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During flight missions, power supply blocks are subjected to various
dynamic environments, including sinusoidal and step input
vibrations, which are the primary causes of structural degradation and
reduced performance of satellite launch vehicles. Among the
components of these vehicles, electronic subsystems and power
supply blocks are particularly susceptible to vibration-induced
failures. This study investigates, for the first time, the application of
semi-active absorbers in combination with a novel damping
mechanism to reduce vibrations affecting the power supply block
systems of satellite launch vehicles. To facilitate a comprehensive
analysis, the motion equation of the power supply block was
formulated in state-space representation. Based on the system's
dynamic model, vibration responses were analyzed, and mitigation
strategies were assessed. The proposed system incorporates a passive
absorber and, ultimately, a hybrid configuration combining active
and passive elements using elastomeric bases to suppress vibrations
encountered during pre-launch, launch, and flight phases. Results
demonstrate that the novel damper system improves efficiency by
18% compared to passive absorbers and by 16% relative to active
absorbers, representing a substantial performance enhancement.

* Corresponding Author’s E-mail: Kmalekzadeh@mut.ac.ir

How to Cite this Article:
K. Malekzadeh Fard, A. Shahi, and A. Pourmoayed, "Vibration absorber system design to dampen vibrations on the block of power supply
of satellite launch vehicle,” Journal of Technology in Aerospace Engineering, Vol. 10, No. 1, pp. 1-14, 2026, (in Persian),

https://doi.org/10.22034/jtae.2026.10.1.1.

Ot

COPYRIGHTS

Authors retain the copyright and full publishing rights.
Published by ARI. This article is an open access article licensed under the Creative Commons©@PEN {
Attribution 4.0 International (CC BY 4.0).

£ |
> ACCESS



https://doi.org/10.22034/jtae.2026.10.1.1
https://www.jtae.ari.ac.ir/
https://doi.org/10.22034/jtae.2026.10.1.1
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-4725-6949
https://orcid.org/0000-0002-7217-4582

Ladlgy (owiige 3 (5,9

JTAE

V=) dowas o) E)l.o.w AR 3)9.) ANEIA le

https://doi.org/10.22034/jtae.2026.10.1.1
Journal Homepage: https://www.jtae.ari.ac.ir

YEVE-FYOY 1 Suig S 5L

ol gy 908 )1 el yf (5 3lul o (51 3 SRS 51 WIL> i (1D
20,10k slaSwgo ) i
r..\.lg.o)% Lb).g.c 9 ‘T‘;bu Lb”.l.c ¢ " b)é bb‘}&SJ-o wl,f

Al s eyl o inio olSils dablgn pIEtil5 poime bl —V*
Al el eyl Slo inio olSily dLablgn pIStils moimo diblon 1)) ol S Y
Al e o) e VIeis g iy olKtils (SlKe pusie 015l eylucils —¥

EXVLEN Al wleYb!

g Sealins glabaoe 151 Coot 055 (Silgy coygale plosl Jobo )3 (650l el sLacS'sh i drcser L
T e : Al A s sl ’ = =)
predas ol 5l as 05,8 o )8 aly ¢ wgiw (8359 L bl ales 1 alisee  ilas))

Lz glaciewd jlabb o Job S bse IS 0y Sas i dl g 5 o Jd
gl SloSige 65,1 (ol S5l g (Sig iU elapt s e lsale slacS_igo
o5 an adlie ol j abb o ojlanle Siige bwg (oolon] Glils)l ay ulus oS cul
Sl e cae )l oedgl (gl 5 00l alyyy ()Ll Gl g b dos slacdl> Sl oolit
ol 4 Cwlord iy p0yleale (S g0 (550l pols Sely saailolw 03,y clislss )
sacol sty el i s o €S o adsles (5,0l el Saly IS oo (ol oS )b
solgale 03y SLEWS )| Jlod any i &S j> abilae g5 d an gl (shm p8 )3
syt Ol jloslissl L (timgdy ol (688 s 235500 o o Sill e (slool,
Sl e do (s pogi¥l sloal) JLedped 5 JLob (slacile S 5l olinl Ly coles 53
wlonds a4y Slg s oo 5 9 ol e 5 ol am ealal L 5l eoloel i)
W gledsly oalaiwlsyge (6)LSl 1o s 45 md o (Lt 30 ol (oo
395 £95 50 a8 Wl o Jlsd dls 1y do 3 V5 Jlad e Cdls o Caud il Juopd

