0 O 0 dx
N. —lo (1),2[ 0 E = f(x(®),u(t),t) QY
3x3 =
0 0 -—3w?
xO = [[wBL]B, g, [UE]BI [SBL]B]’{:tO
¢(X(t0); to, X(tf); tf) =0 (\ )
xf = [[wBL]B’J' [vllé]Bi [SBL]B]{=tf (\f)
)
|Fi| < Fi,max' i=123
oy Sy o & u(t) ER™ 5 x(t) ER a5
25 Szt JiS 655 5 b sy aliee ol o 5 2l oloy Sibe s 5 4ty 5ty 9 (IS 59959 5 S
g o iy a3 JrsS Al ol ol o alsiwss > o5b bl b
Ol g0ty laplad CusBae g Cuxdg oy yeS Al
139 g0 iy 35 D90y «s3l3T Az o
x = [[wP"]?, 0, [vE]", [sp ]*]"
% 398 a5 glaisSa (VY) doles jo alje &l (giluaias

u = [[T]5, [F]E]" -~ ‘ ) .
slo,gliis g bgys g9; » 958 5 e Ll ((Selo

WSloadgles (VO) U (V) Glsles ;o iy 4y aS ( Jus

.\:5...) 00)51).3
9l cbach g,-F
Q)L OY) Clobes o ooy Capogi dige J S aliss
5l aws G cwl o BB gous Jo slo g, 5l eolaal b ] =t QD)
G"a-b‘*m dlﬁ’u:’ﬁ) iy J,S Pl go0e J> a.SL“’uf’ﬁ) DB [wBL]B — 11;1([T]B _ [wBL]B x (IB[wBL]B)
605)9 9 eIl 6L‘b)—--‘° ‘5)wa lJ Lbuwa) U‘»’o‘ ) A - [O)LI]B X (IB [(IJBI]B))
sgladezaiz Sl 5l eolaul b 5 Godas bl o Jus G = EB(O.)[(UBL]B
oé)’ w).o.: é)J&QS)aak.Ajl} 6Lm).~....4 hlal.n.) u.»lj.»‘).:l;U
bl o Lo Seolus 048 g5lwod gl o] 5l o 2gd o
. - i (3 - 1
@ (Seelad 358 (oS 9 48,5 )18 (o 2 S50 B [DL[vfé]L] _ [—TLB[F]B 0%
L Ll — |m
i ¢ hod nl b o Ssdi oo ool (2 058 dsgerme S D [spu] 031
L1L
: Sy d g ond Al diwgn —oloy dgy S _[M3x3 N3><3][[UB]L
‘ =I5 03 Jl[sg]

J= Gl cegh ol o 0gdoe o bl s yasby 0 0 -2w
n
A v)..\j‘}‘ Lg‘d.lvw Lgl"z’“*‘.‘.) ‘d"‘"“ Ll uj;,” Q'.’.‘ 5 an 0 0

2 Leﬁendre polﬁomial 1 Lairanﬁe interpolatinﬁ polﬁomials

AT [Yfee ub.w.o) 9 ).ub ®9S e)l.o.»}"a ‘ng Jl.w - ‘SJL»AS 61»:,3,[5 9 ‘5)5U3 ‘P?‘L‘ ‘ul;.haégo




Oy p8 ez pS e low] (G950

O yg0ds g diiwd 515U slaglalasois Li(T) o] jo a5

L£8) wsss o cinye

= T— Tj i
Li(T) = 1—[ , i=0,..,N xY)
AL T =T
Jj=0,j*i

Tk =1, N Goly bls 285 Lo b opimon
6“6‘41"-'.’“\-"‘-? uu)b.u )| oolaral b ‘511,.“5 $99,9 le.:a).:.m,o
L8] g o 085 i (VF) dolee &g Li(T) 31,50

N
w(®) = U(x) = Z UGEDL(D) ve)

[¥a] Sgis on iy a5 5 Oygeds LE(T) o] o aS

N
T—T;
Li() = 1_[ ’ (Y0)
AL T =T
Jj=1,j#i

Sloleso )9 ).a‘)fU LngLg‘AlA.?JJ.? as olo uL““ u‘?-’u;"
oé)jj).g ¥%) aosleo O ygpody |) “‘9}3‘ Ml? «(YO) 9 Y)

Ifa] oS
1,  i=j
L(y) = {o, oy
, L Q=)
L ={y 12 )

Gaaday blas jo x(T) Giiee (YY) dolee 31 (6,5 3ide b
[¥#] sl (YY) dolae & g0t @

ol a8 ol 5l aign co aslis 1€ gl ,ailsh bls b L g
e S gl 5l b S )3 (<11 o3k s Lls
SOV dslee o 0 oo s 5l ool b iy J a8
Sei bas T E [-1,1] ast € [to, tf]

