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Bistable mechanisms have two distinct stable positions that can move from one of these
situations to other by a small stimulus. These stable positions, as well as the movement
between them, have increased the use of these mechanisms in devices such as valves, switches,
and etc. This bistable behavior is the result of the storage and release of the potential energy.
Therefore, it is obvious that these mechanisms must have one or more flexible links or joints. In
this paper, flexible members are modeled, using torsional springs based on the pseudo-rigid-
body-model (PRBM). The existence of one flexible member is sufficient for bi-stability of the
four-bar linkage. However, with changing the location of this flexible member as the input, the
output, or the coupler link (or changing the location of equivalent torsional spring), various
conditions are generated for the design of a four-bar linkage, which is discussed in this study.
The results show that in all cases (the crank-crank, the crank-rocker, the rocker-crank, and the
rocker-rocker), the equivalent torsion spring should not be connected to a smaller link in order
to create a bistable four-bar linkage.

Keywords Bistable; Flexibility; Four-bar Linkage; Torsional Springs

CITATION LINKS

[1] Optimization of H4 parallel manipulator using genetic algorithm [2] Reducing the
undesirable effects of joints clearance on the behavior of the planar 3-RRR parallel
manipulators [3]| Kinematics of an offset 3-UPU translational parallel manipulator by the
homotopy continuation method [4] Identification of compliant pseudo-rigid-body four-link
mechanism configurations resulting in bistable behavior [5] Compliant mechanisms [6]
Design of bistable compliant mechanisms using precision-position and rigid-body
replacement methods [7] Single piece compliant spatial slider-crank mechanism [8] ADLIF:
A new large-displacement beam-based flexure joint [9] Influence of joints flexibility on
overall stiffness of a 3-PRUP compliant parallel manipulator [10] Synthesis of multistable
equilibrium compliant mechanisms [11] Reliability-based optimal design of a bistable
compliant mechanism [12]| Design of two-link, in-plane, bistable compliant micro-
mechanisms [13] Synthesis of compliant multistable mechanisms through use of a single
bistable mechanism [14| A self-retracting fully compliant bistable micromechanism [15]
Identification of macro- and micro-compliant mechanism configurations resulting in
bistable behavior [16] Design and analysis of a high pressure piezoelectric actuated
microvalve [17] Design optimization of bistable microdiaphragm valves [18] A
thermopneumatically actuated bistable microvalve [19] On-chip actuation of an in-plane
compliant bistable micromechanism [20] Parametric deflection approximations for end-
loaded, large-deflection beams in compliant mechanisms [21] Evaluation of equivalent
spring stiffness for use in a pseudo-rigid-body model of large-deflection compliant
mechanisms

Copyright© 2019, 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.


http://bit.ly/2VOFpVh
https://link.springer.com/article/10.1007/s11071-016-2942-7
 https://www.sciencedirect.com/science/article/pii/S1468121808000576
https://mechanicaldesign.asmedigitalcollection.asme.org/article.aspx?articleid=1447785
https://books.google.com/books?id=tiiSOuhsIfgC&dq
 https://www.sciencedirect.com/science/article/pii/S0094114X09001748
https://www.sciencedirect.com/science/article/pii/S0094114X14001591
https://www.mech-sci.net/2/183/2011/
 https://www.sciencedirect.com/science/article/pii/S0094114X17312442
https://deepblue.lib.umich.edu/handle/2027.42/61608
https://mechanicaldesign.asmedigitalcollection.asme.org/article.aspx?articleid=1444354
https://mechanicaldesign.asmedigitalcollection.asme.org/article.aspx?articleid=1445668
https://mechanicaldesign.asmedigitalcollection.asme.org/article.aspx?articleid=1450639
https://ieeexplore.ieee.org/document/1203765
 https://scholarsarchive.byu.edu/etd/83/
https://iopscience.iop.org/article/10.1088/0960-1317/17/11/026/meta
https://www.sciencedirect.com/science/article/abs/pii/S0924424797016129
https://iopscience.iop.org/article/10.1088/0960-1317/20/9/095024
 https://ieeexplore.ieee.org/document/1038852
https://mechanicaldesign.asmedigitalcollection.asme.org/article.aspx?articleid=1444447
 http://mechanicaldesign.asmedigitalcollection.asme.org/article.aspx?articleid=1444782



(53438 o538 5 (¥gS(s3)ly (atzmadsw YoFA

3 63 whasi g 0uille wSp ;i cwl eSS
L’)ﬁ' U")b PRI 4G .Aj|4.‘i.u.q|9 o )J.Mdl.hs_ﬂ L_gLa‘.cJ
Sy Job 53 b pitucns Juwdly (5551 o5 sl gl bagjaslSo
[4].}.4»‘4 Ay wd.h.:u 93 5‘4).\4‘5.4