RO PR KER

VY Wil ¥ ol
VF-¥ oy VF (6,550
VF-¥ ooy VA Sbpdy
VFe ¥ yoynad «0 Ll oyl

4B sleojly

).gb)l}bl.a

55 ol Ssk
olsls) ol
Y sy

Jub 4o

Kmalekzadeh@mUL.aC.ir : Jszue ot g Sy oy *

How to Cite this Article:

K. Malekzadeh Fard, A. Shahi, and A. Pourmoayed, "Vibration absorber system design to dampen vibrations on the block of power supply
of satellite launch vehicle,” Journal of Technology in Aerospace Engineering, Vol. 10, No. 1, pp. 1-14, 2026, (in Persian),

https://doi.org/10.22034/jtae.2026.10.1.1.

COPYRIGHTS
@ ® Authors retain the copyright and full publishing rights.

Published by ARI. This article is an open access article licensed under the Creative Commons©@PEN (s

Attribution 4.0 International (CC BY 4.0).

ACCESS


https://doi.org/10.22034/jtae.2026.10.1.1
https://www.jtae.ari.ac.ir/
https://doi.org/10.22034/jtae.2026.10.1.1
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-4725-6949
https://orcid.org/0000-0002-7217-4582

v / Ladlgn pwtinn ;3 (5598
Y ajled e bye0 AFD Jlu

oials gy aals bl oF )8 g ate SIS aib e
5] em 53 o 5 oslizd 5 (5588 5 ol slaejle clsls)
258 53 03 i (5,5 B4 a2 L[ g V- J A5 )b kg (oolox)]
S elals)l cud (lyy JUd (o8l5)] slayShiee Sl s gl 9 cal
o (Sl ;) oslizal b aly b o Bl 5 (glojy) colilsl o
&5 Ot o3 Sy o Sl L bagygin 5 5 loible (g 5
alie (o3l )b cunlo 4y dgib b (SL5)] (gt )3 1) (ol
039 9 ErSale Sl Jy 35 (o0 4295 JB 1) s 53 52 5
bl g Sl el gluS Gl 3)b 2V
el
Jlo 5> 4Bl Ll glallio > 48,5 @50 sl gy 4 a2 53l
g ilizee 5l la uils b g Yl 5l oslizl b g )l s
il J i g Jaisge oS 1) yolo Guios (85 o STpe
[V ] cdly sl 590 Caygele & dagily ity 3,5 15 )5 pac &
SRA092 9 SR lame )3 )b youe [l am ) g pRalS
MelS (a4 o] JolS” Jlail &y a3l 5 ,lad (sla by 53 [V]
Sl Glils)l cpl cwd (sly oS aBASS 5 Cunlosd dgice
Sidge ) yitme (650 el Sob 4l 4 asgil g Llodges
xS 54y el 5l o i MolS iy 51 Sl alasd )3 o lsmle
uslie 3855 (pl )3 0 485 Jlas 53 s 53 35 O £95 ()
Ohgy 3l edlazwl b Y] ohes 5 oluome S g daleso

b slps Sk Sl cov g pegua¥l )Y g5l Gl (2Ll
O S Yol ol Jelod sl (oo S g didg0 e
ol o3gae )3 Sodb Gl b ge 5 JUiSl Cons s
—sSwy Yol I V] (hlKen 5 Siy 3905 )] S o5
&b sblse g dil o Las Niobign dlge Jold &S Ko yogiwYl
yogiaY -9 g 13,5 odltul s oamlie ol 5l p3) ola o 4
S ol ojl el (edats JB e 9 e Sl ciSe
bogs ogllon Sualss (slo Sy 4 oy &5 L0l L by
Ohen g 9l5 255 0 Cogo ojl 3 purblize sladid) Jlosl
5 G5 by @l ein 4 Sy dlie S Y]
5 Sl Bl glaShy adlae dly Slwbre glase
Ao oyl s oyl sl y KoYy olpme b dlge (Siolins
o Shy oolel p 1) SaaVlsany ol (T o,
OBl dgel e (Sluslxe (slaby) g 3l (Sujb
0,84 lacwy (osasy o Gl 5 bodisg o Gl