26 tr+to

= L0 VY
t tf_to tf_to ( )

30 a8 dig JpuS abise (IS 08 (o ol 5l eolaul b
YHBOVA) SUsles p 3 4 el oa 5l 1) 5 (A) SUslas

D9 oo o
]
= (I)(X(—l), to, X(l), tf)
L b f ' - O
g(x(@),u(@), v to, tf)dr
2 -1
BT ) u@), it 0%
o 2 fx(@),ulr), 75 t0, tf)
(l)(x(—l),to,x(l),tf) =0 (Y°)
C(x(@),u(®), t;t0, tr) <0 Y

5 oolaiwl b el ol ps gl caboars g, 5o
—1 < Gely L& acgazme p 515U slalabazaiz (35ly
Joles Sygods Ty = -1 @LL.J‘ alags 9Ty < <1y < 1

[fQ] "\’9“’@ 03} w).m xY)

N
x(1) ~ X(2) = Z X()Li(7) V)
i=0

2 Isolation properti 1 Leﬁendre—Gauss(LG)

\I"Y4 [\Fee ula.m.o) 9 ).o.:b ®9S e)l.o..i) ‘ng Jl.w- ‘SJL»AS ‘_le.b).g)lf 9 ‘5)5L23 ‘f’?‘l'c dwl;.laaégo



oo &yglzo y9ilo 4o Loy Las G Cordipo 9 Cordy iy Hloj J oS

J

= $(Xo, to, X5, 1)
N ARD)
tf - to

2 Zwkg(Xk, UkJTk:tO'tf)

k=1

+

4 a5 e 398 5 (550 Lulpd Al 08 ol o
Slolee &gy wiloads Lo (YY) 9 (V+) Sloles jo iy
el (YY) 5 (YY)

¢ (Xo, to, Xs tr) =0 x'Y)

C(X U tis to t;) <0, (k=1,..,N) (¥Y)

3 G2 5.8 ol pe 4y (T)) doles j0 00l Ly 4 jo &b

Gpyaaly ainse SO (YY) 5 (YY) «(F+) (V) SUsles
B Jor S sl o b o e JoS5 1) sy
ONLA) Sloleo ;o a5 aiwgo-le) aige J a8 aliwss 6l p

63959 9 S Gl s 50 ity J5S Pl pam o
153l gl anilio ol Sy 810 525 ool Siangnl 1S
J> Sloj o5l memds ( Plue cpl 50 sdel Cowddy > o
o opl po el ojln) Wiz 4 A J5S dte
Gaad blEs 10 (Y dolae) (6 (Sealind 9528 (53Lwod gl
BE S TN USSR ST SIS U S IS LRI
Jab )0 i luld e Gl (S 185
30 blrd ol [YY YO] 55 so ada laosl o5 S pris
390 0 (il (TF) dloles L (YY) dlolas ;0 00l ol
LOxM, ) =0
OV, 60 XD 20 e

L® P, M) =0

IVl el r = 1,0, P =1 glaojlpj olass o P o] jo a8

N

#(0) = X(@) = ) 2@Liry), o)
=0

i
k=1,..,N

ly Li(Th) Gedas blas o 51,50 slaglaborsis giie

25 ol DERVATL (oS giie pumle o) @ Oy

(YF) olan 5| ooliinl b 6o $ite o ile ol csloauly
I¥F] wgs o armlons

N
: HN:O,' (T — 75)
Dy; = Li(ty) = z JN da . YA)
=0 j=0,j¢i(Ti - 1)

leslaiwl b.cwl k=1,..,N 5i=0,..,N sl o4

(V) dolre ;5 00 Lo (Sealns 398 D (6,5 Fideo o ilo
Vg so Jood (V) dlolre & y504) (6 52 998 dcgozme SG 4
Lyl

2
k=1,..,N

N

t - to
Z DkiXi - ! f(Xk' Uk; Tk; Lo, tf) = 0; (YQ)
i=0

oS Uy =U() ER™ 4 X =X(1p) ER™ ] o a5
699y5 5 <> slaylsy Slo cwsyp @ wel k=1,...,N
(Seelind 953 B8 (poglS (Anbad (g 50 ks 1S
Slde conlpli 9,5 (o0 )3 (o) 3590 Gk LI o Lo
slheslatwl b Xyyq b Xp ol by yo b sla s
L0105 oo auio (F+) dolas & ygots | wglS g5l j0leS

tf_to

N
Xf=X0+ 2 Zwkf(Xk’Uk’Tk;tO’tf) (Y“)
k=1

a3 al pimed il wglS oy Wy ol o a5
o8 eiloleS 51 eolaiwl b «(VA) dolee [0 atwgn -l

