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One of the most proven ways to reduce satellite launch vehicles fuel consumption is to use
multistage separation systems. These separation systems based on mechanism of operation
divided into two category, explosive and non-explosive. Nowadays, non-explosive separation
systems have been considered due to their features such as ease of maintenance, reduction
of explosion hazards and reduction of shock to payload. One type of non-explosive separation
systems is separation systems based on CBOD (Clamp Band Opening Device) releaser. In this
study, changing the dimensions (geometry and thickness) of the flywheel which is one of the
effective parameters in the CBOD release performance, have been investigated. Adams
software (ADAMS) was used for simulation and the Results have been validated using
experimental test on sample made by 3D printer. The parameters of separation time, linear
acceleration of Counter-clockwise screw along separation axis and angular acceleration of
flywheel around separation axis has been selected as output parameters. It was found that
the increase in diameter and thickness of the flywheel is directly related to the separation
time and inversely related to the angular acceleration of the flywheel around the separation
axis and the linear acceleration of the Counter-clockwise screw along separation axis. Also,
with increasing moment of inertia and mass of the flywheel, the amplitude of acceleration
fluctuations has decreased.

Keywords Separation System, Non-Explosive, CBOD, Separation Time, Shock, Satellite
Launch Vehicle

CITATION LINKS

[1] Refinement of a Low-Shock Separation System. [2] Non-explosive separation nut.
[3] Separation nut with a restraining wire. [4] Flywheel nut separable connector and
method. [5] Device and method for connecting two parts of a craft. [6] Separable roller
screw assembly for a space craft release mechanism system. [7] Rigid body separation
dynamics for space launch vehicles. [8] Dynamics of satellite separation system. [9]
Reliability and safety assessments of the satellite separation process of a typical launch
vehicle. [10] Dynamics and transient perturbation analysis of satellite separation
systems. [11] Dynamic simulations and failure analysis of a clamp band system for
spacecraft. [12] Dynamic-envelope analysis of clamp-band joint considering pyroshock
of satellite separation. [13] V-band separation shock characteristics. [14] Shock tests
for low shock device of wrapping band and related data processing. [15] LPSS a clamp
band release system inducing very low shocks at payload interface. [16] Development
of a reusable, low-shock clamp band separation system for small spacecraft release
applications. [17] Motion analysis of band release system. [18] Joint Characteristic
Study of a Typical Merman Band Joint used for Launch Vehicles using Non-Linear Fe
Analysis. [19] Pyroshock prediction of ridge-cut explosive bolts using hydrocodes. [20]
Numerical study on the explosive separation of pyrotechnic cutter. [21] RUAG’s
approach to develop a modular low shock separation and jettison system. [22] A
reusable SMA actuated non-explosive lock-release mechanism for space application.
[23] Dynamic analysis of Seperation in Reduction syetem of a retractable vessel. [24]
Analysis and dynamic simulation of a 6 DOF spring separation in satellites and
multistage missiles. [25] Friction properties of moulding thermoplastics.

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://ntrs.nasa.gov/api/citations/20130008824/downloads/20130008824.pdf#page=343
https://patents.google.com/patent/US5221171A/en
https://patents.google.com/patent/US5282709A/en
https://patents.google.com/patent/US5603595A/en
https://patents.google.com/patent/US6454214B1/en
https://patents.google.com/patent/US11111034B2/en
https://www.cambridge.org/core/journals/aeronautical-journal/article/abs/rigid-body-separation-dynamics-for-space-launch-vehicles/9657AB967DBFE1A8AE699A524EBB52F3
https://www.sciencedirect.com/science/article/abs/pii/S0022460X06002902
https://journals.sagepub.com/doi/abs/10.1177/1548512911401939
https://journals.sagepub.com/doi/abs/10.1177/0954410012466780
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dynamic+Simulation+and+Failure+Analysis+of+a+Clamp+Band+System&btnG=
https://arc.aiaa.org/doi/abs/10.2514/1.A32382
https://trs.jpl.nasa.gov/bitstream/handle/2014/37486/04-3062.pdf?sequence=1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%22Shock+Tests+for+Low+Shock+Device+of+Wrapping+Band+and+Related+Data+Processing%22&btnG=
https://arc.aiaa.org/doi/abs/10.2514/6.IAC-06-C2.7.07
https://digitalcommons.usu.edu/smallsat/2001/All2001/82/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bhosale+R+RVaSS.+Motion+Analysis+of+Band+Release+System.+Int+J+Eng+Res+Dev.+2012.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Joint+Characteristic+Study+of+a+Typical+Merman+Band+Joint+Used+for+Launch+Vehicles+Using+Non-Linear+Fe+Analysis.&btnG=
https://www.hindawi.com/journals/sv/2016/1218767/
https://www.hindawi.com/journals/sv/2019/2457854/
https://scholar.archive.org/work/nr4me7lyujcfzhalyhzooseh64/access/wayback/https:/www.eucass.eu/doi/EUCASS2019-0745.pdf
https://www.tandfonline.com/doi/abs/10.1080/19475411.2019.1711462/
https://www.sid.ir/fa/seminar/ViewPaper.aspx?ID=79889
https://civilica.com/papers/l-5853/
https://www.sciencedirect.com/science/article/abs/pii/S0142941806001322

ubl&u 9 ;S.AJ(J.U‘J )lym Y.