e 31 el Sl 2 00y G35 (bl (ol LB Ol s

dodio )
el aS wbb o 385 03101 by b g 5 5,50 glony il
Jb 5o laolKiws slapiunw pj 50 1y OMSio 5 odas sl ol 5

03y 5 4 g pawye slagy) 3l (S Q] Sl b a ]y ey
ol i eslatul wliles,l s (gly (Sole Sljpzs (o 0nd

oSl 5l oolitl A o )5S |, e (o3l olils))
ol ol Caje &ly 3 oS )l adl giluilely 4l Jld e
Olines Silan sbioygele 36 cap ) [1] 1bbie ol
OMde g Pl b i cnl glesily o0 Vb g 2ladln
575 4 |y oSS slaghlejl 5 1y walo (b 4 by
5 os lacs 3 sl 3)90 5 Collae Slee &S 3905 >
a8 ok s S0l & a2l [D 5 ¥] 593 Juols pIS2LeS]
Wl )l ool Odls g Alie ol jo ond bS5 o
Ssh 3 S b g B0 9y 2 cual Cax )l pddlasl ) S Lo
BB 5ol @ )] jlinyge clibad cile g a3l o (5] ool
il el ysal 51 o3litsl b 1) i (g3 Slas g 1L o ploc]
ol 3l 2y 4 Glge edmsy Sl & Jldle s e > ialojl
S5 4 b e )3 1) (5] (IS slatns 905 0dlital
cilisee (slaciomd 4 03yl Gl )| e 51 wilgs oylamle 4 5y IS
SIS (5551 ool Sk g (Seig Sl i ygige ogasis o
Siloy Cuygele g (ol €8 > 4y 00yl Jloinl Clodis 9 2l 1 jue
38des Gl 4 gl (pizmen 298 5pSole Jab (slaSdga
GuF ) A po)lgale (laSidge pogasy Job saSige (Lol
8o U g e MolS 1) e b 1) il s canl 6 lsale
sy Caygole b oS 2151 059 (Slapues 3] o3lil b ¢ 205
y JUb sl ySTyee S alex 1 [5] 39 plowl juslcuiye Sl
V] casdhs elSgps > ol slapmyy 2y o2l Jlgis
ol > lodps pobay Jb il sla SThne Sl & gl
@ gl Coio ol 4 oYL sladi e 5 290 o odlatul bapiiuw
Soh g &S0l 4 a2 g3l 5 3 (0 3)ly STl ol ()9l
Ly 58 o b liia (815 > Qi 40 o3lal aland 51 cynals
wigjn dlie £S5 STpmo 5l o0lital cdily oo 3 s cyods dlisd 3
Glals )| (aalsan3 oo (i (wguite ysbods |y 35 (5ilol e
Sl 4 a2 gl [A] phess 3 oSS (g (el sas)g 5 Loy
O3 9 el Sob 4 &) comi g 31 ol 35 55 S0
eSS xS Car jl Jdtue olfh Sidge ity 4 ual