L¥F] 09 so 055 cui (V) dolae & jg0a

1 Gauss quadrature

oy [Yfee ub.w.o) 9 ).ub ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5)”[5 9 ‘5)51.13 ‘P?‘L‘ ‘ul;.haégo



Oy p8 ez pS e low] (G950

__9% .99
H(tf)——a—tf-l'va—tf

ui(®) =0,  whenC(x,uttytr) <0,
j=1,..,¢c
pj(®) <0,  whenC(x,uttytr) =0,

j=1,..,c

Siye bl 4 bgrye 515U culyo Jlop v ERT Gl 5 a8
J> 31 &S KKT ol p 5l plgiee sl shebans (s 50

oolitol 5,5 o0liztul gl asi o St L3 5 (1) Sl SaS

—obey Ay S aliee S oslp Glgiee wmlyps ol gl
Ll g gk bl 0 |, ClloSaS (glo puite oo cdgny

oool8 sabal gy j0 Cll SIS aedd 0 eedD ()50
9b g0 plnil ) anad ulul 5

by 5l ooliiul b (Tl SKaS cilSs apad) V anid

el oy jo 1) Sl SeS sla e lade g3 oo KKT

235 e (YY) asles &gy ks Ll 5 sleil oyle;

Ae ~
k
AO = Ko, Af = Kf (\"\/)

@ bgrye KKT ol wuip a Ar 9Ky Ay o] o a8

5 Ml s 5 S50 Ll gerlad Bl o Sty 358

i A Ay 5 Mg A s 2l Gl e 550 Ll

2l leg cadas Ll ,0 oo 00} cpaass Il SKaS lo
[e] axen Sl e 5

Il oS o~

Slsles )3 4l o atwge —oloy dnge JyS aliewe
wiaS ol i ol 5l oslizal by lgi s |, (V) 5 (VA)
ol 4o (S Ll (3,91 Camsey sl [VYT (5, 56
Jol 4 e Dlyeesd aulons b gl i yo (St bl 0,5 S
i oo Gty (YO) dolee jo H ' yigilan o

H(x, A uwu, Tty tf)

= g(x, u,7;to, tf)

+ATf (o, u, T3 £, t) (¥o)

—uTC(x, u,T; to, tf)

w‘)..o )‘&).J‘UERC 5@[?'&.10.5)&,»/16]}%” L)‘ )045

33 ol 4 ye (St Lalpd el e 998 @y gy e 55U
0] wloas Lo (¥9) doles

dx_tf_to

dr 2 f(x(T)' u(1), T to, tf)
T2 aa
dA _t;—ty, dg .0f ,0C
dr 2 ( ox Aax+“ ax)
_L—tdH
2  0x
_9dg . 0f ;0C OH
0_6u+/1 ou Y ou ou (Y%)
¢(x(TO)) tO) x(Tf); tf) = 0
B aod r 09
ATo) = dx(ty) v dx(ty)
3] 0
A(x) = g =V
ax(rf) ax(rf)
B ad ;00
H(to) = oty v at,

2 Costate mappinﬁ theorem 1 Hamiltonian

VOA [Yfee ub.w.o) 9 ).ub ®9S e)l.o.»}"a ‘ng Jl.w - ‘SJL»AS 61»:,3,[5 9 ‘5)5U3 ‘P?‘L‘ ‘ul;.haégo



