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The aim of this research is to develop a semi-active secondary suspension system equipped
with magnetorheological dampers to reduce the amplitude of vibrations and shocks to
sensitive payloads in the cargo section of road trucks. First, a double-ended
magnetorheological damper was modeled, designed, and built for use in a secondary
suspension system of light trucks. Next, a pallet with a secondary suspension system
consisting of four magnetorheological dampers was constructed to be installed on the load
side of the light truck. Then, the behavior of the system was examined by testing it by passing
the vehicle on the speed-bump profile. By performing dynamic tests with harmonic excitation
on the damper, the results showed that the maximum damping force with the electric current
of 2 Amp is increased 11.6 times compared to 0 Amp. Furthermore, by using the forces
obtained from the Spencer model in predicting the dynamic behavior of the damper with an
average relative error of %1.49 compared to the force obtained from the experimental test
and implementing the two-dimensional model of the half-truck, the performance of the
system in passing the speed-bump profile was investigated. The results of simulations and
experimental tests showed that with increasing electric current intensity from 0 to 2 Amp,
the maximum amplitudes of the sensitive payload decreased in passing the speed-bump
%43.6 and %32.4 in simulations and experimental tests compared to the situation without
the secondary suspension system respectively.

Keywords Mitigation of Shocks and Vibrations, Magnetorheological Damper, MR Fluid,
Sensitive Payloads, Secondary Suspension System

CITATION LINKS

[1] Electrorheological fluids and magnetorheological suspensions. [2] Design and
simulation of active and semi-active cab suspensions... [3] Nondeterministic analysis of a
four-wheeled model vehicle traversing... [4] Control of mechatronic semi-active vehicle... [5]
A Review on Structural Configurations of Magnetorheological Fluid.. [6] Design and
Evaluation of a Magnetorheological Damper... [7] Semiactive cab suspension control for
semitruck applications. [8] A new vibration isolation bed stage with magnetorheological
dampers... [9] An evaluation of magneto rheological dampers for controlling gun recoil
dynamics. [10] A seat suspension with a rotary magnetorheological damper... [11] A
magnetorheological damper with bifold valves for shock and vibration mitigation. [12] A
novel double-piston magnetorheological damper for space truss structures.. [13]
Performance tests and mathematical model considering magnetic saturation... [14] Design
and analysis of magnetorheological dampers for train suspension. [15] Force-derivative
feedback semi-active control of base-isolated buildings... [16] Experimental study of the
semi-active control of building structures... [17] Bouc-Wen model parameter identification
for a MR fluid damper... [18] Preparation of magnetorheological fluids using different
carriers and detailed study on their properties. [19] Experimental Study of the Effects of
Iron Particles Size on Damping Force and Energy Dissipation... [20] Optimal control of gun
recoil in direct fire using magnetorheological absorbers. [21] Experimental validation of a
magnetorheological... [22] Study on MR semi-active suspension system.. [23] Fluid
mechanics. [24] The vibrations induced by surface irregularities... [25] Design, fabricate and
testing the novel Magnetorheologic damper involving stabilizer nanoparticles of silicone.
[26] Magnetorheological fluid dampers... [27] Identification of Parameters of Spencer Model
for a Double-Ended Magnetorheological Damper with Different Spherical Iron Carbonyl
Powder Sizes. [28] Phenomenological model for magnetorheological dampers.

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://iopscience.iop.org/article/10.1088/0953-8984/22/32/320301/meta
https://odr.chalmers.se/bitstream/20.500.12380/220653/1/220653.pdf
https://www.sae.org/publications/technical-papers/content/780789/
https://www.sciencedirect.com/science/article/pii/S1474667017339435
https://www.frontiersin.org/articles/10.3389/fmats.2021.640102/pdf
https://iranjournals.nlai.ir/handle/123456789/335617
https://vtechworks.lib.vt.edu/handle/10919/26944
https://iopscience.iop.org/article/10.1088/0964-1726/24/1/017001/meta
https://content.iospress.com/articles/shock-and-vibration/sav00142
https://iopscience.iop.org/article/10.1088/0964-1726/25/10/105032/meta
https://journals.sagepub.com/doi/abs/10.1177/1045389X07083131
https://www.hindawi.com/journals/sv/2014/864765/
https://journals.sagepub.com/doi/abs/10.1177/1045389x12445629
https://journals.sagepub.com/doi/abs/10.1243/095440905X8899
https://onlinelibrary.wiley.com/doi/full/10.1002/stc.430?casa_token=Pevclh7365IAAAAA%3AvRrg8shHQIcKZeh_pmPKL9-Ecsq7UBslQTVdMCOd2-YzSmX3QdsEGlHnfxfkVokmivRK750Tim8
https://onlinelibrary.wiley.com/doi/abs/10.1002/eqe.329?casa_token=qKTqzTNfpnMAAAAA:zTLj8Ms8AsPD6xhjuk6wPUbf1wDOriOnpyBAefJcdGa8ISPhJhkmu19gI4w83bImUhZPg1hsRas
https://www.sciencedirect.com/science/article/abs/pii/S0019057807000237
https://thescipub.com/pdf/ajnsp.2015.7.15.pdf
https://mme.modares.ac.ir/browse.php?a_id=23816&sid=15&slc_lang=en
https://iopscience.iop.org/article/10.1088/0964-1726/23/5/055009/meta
https://journals.sagepub.com/doi/abs/10.1177/1045389X13494934
https://journals.sagepub.com/doi/abs/10.1177/1045389X06057534
https://www.amazon.com/Fluid-mechanics-Frank-M-White/dp/007069673X
https://etrr.springeropen.com/articles/10.1007/s12544-013-0127-8
https://mme.modares.ac.ir/article-15-10496-en.html
https://iopscience.iop.org/article/10.1088/0964-1726/20/2/023001/meta?casa_token=SfIgVah818UAAAAA:uSKEgJVM5uSanKsuiaUh7UZjCv04KGpLes5jWqP0f0vL-aqg4W7eKGlGZown3D5iOEfSYyM
https://mme.modares.ac.ir/article-15-24502-en.html
https://ascelibrary.org/doi/abs/10.1061/\(ASCE\)0733-9399\(1997\)123:3\(230\)
mailto:ka_jahani@tabrizu.ac.ir
https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

4 blizo slauilsys g ladiels b Saelins slayl g 3l
Se o eyly wlileyl e (Jle gl 39de 95395
Mewl glaw glogysss wlilssyl uly V1B (554 5599
L Jsl aloye 53 o WlesS Gaw glohb 4l glls Gb 5
diols 9395 S sl adsl Galed canlin glopiuaw >hb
ol gladlgoama g laddpw 4 Jite (Saelins byl ool
et 2hb b gam doye j3 9wy (a1l )b
sz g oo gln cwlie (ugl) oled)l jllax
e 5k (b sledseme gaitiun » cwlie glaySays
Gl ool gledlyaxe 5 pliadipw 4 Saoliny glayly JUs!
93 «ugelS jb ()b slrgyde5 5> iy lalS Sl gl
-85 5 Vb dals b LS slaSsd (oyme 55 45 g cuand
~0 b ol g el S caiyls j8 eal> ikl enyly (sl
@ cad YL glaG] )3 58S S8 Sy @ saiily lS il
doe @ cand i g s Jos ol eed o) e
9 Nl el Gl el 5 0l (g)law (slogy39> (i u
OhlSer 5 puses ply Plads salss 5 55595 cand ol Jsb
032elS (595395 Bl pilucne (gilodingy b oS aisly gl
95395 (sl SaS ida G1alS Gopb 5 (Suidly iy wudsS
s Bledl salgs 35000 5l 03l pdaw 5 oL wililssyl s
Gl it SO 3l3e olis a8 als 1y GayliS creyial 9
1Y |y wlaled) glise wWilgice cadyi 4 Jled g Jled as

s GialS e 5l Gioo g 2V
JSisleignse glages I edlimel ooyl
> Sy (slagyags> ;o Lis j> (Magnetorheological (MR))
csollas (slayguolS 53 wiliugad ool 51 eslitwl g 1l o oalidl
Sl eEn s pldle glaojls s agyags o JiigJom
—plail g e (SeS (slaolSiues wile apaz (Sibsy wiliseai
b ohlKen 5 ginysls [lewnl osd ()15 55 egias slo
Jd ded Gulsd pluaw SO Gileand 5 2k
olsim b 9,395 ouidly oS caend sl JBG55)9,518e
032l G sy 2 b ol o wngar (JxS Bl Ses
Gilwdad 9wl 1 ool cawsdy ol a35)S cud g Cual
S b Jled da 5 J5eds8)00iSe Jladyue Gelal piun
ol Exrhioled 9x395 izl 3ax 51 (S« SedS (lmoaiss
Uials Gaals Ko 5 (ule gy cililsd)l aels Lials g
oleyd bailiid dan 5 2oszme w3z e3)ls slaSsis 5 wlilss)
o S5l Jae (ud¥ssel (59,595 oley Jam o> 5
Gl i plgieds ) Sy ko 9 3l glaa Lo
Gilwtds 5 )l Syxite juSy JI55)s5)5150rm03 Ly 4353
XY olS « SeudlS (5l uiS Uy Balel oo £99 ool 433545
o |y g dusly ZEA 5 2VA 5 (g3g0e (alouls diels 2VA 5
cudsb () ged @ azgily Blosls ylis Jledps e @