1. Evans



Loy Lople 5 o oali Lol 03,8 a0ly Lo casl S

dallla dy el Y33l p (eoae Joo L V-] o )LSom 5 T el
ol Ll sl od Scogh ¢ pegiadl (cLaygiV gl Lsd,
LinoYh it sasdd gy (slbos S g 5 oolitl (sl 4 asllas
S8y 4 S a oy Gl peimmed i3S olat il oS B
loiog 350 o9y S 3l odlat ol cygio 0 (65, sl
S etablone (gl [WV] Jlsdye og—Vgil (b9 b oo
bwg sl )_ip 9 4_]}])' S cess Gl glado e
;i_;. Oygmody c_J.)l_'> d_m?o O‘" » Lol o.\_g..))f JJU fc_%yl_’x«ﬁ
e liiel (o5 pgail L g Jae (o3lj] 423 0 L s
3l w950 93 g (ol Ll (iomen Csbord
=55 g oallan 50,8 o0l Lo il )by 0,84 _iuny (6lyy gl it
2 5 258 S50 o oad plodl claiaghy o ySign »[VY]
A a) Sl gm gy Ly Sy 5 m 39 5 4Bl (cln jing}s
h Sl &9 0l Olpieed Sg-die GRS AL 9 Sg 6 0)lg
aSob L [ﬂ'] Aui‘:”T Gt (il ol el ilis
o Sl 0dd (e yimpya () 3 ojlus o ead Jie i)
o gl oy Sl i b LS (29 B 5L
gy 3 55 (V] (sao 9 s9m Smne (LBl 295 55 oo
&S, OJ»T Gy (gly (6550 Lo W VY Jw
) 03litol L g U5 clacis lisles,) (gl o el obio
8l bl sl Jie a )l s g uiBby (s (clm iy,
ordz e (Bl )| wiaws YU jlws (o)) 955,15 4 a6l

Alae u)‘ Jel 0 b.))g )lf LY )f‘).u:: ‘U] u0l> d)ﬂ? Bol Alss uJI »
9 0ks S o D 0dd 03 )10 sbaygVnl 4 Cons

e (2l (055 5Ll Gl g 31> (g a8 Slewlxe b g (6 5 aw

wlie 6l ST pee 5 5SS Liand 0151 3o 5 03 i (glo luloes
SiHl b g sl (wgivw £ 51 (BlS)] slajl s (Sl
@ Camd Fomb b IS g il gania L1 Vb ol
2 odd 0y K il OOl pomen Ll (A8 clayiagh

4. Alimjonov
5. Auersch

Lablon (qwdioe ) (553
Y Bjlad Ve Bye0 V4D Lo /1§

Ssh alie x5l ol 1) V0] (aBYhyp glio ) 0ud
i) 3] dey oo (slacSiiga <l & 22l s (551 sl
Bl o (03 byl Jb jd0lamle &y 35 yloj B g oo 3l iolis
390 o3l Ygone Jlbpus 1500 il lacaoy (o81a3)] s 53 &S
ol 03 )1 STy £95 4 il il el whuaw 9 cnl > &S
oSl 4 drgl 11 58 eolizl ol sla il L clils)
1o b lgie lie ol ) 0] Lils)l Wil gy (s pS,S
o 4] &y > g3y 505 > i o 3 1) Sl ol (o3L
SizgSl g o 2Vl 5295 Gl Gedd o) o 00b a8 )5 Jai >
dasd )3 Slye 4 il Glods (4 5)ly Kl wil o dlasd )
I olgees Jdo onl & o WS Joime ) o) J Gl
oWl 5 (Sl [V ] 3905 o3litul pgus o (o315 o> (slappiuns
ilizeo bl 4 JWsl Sod Glise b5yl sy s g, [VY]
JEs] S s i ol 3 ] 3l ) olsale b S,
b ol 5 glos sojp 2 Seb 4 el Glagiass pj 4
Sod gy QlojmOlid dindey s b ploj (s0jg> )3 3905 (s
1y oo usly (3031 ey diox (g0 o3lus Juo jl oolitl b (6399
ORI b uilS 3 (go3n )3 3ygl Csday Hlin 00 bl )3 g0
Tl dindy cplonwr JPgo uile 9 (639)9 Sod Gl il
3 Jols Gl & W) doxs cpl 4 o] 295 o0 dwlxe Joiea
sgin 5S|4 g 428l |y gunly 555 Ul «S5d gy i
sl s (Seolid ) s e g o