oo &yglzo y9ilo 4o Loy Las G Cordipo 9 Cordy iy Hloj J oS

o Spglre jgile S Ojpeds Sileand (nl Syl
ol lazd 518 e G0 a8 Leolad g0 o s0l3l a0
3 sle e YeooanS o gleglad (olanl by o
ke oatiS ks gy ol 5 458,513 Gas (slenlad
ool sl Gley jo el Bua gl az e s p
GUL e Ve Camdse 0 b eaiS codad slolad
i iy ol rizan 5 05K B Ban slanlis
Soilos ol axsls 28 gmo Joo alls (90 S il 00
Slowlad sla el )b ol sads ools Las ¥ s )0 g5 L o
NASA X-ray slomlad olasin (wlol 5 a5 0SS sl
ouds Hlo ¥ Jgaz= o wads ol Timing Explorer(XTE)
i lomlad cdb sloite Jlade (uizmen [OV] col
oxd ol ¥ Jgax 50 ogle el 5 lail ploj 5o eaisS
S0 slaygre a5 Sl oad (B3 wsiluancd cpl o o]
Slr lime sl Glo,Slos lils 00 e slogylad
@4y b puizmen s (J S glaygliaS g eyl oy
5 Sl slo e (43,51 Cumsay Bua (giluands cpl yo aSl
Dygots § el sl les Jao il age J5S 63959
69959 Jlesl & b po Sllaslle .l ooy 48,5 s yo Jlows!
el a5 )lgenl o3l asile) Mlos lawgs a7
255 8 s S5 J5SS s (b o Wb G
oolaiwl b ags J S aline (g 3lwdiwns ;0 ool 5 ol
w3l 50 Geebad LG olaas 5 Vo o gl cboarts (b,
Sy o3k a5 0al 5,8 (yuiored (Sl 0dd a8 )T Jlai o ¥
oSt )3 g0l al loancd @l .ol (LSS Laojl 5
oals ools ylid Sloj azesn )b .l 00l osle las Ve B Y

Lol YXZ Q‘)ﬁ‘> i LY USS o )liﬁ‘ 61-.’.‘9} Oyt 6‘)’1

o9 S lwan -7

Sloleo ;o 00l Carogy dige J S dline isu ol 4o

Ll oy Jo wglS adoads gy sleslalul L(VO) L (YY)
@ Wlwgy —ole) Ay J5S alies (g, cnl Sl ool b
5 eoliinl b s g 00l had (o g (65540l alis
4 ez b Sl ond o N Jlgte 50 a4z )0 i aelin b,
Sl3T ol ey cpley G ieS atnge S5 aliae 5o 4y
e poglle aigy JyuS altess loysie onlply ol
Oley ol (Geks bl jo (J S (6955 9 Il sl it
b ange S alies o 05 4l sl o0 508 oy H9ile (oS
S e oS (rizred 9 glS Shebacd g, 5l eslanl
0sd oo ) Jsaz 0 KKT colps 5l eslil b cllocSas

b9 3l ooliitwl b diugy J 50 alienn Jo o5 4l ) Jgu
w9l ubads

o ylou
Oldos

Xf 9Xo) > le s oy oleal g adsl bal s s -

03by) 2 4o Gankad bl olass g lojl g olows s -
m sny)

$999 9 Sl sl yaie sl by g UL GS Ges - )
B, jBu)tf 9 Gekay bl play o J S

99,9 9 Sl sl yusio gl adgl uo (end -

(S0) by 5 Grekes bl plos yo J S

5928 dlne sl (a3 a8 (Sslane 298 b (pnd -
Slsles 5l (5550 958 5 (YA) dloles 31 (5 Sosls

(NonlinConst_fun :xL sb) (YF) 4 (¥+) Y

Ab) (7)) doles 5l aise Al jlade dewlne &b sy -
(Cost_fun :2

009y b b e oyl p Al g Jo 8L -
SQP

[Sopt> A]=SQP (Cost_fun, NonlinConst_fun, S, Y

Bls Bu)

il 5l ooliiul b c Ko (6l e (ppass -

(V) aoles 51 A KKT

1 Sequential quadratic pro%rammini (SQP)

V64 [Yfee ub.w.o) 9 ).ula ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5).3)l5 9 ‘5)51.13 ‘f’?‘Lc ngo



Oy p8 ez pS e low] (G950

oo y0 0w adini slomlad Cdls (s o Hladio .Y Jgu 1!
29l 2k Gloj 9 (2l A
> 5l it 2!
byl
ke by aly | i glowlad
ol
oS A
31
[0,0,0]7 [0,0,0]T rad/s [wB]B
90° A 10
[0' tan ( 2 ) ' O] [0,0,0]7 | o)l = o
= [0,0.4142,0]7
21
[0,0,0]" [0,0,0]" m/s [vs]*
[0,0,—10]7 [20,0,0]" m [sp.]*
2! y

oS el oas ools olas [Ve V-0] atsd8 slopagy ,o
Ay b pley Cemoy jgile SO lp JyuS Sl

Ohgods ( IS sloyliss jlade gg) p (xS 0 B S
Vsl s jo ileas mls alin jsbay ool S -y