1Fee (63 ol gladd (FY 5593

OhlSen g a8 (Silaewe Sewo e Y
ol Gelei piuwew el g 2hb
s wlaley)l Jtels uly Sjglsdiguse
uul.w.> LsLdesA::w » ob)lg lemin':
6ok slegsgs
e8! Gilsows seoipw
Gy oy (Sl ukige (55 0aSBlS (SlSe (udige 09,5
ol

"ol Jls
Gy o&ils SeilSe uwdige (518 018Uy (SlSe wdige og)f

olx!
3,5 Loyaesee

Gyt ol (SilSe Luwdige (538 0aSidls wadgi g el swige 0,5

Oll Gl

XN S

Slorped 4 oze Jlo8 don aagilh Galed et S dzuwgl llio (ol Saa
-gamo 4y o3y (slaSad g wlilasyl diels (EalS cy> (JG5glsheuse
lal Ly oalys - 2bliso (sloslz ()b slogsdg Sk w5 polus la
il Gels et 55 oolitusl ez cdlio ywgd JIGslahetiSe pes Sy
Gl 1103 dw el b olsl j3 ad aidbl g 2hb (il se wigels
JSitite 4yl Gl s sl dly b 43 o osdionnd s b
A plaBl wdly Sl cand  cal cgz JISa5slshsniSe ses ez 5l
s 595 32355 <S> b o GlalejT Gask 51 555%e s Hi) Guopes
0 bgiye Saelos slagsal plail 51 Gug 2855 S5 oy 390 puS ey
483l plid ol 3fles 51 ool sy 2l ued (595 2 Seisasle 3
cdlo @ s opel ¥ (S8l glyz @ 13 jed Galae (59528 dindy
Soslastol b ppaizean .ol ails Gl Galys WEY (Kl yehay yaal (+)
kb b yed Saolins ;1) o ) yuigl J3o 5l Jol> g5 @l
Lol Gaili g o i jI Jolo (5950 4 o % V/FR (aSileo (ns
—eepw Jidoy il sgie 53 degaze 3Slas (53l (59,095 bl (395 Jao
ol gl 18,5 118 Gunyys 3,50 Saelind slagruly g oad (3lwands 5.5
e i opual ¥ 5+ 51 Laysos GSpsUl ol i ialjdl L oS wisls
- 53 ladless 5l jaie @i ulua dgaze 0> Sie 4 03yl (53502
Glecad 53 9 % FY/8 il Guled piucus g el 4 cowd (g5le
ol a8l GaalS % PYF s

Jlo (JIS55)55,55500 0iiSTyne «Sodb 5 woliblay] diaels (ols lmojlgands
9 el s ol e MR

Veoo NN redlyys &)l
Vo oOIYY sy i
ka_jahani@tabrizu.ac.ir : Jgiuwe o3iugi®

doddo -
S Ygez0 salie U e 100 oo ez )b slegysss
gsiie slogs,lseanli g Chlide AL b b S UsS (sloosl>
s yal oyl 45 35 o yone Il s g LnpuSiae pus yubis


mailto:ka_jahani@tabrizu.ac.ir
https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

¥ o eldlsgy) GhalS (gl Si5alelstie dagild Gels pitumw bl g ,>hb

fom e es] L%

blisog Sl gy oo (U cls )

blise )LS yue

JI35085555550 gale yoma L=nL, (LxsIn=Y)

JB059dsy51i8e dlio juigd e 3 iy Soilads (1 IS

disesS ool 535 0aiSThy whd g asliS il Jlow (59 sasie
SQ 0 Gublise lage @b cqz gululy d) MR Jlw 5
4 g Jlwo 51 MR Jlww g edls JL8 (slopij iduz
Olise @b b8l b anld ool asde Al g
@b ghd b g osd cagdi Jluw 4j9Suag puas § uablice
Jlw) 395 adsl wdl> 4 Gguine Jhw 5 GSosSIl by
il slayl @ STye £55 0l (5355 by 33,5 o 2 (GHgsS
G Ll 5l g 593 oz paw slasi daylud gty
L1900

St st p (Sl GVl by, oue plwd] cgz
2 Ghuads bilgy 3gde ol slaisl 4 il )3 yes Slye
Sade duolze glp &S oLy Jao ol oadds &yl 192312l 40
ol 03 50 JSG58l95)s1Ke e (FD) (alys o JS
el AU (FV) pped SeSumy Jledpé o I Sy
2ed palilme e 9 9 sk JBIs Jlw laylis
5 Sl gl @l gl Gdy (il I oAb (FMR)
3 O g ydibew alold aSlesl 511200 ‘OT el yass
5 ol 32U lees o paw 93 o Jled Job b awolie
d=bo 93 glsie 4 oleie ) gty 9 3l g wYslze
S 503 LT3 Sl glyz oS @38 i 53 SosSG b 5l
938 ol oo e o JBIs s wdl 51 (lye (59545
3ol oS Jlas desd JIG5s55,518e (o Eame g
iy Jlod (5958 5 SeilsheiSe Jluw (hp RS
200394 o ditidgd sl Jol> Jlwo

Fp = (Fyg + Fy)sgn(%) W)
APyg = —L = ZRITHR o fp = APypA, = ™)
orific
21 Ly ThR Ap
d

Sy 5l b HLid edl APy el eitu Sy> eeyw VP
s Jlael 3l 53 (yuod it y3U o) juilew J513 Jlw
g1 ol JIS055)s8)518e ye (5305 Jole Syl ol
B 5l 2l J55)55)90Ke Yl e (0 G4 TR

ol (B) uasbliszo 30
4 s FV oS Jlodyue alime (59505 dawlxo jokiio 4y
)y Jladpue ajoSuuny Sl o glaylis el oy
1958 51 U joSang sLad @il 5l Wlenle o sed aiblay

Modares Mechanical Engineering

Gloyes 5l Glol Jie dw ccual GilSe baulyd 5 (alire 6955
5 $14U5)gd (Sl 51 aiylue 4 03)ls 3929 JIS59055) 5150
sl Gasme Shae silal g g98 s b Shaio jug
b Gegiio sladae Ysazo (SopSl gladisS J=o g ol
5 s P10 Se Bhb wslite e o wud)b
slal s Sl sS i b Syxite jugd yped Sy ) See
cadyb g e ($950 pesmSle dals upy gz oy Syn
a5 Zhb (Jled gladasS slagd s Gub I (55 Sl
b8 Gads (sl dlie jwgd MR 03 Sy gl o 659 [B31iayS
Jao Gali b sjlodud 2 (ol 5 wile (2hb )
Iy Tl axlis aliws JolS Jio Sy 435l Geled 53 MR jr08
L s ans guled o5 saspe plis gl wisls el
b oldlue slgw cuinS Slgie Al dzwgi MR (glayies
Mt 39100 295 JB jobay

dsgl (slad e (J55)550Ke yrod S5 18, (s5lud e sl
3929 s xehlied 9 rtehly sladse plgie e oLy, asly
S glaesaze @Blgyy (Suelias gxiahly gladae [Pl
Ghoyt 9 GhE Glayd GeSuny Ghine 5 Ghe slagled!
Gl gz gpes ol Gluyion Je layiel)ly aiilise
2ed izl JSiie Galel)) glepilunn Jlidy JxUS g
-0l elilyze ()l Cilitee kol 53 JIGselslyuse
cold (slayielly el o yidiag lolid osbiecyl sly 35S
ol 5 oz o s dadse ool Sl gl b usie
eSS 1 eslatl b 2 2l 9 8Ly Jie i 5|
[LI6171500 00 03] paedd (g5lwdiag L5L°°|°5"-.!)9§Jl s >
g he Seelias bl Jae by L Sen 5 !
09=S92 e gm0 b yped 13 GhS s 58y culio pueks
oSy pledl Sug Seile plall o ages Slal b Sl
B8Lsls dilyl 1y il Jao (s i