@ ol )38l bag s o b PA] GlSen 5 Sl
ool sl ol 5 lojee el I (30 Sed Gl dmpin
9y 5 ComliguST Sialiys (B9, b gl izl S guly
bl g 200y5] Casday |) Sod g by coype Gl b canlize
godlo slaie g3l iy Sl e 035 dulie (25 (slagyg0il b
Ol et ol 008" )y Sgd gy gy o 1) (sl
bug 8Ly Seb (el ) 6550 ol b Gl Gl ob
2 @dilos YoVF Jlo o V] ohlKen o TlS'y .ol laglad
Glid S jl ookl b )5 Yo pl (295 9 (63939 Eloel a8 55,
Jo s gl 05,8 6 pSojlul w  dges glivly 4w
4 am3 oo Ui 45 (535l il s 93 50 oyl 655V g3
S}l gl | o deslino S5 guusly il 13500 5 il 00
Oyl ewlio gl

1. Wang
2. Vekilov
3. Das



D / Ladlgn cwtign ) (5)gld
Y ajled e bye0 AFD Jlu

( ] & ’
Fourth stage 3 Fourth stage |1

.lll
1t L L

t‘;-‘. 1 m‘*lrl w

Third stage |1

Third stage bed

o _'_'_'_‘ T ;‘,,, Equivalence of values l [
b Tl
hal d atd
& Jl" 5™ Stiffness and damping
| L
;’ Second stage F ond stage ,.J

[ Flrs;slage 1. First stage !

Iy I ik B

mEm- B I
Foei(nt Foei(ut

8 s b olil ey ¥ ansodls Jho 4 adgl Jte (gjlusodlus 2015 - JKad

Fig. 2. The process of simplifying the initial model to a
simplified 4-degree-of-freedom model considering equivalent
stiffness and damping.

Jolye slacSsh 51 G ya JS S > dolae 3] condas (gl
3 ol ol 55 o il s dsulons L12] o yale Siige
roslgale 0305 (59, 51 (oolil a2 )0 ¥ ole o (g3lnlis (gl s
sl Jol 5 53 anlordasslyyy ol 4y by e lulors & jlai g
dploee |y 550 glaie s (gl Il o jlgale ojles (b dpusloes
odlawloddicusds (sladiwe ()55 | jolaie (pl (gl a5 38
S yojlgale ojlu Ve Copd e Gl Opren Cuslord
(V) daly 5l il o oadasw saSis b lalgiel &ygod
e Jb o Jlaidyge oylonle 3 aS oyl 4 a3l LCunlosds ool
5 glabo gaw (Jsbo o jolio 1 cAdliso VYO (3 posisesl]
Cuslond 48,5 a3 53 (1) Jgior illae Jgaz> )3 dlsyo 2 >

=" \
K I QD)

5 Sl Jpto b dipmnio¥] Jpio E calaiio gthaws Corlus A (1) dslas 5
Al e o}l Jsbo L

v 65 ool Soly 03y il g3l e (gl i) Ole i )b

# 1y ojleale (55l wel Sob a4y ea)ly wlils,l dlie oyl
o e Bl lofag pobodr Jipm Vvl ol sl S8
2369 8l 1) Jb ol ol oo cJos ) €S Gl
Cun |y 3t g 0329 3 Mos 352 0+ 1 5VL (o8l3)l gla uilS)3

Laad o i dg3 ]y Jlad e Lol ay

70,9l dsgeome (M g pb dpwlono ¥
548 28l o ilizea (gl Lo aidsga o lsal d_cgune
el Sl g g il5 g il oy of sder
Jaidyge ()| Qo o (b (gl D90 o)l e g (55
39l Sty |y (mlywo 5 (s 38> oo ol ()5S i 9
sofsple (ol g (i p3lie oo duibre (gl 35 u)
0ol _woloddicy ot (gladi_wgy (dlyy A sAwlre sLa s, ]l
5y L dlwg pojloale ojlw adly o as J s ol ds s
Lo el 29 (1) S5 Bldae by oo od gl (sl S il
s o=l Gl 9 sy 198 9 Plre (e 9 (i Sl olitd
SYalas oo (alid LS @S (e Jolso by S 2 (e

298 5S>

aAmwyu Lb)ii)u‘:l 9 me) laa.'y Af);b)l}hla gy -3 Ll;""
Fig. 1. Satellite launch vehicle shell reinforced by ribs and stringers.
0awdodlw Sl > i C8 o SYo ¥
(o3 4 yd F Ju)