3L(to the

- 31
Obey @il azyo il jile S glp a5 das e lid ¥
g bgys Jlade g9, p xS 08 85 a3 Lo O (550 ©yglxe g3l (g ilwands (g2 L Sileds Y IS
S~ Sygeay JuS Ll G (JS lapglss ol 4250
o2l o e Oloj ol Az yo s eile oy Soke SIS aplind (slony Lt wlasiiin Y Jour
oo g0 ygmotes ]S b Lagsliand oSy digy ol Copndy silo S = RTC:
[CER Sl ibe as ST a5 wilosle +Las =
Jy Al (i S wardy jile 425 osls _ 45217’ 13522213'1624 Kg.m? ! slaples
R Lz Jo> (IS o jsliiS Lel el Sy jemme SO
72558 g ypile slp S ploj 4 (plies ln 5 00 m = 3200 Kg o
Ol ¥ o ¥ sl st o [l 055 sl ml Wgdie
, , 1S glojliiS oy Slo
4z G gl S Gl GlFee 1) Erdge cnl &S wass Tar = (5050507 | N | <75 <5 6 7
- R
Ol pesd 55 digy ey (g0l
Fmax - N sz)"-‘s <5L“’9):‘-3 M;L"

ol o ool Glis A B 0 sbaSs s a5 jeboles = 1320,320,320] SN
. 4 . . o . . ‘ ‘. - LQ ‘
90 g (e e pw dCamg (Sl Sy B0 hyrpie = 580 Km e glis)
Y' J5J> )é u.)}l.‘a.o @Le(u‘ Ja_»‘).w aQ oJ.l.IS M:Ju.: 6Lo.~»La_9

V7o [\Fee ub.w.o) 9 ).ub ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5)”[5 9 ‘5)51.13 ‘P?‘L‘ ‘ul;.haégo




Syl yglxo ygilo yo laglad K Cardgo 9 Cardy digy loj S

o015 ‘ . . ' ' ’ e oloy @byl az o i Hgile gaman Soleds i) oo
——uw, . o .. .
ws sl 00 00l OLA.A.AJ ) Jiw)o)hb)}o (53—’)L~M-’ 6‘).)

w(rad/s)

10 15 20 2 30
t(s)

Slagly ce puw saadlgo Sloj azxiy )b 0 JSb

[

100

¥, 0, ¢(deg)

5 10 15 20 25 30
t(s)

“L'C'-L“ }f'l)oﬁ) QSL“):"")b <5’L°) M)L' 7 J&":’

——v
——9

15 20 25 30
t(s)

Argl sblsj (Sloj azes ;B Y S

5
1

T T T T T
50¢ 1
s ]
50 ]
. . | . .
0 5 10 15 20 2 30
t(s)
T T T T T
50 ]
o ]
50 - ]
. | \ . |
0 5 10 15 20 2 30
t(s)
T T T T T

400 F T T T T T =
—~ 200} g
Z ol ]

=t

Ry 00 E
-400 | L 1 L L 1 |

5 30

30

30

S gy Gloj Az ;U S

VPY 1Fee ol 9 3l (9o oylods gl Jlw — sLad oo 1,5 g (559LS pole aolladgs



_ Oy p8 ez pS e low] (G950

25 |17
——u
3 =
10m
2L
1L
2B 3t ? 0 5 10 15 2 % 30
Iy 20 m t(s)
3B o S p Badgo (Sloj Az, A JSS
ate by 3151 4z y0 i Hgilo (gumsan Sileds Ve S
——=
——=
3ol Cawsty J> gl 4y e Sl jslaieas =

oolaiwl b o) apad bl 09l oo eolatnl Gl NS pedd
Cewddy ghas d 5 yaeb alies Jo 5 a5 KKT ol
bl g ks bl o 1) eSS slo e olg5 oo o] o
B Gl S 0 G S (poss @l 0 (edd (550

el 00 oalo QL....- \f

5
6
© A“‘l -10 1 L ! L ="
o 0 5 10 15 20 25 30

t(s)

Sy iloj a5 A S5

10 15 20 2 30
t(s)

Slargly ey 4 bgrpo GLCILSWS (Jloj aza ;U ) S5

VPY  NFer lino) g b pg0 oyl (Jgl Jlw— olad 5o )5 9 5,9Ld pole aolliadgs



Syl yglxo ygilo yo laglad K Cardgo 9 Cardy digy loj S

10

——A —— A,
—6—A, —o—A,
A Agy

0.4
0.3+
<
5
0.2t 4 <
0.1+

15 20 25 30

0 5 10

t ( 5) 45 0 5 10 15 2 2 30
£(s)
CaxBgo & by po LIS (Giloj agsi ;U NP S
6l yiolyly 4 by e SCIloKaS o aziy b IY JSCi
adlzlol 359599,
e gl (A) Wolas 500 4o 2l (285 Ly Ly
8 T T T T T
slalb i 0 ol S a8 =
Ry 4 A,
2 Sozen gx@®,u(®), ) 5 d(x(to) to, x(tr), tr)
.