Soid iz ez Sl 45 1038 dlimMe (3 wlosl up b
byt )b sogyss pulus sladlgame o3yl wlilsll g
o2l Bas 1wl sl il sl leS_:)gJy)y.&c syod
oo il Gale i S (L))l 5 Sl (2lb (Gleg
g wlilei)l aiols Liols gz MR gloyes 4 jome Jled
O e )3 &5 Wil olws gladgaxo 4 oy)ly laSed
wzal 43,8 5158 (slosl> (55b slagyse>

o sy 9 Slge -¥

SilwJao -\-¥

dlyo jwgd ypod Jao -\-\-Y

G2k Ja5slsh5Ke dlae yugd yed 51 ity Saileds ) b
58l (sl 1 Yl 45 oS amae Lt |y 00 sl g
o2 Guablige (e (iS50 ygue yailiwo 5 d dlalé b

Volume 22, Issue 01, January 2022


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

ohlSen o |n.x§| e deue A ¥

o 45 ol dgazo (G9l> (55b wigaalS SO 5| GSsles (Y S
03 slgu ol (89, 4l Gales

cohmgS ool )3 Sy ¥slee ) yidon Sz i Gl
wdloys |y pulus dgaxo b (3l (535985 S Gals gt
Wil s PN S 51 ol 5> «5 (2D-Rigid Model) (g3sug3
A3 ¥ S Gilbe el o esliiul JISG55l55,518e s
Ugazo sl g (531 (595395 sl citunms ol )3 2 48,8
wd)S 55 )3 Gyl el hls cdo lapd wygo 4y bl
Gl el 3 59Nty dddgl Galsl @iunaw 5 ogde ciSloads
Loy eladyl caols (JIGTslsh58e jued (shyls aigild

ol o bl 305
o 53 ol 53 B € UK 3 et ol ST 8K ol,Ss
Gy 0> Sy 39088 (ol Sibled codyi 6y 5 vy (JS
&= 4l g 2= S s330e (lxlz Opg Yp Uk @ i g
Gl s lyae 9 Gl b cadyi 4 Crg Kpedlgamo
Y19l &5z Glaw 9 02wy @ Kwrg mr gl 92
69 Ui Golseal gld)l yrg o> 202 02 Sy lxle
YR 9 V3 chwr Mg «Cr okr(pizod ccwl dbd yo 53 gl &>
Kpp3bjl - siiwd Cdiejg=e 4y baiye il lacaeS jus
Soyed e S92 9 b Alpd liyi 4 P, Kip 9Fpye
gl Galad el e g gl slacawd JIG5elss)91ise
b ez oS ) dgeme (glge 3Slas by g3dsgs o situa

ay ay

y o1} b N
Jolas o3l }'pt 0
x Vg orlumdignon MP®gP Y
pea——

S K ;E? MR) el Ker §§ \IIRY
o - a 4t | ay E j—,

Glals 1 b s dl AP, (JUIS sluiel 3) amys 51 Jlaw
51 Lo e 51 Gl Lis wdl g APm JUIS 5 sule LS
Al &8 AP (K383, s ) Lo s 55, B slas
s (283> (sl sl S plod b gty eS)> ey

11922] 4 Salgs i cdl las

Fy = Ay[n(AB, + APy + AP,y ) + AP ")

B9 e Ol 9 oS 0 S Yk Laily) Sl oslaial b
23 o5 LT 51 ped (Saelins )l (55l ad Gosb 51 (2o
& ol dgaxo ;b 0jg Goxd SS9 JBlam iwgly ool
203 ) S5slghigiiSe yres dae L augill Gulel piucw
Gilae Jos g S Jood Gl (398 (0 i 338 S L (sls0
Vero I 0ve o camd oladl eyyly wldsledyl ply 3> 1) cwwlie
5 bk Gutin slal lply cowl ond 48)S Ja3ys 0551
SIS st [y JI059055,5150 yp03 dwsin o (loyielly
09 joSwtg wdlo 53 (g 00 JBlax (e (59545 03b (sl
2 g V0o (e (g9 5S> 5 (Sl gl wads
20358 i ) Jodo Gllae el ¥ (SoSl plye s
gl Galad e by igaals' (8L (g3lwdae -V-1-Y

Sy}l pulue dgamo (gl i 90 41930 Galed elucuw
ypos 5l plaS 5 b (55lse dbgiye sloyd 9 MR yues sz
ol dgame o5 00)3 S 5 degemme ol 45 43S JuSits
A el wdgaelS (65l wend (595 2 2S04l o 695 2
& pwlus dgaxo g5l (5)b wigrels SG I Suileds ¥ JS
o 4 azgi bl oad lsw of 595 4l Galed piun
23 MR 03 5lez b aigilh Jled des Galed qotwnn (JS0
Jolae gile plgicay) Glbius clo anio G slaassS
dyame s3> (Lol dlsame 035135 i ol
o5l zunol oad a8 5 53 (651 (59,995 ol (535 wlu
ol Jaloe oilo @lsicdy) o axbo wysay Jol> (555395
i3S )18 joSuns Glsame ye3 5 518 ez 59y (el 595395
RO

e Boxd @¥slaep oS> Ghoyne bilgy 4 cole b
5 Gl 5l se (sile oslw ez « Sjslsiyg Sl (sloyes

oo g3 JIS055)55)5180 yro3 i wladuie g slail (V Jgiz

i 16 I7] M y
Jolae o5l |4
P ot G®d _9V> 1Y
I 1
Kp%; |+|C’ K,E - Cr
R rao[m |
F v 35995 ol
Kyr & 1yF KyeE  trr
i b e
[ I Ly 1 1
by | b by by

il Algaima by (63l grals Sy (samgs Jia Seileds (¥ S
JS55155,555 (sLipres s gl alad ptumsas 4 e

1Fee (63 ol gladd (FY 5593

o3lail o3lail

sl el slas ialsly
[ENE T ek ¢
cwols 0 (53il> douy s> cwolius
VA de . \ d
JsS dlols JS5slg3yeuike

VoL deSedsh Y L duSespwdlad b
FA Dy g shS A Din  Selgyaam jailuo SI51s yhs
o b3 S dzey s
v g R, s liekl
ey JS3elsiyeuie
Lo Mol
Yoo b puibwglsl ¥ g S i
uasloligog it


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

6 oldlagl (hals s SislylsuiSe 49l Galss ptuw wilu g 2l
o3 shls il 3l e eSy> e¥sles & 15 ¢ g,
(OIS el god @Yslse o (sl el (gasgs elys (MR
gl Ve dhily eyge 4 ) 595 de @¥slee unyile 08 plgie

[Mxs (5} + [Cloxe ) + [Kloxey} = (F) 0
oeile [K] g Gale msile [C] ey msile [M] o 55 o5
g 44 B £ e¥alae (85 jaiys b Ak @l (i
Olgie 4 dbgipe slapsio g Juwdlyins w¥sles oSws S

S ghail yrs yr o399 b atun sloguwly

9 wlals)l zhw g5) 2 o3> Judgn £33 53U Gupp ez
oolly osl> Saud ddgn ol dgame a3 03)ly Sod
@ Jlocl johiio 4y yS ey Judgy £ 51 IS08608 3|kl
14 a3 5la5 55 a5l Gl et (551> cdsaelS Jao