Lo Wil o Coons (V) IS0 Gllae ol Jao a5 ol 5
b oo i adgl (g3ls Jdo #8lg 3 aS" Ay punles (V)

1. Stiffness Coefficient



Lablon (qwdioe ) (553

Loy Lople 5 o oali Lol 03,8 a0ly Lo casl S | ]s
Y ajled Ve 590 VFed Jlo

Y] 50 claio s § sy o = Jgoir

Table 1. Mass, length and effective cross-sectional area values

¥ ooy dboleo V¥ U o ooliiw] b prod g o yid ylg8 51(Y) JSG5 50 ba yred
el il 3 53 BB cons g dulne b5 oS 395 o5 dbilas

O O
Ci=c+c (%) Modulus Effective
(34€4)- (€54.C6) Step number gl seccrtci);i-al LETE | MBS
c, = o) P elasticity m | (kg
C. = (74 Cg)- (Co4C10) %) s
T ¢, +Cg+Co4C1o First stage 717 0.03 4 6200
¢, = Currcrz)- (Cr4C1) ") Secondstage | 717 0.03 3 | 6200
€11+C12+4C134C14 )
Third stage 717 0.03 5 6200
Myl as 3 F s )3 Joleo b dwlmo ¥ .Y
ST 2 Jlae a4, Supply block | 7, ; 0.03 11 | 130
P SSE @y e polie a5 (V) (V) Lailgy 5 (V) by 4 22551 =
o5 (lsd 4y il g Cunl ool sy ploz 5 pgus =gl Ul 0 k y
2
2 ¥ b )3 pojlsale GlacSsh (sl (53w 5 g sbyed 9 _7L7e9 () *0030m) vy )
L conl 4l 5SS Sob ¥ olee | i < g0l 4m
2 Ky odd Ou s ¥ Jolee b (635 = 53857 N/m

K1 = k1 + k2 (A)

 Cesika). (s k)

= ()
P karkarksike

_ (k74Kkg). (KoyKy0) ()
’ k71kg+Ko1Kyg
L= (ky14K12). (KygiKyis) (W)

Ki14K124 K134k

bV gl S8 & o )lgale tiuw (V) 5 (V) Ll 4 22951
g &5 Jolyo b ol sy ooz g g —Jgl ol
e ¥ edls o sbu plia Y Joda

Table 2. Stiffness values in 4 degrees of freedom mode.

Amount n Amount q
according to Sprltr; g according to Sprltr; g
N/m number N/m number
3.2985 %107 Ks 5.385 x10’ K1
3.2985 x107 Ky 5.385 x10’ K2
3.2985 %107 Kio 5.385 x10’ Ks
2.4378 x10° Ku 5.385 x10’ K4
2.4378 x10° Kz 5.385 x10’ Ks
2.4378 x10° Kis 5.385 x10’ Ke
2.4378 x10° Kis 5.385 x107 K7

N 2
. 71.7€9 (ﬁ) % 0.04(m?) . .
1m f’)l{% > )
=2.151¢9 N/m

S b olyad (5551 (el Sl dlo o loa pojlgale pley dlo e
55 Bly 32 & 29800 485 Jai 3 oS il > (A5 O3
Jué 3 g9 Lol (g pogta¥l O3 g4 5l Jld et (il 3l
A3l 58 Siahin (6l MR oo g5 5 55 ot Allia 55 o oy
0PB VL ol g g 50 Ve Sl el (o815 sl ilS )5
il anled 318 Wb o Jld e (sla STyi0 50,8

o5l an 5 F Cls 45 Jolre ¥ ol pao g pud duansline 1Y
g o sllo 3148 2l o iliseo (glipl ol o lsple dcgooro
Sl 2905 08l 0 s 5 (6551 0B ol g (e ctiangy 0l
38> plie Wl (RS s 951203590 (355 OO o (2l
e 9 Gt plis gumo dusle (gl 359l Candas |y ol e g tbes
oliuloduicy o (gladimgs (gl (aw (sdmle (sla b I o lenle
o ) S il 5 oy b diwgy yiolanle o5l @8lg j3 a8 > pldy 298 o0
Osled g Joleo ol ee g (it 3l esliiol b coled ) g Adl o o gy
ORI 03905 Jolao 1) o 5o 2o 9 (e cnl (SS90 5 3
5 yd silwols 5 gilo e (sl 298 (6)Ssl> SVolee o>