‘b(x(to)' to'x(tf), tf) =t
glx(@®),u®),t)=0

YA)

Sl gileass ol 0 s

M bl oml g A (aste P(x(t0), b0, X(t), 1)

53 Jolasye (S Laalpd bl ccnlplo (V7 Jgoo illas) o
(bl gl (YF) dloles

10 20 25 30

.
5

15
t(s)
s 8 s 2 gt yo S KoS (ilo a5 Y JSC

H(t) =-1

JrsS aiwss gl (Y0) dolee o ugdon &b (3,0 5
sl (YA) olee & ygods Hla5 0,00 digs

H(x, A ww, 75 to,t) = ATF (3, u, 75 8, tf ) ()

1PY NFee o) 9 3wl 090 oyl (Jgl Jlw— olad 5o )5 9 5,9L3 pole aolliadgs




Oy p8 ez pS e low] (G950

GPOPS 1331 05 g (wgl§ (hubands o9y ok gl .F Jouzr
Glizo g sLew (ol

138l o T .
oy IFerty Sabad Jig, tr Cuxbgo

Dyl i GPOPS s "
(1) o s60) (sec) s (m)ady

[20,0,0]"
0.0104 25.87 25.8727

kel g9,
0.5113 26.0336 26.1674 [20,4,0]T
0.8837 | 26.1652 25.9360 [20,4,4]"
0.9271 25.8986 25.6607 [20,4,—5]T
1.5325 28.2784 28.7185 [25,—-5,—5]

51 o] Cawda s ¥ Jgax j0 eads ail)l ol 4y axg5 L

(s heband by, Sl eslanul b ange JpuS alies Jo
5 5 bizl b ainge J/8 alins o s b lio Sl
g oleg eile loy Do (69)l5e ,o £ 9 5,0 GPOPS 54l

& 325 azii= ¥
e by 6ol azye b pile altue raghy cal 5o
5 Comdy JyuS Glp Dme gloSles L Laglad S 1y
O ygile 5l diged S lgieas (8,5 8 ) 0 90 CunBye
s8le @ly loy reS Ay Sy Al (golil ax )0
P9y 3l eoliul b g oad (gainJse,d Lewlad 90 (o O jglme

KKT W‘J.»o )‘ oolawl l) s % J.’> u»slf GO.JGM
s plol oSS e

a0 i Hgile i gl oS ol (lis (g 5leand mlis

Sy~ Sy &gty (S Ll o y9e aage Glej 0]

30 Oeigiden c_gl_'; «(VY) dolrs o ‘;.A.ALQO 0.8 &y a>gi b
A )0 s o 5l Ga_gl.'; (Y) doleo

oH _0
ot
ooy yole (Gloy o3k Jsbo jo Wb crbghan &b (cnlplo
SBb =Y bl g ol A
H(t) =-1
4o as a8 o uL.M.. VO U o u‘-'i"'L"""’ " @L’; cs;L")' SHloges
9 Sl Loy oo dlone (rigilen i gile (Sloj o5l Jobo
OMT Cewddy J> u,\‘).:Lu el =) L: ).3|).3 U] G».ﬁ).ﬂ.’ )‘J.s.a
S o 03,50 1y sl 4 e (St Ll

Cegdeon (Sl az U000 S

5! 0wl Cawdds bl walit oy liw (gl Ceod ol 5o

L wol8 shbard g, 5l eolatwl b aigy a8 alius >
Gsbite cpdy el oad awslie [OY] GPOPS 531 6 5 b
85 k5o b e loy bl Az il jsile aliess
A Cond 0diiS Coudial slonlad Galize gl slacaadse
O Hgile loy D el oals o Bus (5 )law x e oK
ol ¥ Usaz 5o calizes slagy i (61 aigs (loj gol5T a5

ol 00

\2f [\Fee ub.w.o) 9 ).ula ©9o e)l.o.»i'a ‘ng Jl.w - ‘SJL»AS ‘51.@.5).3)l5 9 ‘5)51.13 ‘f’?‘Lc ngo



oo &yglzo y9ilo 4o Loy Las G Cordipo 9 Cordy iy Hloj J oS

indicator of plant water status". International Journal
of Remote Sensing, 1993. 14: p. 1887-1905.

[10] S.L. Ustin et al., "Estimating canopy water content
of chaparral shrubs using optical methods". Remote
Sensing of Environment, 1998. 65(3): p. 280-291.

[11] J. Carlson, and R. Burgan, "Review of users' needs
in operational fire danger estimation: the Oklahoma
example". International Journal of remote sensing,
2003. 24(8): p. 1601-1620.