Gals et 3 SufolsiyoniSe slyses il g (b -Y-V

o025 o plal g 45l

alio yuo 33 SafsleigiiSe (glaypes el 5 >k -\-Y-Y
(gt e (ygiuny didiw Jold dlie yogd MR 03 (sl
Y e o 9 sl slagy «Siygl (K gy
oz g CK4A5 398 5l lahgnyd g jaidw iz adle
s § 03 >l 5l asy el 16MnCrV5 5LJT 51 (gt
Ll 33 sl il ol 51 SG o cdlo g gl Galss
£ (Sleie S aids (glosylsibuwl g selgd ¢ Jaol woley b
Oolyi sloolSitws dliwsy Guasw 3335wy (Catia) LS 53]
65 il y9Sde wilehd ((3; S oKiws g CNC j,8 .CNC
i 93 ik dlawgy gty dae 9 (oiuny b aislw g
5 WS 5o lawy Jladl qgs oo 9 2 ol udsb )3 s
Gar 9 09 Sob il cutyn LSl 9 LSS hwys
b 29y 9 it 51 (55l ez |y 039 el lagsigsys
Led o gy (895 5 - 330 el e juilw J5Is I MR
S92 Y mablise glae wad sl 5 o o e
3 Se o e el oad sl (Soelss0x%e Jlw
A S8 4 (SY e g b(g593 WA cainy Ve s Lyl
A plil (Wghe dun oo b (g wygar 45 yaalis
3 6 xSsle e bz paw 9 oy v (53l jshio
s o (sLaS 51 joue o Jluw gLy 55 pblasel skl
Ly yiwl Gl esle bawgl 39250 law SYWST (gitucys 5
@il g eaw 3l wlide oSl slaply> wad jeue
Oy Shbl g aylud (595 53 (Fglaste Guublise slagline
9 »iikaw o (5L I MR Jlw joae 4z )3 cilin 39292
Aoy dlo U jho 5l Jlw digjoSuny sl 9o (gt
5% g 53 a3e elzil |, SSuiSTe Jee g oad tol>
=9 3 (539)8 s & ol syl B9 ey slodlie
&uio Sl osliiwl s B aimse youe ol 511 oz eaw
Sl sl 0 S il IS5 oslel SaxSIl Gy wnd dpdss

Modares Mechanical Engineering

3 [M, 5,
L | 16p é:@%:‘q,.

Kpr(y, -, )l

I
I ™

[ ]
= F,
Kpr(¥; = )I ] D, 'va’v

i 2
16y {@ My
Ke(y,—y, )I IC,-()", -3) Ky —¥r l Cr(Ve — )
I'"l-‘f’w Iia" l’"kf’\-

Kwr(y, —¥r) t Kwr(yy—Yr)
KwrOh —yr Kwr(y: =y !

Kwr —yr) |

b ool dgase 5 cigaolS (42093 s 35T 0,5y o,Shos (F S
JS5655,580 40530 Gala tuapan

Kwr(% —¥yr) |

Gusb 5l ABlas jeky olaSya Fp, g Fp, 0S50 baiye 9395
ol 0 dgi b slonds dule (lidbgiye w¥sles oS J>

4253 £ (glls &S pituo ol wSymp oS ddgl @Ysleo (S
oolol e (g Y3 32 1) 3T el bog ol
by)‘o 18 @Yslee LJLO.CI)‘ U 9 olo] Cuwds ‘U‘J9’U|°9‘> usJLQ
Q,gl oSP).; ‘oSL> (_,_)Le,s w¥sleo A,{ng w&l)l.mc)b P

el oais iyl Ve (JI'E bailgy wyg0 dy eotunw

—(Kwe + keys — 1 + Keyy + ¢y + Keb1 By + b, By

. 9]
+ kweye = mefy
—(Kwr + Kp)ys — 3 + Keyy + Cfiy — Keb2 8y — ¢:boBy
. (@)
+ kwryr =mpys
Key1 + 91 + Krys + ¢y — (ke + ke + Kpr + kpp)yy
= (ce+cyy
+ (_kfbl + kb, — kpe(a; — d)
*)

+ kpr(az + d))8y — (ciby — c;by)By
+ (kpr + kpr)yp — (kpraz — kpra1)0p
= My¥y — Fp; = Fp,
(kps + kpryy + (kpe(ag — d) — kpr(az +d))By
— (kpr + kpr)yp — (kpray — kpraz)0p )
= Mpjp + Fp; + Fp,
kebiys + cfb1ys — Kibays — crbays
- (kfb1 — kb, + kpe(a; — d)
— kpr(az + d))yy — (cby — crb2)yy
— (keby® + keby® + kpg(ay — d)?
+ kpr(az + d)?)0y A
- (Cfblz + crbzz)év
+ (kpe(a; — d) — kp(az + d))yp
— (kp(ayd — a;2) — kpr(azd
+a,2))0p
=lyBy + Fpy(a; — d) + Fpy(az + d)
(kpras — kprag)yy — (kpe(ard — a;2) — kpp(az? + a,d))0y
— (cp(ard — 2,
— cpr(@z? +a,d))by @
— (kpra; — Kpraz)yp
— (kpra; *+kpra,?)0p

= IpBp — Fpia; + Fpea,

Volume 22, Issue 01, January 2022


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

Ve /

T-Ton
Vi) oliie

10 sles o> o o3l

S

0|)|SAJD 9 |n.x§| e deue A 4

e e 33 JS55)50 558 ad

<l

\Fia 8 YA 15 1A \id /D

SEzn
o Y58 /

(s )\ | = £ _M?"
(©)| H= -
S — 4 — EN

a wa &

+ fer b=y

2

s

42)d g i (8 (sLoadids jl diged 93 g dugill Gl eiunw (5 lxail Al 9 Lndzn 3 o (ygitany ¢ ik Jolds (MR yao3 Lol sl (O S

olpeds 41 ¥ oy doys b oS il asys Vee glos 5
eSyd Jypame «(Goud) EPG ogutd auly jaw utyS (339391
sshike @ 96t ozaoys b Y jlad wadyls b (el 39,0
el Gl 4351 (558551 5 Jlows 53 limo )3 (5100l
27l oads oslasiuwl o] (slwosgi ael 39591 g
JIS39055y5180 403 Sidgayls and -Y-Y-¥

o Cudyb aadS MR yrod (Saelins HUS) Gy sokiie 4
gl 5 dilize oSl glaplyz @i cod of e
03 3li8) (it 53 o3laiul 330 Jso 4 baype (slayialyly
S o8y Jolds allinle] s degeme S
Syl duisi gude 9 (Zwick Roell Amsler HA 250) (Solius
o osliiul o3 5L yg0 SySUl Glyz @b aeli gz
G e T IS glhe Sgyue cwd oKy cwl
ol Sy yiae JyUS a2y 5 llz 9 9 (sbayguda

1Fee (63 ol gladd (FY 5593

e

ol adds g adanyd (g odibiw Jolis (MR o
Lol 38 gleddds jl digas 93 g wlilionasgil Gules e

Ao ol
of cud gz (JS35)58)51Se ped cile 5 >hb I se
G 39d and ol jabe 2> b cuolite MRl il
gz o) ol 5 ol pldl wlsllhe Gilho jshic uen
Sl @l ez 303 I caslio dub S (3905 e
19530 culio 5510l 5 SAIleh) peled o9es Bl g eaias
b IS (59,5 dignsS ool 535y Gyl s (1925261 g)lie 5
5 waSeyie Gl » 0 VIAT JB2 b g Sae € )l yhs
20;3 b SujolstyguSe Jluw oaiSly 51 sl %3/ Losls
Al Jlow 51 G dtoga 516 55 iza Al 0351510 % oy
A anjgfiuns b Jol> Jhuw plgie 4 (HE8 Slgyiue (929,
OSsil il 4 g 3L ke 423 tr (gles 53 Sl il


https://www.google.com/search?rlz=1C1GGRV_enIR845IR845&sxsrf=ALeKk0286JoV3kY692WQjsEhrjjcE4IFww:1605351773253&q=Zwick+Roell+Amsler+HA+250&spell=1&sa=X&ved=2ahUKEwjgpLyx8YHtAhViShUIHYyKBMsQkeECKAB6BAgMEC0
https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

Y o eldlsgy) GhalS (gl Si5alelstie dagild Gels pitumw bl g ,>hb

dwle N dhily @b (2hae o Jae ol oalel

(2855050
Fsp = ClspSIsp + klsp (Xsp - XOSP) (“)
28] el 05 ol 1Y alslse aybojl T s bogye vy suiie 45
1
}-’sp = (O‘szsp + Cos Xsp
(couy +c1,,) ’ o