1. Damping Ratio



Vv / Ladlgn pwtinn ;3 (5598
Y ajled e bye0 AFD Jlu

Slpse JoSe g oaiblis x8ly 1> 5o} iso 4 S Ll
i die G (W) 5108l o Jlsdyes pogial 95 51 JLd s
oo A 3 9 48 S 5185 )> SuaslgSng o3le S
(V) 5 (V) by pgmotr |y loosiiSTyno Jolso (e 9 s

DS Al
=0 v
ca = ")

ole J culbs t g SawVlgSiang oo gaw A ol 5 &
Mgl Syl Loges o8 8la gl (ol @ g S VlgSimg
e cdlb dlad 1y (Vo) Jolro o salaly , STaobl

il 5 015 S35 o] €S sl & o

B-Lotx nd Bl o

el clad (el 1y odel cwday &¥oleo s e 5 ool b b

]
U, =0, , U; =U, (W)
1
U1 = I7A [—(cz + c3)uy + c3ug + Uy
2 (¥¥)
— (k3 + k3)us
+ k3u5 + k2u3 = F]
Usy = M. [caus — caug — Kquy + kyus] Y
1

Loy daled oy it b ple Colgs

0 1 0 0 0 0 00
U |—EHK) -GG Ky 5o 00
AU, _ My M, M, M,
at |Us| = 0 0 1 0 0 0 00
U, K G “UatK) —(G+6) K GO
M, M, M, M, M, M,
7 (V%)
ul F Y;
U, —
M
+lug |+ v
0
Uy
0

e b @il oy n agiune gl (YY) dblee &Sl 4 a5l
1l palgd Cuwl 30l joSuug
[ MIX} + [CIX} + [K]{X} = {F(©)} ()
aYole Jo sl (X(2) = {X}sinwt ) popad Ul colys
oS58 yolie (YA) dbskeo p3 (A0l 51 ey g D oo odlatl (Lo
e Cawndy (¥) Jgis las 3ljl o ¥ s )3 it aulo
X(t) = —w?{X}sinwt (YA)

e 31 el Sl 2 00y G35 (bl (ol LB Ol s

s 5o pogiagl ) o Joale ofs ol Jsio 45l & a5t
/e .A<E< e A
b jd yeoylgale slacSsl o8 > CYolas (V) IS5 4 as gy
slaSeh 51 Gl @ Yolse (gilwosls 5 o (odljl a3 ¥
Al e candty plsl (V0) B (VY) Lilg, Cjgo 4 yo)leale
Olea 1) pojlgale Sige p)loe al>yo oS Cusl 1S5 4, p3Y (ypizren
5 55 3 ) Dl S L olya 551 (el Sl o
£5 3 Jubyt ) O3l | S5 Bly > o 390 8,5
¥ oS Sob Sy a8 s Voo & wib o (s pegueY] Q3>
.JJL;Q Canddy o2l byl jo &jamay  sled Sels
My + (¢ + )% — 6%p + (k1 + ky)xq

Y
_ k2X2 — Foelwt ( )
ipgd do yo S > dlas duwlons
MyX, + (€3 + c3)%, — C3%3 — C%q — kpxg (\Y)
+ (k3 + kz)Xz - k3 = 0
M3 + (€3 + €4)X3 — 3% — CoXy
+ (k3 + kz)x3 — k3x; (V¥)
—kyxy =0

ol (ol )] 3l b ola (6551 (el Sl Sy 8 s dpslone

M4}"(4 + C4_)-(4 - C4)‘(3 + k4X4 + k4X3 =0 (\a)