2wl ggo Jole ey ojlo (59 cdihiing slaygise = o
Byan dalsl )3 5 dilpiony 6350 18 5 oS il ey 39 42
el Nlgice i el ool cwl jLo 390 (b wSgw
2l 0js GRS gy ol 5 a9 dibden Pk 5y s
G605 2l 03 6ok Sleph g canl Laslga o552 55 (g9lhe
9 30 (S35 3 LBBYR 3 GRS G Plgie & WSS g0
ged o)Ll laeagrels i glhe (olgs b waz glajl]
390 &ylgmlo sl fol> )3 ol ol (sl 45 Gl 51 508 5o
45 sl (514l 0 diz (gltlyiigs 51 o5linl caidS 3 o5l
51 o 3 0355 Jae il 5| Sy dlye o 53 o @yg0 ol
Jolo 51 o353 ol il e 31 osliiul b wiyT eladl
93 dl>yo yo 53 &S el (gldilolw 503l gy ol 3ga (50 3>
39 28b Jhate 503 S 4 ISt g (942 555 350 cuad
0355 Dly psr g ol gty (IS Jlol b Glalaz ol
wilolus ctilolus cpal 45 Nigdh 1am ,503 i 51 s 93 «Sod
il sladilele £93 izl 5l S 290 485 (il
bwgi jb gl &S wilise (Marman Clamp) wolS (poyo £
630 1AVe ams > (Marman Product) «S13g 5 (pope &S
wlaks o] J5ls 4 (Band) g b 5l ailobe ol ad g3
Al> 3393 43158 ool el 00 LSS 305 3529 JS (slesS
595 2 ogS s JSb (usSae g 118, )18 e (g5 0 oS
g S 58 G b g a8 (sl> ayls 3929 lag)T 4
4 3Slas 05080 95 4 diny laliz gladilobs Mgl 0
ojg 0l Nigd(se (il (5)lxdil yut g (gylxddl dilws 93
oz 5l oSy Jis @ lil g Glolaz sladilele
o3litol cohld il 4y gy it (el (511655 cdggu
8 4zgi g0 dgame cuand 4y o3ly Sad (Ll g saz=e
slaoylamlo ;3 ohag g0 @ Wb (Lol (pl wisenl .Lil4s,S
st ialas sledibls cwl csalie LB 9S50 WS
Elgl ol oyl 5 G S sies elgil ghls (sl
ool el (63 51 oy o Sl s Gittne Gilas (gladilobs
we Glalil o Jlis 4 5 Gialaz gley e (iali3l 4 dilebe
o gt b lgd 53 0ad 03 IS (655 (g5l ol

ABde LialS]
D505 0l )3 01 b wlelasl g latmgly il sl S aelsl 5
3900 elyis] cud d a8l (6395132 Jlw )3 .0 salgs lgie
ool 53 sl ailay (yleiil e (6 8lee b @ T 3 &S
Uhsr S adpb ey wygo 4 dS 493 oy 51 S yi8 <yl 2,k
g o3l 5Lis (gl 438 5l a5 cunl ouid oalaiuwl 03, J5 I,
o laz glads (gliwly 53 oyp0 U 390 odlaiuw! 45T diz oyp0
welyis gl 1838 Jl 3 218 85T 1y 455 Jlas! dakss 5
oyt o 3l 45 3gad iyl snigas lam Jladl S o 53 45 3)S el
S bogs o] wlahs o5 4S5 sz 088 S bawgd 45 4S5 wiz

VA 3lays oof ojladd oY )9

s S sl &5 Sl yas 523U (53
of HSlec 3 (s)lziil yut (ilaz

Sz ol sae

O plol gol> ol (uwtign g (58 03l (SlSe (wsige 09)S
oll coled (&)

* > dllzg,

e plol galz oSl (uige 5 (533 0aStils (SlSe uodige 095
ol cobed (&)

ORI (o dazods

O plol ol oLl (uwtign g (36 03l (SlSe (wrige 09)S
oll coled (&)

S ole Sy rome

e plol galo ol (udige 5 (i3 0aStils (SlSe udige 09,5
oll cobed (&)

IXVLCS

oy oylsale wdbgw Byao Lials 13 esd wldl glely o yioge 5 S
siglas GL“’W o2l el glal> o ks siglas GL“’W)I oslastwl
g el (5 il jul g (5l ditaws 93 g 3ySlee JBg5ke bl 5
s dlaz 51 laShs Juls 4 (oldil u Glaliz (sla i 059l
Cuond @ odyly Soi LialS g jlail 4 baye whhs rals ()l
iz (sl pitucw glgil 5 S . 2ilai8 S )3 a> g3 3)50 (Payload) dJsaze
63 9l & o sleley sy Glne (@l il Glalaz eilen ()l e
i) dlesl wlyued Ghegiy o2l 5> .cwl (Clamp Band Opening Device)
(53 51 o o Sl 3o 33 390 Jalse 5| 50 45 b 1 (olins 5
5030 331 033 51 (5l jalite sl @S I8 Gy )90 Adlie
digad (693 4 (S L_;Lmu“.:Lo)Tﬂ oslasil by zoali g oad ealiiuwl (ADAMS)
oley Jelge Ll osids iweiso (gIudw ).u..:)_v)' edlaiwl b oads dislw
-agly Qlid 5 Glalaz jeme sliwly 53 3Selusly gy s Gl (il
sl osd Bl 2 9y> Jelse glgis 4 plalaz jeme Jom )Lk &5z
by plalaz gloj wae bbb £52 cwldus g kS Gialjsl o b pasie
e ohE wlid 5 Glalaz j9me Jo= sLb &2 gl lid b 5 paliue
59U GHli3I b Gonan . 3)ls ugSae dlaily Glolaz sl ;3 3,Sxelosly
Albee piels ol wllug el GLb &2 02 5 oz

S il olej (3 81 (2 m (slmil g il dilelw Hmedlgals
BUSIPYAPS

Vel o)A sl G,
VWYLl 1 ispdy gyl

R.Hosseini.mech@gmail.com :Jgiuwo 63iugi®

doddo -\

ol LS 4 oylsale Jlul ylsale 559> 53 oee crlio 51 S
@luoloe 53 oot wyguo 43 45wl ogo (o1l 4y aiucs
ilino G 4 olsnle 55y s I cely wlgise o s
@y pam 5 g sl 1 olsmle a8 )S5 18 (Jelo il b
bl 5 2hb wisjld g ol 5l e ciSin gladije
ol diso) el 53 38y wlwlxeo