+ kOSp (Xsp - YSp))
i W dlslso Gyl T)s o 03yyl0 24, GlolSS yustio g
281l 050
. . . sp—1
Zp = ~Ysplksp = ySp|ZSp|Zsp|n ’

- Bsp(XSp - ysp)|ZSp|
+ Asp (Xsp - YSp)

slrosls Jlacl 5 pucigesl Jio s 651> Y5l unssi 55 51 e
o (e (83959 li g e 4 baie S
Sily Loy oSl e¥slas oiws Jo gk 5l Jse ol
eJae sloyiahly unds alzpe 53 g ad dawlo E ariye LS

nsp 0)

g 40038 Bl 28] il dlieys oais iyl pslie iy
0l)3 55Y9095T j982 eac g dlia jugs £33 51 8l 403 2k
355055 (st il 45 kg yialyly yladie dbsiye (55lode
ssbiie ) amy dlope 53 el oad 485 J3 )3 jho il Al
G52 et ol Lyta by 305 45 Jlo)s oyl (65 Lwding
ool Wlio 3 008 Wl ke s Ve B ko s 55k s 3T 51
s 3l a4y bogiye (59,30 5105 s (gl b b 03 pass
555 35 Uyl 5o s 55 olye 305 o555 05 ey
3o ad Gl 595 pudtan Slayelly dloye y2 53 9 0ad
093 Ve a4y 38 oo Layially oled (glwdings ol
G sl 93 BYEy (sam slaygs ddsl pslie LS ST
393 08 (SHluyig 3lie Ay judnunl dlldo 53 oas i)l yslie

w53l Galed etunw hls wdby eslu g (ohb -F-Y-¥
5% 0 gl 5k Jse ol g lapes el 5 (2 Sl s
G e polws dgazme Jom pogaie wdly Y)Y Qi
A b SO55lshetiSe yes sz (shs sl aled s
le &S5l aladaly b &S oy (638 axbo 555 5000 5z 2
loyod il Sme g i 22 (ogbow ol)s 9 odd
Qi sl w8y sohiay gty dlse Jlsghsw Bib o
sehiiay layed (YU crewd 53 035 cuad (ilosds slayl
SaiSlre Joe plal 5 ayres 4 ol dlgeme b Jlid!
gy 45 (gitany dlro K03 Byb 4y (6318 dmio S gl bauwgs
nio 33 53 43S el nl oad ol Jlall Gogaie g
S wlesd 2hb 5ok 5 W)ls 3929 38 Jlkz L 3
Joxdi ly pulus dlgamo Syb 5l eyly (slag sl osge 51 auilgi
Al )3 9 gy dlie 4 Jaio dxio (30l 4y 38 g 03943
g gty cuiliSy olSim ) s )15 0T (53, & (ladijs

Modares Mechanical Engineering

=

0585558 epmos st (0Biale;] cund dcgomo (5 JS&

Jbe 31 eladad SLisge 51 53 3,90 yro3 e plandl jolaio 4
4 boipe (slagy pus Grapes 45 5y 03 S JISG35le5)55
wygay gy dao Gl 5 2> lapaw Gubil yed
Gy Wb Jate i85 gue 4 calehs g pal g
9 0dd Jlasl yod p Shxite S8 byl g Suigele
oBis 4y baype ziws 928 3 i e (slayguinr plojen
Sohie 0 Gl dielaly wldales . 433)S (51350 05l 4 £9,4
@D el ST ) g [0 /YO Soy=i sl wils)s 5 Suym o
5 S plail jal ¥ 5 1/0 0 /0 i (oSl slaplyz
A0 S5 steslae Ve bzl diels b e lolejT aled s
Zhiwl  oBws ey sloeslsyl eslatwll  colesys
1 SQ s lmle-g i 9 cepw—g i cploj-g i (slaylaged
W S 55 s i 53 abgiye i a5 05 elail Yl (o
ol 018 4l

203 (5l yudpsl Joo sloytalily (luslids wigly$ -¥-y-y
JS3els5y518e

JS5ds55u8e (slapmed (Suolins 58, Giny o yokio &
3959 4 Ll STy o9 ((Sualiay (slacend el 51 u
wials g S a8 (SeySl slaglyz sl liso gla
B 90 e sl Pl Jao ol b Sopes
A0 it |y udaml Jao Saileds ¥ IS 8

ool Jao Seilas (Y S8

Volume 22, Issue 01, January 2022


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

ohlSen o |n.x§| e deue A A

32355 (59, 398 Gles slagialel .l S5l 1A dysils
5 sieiile T Jsb )y ey G 3929 b wdly oS b
ploxil (slogtalel slass ggamo 138 planil yiauils € glas)|
o 3 adads Jlez 1 Lagslapenls JSalast g sae YV oud
by yoghS A g 18 e e duw j3 &S ol d3e VoA Gl
L )3T L el Vg /0 oo (SoySUl slaplyz wad s g
VIS el dl>pe duw >

Ugeoo slagly slaobis ilej JUSamw \+ IS Jlio glgic @
Ay g dgecne (sl blis (3900 Glaolild (rizen g A g
L 55> w8 oSin dogiw ol bugi oad (5 nSojlul
1y sl /0 (SoySUl gliyz @ 5 cuclio 9 ytoghS A ey
Ao las

-

(rad/s™Y) dgexe gl asgly Ll

(m/s”y)
Wgaro o9l Coond gOg0s LD

.

I
.
rd
=

(rad/s™Y) ains gl agly oL

I
~
-

@)

-
.

©

|
124

(m/s”y)
Cuily S (gl Cannndd (gOg08 DD
.
=
-
-}
1 >4
o

) ol
()
WA e b 9)395 Sy oKim (Sl by iley JuSGww (VS
slagly olus (i y.aT /0 Sy by @il g cucluy yloghS
Gy laly Slid (7 dyeme (ol crond (3300 DlLd (@ dgace
Ol wdly S (gl e (6330 Sl (3

1Fee (63 ol gladd (FY 5593

§393 ygay el ol Soun Y ladaled il s
b (so9b axbo gl 53 s sl slaghsw palnly cul
4l 5 (53900 Rllz aigs 3 ks |y Sy (Sl a5 Wlosds
Gz sl piolesl pladl jlaieds colgd ;5 3jluse 39120 gy
S wygody wishd ol degaro 95585 ()b cwond (g9 5
s A JSE 2000 cual (3 uld Sosy 53 42l
A3 ol |y JI55)58)91i5e (slayres 4 jgzme 43giligales

92395 89 Glas slocud plasl -0-Y-¥
Sk de> S 55 45l Galal s degazme 62538 51 e
95985 o JolS BLI)! 51 ligabl Jgua> 9 4 JSib Gilhao 95095
G 4 degazme by G Jladl Gl gl Galed e
Jsb U Jslaite (Sutatly slopSie s apnei 4 oladl g)35>
23S oBtleil S 53 jieiile € glas)l g yteile 1.
Jaio oo (0 wygas boyes 45 baise bz paw el
Olojes a2y dl>yeys 23adh Jog s guie 4 caled 53 g 0l
3195985 bayres yoads JyuS Suasdl plyyz wad Jleel b
O -3 0313 e alie glacssw b 35290 (5)l900l (59,
e 93 & @i I dhails Jlez s baiwolid gleygudw
2333 93 9 ol dgamo b e g sl (slacnd ;s LT
dadsl Gl i & &5 )b cand Cdie g gl S e 3 s
ol dgamo Ol jlade (558031l gz wewl Jog 95395
3l bead ouhs 088 cuad dagialeT elail Job 5
(52%9> Olnl &Syl Jpame) @il ol £53 51 @Ok 9,395
4 0SolS OV0 jluie a3 Iy (olws dgema ;b oS 4 oxlasul
dom el @SLSWO & aigill Galad e (g oo
Galed piluco 9 dly padle JolS acgame JS 0y iS50