[12] E. Chuvieco et al., Improving burning efficiency
estimates through satellite assessment of fuel
moisture content. Journal of Geophysical Research:
Atmospheres, 2004. 109(D14).

[13] W. Kong et al., "Estimating Vertical Distribution of
Leaf Water Content within Wheat Canopies after Head
Emergence". Remote Sensing, 2021. 13(20): p. 4125.

[14] AFF. Goetz et al., "Imaging spectrometry for earth
remote sensing”. science, 1985. 228(4704): p. 1147-
1153.

[15] P.J. Curran, J.A. Kupiec and G.M. Smith, "Remote
sensing the biochemical composition of a slash pine
canopy. Geoscience and Remote Sensing", [EEE
Transactions on, 1997. 35(2): p. 415-420.

[16] R. Colombo et al., "Estimation of leaf and canopy
water content in poplar plantations by means of
hyperspectral indices and inverse modeling". Remote
Sensing of Environment, 2008. 112(4): p. 1820-1834.

[17] M. Hardisky, V. Klemas and M. Smart, "The

influence of soil salinity, growth form, and leaf
moisture on the spectral radiance of". Spartina
alterniflora, 1983. 49: p. 77-83.

[18] B. C. Gao, "Normalized difference water index for
remote sensing of vegetation liquid water from
space". in Imaging Spectrometry. 1995. International
Society for Optics and Photonics.

[19] G. Krishna et al., "Application of thermal imaging
and hyperspectral remote sensing for crop water
deficit stress monitoring". Geocarto International,
2021. 36(5): p. 481-498.

[20] R. Filgueiras et al., "Soil water content and actual
evapotranspiration predictions using regression
algorithms and remote sensing data". Agricultural
Water Management, 2020. 241: p. 106346.

[21] L. Zhang et al., "Monitoring cotton (Gossypium
hirsutum L.) leaf ion content and leaf water content in
saline soil with hyperspectral reflectance". European
Journal of Remote Sensing, 2014. 47: p. 593-610.

[22] E.B. Knipling, "Physical and physiological basis for
the reflectance of visible and near-infrared radiation
from vegetation". Remote sensing of environment,
1970. 1(3): p. 155-159.

[23] C.J. Tucker, "Remote sensing of leaf water content
in the near infrared". Remote sensing of Environment,
1980. 10(1): p. 23-32.

Shooliiul b cosnl cassay > rwlons glaieds .l
Ll ool ooty gl a5 0 ooy Lt Sl oSS (e

gl sl Cales 5o 03 (oo 035510 1 Jgl 4o (St
Cesddy dige oloj gol3T Az o (b eile oy e walise
hebarcd (g, 5l eolitul b gy J S i Jo 5l ol
ool b digy J S alts Jo> 5l odel oty zulis b e gl
aSols las awglie pl mls .ol awglas GPOPS 138l 6 5 5l
Cyllae uglS (hebards g 5l eoliil b snal Cuwoy

5,03 GPOPS l38la 5 gl b s>

&>l

[1] W. Zhang et al., "WTS: A Weakly towards strongly
supervised learning framework for remote sensing
land cover classification using segmentation models".
Remote Sensing, 2021. 13(3): p. 394.

[2] A. Orynbaikyzy, U. Gessner & C. Conrad, "Crop
type classification using a combination of optical and
radar remote sensing data: a review". international
Jjournal of remote sensing, 2019. 40(17): p. 6553-
6595.

[3] J. Jung et al., "The potential of remote sensing and
artificial intelligence as tools to improve the resilience
of agriculture production systems". Current Opinion in
Biotechnology, 2021. 70: p. 15-22.

[4] Q. Xie et al., "Crop height estimation of corn from
multi-year RADARSAT-2 polarimetric observables
using machine learning". Remote Sensing, 2021.
13(3): p. 392.

[5] G.A. Carter, "Responses of leaf spectral reflectance to
plant stress". American Journal of Botany, 1993.
80(3): p. 239-243.

[6] J.Penueclas et al., "Reflectance indices associated with
physiological changes in nitrogen-and water-limited
sunflower leaves". Remote sensing of Environment,
1994. 48(2): p. 135-146.

[7] H.C. Stimson et al., "Spectral sensing of foliar water
conditions in two co-occurring conifer species: Pinus
edulis and Juniperus monosperma". Remote Sensing
of Environment, 2005. 96(1): p. 108-118.

[8] C. Xu et al., "Monitoring crop water content for corn
and soybean fields through data fusion of MODIS and
Landsat measurements in lowa". Agricultural Water
Management, 2020. 227: p. 105844.