Uesde SyilSe udige sole doliole



£ of ySlac ;3 (lmiil a8 (e s Sy jleb Sy slal yaed 3305 Ganyys

&9 9 el osd Juo by wyge 4 e slagsw 9
@ Gl jshie 4yl 43S 18 0 e LoyslisS g Lng
clio @81 op slepaily plahe el g e Jalse
alold JBlus el sad cuSys 50aSs b el g (MATLAB)
ey Uy blws 5 olgmle o 3955 Glaled sy s
S el bagi (alSa Ghme (555 5 STl o
303 wilols S el 038 6313 ) pase il im @i
Jel=i b el @l 5 ead 2lb olsale Giuliz Giges
o Brd oSl g Seliny Jao wds B cwl oads duglis
il Lol 1 (Sabins Jie oS3 ol 5 o 101 L,
Jolge @l 3l Julo jghate 4y 3015 1380 033 yiu 53 wSTy-o)l3ole
Solus gy p izl Joese slocwsls g wlike (glojlu
sl ol ey phlSen g I LGS Al 08 Jlg Gtolax
Oldisy 9 edwdidy Mg i dlbele Lldxi g 2Lk
-o3)S pigal (gim) dw g (g4 33 gz 4y 05 lsl (Sl
(e 6)[3@.!' gSs.w b.uza 9 wlbaidin )90 33 &l? RECIRY]
ez 59y 2 s bl Glolegl alite (sl o1l
GLQL)N_)LA)T ole [1315,S ey (JPL) I = (_;La.ubas doliy
o35 S5 l5iss Sy S slaaly ol i @ Giliine
o8ty S Liloas] (sgmunlyasl Ll ol (63 51 (g1 114131 ol
(Launch Payload (wl ol ( Jl iz iglae-Jlail
L oS ;g5 o (58y20 b oS sl yyuS Separation System)
& Gialar Sod 2alS IS b G (sl ol Uy
oslasil b oy Sow g gy [5Iyls 1y (Sinly az g5 il e SO
23 0 opBd S (G551 duad sl sz (558leisS S
FB Gl dilol Soolib &2 o GiS )z 655 4 dilolw
@iloley 305 (sl by Sodb b oS Jlsh saze eslil
Jls 53 ohlSan 5 Juwss 11610515 dsuwgi SasS lagslias
390 1y (3 3650 035 193 (3Luolmy dilobis (3Sy> Julns V1Y
el 195 (595 2 13l g gy ol 53 23315 1,8 ol
85> Jadox 3ol 51581 0,5 51 oslasiaw] b (s g 0313 olaxil Jlage
Clid 5 ey (bl gbayielly g ol elal dilobw (595 52
dlo gy Sluley @39 Joe 5 g 1) oS Yy g lgs
Jo el 51 oslial b olsylgil s aals P08 Ly 11713505
ol 53 i3ged Julad g (Al |y (0 (repe) 05 Jlg ey (g3ae
Jalos psite 4 (Ansys) uanadl (533 o 31 5 1 asy
oalasiul b iimg 3y 55 Ko g I V)T Jlo 4o 181 oalasiu!
Hod Grgtan @l 33 Ubgy by 5yl WSy byl
Caws 4 s 539a3 )] (gl gy el bauwgd 0nds Ailed
b oohKer 5 Kiged P Jlo s [eudlsy 43 uilsys
Golzail odiys el 51 dgaxe 3] (g3sy dw Jdo el 5l oolaiul
35U 3503 pativ jghie @ (glas)lae (Pyrotechnic Cutter)

Modares Mechanical Engineering

el Sy alils s el 0 Lo o 4 01515455 ape
ols a5 (llgs g S e esliiwl ccwl odd Hgame s Iy
) pouce 4o olhols (65550 03938) g e JUS )3 1) o0
sl iyl 5oy g 3gad el el )5S 1Y Jle 5o Blyyls
degaso ol oolisiwl b aS sls &l iolas (gly a&uws oS
o o3 (A5)S (55151 AU Sod i 9 5lb £y Jold
9wl gz 2ok wianl Yoo Jlo ys Hlaas oo ials)
93 4 (Clamp Band) 6y )95 cuauw 93 zub ol 53 3943 4|
535 Co S0 45 93 &Sl Juato oxigds Ja8 395 2
&zl oad e Jlub &5z S @l 05 cunly 6503
b Eyz (8 pad Loy bl oad Ji5 (6 Sloe bawgi )Lb
03)S wSy> gy (@ 039 oMl Ja 393 s 4y g 0 Ly
5 ©olxtil Slee 25k ol Blasdioe z)l5 bbb £z J51s 5
ollaz ploj wse (Ll b g o3gad i |y ol 51 AL Sea
53 03 oy d)S (655 (g3leley ey (als o @b
0e jl esliiul b sase ialS Ty ol 51 0L Sed iy qls
oS 3 cud Huls b Yove Jlo 5 )50 elyis! 3,50,
Siolen 3550 a0 degame Syl o 303 &) Lol
5 ol LS e ealiul cespanl 2pb 53 )Lk &y uSile
pa Solind (g5l dunds sl siedibobos Jgoyd S slogS L
9 Ulaliz dloye (555 50 45 0lisS g0y Sipelins Jolds o
ghdiwl (el odds Syel oylgale )iJlJ)A wlehd yai z,
S0 39290 lalaz it glgil 5 (55950 prizan Aidgel
il @lobs LT ol 51 ey Tllosls ool iy alsusg
9 035 b auyle 538 JBg5ke G 51 eslastl Ly oylgale
S 55> w¥slee § wlaike Wl (wlaike gyl
Oy ool (6330lS lgale inlaz wiloles ki g olb (sl
sloprsito 3l slatel 5 gLl gy S 51 ooliitaol b g sl
duiye LS — &ily gy o plgdy ol »3 535 Gy |y o>k
G eSy> Gh ud Jyese Ghudhan w¥sles Jo gl olez
shy oaiiSTaz plual sl (6357 423 W 45 (b s gl
S e cwl oad M coads jasidio Sseliny Jelge
Jolse 53 @i duslxe gl 48 glgabl BB )Ll oSy
0B, 31 oIy Blewl oas JLis oad pasde (Sselins
5 od9ad oslitwl glamle Giolaz (sl and gly 25U
Gl Haeme Gl abwy SO ool 9 Gligebl o lls
Seelias Jsepd aols wygo @ il Glmgly ol ) 39a3
Ol dilolw =i g 2k gl S o pun Glala>
) el (5350315 gyl 0355 358 15550 31 o3litl U eylsmle
wilobo Lilae! (138 Julos 5 Sisalivs olylSan ¢ g2 Tsisls
BRRRAEN ‘ola_ﬂ Iy (Piggybacking) Sy U-i‘*’ o)lgmle Linlss>
b ol S cple 0358 58,555k @ 4293 b gy ol
il (i sl o lyl ilaiz] (638 ko 5 ool

Volume 22, Issue 06, June 2022



ub&m 9 ;S..gd.u“) )lym Fry

Jﬂﬁm
N LFN(owForcsNup

CBOD QN (QWK Nut)

T\ TSN(Two Stage Nut)

JERSRL
JENEES

Pyrotechnic Frangible Bolt

FASSN
FASSN

Mark Tl Lightband /.