4 30 ¥ ouud 0dlw s (5w ¥
el glad o gl

NGl g3 (295 Mz 5 9999 Mz Pl @5 28 S
29 Sl 9o ool 38l (295 F 5 5 (63909 T 9 5 SISl
syt Ao ol 3 S 5 o yeite lsie &1y oS S
ol 3 4 08 > Bl (glablas il o)lsnle (S5l 5 S, 2
bl parled g
x(t) = f(x,v,0) (V%)
y(®) = g(x,v,t) (V)
e Sy ol > 13l oloj I Jitwo g 5 f el S

Sga5 algs 5l |y S¥oles gdly 53 oS 05 mles loj 5l s
G ol gl 4 5l ¥olas (0 5 il 5 (gjluesle
Skl 5 ad elS Sygody & muls (V) 5 (VA) &¥oleo
D92 Jaled g Jo (ol @ yo &5 3L

x(t) = A(t) x(t) + B(t)v(t) (A
y(t) = C(t) x(t) +:()v(t) (h9)



Ngoye Loyule 5 ¢ pld Loyde 0,8 ool; Slo cusl S

.&.070 ﬁo)l}hln dﬁ:}a b.\lé.?.wl.))?o 6)31) L;Leﬁ -y Jm

Fig. 3. View of the battery used in the research satellite launch
vehicle.
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Fig. 4. Satellite launch vehicle battery view in AutoCAD
software. Units are in centimeters.
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Fig. 5. Satellite launch vehicle battery view in SolidWorks
software.
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Table 3. Obtained natural frequency values.
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Table 4. Useful information about the satellite in question in
this research.

Modulus of Slicelis
Step elasticity cross- | Length | Mass
number (GPa) section (m) (ko)
(m)
Supply
Block 717 0.0403 1.018 | 200
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Fig. 8. Mesh sensitivity analysis to determine the optimal mesh size
of the energy supply block.
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Table 5. Mesh convergence in Abaqus.

Mesh size (m) First frequency of the system (Hz)
0.06 13.65
0.05 12.61
0.03 12.68
0.02 12.69
0.01 12.69
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Fig. 6. Constrained shape of the energy supply block in Abaqus
software.
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Fig. 7. Elements used in the power supply block and schematic
diagram of the network size.
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Fig. 12. Third vibration mode of the supply block pack in Abaqus
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oSt e ol Sen = A JSUd

oy polie dhss g odlitl WilS )5 Jas S il uianms JI590 U1 <l
390 g e ] Candty udlS 3 o b Cunlond LBl S (5 2
ol o3l Cawsty wsSUl l38le 5 5148 (5] el Sob S o o)
oy ol (5) Jgio o sl s o (V) b (V) oS

.wlo,\.::s

s 5 0o S S 30 e 250 — VY U

Fig. 13. Fourth vibration mode of the supply block pack in Abaqus
software.
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Fig. 10. First vibration mode of the supply block pack in Abaqus
software.
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Fig. 14. Fifth vibration mode of the supply block pack in Abaqus
software.

oS 85 9 0l sty o uilS e — £ Jga>

Table 6. Natural frequency values obtained in Abaqus software.

1 12.68

3 27.21

7 105.4 Fig. 11. Second vibration mode of the supply block pack in
: Abaqus software.
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Fig. 16. Response of active vibration absorber system to step
input in 4 degrees of freedom mode in time 0 to 0.1 seconds.
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Fig. 17. Response of a passive vibration absorber system to a

sinusoidal input in a 4-degree-of-freedom mode at a time of 0 to 0.1
seconds.
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Fig. 18. Response of active vibration absorber system to
sinusoidal input in 4 degrees of freedom mode in time 0 to 0.1
seconds.
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input in 4 degrees of freedom mode at time 0 to 0.1 seconds.
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Fig. 22. The innovative control system (a combination of passive
vibration absorber (elastomeric absorber) and active control) operates
in both on and off modes.
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damping ratio (they do not overlap at frequencies of 160 and 250 Hz).
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Fig. 20. Changes in the transmittance diagram of an active adsorbent
with variable attenuation due to changes in the attenuation ratio.
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Table 7. Performance of a vibration absorber with a
combination of passive and active control (innovative vibration
absorber) at different frequencies under vibration with step
input.
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