3l Gl pincs ol yagy ol dgaxo g 9355 degaze (1 IS


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

8 elblanl (S (gl SisllietiSe 4l Galad ptusw il g >hb
OBl o & 4 g delr ded B @ gile 5 5 Sl g
el (o GBS s ol )T cuwglie g Ay
9 b ajigSuny by layes 3Slee 4 d2gil puizen
e (S35 9 (st Sy il OIS &5 e el
Gox ol (S glaplye @b §I Sy el
wge (usims S5y oS buwg) sieo lmle )3 e
o8 55 (st Sy ey 05101 S Juds ol 4 el 4188

ol iy dhis ol 5l jaae

il 30 038 alwlids slmyzally —P-¥

Osiu ey 3 lmle 4 boise glaosls (53,5 3lg 5 puy
2 oS wdlee wleglses glginy Sigejle lesund 43 bgyye
Eduiye sUsS Kily gy W ¥l > g sudawl Jao
W S cd)S el oads (3lwand 5 a0 (sleg i dunlie
G )3 04 (il 9 BT 303 e (sbog s dunlio
9 555 ) Sy il eyl +/0 (oSl Loy wad b yped
3 e Galed ) ol Vo (bl

3 o JUSaw 3285 b 335 (e caalive 45 jshilen
aelsl 53 casl 03 Jols Uas Jiiw codds (65l re (sop
4 pla8l G (ggxw palio plyys e yislie duglic jghie
3 G025 5958 JiSw ) bgype wlaype GaSile yix dle
G (slad sl oy b3S 4B 1az gy s LS
o dinaS dlalli )3 sy 330 yilelly @i cuns ) BRMS

el ¥ Sapsdl gl s )3 yeed (alyse Saxd diwden (Y Jgix
el (4) el @ s

3 ol 5 i iol;s)
2203 (stlae (59588 Aoy shallid el il

el ¥ (Sl ol ead 5 . - a3y
ool ) el 4 g Fom Fanlre

WIVEQY YO \
\V/AAA [0 I Y
AIYAVA \ v
AIFOAD A ¥
AIASY+ -10 \e o
AIVsYs \ e

—o 4hmYe () Ve 5 () )0 oS dunlio I &S jshilen
dols 3l 95395 WS (gl cowd (g3g0e Ll dioly g
S ﬁjﬂ ol yldios dgeze )b (gl cwand (g3g0e Ll
uwlg L_;):Sc)'l.le ahgi o 4 Ygomo wliled,l diols «5 cuwl
5 923> S g dlgamme (53 53 625051l e 4y diiany g sl
95395 &5 g uld ojlu g dlgame Sutdl olgd puizen
23 liliy A8 s Wilgioe S (il iz 5 (50L
S 4y s dgame glaoliss diels ials Uasl LIS el
s GBI (Lo puilig) 53 Jlo e 53 1> 3925 95395
4 dsame ol j55ie Ji¥3 @ Ly cunl Sae 4l Gales

Ak Gl Gl w900

Juld g gl -¥

gg.&.‘ss.o)l.b Cuwd  ya0d L,Sml.sg‘b éwlg -\-v

cadsb p Ssl gl wad Jleel 23U Guyp jshie @
bgsyo (slmosls (_g)gT &z 5l o] Cuwdy gl MR 03 2o
—FEe sy 4y i «Sisele Cund )3 yped (e 9 @
3 sliges 1V IS 038 T (Saelins 58y 4 bgye (slo
Selins e 3 JIS05de5)95iKe yp03 5118y ()25 (v ionie
Foalio 0 (lzle aials cilides Sl glaglyyz @i b
AR50 laled Jixm 070 Sy eSS

4 bosye Sasliny gl 3Slas 5l Jol> 2t puizes
Gilae (59585 danden 3)30 53 (3 (595 3 Sigayle xS
L)A-OT (+) s @ cawd ‘):}ATY Sl Gl @l 53 4aes
ool 50 slagalalz g 55y ) 5 +/0 /Y0 (glauilsys 5
el oddds 031y HlEd ¥ gz 5o

L s Sie diste ¥ Jodo o 1) JSi 2ol 5l o5 jshilen
e S35 el ¥ U ko 51 oSl gl s talél
2l 9wl adly (il giteny il glocew el jod
2 303 e Gop A 45 am3e gldd jsSie Jgaz
Sasp pal ol ede cwl amals Gaalil ly WY S5k

A A

e e
1 >4

4

;

4

4

4
-
T
: 1
. .

N =3
()’»'9 - &
% 1 . Y
. . .
TTTTW
HAp— Y=o 5,

| N 5
D()’r.-' &

I YOOR i ; i ; =188

|
D(l\),,—; !?
6;@_
| |
T o
:

\ \/A Y Y/A Y \’/A _‘/ A / AT o) ofeeld . ofesd  ele)  elND
(9 by ) x> i) e
@ (w) ((¥1)]

Sy (uilS)3 g il B (ol diels cilizeo (oSl slaglyz @i b J055)55)515 yes (Saolind cud (12 slaionie (W JSb
Loj = 93 413903 (& el — g yl390d (2 ey — 905 ylog03 (Al 25550 </

Modares Mechanical Engineering

Volume 22, Issue 01, January 2022


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

ohlSen o |n.x§| e deue A e

(6) ol

(z)
Vsl 5 35m ) S GulE el 0 oSl gl @ b sred cund )3 0ad (gl 5 02 ed Gilie slog e dunlie (W S
olejmox & llr-gsw @ g Al sitalie

Gl dials po g dgaxe o) Spo fuwly uilS)S (slgixe
Sl oy 4 slime lsie 4 ilgT o (Agame o) 3Sy0 L)
3's Gy 39y 4 1y (55l o3l gz 3,8 41,8 ealil 3550
3ly 53 Sz ;00 s 5l L Ol didy il
oalaiul 390 sz yls Gulus glodlgomo ay neawl (43S
Jol> jlado (g ez GialS (Jae Sluigy @ly @aiixd ol 5
bl dlgame Ol disdon 4 bosyo iy yolie 9 Jie 5l
250 59y » S plal cowlus sladilsd 5 oy
Kop- Kyr) ol i o 51 e slayialls ey
5 (Cr.Cr) Glol Galed alwo « (Kp.Kp) Glol galed ithu
Sty 3l pgie 53 Yoo Gy n(Ker Kpr) augili Galsi tdu
el @ ol Lol (s ol 4 et oS 13,5 aduidee
S b oalple e il gyitden calus oyl
0 4 i Loyl Glaw (5303 YO (ials) oyl ibw
wleal 4l ot Joaz ad Sl o (6 pdan 4> U Je ()
9 Gl dnd 9 oS Ol diadoy 4 bgyye yslie (g
A0 gl |y (Sl s gles

9 Lapred (sl SUIge8 (b 3,See Coyii (i8S i )3 I o
s Gk 5l 3szse @1 4z b Jae Giluien
5 g3 dwly o glb> giledng 5 Sl glayialily
@l el ez 03> [Sye (g9 Dl 5 (llz (25
i Gly olsie 4 el Vg /0 o (oSl slaglyz
el Sy ol wonds el 36 W SE 4d Jols
323 9 e (§5ke a2 QLS diden 4 bgape salie (F Jour
oS s slbs oy 5 (Slyjgn 3l

diadin palie  dludiy pslis

Ay 5a3lE0
ey Jioyy olid sey Jue s Gl (glhad woys
ol . ) .
(Km/h) m/s% Glaenil Gy Glwjonsl (%) s
(m/s?) (m/s?)

e Y/ fsY s Y/Yaa¥ YAVFS \O/AL%

3 YOV FASAY ¥/AYe) 507

A A Rd Q/5VAF FAYYY A/ YA

1Fee (63 ol gladd (FY 5593

(m) olxl> X\ (/S) sy
() (i

wid gl bbby gl b bl dae glaslly
3 sohie Ve g 0 (sladials e 55 UsS (Syisdl slaployz
Glaiged . 3isd dwlze Gipm Vg +/0 o/ Y0 Soy=i glauils)s
Gl e 330 5103 puiasl Jio 08 il slayielyly |
@l 53 g 550 +/F0 Sy (el pilalie 0 Slamle diels
el o ) ¥ Jgam 53 cilitee sloyly>

Jsa )3 ol drwle (o slhd as bgipe pslio js w83 b
2053 ONVY 15 wioys /48 o yuslie oyl 45 0 i8S dsesss (¥
s @83 5l Sl oy VEAE ply Sl U g 039 yustie
Al 0 (Saelins )U8) il 53 yuiswl Jae