Advanced Lightband

Dilaz (o e3ilSe glsil 31 ale plgsial (LSLs (1 JSib

Bolt Cutter

3oLk &5z 5l @ @an> oBe 13 g Clid anled plsie 4
Sy oailed plgie b )2 slagly Clid 29)5 sl
ol 03 Q) 52955 Jalse plgie 4 )bk &2

ool U o olb wilehd I diged el sl Lhmgy ol 53
izl Lol 1 adgl diged el g o Dl (sas 4w Sl 5|
oley wie pakin Ginlas 5oy el ly praw cwl oad
b e sl 008 (63:565lul osd ablo Lol Giglas
ous @bl Jae el 31 ey 53 GlalesT bl (g5lodend
3L 90 lagslodnd (Jao 3l 5l pug 9 0ad Riweeo
ol 538 duagliio ,Sasely b 2l Ll 53 5 00 ol alies

iz ailelus ¥
sloailols o a5l LS i lgic dosio s 4 ghilan
2 GRae glxdil e Glalaz dlole (gylxdil e Glnlaz
e elizl olad cilob cpal )3 cansl (63 51 2 om sl
Jlail e 53 oS glad oyl b 18be prope Lialis ailolus
63 3l 2 o olais] by (g kil ol jluley eyl ylss 9
el o o3l

SSLGe e plale dilele el I ehie Gy ¥ USD 5
wd)S )18 dil> 4 95 (55 0 SIS slagS wlabs (S Gilke
39850 Aty GRS Gy b g 4188 11,8 Ll (595 5 318,158 9
A3 il 4 93 (59 pSone LemgS 394 (50 ar LIS o
dil> g oylgmlo 4 YU dil> 33,50 Ll (s 1ax 5 @ilo § 48,8
ok s Vb dils 95 o cwl oad Jate Jol> @ gl
wygo b dil> gy Jladl loj 33 &5 sl osds o3lsy),8 (sl yid
03303 iz el 5 00 5k lgd A ST L g oad dig 03,8
OIS gled ¥ S 55 sadpe Vb dile 4y (ad (31 sy
ol osalie Jl8 (g5ldil e ke b Ghalaz el G
Sl ol cwol oads oals lis ¢ S 53 (63 9l (0 w sl
alice oxigid J48 395 g 93 (V)b &)z oyl Siiio
st 53 waibie 55w 650 5 35 ey S S (1)

VA 3lays oof ojladd oY )9

Ay Gy a3 Olid alold g laxiil (Selios ekt s,
ob ohen 5 ol YR Jlo 53 2015sls eladl iy
by dawgi )3 (Ruag) Sly, wSyb B uoyn 4 dagh
Jlos p Uy il 8 ol Wod b Lol wlola
8B g ol o b gopw ol dilobo el ,Bg5l o VoY
Slaley g oxigds Ja8 395 slagy 9 )bk &5z p e il
bl g e3ged (2hb |y jlaabisls LI e g5l Jas
slaggesl wed 1y ol diged il 51 Gu 02 OReglh 02l 3
WAY Jlo s [22sgai piitie |y of ults 5 ooy 3 alisee
b &5 Bsls plail g fy e g 03l5 (Wb (e (520
5 Uil @5l Gutin 5 oy Sy pmsd 5l ow o
er G ded e ey druwgi b plalaz byl guices
0ol U osgad uyp |y il diloli (Sisobins )L, (5138
ol Jyaz jshaie 4 )95k (Selins 38es glagaiojls
5 oSl WAL Jlo 53 1S b5yl sllae Gl
of Uil & Gl s olsale s ol dilolu o) Ses
53y ol |y 059 w¥slee g osls 518 uyp 390 1y 391 (5548
oz RleE ayid cual e (it olyE s Glelse
ol 0 o3lisol Lo ol 35 035Lasdls el yi (54 5 (oniyi
Sleas lo (555 2 Jalse ol 51 B 3l lio ool )3 o5
G diged olgale by sl Gilaz (s ey 5 (tipoff)

L2 ewl s

odlasul 3590 (sloy)lSg3lu glgil ale ¢lgiuwl Hlagad o JSi 4o
Jowgs g 50wl oads odls (lid Linlas sladilelus o
L oxS lsh ey (sl olsh 5 068 el il § ey lzail>
Zob 53 6 b 35 o 288 18 (y 390 (6 kil Lol
333 039 Ja8 395 slagu 9 slb &5 1 e S wewl
SWT 0 Giiae (53932 05250500 g 0313 s 1) S5l Ja8 jLulay,
el g o Bl jlxail Jole 25b (pal 33 3900 (8y0 Hlaakasls
G e s dp il oads )l by o b Glalaz S5l
9Lk &)z 2 e yladil e plalie bl Syl
ol Pk 5> &5 Glalaz 3Slae y3bb &5z Jole 51 Gy
Yo sl é Glala b Ghegdy ol )3 el ige dilobw
&z sl Clid dilse ((iolaz loj wise g 485 )18
9 dmlzo Jlub &y alide slal gl g Ghs lld g ,Lb
cwold i cwwd g3 5 slel jusi el ol duslio
Jlecl digad 3 b &2 shd s 9 3Lk £52 Slie wond
2 oslaiuwl 50 wilsehd )3 (159 wierl 4 dzgi b g cuwl ond
5 ey oIS 53 elyess o ol 0s gy coilddlsn Jle
dole 3l 2on Jole aw j gptdan 23U Jole 95 ol
olej @e g1 Hise duds @ plale ol wae o2
0D dsT ol lsl 53 ead opBd i) (5551 sileley
Sl9 pw s paditse Jlas! Juds 4 g Ghe Clld 2955 Jole