[9] J. Penuelas, I. Filella, C. Biel, L. Serrano & R. Save,
"The reflectance at the 950-970 nm region as an

V20 [\Fee uw) 9 ).ul.: ©9o e)l.o.»fb ;Jg‘ JLw - GJLAS ‘51.60.5)9)[5 9 L_g)gl.‘é ‘P?’Lc ngo



Oy p8 ez pS e low] (G950

[24] P. Ceccato et al., "Detecting vegetation leaf water
content using reflectance in the optical domain". Remote
sensing of environment, 2001. 77(1): p. 22-33.

[25] P.J. Zarco-Tejada and S. Ustin. "Modeling canopy
water content for carbon estimates from MODIS data
at land EOS validation sites". in IGARSS 2001.
Scanning the Present and Resolving the Future.
Proceedings. IEEE 2001 International Geoscience
and Remote Sensing Symposium (Cat. No.
01CH37217). 2001. IEEE.

[26] M.R. Mobasheri, and S.B. Fatemi, "Leaf Equivalent
Water Thickness assessment using reflectance at
optimum wavelengths". Theoretical and Experimental
Plant Physiology, 2013. 25(3): p. 196-202.

[27] R. Pu et al.,, "Spectral absorption features as
indicators of water status in coast live oak (Quercus
agrifolia) leaves". International Journal of Remote
Sensing, 2003. 24(9): p. 1799-1810.

[28] P. Bowyer and F. Danson, "Sensitivity of spectral
reflectance to variation in live fuel moisture content
at leaf and canopy level". Remote Sensing of
Environment, 2004. 92(3): p. 297-308.

[29] E.R. Hunt et al., "Remote sensing leaf chlorophyll
content using a visible band index". 2011.

[30] D.M. Kim et al., "Highly sensitive image-derived
indices of water-stressed plants using hyperspectral
imaging in SWIR and histogram analysis". Scientific
reports, 2015. 5(1): p. 1-11.

[31] F. Rasheed, S. Delagrange, and F. Lorenzetti,
"Detection of plant water stress using leaf spectral
responses in three poplar hybrids prior to the onset of
physiological effects". International Journal of
Remote Sensing, 2020. 41(14): p. 5127-5146.

\ld4 [\Fee uw) 9 ).o.:b ®9S e)l.o.»}"a ‘ng Jl.w - ‘SJL»AS ‘5&@:).3,[5 9 ‘5)5U3 ‘P?’L‘ ‘ul;.haégo




Available in:
Journal.isrc.ac.ir

Journal of
Space Science, Technology
& Applications (Persian)

Vol. 1, No. 2, pp.: 167-179
2022

DOI:
10.22034/jssta.2022.326454.1049

Article Info

Received: 2022-1-26
Accepted: 2022-2-12

Keywords

High altitude test facility,
Thrust optimized parabolic
nozzle, Pre-evacuation,
Second throat exhaust
diffuser

Experimental Study of Pre-evacuation Effect on Second throat
Diffuser Starting Process

Nematollah Fouladi !, Sina Afkhami 2, Mahmood PasandidehFard >

1,*. Space Transportation Research Institute, Tehran, Iran, n.fouladi@isrc.ac.ir, Corresponding
author
2. Department of Aerospace Engineering, Ferdowsi University, Mashhad,
sina.afkhami@gmail.com
3. Department of Aerospace Engineering, Ferdowsi University, Mashhad, fard m@um.ac.ir

Abstract

In the present study, the effect of pre- evacuation on starting process of a second throat exhaust
diffuser has been investigated experimentally by examining a thrust optimized parabolic nozzle.
An experimental setup called high- altitude test facility has been used with compressed air as
operating fluid. According to the importance of area ratio parameter (Ad/Ast) of a second throat
diffuser, the effect of this parameter variation has been examined on the start- up performance of
the nozzle and diffuser. In each of the diffuser geometries, in order to evaluate the instantaneous
performances, the pressure in the nozzle chamber has charged instantly in two modes; with and
without pre- evacuation. Then, the vacuum chamber pressure and static pressure distribution along
the diffuser were measured by a data acquisition system. The results show that pre- evacuation in
the test chamber reduces the start- up time of the diffuser by 50 to 60%. In addition, pre- evacuating
the test chamber eliminates the destructive transition phenomenon from the flow separation pattern
during start- up of the nozzle and diffuser. Also, It has been observed that with the narrowing of
the diffuser’s second throat duct, the minimum starting pressure of the diffuser increases and
eventually flow chocks at the second throat in a certain area ratio.
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