§338 by 4 419il Gade pitucsas (IS oy -V

il Galed il 4 jo2me degammo (sa2193 (il jl
wYsleeyd 39290 (Staz 4 b5 J0jelsieiSe slapmes L
(Slyl3503 (3 b balod s G331 pshaiay 5 pueiges] Joo
s 295> ool 4zy3 w¥sleo b 39250 yied s gy
91t Dol yw ol 35290 (5)lgenl Lidgn b 4g2lge 5
e (359 sy 1008 il 9,395 cieliyy yiaglSVA
e piie bl uizen 5 28lg baald )3 jed Sy
s eand I idpo b Siged 35w SzsS i
L 39290 03 s yu—g pud (sLoylaged oyl e puomg pd yl3g0d
e Jse Gluyisy @ b dhaily 5> sl Jay o Jl dzys @islse

aiely (gl pucinsl Juo ol Slolids glayiohly jI (slaiges (V¥ Joaz
s 3590 5303 (5l 3 /YO S5 iS5 g yieshio O Sl

olz wid

o C k c k
‘,i(:_;m (/ml IV 'so/m][N/:n][N ';/m]["/:..] [mtzl [mp_z] A [:15'(!:/?)‘
qee oo  QFeee o Yeee FVeo Y5 . YE
/0 V5Fee BFeee o YEOBe FAYe o YOFe JAY o 3V
\ Folee  VOFee . FAQee  FFe  Qeeee Ydeeeoo WAY o/e\V o/}
V0 YoVoo  YoQeo . VYo  OFee \AQeoos \aV0eee QW /00l o/OA
Y FYAQes  OVeo ° QWeee o Y\Deoso Yooooeo Yo . DWW



https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

)\ o eldlsgy) GhalS (gl Si5alelstie dagild Gels pitumw bl g ,>hb

5 ¥ 3~ 3

3: ) -

'5 1 P 1

% N f:

é sl :

v y; ;

4 * ) ———I=x 0 2_‘ g

: { =t i

i 4 2 v I=« yuol 2

= as9il Faled you

3 N 3 o 2930 Galad (9 3

3 4 Y ¥ $ A \ S Al # 4 ¥ :" ) AT \ Vo Y

a (Hz) sy ) (Hz)  ils,d <

R é ) ok
(C) (\—') ~ ()}

Clid () pS ey Jxdg5 b dgzlso 55 oad (55l dund mitucms Sl gl 3 laysed ys ol (Suuasdl e wad el p36 (W JS&
dgezmo 0 JSye (63308 (lmlz (2) Usaze > JSie (5330 DL () ceneluoyyioghs Fv ey ;3 (ol dgame @)= Spo (533a¢

oo 15 2alS Lol sai glapudlSys 51 9L Ll
9 dsame 032 JShe (53908 QLD dindins 0 Jgaz S 5o |y
23 il Gl w9 el 4 awd |y o Glals e
Ao olds calize SO SUl sl by s

L5 Oy 4 gl GaleS piacs (IS uyy - F-F

39290 (st 3928 4293 b g (02 wliolesT elal 51 e
9355 02 Sy 5 dsazme 0y 550 Olid @ bgyse (sla i
dalslyy 8l kil bgiw olud glaesls I esliiwl b
slopg Bl ez i ol 35 Yo 5l YL slapuilsys
JU) e 5 990 wldlel)l b alio 5l 8L Gslheli
Slyizme go 200 JilS e 1y slaslgenli g )18
.))'9 3 QJM LSLQUJLML’ 9 LmuLwJ diels R 9 U.Mu‘j)s
53 JU Gyl ol cusdl ulus dgeme w Laou,u.wT BE%
Sl oz @ad 30 Ghee e @ el T ooz
oM dlgamo dy oyylg Ll dindin (oS ) layies 4 (Jleel
33 0ad il wdlSy8 &l sldlS 4 asgi b [GTECYN T
ailSy8 03940 53 dS 3gudi 0 cdmlia (2) W g () W S
ol e Sl gl @b GRal8l b e ¢ 1),0
—ol Rlalz 5 QL diels (alS ed g 4Ly il
iladly JBSl o cwow 4 LudS gl

g0 cd 3y 2ol 3 Jols gloj-olid (pixie & S
Olaled 1) celuy yioghiS W ey b gy395 Sy 53 4d)S
AR (0

U e o] pLals 1oy g @2 She s3gee lid b (O Joie
cibizo So Sl slaglyr wad ;3 gl Galad i g9 >

ol wid  She g3gec wlid Aty Olid did ialS oy

oSSl e 03> i Algae 0y> 3Sho (53308
(€W (4538)5d2x05510) (%) y303 9y 2dl> ¢y
MR 05 (494 Y/¥AQY
1/53Y4 %YaND
) VOV %BYENY
v \/VEYE %Y /5e

Modares Mechanical Engineering

OelS g 0ud (g5l dud el (Saeliny Gl 5> ypes 5
T ey 53 lus dgaze 02 Sp0 Dl 5 (e aels
Zoo b ySep by Sl 9,95 saae 53 welupyioghs
sloiile T Job g yio il ¢ elad)] 4y wlasin b uwgimw
() W S 33,8 e dlas Mo oS (g jghilen a0 iolead |y
Cl 4 (@) Wy () W sl Sl g olid Giley &l
©390s Rllz 5 dsamo (3300 QL il glaguly
Gloj by 595 2 498 st Jleel b &5 aiilie dgeme
ey 33 el 00 ey (dB) o s weoyd i g ool Cawy
ey 4 @zpe sl 9 Cld () W () W sl S
oad 485 )83 )3 yto 1% 107 g 4illygdzmayyio 1 1076 ply
03035 plaxil 35y 00 U5 Giloj Grasly (535 2 55 Ayl s g
4553 1) 23l Sgamo Jao (6305T el aSul 4 d>gi b ol
035 (5350 Julxi )50 Jio (gl 00 (03 wliatuie 5 (63151
552 €51 5105 yyolie (g3 s s (5o uilS)S o
b oS pSeepw jl e il (e, (sly 14 bl
S o S |y il 331685 glapuilSs ST g 039y 4y

]y dalesd 3929 03game ol 5l z5l (wilSys (sladld
ftans )982 e 53Uy 0g¥e 390 camlive 45 digSilen
b 938> ainy g daame glee Ghl> glaie 4 gl Glss
paw uesblige ol @il (Sl gz wad Gioll
Gl diels dipden 9 Gl (alie o 4l )3 g
—de 4 &alo 5I MR Jloww S8 s ol gl e . lie pR0lS
38LGe ol 2 se uablide glise wad Gialil Sl 5 sel>
A% 53 &S 39d0 dhxYo (2 9 ) W sl S ) prize
3925 155 eitunses 53 S sl > 51 YL dials Ln el 5]
G uilS)s 53 g o @i )3 GIE15 33485 slapuilS)s j9eb
Gl wiygo b diels (Sl uadd gl (uilS)s ol b STy
s Bhise Gl il Guled i gab > @ o
4 Gl diols puizen 5 pllusw Glol (Wil aiels

Volume 22, Issue 01, January 2022


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

ohlSen o |n.x§| e deue A w

ol @ud Jleel b S ol ol (5 lwanss 51 Jols gl -

Fro 4 o3yly 3300 Olid dipdoy diyred 0 el ¥ (S Sl
09 edls b cuwd lailews i jgae 53 s dga=e P3%4

hals (aslygizayyio Vet) #EY/Te gl Galed et
el @iy

i3l b aS sy (las 48,8 wiygo (i slacws gl —¢
Olid it el ¥V B« Sl layes (SouSIl gl wad
Glailews jlhgae 53 pulus dgaze 0y Sye 4 o3)ly (g330s
cwol 48l GialS (4l gdzoysyio VYY) LYY LV

sloojle Giliiad oaalesl )5 GHlidsd Sl :ilsya8 g Sl
uodige 015ils mlascwglio oBiinloil 5 jingdy 5 Liadise
Bl 11y K5 eyl oad elal ol Sl
ols GilagsS (oaige BT ollej]

W8S )8 (uay 3y30 9 0 JeaST (Bliunrgi g @dlie (3)lsi
RO

I ol 4l milie (o)l digSamn (Bt :gdlie (ke
)5 3l

oo 05,55 (sl oaiunsd) 8l (ilaens saoisw i Esiungl e
oxias) Gilez oS 12 +) (golel Shelows /Lol Simay fallio
38ud Lojeme (180) SeS Sitmghlwlid Gbgy (93
(1Y) SaS Siingly (pgm 0Akunish)

9 Soxd oils exgey il Sl G gl iGlle gilie

RO 0394 U.Lal)ims);

&l

1- Odenbach S, Borin D. Electrorheological fluids and
magnetorheological suspensions. Journal of Physics:
Condensed Matter. 2010;22(32):320301.