Uesde SyilSe udige sole doliole



FrE ol aSlas j (bl ut Glalder pun S 5lib &z slal i 3 Gy

ol 035 Ji8 (6,85 51 oslil b ,Lb &5z cusl ot
xSolz of w8y 5l g s 5 Lk &z sled 55 55L S
el 3,895l ol 390 wolex (6,503 (595L b &5 8550
—(0 e 30 oK 393 (IS0 43 1y 9l 93 o a=ks S, @
oS ol oaid 031y )8 (5,18 013yl apS dabd oyl iy )3 35
4 3alidls LT 51 e Sy 350 dshd ol Sy gl
5 e 3 Sl sz saae b 45 sl oo 04311455 aehad
S350 o § oAb o dliSls ad Jlad el ol gad o)
Slb Eaz U8 i by ey 0510050 dehad aitS e b g
(22395 50

9 & dlsl @ plgie jluley ol 21k 53 pee 5 S50 Jolge S|
9 kol coys olb )2 oz el ples Wlib 52
g ol 3 BlaS olal )Lk &2 g lagy glacy)) dwiin
&7 Slioe cond cwliis g dwain Jole 93 a3,Lb &2 sl
2 dele 93 ol slal sl 530 9 ol 0ud (i Hlub
ol 551001 ey (gl 1l el 00 sy ol 3,Slac
0 595 0 d9be Al diged ey (gum dw Silz bugs
01i et Lol (glaosls g 53 el Loy seil el diged
3l jo3l J1581 033 55 (028 G3aiT bl (gl s ans
2w | ol (glesls ool waws ds gl g o ol
ol 04k (siwesuo

cwlisd g dwsin Wlise slel gl (Jio woo auli 5l G
Jelse cwl oad el (ilwand JLb 252 Gloe wowd
olalaz jeze Jo kb &2 (slangly Clid (pialaz (loj wae
olsie 4 palie by ;5 3Sselisly ao Ghe wlib o
BosSo b osd Juol> gl il 13 ol oads (i 23>
Ailosds dulio

S peeyl -V
iz b (sa 4w Sola g oad (2l wilaks i diged el
¢ ﬁlfb 093y 4y slez hls g cwl ouds e ol 52 !
Cpubbumbd&hwluﬂls)smﬁs o)gg)iAUJUA

Onoed awl oad a8y a1 45 o0 /0 ddy) yhs JLb

Bias spring
Stopper

SMA wire Secondary swing arm

Left-hand

Prim swing arm
screw ALy e

Right-hand screw

flywheel nut

rotating ring Bearine
=3

ST 3 e a8 sloley b 65 ol (o e ey luileds (& JS&
[22] )| sakad >

Modares Mechanical Engineering

Mereye iz o 51 ghiie G (¥ JS3

[22) 6l 5laolmy Ly (iolazr itancuas ey 51 IS (sl (¥ S

J515 53 5Lk &5z 0 93 5 35yl5 55 (1) alaime )3 &5 Sipuls
Hoz o Sl Lkl 53 45 (1) 0aiS a5 G 358 50 48 s
PN dhdzo 515 a5 (1Y) opp0 g g 394050 odlditwl S5
bk &y U318 lmogsy el ipSe Sl (A) 395 SIS
J51s g 5 witws o 0o 5 alice () g soogjy s (1)
Aoy (S )b oy by U lg5 3add (e it b &5 (5095
3450 Ay jluoleny o 93 4 Gilkae Hlgd juw 93 9 350
woll oaiS Ja8 hawgi Jlb &)z ez b dw I ou
o Gl JiSw elipy b (gsloley oKim 55 g sads0
Sk &z Ja8 g 39d0 0audS J5Is 4 dibj g 03)S Jae Yoy
0348 Hlgd Byb 93 adS HLad Glay Jds 4 9 39850 ;]
DBlams o (ilas o5le] dils gy du g ondis

Ja8 (g5luley johio dy P2y o il ol yilden <Sysbgles
Shape ) ,ls ahil> slge y idmo (6,503 gy S ylb &>
0 U 53 o jobyle gy pal 53 3,5 &lyl (Memory Alloy

1oy o Ja8 jllay b (63 9l (2 o el sl ! il (F Y&

Volume 22, Issue 06, June 2022



ub&m 9 ;S..gd.u“) )lgem FYY

Gl dxbio (69 0 wilehd ol (A JSK&

olie oad bs pslai I pializ gley @ xSejlal )3 wds
dxe 3 g 3 0xd ()18 caedle gy (535 30 01 215 Jsb
61330 ygal 93 b dgib e o3ly I8 Sy diliwl 53 cwede
Ryad a JolS 29y U eSio £9,d ploj wae g o by dijg
5 oad plil oS OF 4 sl S Gaesl Sade 513
ol 5wl oad wd YU glad (gl pualie Bis b pula
2l b 9 ()25 905] Wil colaba §libge «(uSinyd yuls

13 3924

o - F

ol 0 o3l 3030 1381 35 51 Aliee g3k arnd jshiie 4
OlSel g 0351 (MSC) (s ol ol Sy Jgame Hl381 033 o2
2 Gilwdse 32360 S @l plul (Sipelns (g5l ud
Zobo @l (cud Giweee jokio 4y g plxl el I8l oy
oy sl d9die Jlesl Jio 595 3 S cand s oud
I el 0 ssliinl eSanyl Jio 5l aghi g5 o poled
oxdh 4,8, 55 S yiardsn @5 VY I8! i 55 ilakad
colys g o okl ceadsS o 51 SISkl (655 (slys -cend
ool o (sl oole (sl Sisalins Slhol g (Suilinl SISkl
V Jgdz 5d o Gy peled olys Pl oad 3)ly o )3
ol osmlico ul5

die e 3l amds 53 5Lk &)zl s ol olo e
Qo> s sl ool s a3 4ls e YWIA conyzxd 6]

VA 3lays oof ojladd oY )9

J513 ke 5 ol o 418)S JIa3 53 eI Ve Loz Jsb
x5 sk Gl jshie 4 bk £y ) g S
09951 )3 i wud w8y Lili3l g Uitz plej wie ialish)
b &5z vl oad 48,8 4553 oS0 YV 3932 53 (02
oS sl ord iS5 e e Ve colis b caand ¥l
G ceand 93 5h3 g 039y io S T o] cuelid ggeme
&z i sl bbie yie e VIR LD &5z (2l
ol samlice 15 T S )3 L

el dadigze (hals 5 6nS )l dilebs 4y Guyid pae s @
pie 9 osail bl Juds 4 el oad 2k Gl ggejl
oxib (Sl oz a0l Ol ol )3 08 lgi ypa>
b oz 1 GSa plalae oloj slade jlib 52 p39ed walil g
bl b )18 ol a9 gl (il a0l 51 elid s
396 093 ol oad (65 551l b )3 b (g lampguai
(Bxilim EX-F1) ) Bl (uSal (5] aloasST guanl ey coslic
oo sl sanlie 8 Gl o3eiT A g Y JSi 5 udlie
15 45 ashd el 1 oslitul b woaol paddie i JSi 5 o gb
Jraite (514559 o 4 45 (b ord ual cud dxio (sl
Loy U sl o0 et gy sl @5 g o o313 ygse o
—oo B E90> el g ond 3lg g w93 4 9y iy (S5l
3328 ysi b g 5ol l381 035 )3 ouds Sl Jae 55 (aeo 3948
—aud bt g oad sl Gy gsesl bl (5500 b g
33850 duglie (32 G3e3l @S b 5l

5 03el yiprnly (uSe caudsS 39, YU (51508 @) 4z 5o
s9hie gee 4wl gyicwlio G5l 45k puises
4l 5 o8 Wee @) slaei b (g ylppmgal glSel o) e
bl 4l )3 pyd P (595 2 Golangal Slapyd slass
D90

23138 cannl y3VL 505 51 &S oS gl <l (595 2 Gl anio
93 2 G 155550 )18 g el 5o ladijy B g0
Uil 5 wdggu ko dy 3950 JShette g 5 S 895 2

W=glet

Hbb &2 dwsin sleyl (5 S

Uesde SyilSe udige sole doliole



Yo ol ales p3 (olandil pu2 gt piug S 5lab &5z layl s 430 Guyy

9 cwl odd w)f).ku)) RS dwsin wlpuei wyy wdls
coad e3yg| yidny dS 3y diged dwiin 13 39290 B ceudd
dokin b & canlind sy el (sl cal 00l B
b Taml 5y ol 92 o9ejl digal dwie alive JLb &5z
s> 93 o wled 1581 )3 cpal )3 AS ]y Az gl S ul @
Cap2S (sl Al gl )3 d9dse =i e 4l dly
Al paz 93 & Giloj ablise rlyd pues 45l poled
4255 b 85,5 50 58 eled UByme 3 K03 b Sy b g
2 43 pglie (598 S0uS 53 3585 elKim osdh (sl ol s 4
@lo g 035 595 S35y 51 1y 93 U 3950 Jloel punz 93
Al a8 7yl SasG Sl ) e 93 9 398 5005 55 39
dnlzeo 1381 033 b oad 3)lg calyd Gub &5 955 ol Wlie
ol 53 45 395 Bae (ld Olioe A sy PR )3 39
gdise Jlael odd s poled

ol 5 eslazl s s 313 3959 515903 (595 9 45 5155 wdls>
9 095 )+ g Jlael plin . ablie (led Ciy=i gl (698
~o y o9 Ve g Jlesl oo bl Tatl o g Sy
b @ sogsy oled olo )3 5 Sy dalsl ) (g 358
595 2 ooled pgliie 95 (o U513 4 3985 5 )Lk &2 (slmog,
o g 038 sl Ghie Gl gy ol dsde Jlesl au
93 9> 3l o 3o loj — Gl Hlaged y> Hgi Sy
el ool 53 5 00l ddblay wled pglie (595u Sy 5l
Z95> s3kie 4y &S ol (539585 33050 Hlg g 3 45 (90 el
4 w5 cate Olid g Ihime caol 0sd Jlacl gy
gl T Jlos 4 g S 3985 ashd j5 U amse dels| eS)>
3 b 15320 0 24

Sk £52 dwsin yuss -1-0

&xz b8 i bbb £y dwaim )3 sl sl oyl >
00 ;8 U yio oo WO 48 I )b &5z dwsin cwl )Lb
Sl 3 (yh8 85 by S (e s o oo ¥ B L ste (e
2 350 Sl yusi b £z 0z 5 ez layglias
sl oanlice B 00 xlbntasl 2ol y3 N g 1o & (sla S

(gl gled dalir e e
> - - -

] ¥ 1] & [W1] Fa
(e elish S &7 duii b

Sk &2 jhd wlynei ay Giolae loy Wik Hlaged (] YK

Modares Mechanical Engineering

381 o5 53 0 3ly el calps (V Josz

Voo (Stiffness) iéuw
Y (Force Exponent) g, ¢lg3
W (Damping) (ly0
of 4 (Penetration Depth) 3g&i Gos
AN (Static Co.),Suiliw! ol i
AN (Dynamic Co.) (,Szolizs &Sl s
<N (Stiction Tra. Vel.) (Suwiliw] JE0! ey
\e (Friction Tra. Vel.) S Sl JEn] e

osizan 9 Vb (glh sleosls Bix I Guy G2 g3l
ol 03T ¥V Jgaz 55 (silwand Hlakie 4 cawd bl
ST clas sy al padniae ¥ Jga 51 4 sgbiylan
ool a3 Jol5 iS5 (ol ;55 il .1l se 2eoys O 31 s gl
dody 4 o ol 38 93 b SO LWL oeuyd e wolds o
G WS )8 SG i dll 0y Tee b (5 lop pgat
BB Slsde 395 o5 dgde laill (Jo VT Loydd coglas

A8 50 sl s sae )3 36 (g

oS OY &y (sl G s b (55w duid (sllas lsio (Y Joiz

(2o b (46 0) Gtaliz ple  ppdalasl cwdolad
FIA Yo 0 \
/A Y55 Wy Y
/A Y\I55 v v
/A Y55 s ¥
/A Y55 W 0
ARY Y. A\d 4
¥IA Yo 0 A