2- Ekberg C, Hansson E. Design and simulation of active
and semi-active cab suspensions with focus to improve
ride comfort of a heavy truck (Master's thesis), 2015.
3- Chu ML, Doyle GR. Nondeterministic analysis of a
four-wheeled model vehicle traversing a simulated
random terrain. SAE Technical Paper; 1978.

4- Fischer D, Borner M, Isermann R. Control of
mechatronic semi-active vehicle suspensions. IFAC
Proceedings Volumes. 2002;35(2):209-14.

5- Hua D, Liu X, Li Z, Fracz P, Hnydiuk-Stefan A, Li Z. A
Review on Structural Configurations of
Magnetorheological Fluid Based Devices Reported in
2018-2020. Frontiers in Materials. 2021;8:24.

6- Seid S, Chandramohan S, Sujatha S. Design and
Evaluation of a Magnetorheological Damper based
Prosthetic knee. International Journal of Engineering.
2019;32(1):146-52.

7- Marcu FM. Semiactive cab suspension control for
semitruck applications (Doctoral dissertation, Virginia
Tech), 2009.

8- Chae HD, Choi SB. A new vibration isolation bed
stage with magnetorheological dampers for ambulance

1Fee (63 ol gladd (FY 5593

sl bz @il )5 Gulus daaze 4 oyly Ol adan (1 Jgae

e S5

olyr @ad dgemo dindy Old o dgemo Ll EalS 10

(A) Syl (m/s?) (%) ol a0 &4
. O/YAA %
/0 LANE %Y/54
\ Y/OY0 %YY/FY

\fKm/h

o

-

-

(M/$7Y) (wli> dlgazo o, 35 0 (GOg0e s

i
R
-5
\ Y Y ¥
(5) oo

ol polus dgame 023550 (53900 QL Giloj Suoly (VF JS&
SioglS F ey by 5y085 @Sy 53 did)S wige cwd e galo
cueluy

2 V92 518 IS8 ol Gallao 33,5 o 4> 45 yghailan
el Lol b osd (g5lwddd cdls alin jud ayad cud
ol> dad 4 galo 5B 51 MR Jluwo jere 5 Sos)l loy
20 Qge & culaisly GialS dgee 4 oyly QLS dindion
sloyes @ jme gl Gulal elusw jpd> cole
ool dgazo 4 o3)ly gl (ol s JIGTelss,euse

ol

G54z 9 Gigez -F

Ao gils Galel et SO dswgs | Jol> ol sanges
Os¥s il 33018 gz (S5 9l95958e (slayres 4 oo Jlad
9 03> (sleslgamli 5l ea)ly (slam)ls ulys 53wl (sloddlge=s
:33,5 (50

Saigasle Sy ds bgape (Saelios locwd elel 51 e -
L as sl glas o 3ySlee 31 eel cunsy pulis (ues (59,
o u3lie el ¥ U a0 51 (S0l gy @ad lol33)
e gy didian 9 4Bly GRal8l 50 s (e (S9
il aSileo joh el ¥ SuySUl Gliye @il 53 e
el Al ‘)_s.aT (+) s @ eowd gl WY

D8y Gty ) il Jae 51 Jeols gops il Y
G944 ol AR Sl G (sl b yues Selins
el Gy (3] u;w.dﬂ J»oL>


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21]

[ DOR: 20.1001.1.10275940.1400.22.1.1.2 ]

WL alsla)] el gl SifelelintSe digill Galsd ptunw il g s>hb

23- White FM. Fluid mechanics. 2nd Edition, New York:
Mc Graw Hill Book Company, Blacklick, 1986.

24- Agostinacchio M, Ciampa D, Olita S. The vibrations
induced by surface irregularities in road pavements-a
Matlab® approach. European Transport Research
Review. 2014;6(3):267-75.

25- Adibi H, Yarali E, RamezanShams A. Design,
fabricate and testing the novel Magnetorheologic
damper involving stabilizer nanoparticles of silicone.
Modares Mechanical Engineering. 2017;17(8):252-8.
26- Wang DH, Liao WH. Magnetorheological fluid
dampers: a review of parametric modelling. Smart
materials and structures. 2011;20(2):023001.

27- Mousazadeh M, Jahani K, Abdollahi M.
Identification of Parameters of Spencer Model for a
Double-Ended Magnetorheological Damper with
Different Spherical Iron Carbonyl Powder Sizes.
Modares Mechanical Engineering. 2019;19(5):1307-
17.

28- Spencer Jr B, Dyke §], Sain MK, Carlson ]J.
Phenomenological model for magnetorheological
dampers. Journal of engineering mechanics.
1997;123(3):230-8.

Modares Mechanical Engineering

vehicles.  Smart  Materials and  Structures.
2014;24(1):017001.

9- Ahmadian M, Poynor JC. An evaluation of magneto
rheological dampers for controlling gun recoil
dynamics. Shock and Vibration. 2001;8(3, 4):147-55.
10- Sun SS, Ning DH, Yang ], Du H, Zhang SW, Li WH. A
seat suspension with a rotary magnetorheological
damper for heavy duty vehicles. Smart Materials and
Structures. 2016;25(10):105032.

11- Mao M, Hu W, Choi YT, Wereley NM. A
magnetorheological damper with bifold valves for
shock and vibration mitigation. Journal of Intelligent
Material Systems and Structures. 2007;18(12):1227-
32.

12- Wang Q, Ahmadian M, Chen Z. A novel double-
piston magnetorheological damper for space truss
structures vibration suppression. Shock and Vibration.
2014;2014.

13- Xu ZD, Jia DH, Zhang XC. Performance tests and
mathematical model considering magnetic saturation
for magnetorheological damper. Journal of Intelligent
Material Systems and Structures. 2012;23(12):1331-
49.

14- Lau YK, Liao WH. Design and analysis of
magnetorheological dampers for train suspension.
Proceedings of the Institution of Mechanical Engineers,
Part F: Journal of Rail and Rapid Transit.
2005;219(4):261-76.

15- Rodriguez A, Pozo F, Bahar A, Acho L, Vidal Y,
Rodellar ]. Force-derivative feedback semi-active
control of base-isolated buildings using large-scale MR
fluid dampers. Structural Control and Health
Monitoring. 2012;19(1):120-45.

16- Sun Q, Zhang L, Zhou ], Shi Q. Experimental study of
the semi-active control of building structures using the
shaking table. Earthquake engineering & structural
dynamics. 2003;32(15):2353-76.

17- Kwok NM, Ha QP, Nguyen MT, Li ], Samali B. Bouc-
Wen model parameter identification for a MR fluid
damper using computationally efficient GA. ISA
transactions. 2007;46(2):167-79.

18- Kamble VG, Kolekar S, Madivalar C. Preparation of
magnetorheological fluids using different carriers and
detailed study on their properties. American Journal of
Nanotechnology. 2015;6(1):7.

19- Mousazadeh M, Jahani K, Samadani Aghdam SS.
Experimental Study of the Effects of Iron Particles Size
on Damping Force and Energy Dissipation of a Double-
Ended Magnetorheological Damper. Modares
Mechanical Engineering. 2019;19(9):2129-38.

20- Singh HJ, Wereley NM. Optimal control of gun recoil
in direct fire using magnetorheological absorbers.
Smart materials and Structures. 2014;23(5):0550009.
21- Mao M, Hu W, Choi YT, Wereley NM, Browne AL,
Ulicny ]J.  Experimental validation of a
magnetorheological energy absorber design analysis.
Journal of Intelligent Material Systems and Structures.
2014;25(3):352-63.

22- Yu M, Liao CR, Chen WM, Huang SL. Study on MR
semi-active suspension system and its road testing.
Journal of intelligent material systems and structures.
2006;17(8-9):801-6.

Volume 22, Issue 01, January 2022


https://dorl.net/dor/20.1001.1.10275940.1400.22.1.1.2
https://mme.modares.ac.ir/article-15-51246-fa.html
http://www.tcpdf.org