Y Yy /vy ¢ A
¥IA Yo 0 q
FIA Yo b e
¥IA Yo [\ |
FIA Yo b kg
¥IA Yo [\ W
FIA Yo b ¢
¥IA Yo [\ 0
FIA Yo b \#

Sy 9 aLu -0
)Lg,ls a)> ol 9 dwdid 33 ‘LS}LW Add U.gjwmﬂ o
Sl yasi s (63 5l (2 o Pk 5> Yige Jelgs I &S
slagly Gl (halaz loj Hlade dulio 9 uyp @ 9 03940
53 38ebosly g Ghe Olid 5 Glalis jeme Jo= ,bb &2
3 0 dunlie (gl 35d e Bl inlaz jeme livl,
e woad 43,8 a0 55 G sl aunds oled (gl alie
g Ve a5 w93 3ylg gy jlade gl ad (oled
el y 551580 5 yialise YA Laguy (Sai U515 laie 5 039
bbb &y awsin wibie il e o) Julad sl Sl

Volume 22, Issue 06, June 2022



u‘)&a.b 9 Swdus; dlgsaexe Y5

Yx\.

VYO -

-siyaxy .t

T (7 € i€ gy

=)V jax) -

H

'

I

Saan gl H

L 0 oY
Rl R TRG) B T
H .

:

YYD

ORI
(ail) ol

ARR L) N

gl 5 o (sl olej 4 e sl s9ome (sl 3 3, liosly g s ol ylaged (e JSb

Viaxy-©
— 4 MM
- = famm
o0 mm

viaxy.*®

-Yjaxy .2 d

T (P (f<w H ripd € acy)

SVaxy©

N N
(adl) olej

wlate jhd dw (sl gloj 4 cand Gialaz jeme Jo> )bk &5z lagly Clid jlagas (1 IS

3 a8lie @last S jemo 93 Jsz (slaygbidS yy ylden yuass
el samlie B8 (g5le dds zolii Ve g W AY sla S

(gl e fulir ey oo

" T T T T % fa
(e (eload jLE 53 (gilie Cualis
kb sz

S s lalaz ploj @it sl Jol> il azsi b
& Gh> Gl g peized )l el dhal) L &2yl
Slid o g (wsSme dlaly el ylub &z s yei g 3,Suelusly
2 oesSse gl 35 5Lb &z ph st g )Lk &5z lal;
ol )8

)Lg’.b &z m‘.wox.g’sj -yY-0

Shg easS susli jlb &5z Gle cond cwolxs wdls ol 5
03305y yo oo ¥ B b yie (Jise 0 U yie Jise Ve
wgldi agde Sl puai bk £y2 02 5 5oz laylias
o> Lglm)gl:.«i;f).s wlyusd ool W30 (8 I b edls ol
o2 29LiiS o yin S edlo 53 wilynal o (g9 4 el
el ol 53 8 Jls s a8l o 31 (halas gliwly je=o Jo=>

— Y. mm

YiAdx)." J

YioAxY - *

-Y[)Ex) -

T o7 (F17 € k€ gy)

SFFEX) -

(4,0) ol

wglite Glse cuoliud dw sly ol 4 cand Gilaz j5me sl ;3 3Selosly g Gh il Hlsged (W S

VA 3lays oof ojladd oY )9

Uesde SyilSe udige sole doliole



Y ol oSl po (olandil pu2 gt piugn S 5lab &5z layl s 430 Guy

V%Y.
— mm
-=T.mm
== ¥ mm
2 FIY Ox
%
.
‘%.
% Yiax)
S
<
(2
@
£ IR, Moy
o AT AR ST RO R N < 7415
& e
t
ax)

<[+ YVO

[+ YO AR R A o

() olaj

wslite ile weld duw gl ploj 4 s Glalaz jome Jo )b &2 slassly lid jlages (OF IS

S Sazyi -F

2 F9e Jalge 51 45 )L &2 ol g dwsin gl ol 53
W8)S 8 sy 390 Adbise (63 9l (2 o ol 3)Slee
b e 5 oaid oslatol josl 381 033 51 (g5 ldndt johaio oy ool
ol ol GRiweeue (Gi%y duw gy diged ey I ealaiul
sliwly 5 3Selusly zn Ghe oy (il gl Jelse
L plalaz s9me o bk E52 lagl; ©lid g Gl j9me
Sl deols il Gy bl oads QL] 52955 Jelge olsic
Lok &z el g jhd (a8l & ab paside (g5ludud
Sk &z Gl Qlid b g e dhily Glalaz ploj wae
sliwly )5 3Sselusly o Ghe Clid 5 Glaliz jeme Js>
5 oz S (b8l b pizen 3yls GusSae dhl) (il
el @58y GEalS Gl blug diels b £y2 ey

el B siungi 395 ale codled I aie dlie (23] (slgizee
ol b o=8le (o)lel 48 gun sol> dlie @il (Byla
.b)l.\j U.m.ms)J a)b 9 4JL~J)/<\A[J

el o3 el B siung buwgi Jle il il &lis

&ls

1- Lazansky C. Refinement of a Low-Shock Separation
System. InProc. of the 41st Aerospace Mechanisms
Symposium, JPL, Pasadena, CA 2012 (pp. 329-343).

2- Rudoy E, Kerek L, inventors; G&H Technology Inc,
assignee. Non-explosive separation nut. United States
patent US 5,221,171. 1993.

3- Chaput DT, Edwards MP, Swain SD, inventors; G&H
Technology Inc, assignee. Separation nut with a
restraining wire. United States patent US 5,282,709.
1994.

4- Nygren Jr WD, inventor; Martin Marietta Corp,
assignee. Flywheel nut separable connector and
method. United States patent US 5,603,595. 1997.

5- Smith SH, inventor; SAAB Ericson Space AB,
assignee. Device and method for connecting two parts
of a craft. United States patent US 6,454,214. 2002.

Modares Mechanical Engineering

Lok &2 Sloe cwlnd st dh (Jols il 4y azgi
On orized cwl ediie dhly Solalir gley wae
bbb gy Gilie wwlis g 3Saelusl @y Ghe ol
Slioe welis g 5lib &)z slasly QL g 9 pugSee 4,
ol )18 51 pusSze glakl) jui Lb &>

@l Guy -¥-0

wadlsy olgie o3l a3l ool cuns 4 @ld 4 azgi L
dbaly Giliz ploj wie b oy slayglisS iy 45 sgel
2850 oS ol 0393 (Sygo 4 Wil el Ll abls cudiue
3 Pt Gl gloj ey )l &2 jhS (gliwl, s iyl
O ol el 0393 )bk 252 Sle cuend cwls w sl
270 Jo= ez s3ldS (als b (ill b & el ise
Uhalaz gl s )3 6yt 3 lsie iz b,
Clid 5 am Ghe Cld 4 baye glaylyged 55 3505 Jloc!
&7 Glior olind g jh jns slacdls s )b &2 slals
osExz bk &z ez 5 oz sleysliad Gl b oLb
i (Soxe ey sl g adls (g ytien g9 5L Lk &z
Erz slausli Clid oz (slayslisS g o (ili3I b lianb
Abiee phals g Ghe wlis 5 )Lk

OF 9 W ) e ) Clid slaylaged Gy b paizeen
b &0z 0z 5 oz sslidS Gl 4z s 45 390 odnline
ool ol il S Ol eblugd diels el aisly Lial9l
iyl £95 s 4 g i nld b s o el Gise o
02 ial3dl b (5005 )3 dabad 93 395 iy slade by 5 (ol
ileliz jshie a4 eglie (g9 bk &5z oyz p9lidS
W g el a8l Gl Lk £)z 55 3sde Jleel asks 9
oLk £2 oz sldS s g Gl b Js goen
Ol (Sose s 4 amn 3985 um 53 (il poled pglie
wllwg diely dgi 50 el &5 aily 3959 ol p» Jlesl
diels o JUds 4y 5 dabid 55 ulad GiaSamys (IS (slog
9 yiaS Ll il

Volume 22, Issue 06, June 2022



oo g Sy dlgzseme  FYA

16-Dowen D, Christiansen S, Peffer A. Development of
a reusable, low-shock clamp band separation system
for small spacecraft release applications. 15th
Annual/USU Conference on Small Satellites.
17-Bhosale R, Ramaswamy V, Sanap SB. Motion
analysis of band release system. Int ] Eng Res Dev.
2012;2:22-8.

18-Thampi A. Joint Characteristic Study of a Typical
Merman Band Joint used for Launch Vehicles using
Non-Linear Fe Analysis. International Journal of
Engineering Research & Technology. 2014;03(07).
19-Lee ], Hwang DH, Jang JK, Kim D], Lee Y, Lee JR, Han
JH. Pyroshock prediction of ridge-cut explosive bolts
using hydrocodes. Shock and Vibration. 2016.
20-Xiong S, Ye Y, Li Y, Wen Y. Numerical study on the
explosive separation of pyrotechnic cutter. Shock and
Vibration. 2019.

21-Cebrian AS, Halter BU, Gerngross T. RUAG'’s
approach to develop a modular low shock separation
and jettison system. 8TH European Conference for
Aeronautics and Space Sciences; Madrid, Spain, 2019.
22-PanX, ZhangY, Lu Y, Yang F, Yue H. A reusable SMA
actuated non-explosive lock-release mechanism for
space application. International Journal of Smart and
Nano Materials. 2020;11(1):65-77.

23- Talaeizadeh A, Kabkanian M, Shahravi M, Dynamic
analysis of Seperation in Reduction syetem of a
retractable vessel. 13th Conference of Iran Aerospace
society, Tehran, 2014. (In Persian)

24- Eskandari MJ, Novinzadeh A, Mirzaeil R, Zarvandi
Y, Analysis and dynamic simulation of a 6 DOF spring
separation in satellites and multistage missiles. 1st
Conference of new achievements in aerospace and
dependent scinces, Tehran, 2016. (In Persian)
25-Pouzada AS, Ferreira EC, Pontes AJ]. Friction
properties of moulding thermoplastics. Polymer
Testing. 2006;25(8):1017-23.

VA 3lays oof ojladd oY )9

6- Thenander M, Ohlin ], inventors; RUAG Space AB,
assignee. Separable roller screw assembly for a space
craft release mechanism system. United States patent
US11,111,034. 2021.

7- Rao BN, Jeyakumar D, Biswas KK, Swaminathan S,
Janardhana E. Rigid body separation dynamics for
space launch vehicles. The Aeronautical Journal.
2006;110(1107):289-302.

8- Jeyakumar D, Rao BN. Dynamics of satellite
separation system. Journal of Sound and Vibration.
2006;297(1-2):444-55.

9- Singaravelu ], Jeyakumar D, Nageswara Rao B.
Reliability and safety assessments of the satellite
separation process of a typical launch vehicle. The
Journal of Defense Modeling and Simulation.
2012;9(4):369-82.

10-Hu X, Chen X, Tuo Z, Zhang Q. Dynamics and
transient perturbation analysis of satellite separation
systems. Proceedings of the Institution of Mechanical
Engineers, Part G: Journal of Aerospace Engineering.
2013;227(12):1968-76.

11-Tan X, Yan S. Dynamic simulations and failure
analysis of a clamp band system for spacecraft. Journal
of Tsinghua University Science and Technology.
2010;50(8):1205-9.

12-Li ], Yan S, Tan X. Dynamic-envelope analysis of
clamp-band joint considering pyroshock of satellite
separation. Journal of Spacecraft and Rockets.
2014;51(5):1390-400.

13-Chang KY. V-band separation shock characteristics.
75th Shock and Vibration Symposium, Virginia Beach.
2004.

14-Rui HX. Shock tests for low shock device of
wrapping band and related data processing. Spacecr
Environ Eng. 2007.

15-Lancho M, Grande E, Rivas ], Bardet C, Ranchoux M.
LPSS a clamp band release system inducing very low
shocks at payload interface. In 57th International
Astronautical Congress (pp. C2-7).

Uesde SyilSe udige sole doliole