gl bk 5 () iy Slhail slaeiilio a3 Glagh
53 el 418, L5 amgi 390 sl aeiilKe ol 1 kit
riplhsil gaeiille 2hb @ bgiegh ol 51 3y
nipslheil 15l 5 Blislhal Jolis (>hb ezl
G G cwl ol 4l'>|.>).4: [9]6}|9A sl bw p Jolis
Wl slesls 5 Lhaiz (Lbss slagiille @5, o ssba
Sleeisle sble Jubsas cgloe ol 5o [OMLloss 5Spa3
59> 5 ylS sl Ll eole 5 bbbl
5 barswgSue dopdgSue 2hb bl leejilSogSue
o Blewl Gialidl Jle s Lhes gledlsly Sie
Sro 55 g (Pl caslse ke gl daeislSe
wedly solgs (el )l T sl 5L 390 (5331 amu

el So bk Gl uain (ugSee psrde I dlie ol 5
B ol osds smw g&3lg 55wl osds 03y oy Libigs (slalioylo>
sloyis U)J.Md[ha.ﬂ slasl cdo Ww Jae 3l eslaiwl b
3 330 538 (S0 yns (ulusly § L9 (Kol Jalee (o
riSlhgil eiille S slabioylez e Jolio 51 Sy 5
aBlyy Jao ol zaded @ ol 55 pulply g skl Libgs
9 (-0

Slalioylez 0558180 (s 9 G5lodse-Y

(PRBM) Clo quzdzd Juo -V

e b pdpolhsil glaesile Julai (gilwosl gl Jao o
Al her 5 Jolo puizen 5 POlloio 5 folo bawss lai
dbamthe ) UK )3 plsie |y Gatunw iz I Jle o 2l
9 3380 Jo wdo izl hwgi 05 05uilSe Jae ol )3 3903
o3ly i Gy 38 5 Jolie buwgi Bzl gl o Jesllpnse
Seilodaw Jloi Sa 50 39290 Shilie oled Jao gl 950
solys 0 1 Sy IS8 el ol el 5 el bl
slagby, jl oslastwl g9y 39290 (STolsasT sl palmliy el
el ) 058 sl Syip S s Sl lgioe by
bagisy 3l oslatl oSl ¢ Jao el 51 oslitul b ppizes 31
s 3529 03 slapiilleo gl clo glaesille >lb

Bl s (55lo e 1 S5

$laboylez 3580 (g5l ie -Y-¥
Jolae 5 gae b gldiolz eile <o PRBM o
Jse ol ol sl s oals plis ¥ JSE 58 pisilasl
Gz s I pge )3 g ead ()8 o (il sliac!
(w K; g0 odlaiwl Lacl LS)J.Mdth_J SilwJde (sly

WAA 3l3y0 A oylad I8 0593

Joeo st b Lligs slalao)lez @3slSe 2k
sigSlhasil e (55:5)])8

PhD *3¥5563)lg (saizeessw

(Sisuo oKadls Saigyille § SWille Luwdige 0aSuiily (g yilSe 09;
ol)ﬁl dsﬁhhﬁ) ‘bg)hu‘)

BSC (5,5 o3il8

(Sisuo oKadls SaigyilSe § SWille Luwdige 0aSuidly (SdgyilSe 09;
ol)ﬁl dsﬁhhﬁ) ‘bg)hu)

od ]

o b awlsie o st Dz lal casBge 93 hls blgs sleesile
9k Bl ol S S (6503 @ eeaslse ol I Sl e Sy
» kb‘o}:."&n ool 5 esliswl &S cwl odd og0 LQAT O Sy EESTIN-
il b 53 Sestisy bodazys o baguigw oaglS ayud pozan Shilws
» el (5)).0‘ UMJ‘)T 9 0B Azl La:‘o).uLin U"‘ » bLlsj )L:.S) Ewin
diabe by gae sz L Sy @y b lagguilSe ol &5 cunl oy s
sloyid 5l oslanl b pidlheil glagac lio gl js ail pidlhel
gac S dgzg s Jae cdo pueawd Ja ey g ey
S5 OT » oMiblgy wdls skl ly slalioyle> ‘o}::'."&n » phdlhel
yae b s2oy> sae (53903 sae glyieds g ol e st b Lol el
=hb @l Gilie glaedl (olo iy 38 J=e sl L) bl
I8 ee yse Glaghy ol 2 & 3de Mzl Loy labiolez erilSe
S22 58 glabolez 0380 padlibes (sl 330 LS @S 35 e
wa_u )J.S ‘&9‘[ —&9T 9 K —&9T ‘&9‘[ IR | eyl
Sl Jaate yielisS gae 45 1l Jolse

e 58 (slbraolez 5lSe (s piplhil Lbss dlacslyanls

WAY/O/YF edlys gl
WAV < G gl

varedi@shahroodut.ac.ir : Jgiuwe ssiumgs’

dodds -

P o gegie 5 bealls dba gllse lapiilse
3 Gy cadpie Sl olgen (gm lapiile b dunlio
(il &5 glaigSay cailessy Jlaysan phlasie 5 ghSdagh
0351 425l Mg ojlsen eille gul ledinr 5 b
Gk 3l b lealz 5 95 (w Jslaite glapsilSe 3wl
GLS o by G Jolas 5 (L) ) e glasl
3N uxlzj lJ uan a)—\?' and 93 L:b Lol .A.'L))Sua ‘J.n_«.m
pbd s gpiuw 4 deeiille >hb leg,9id 5
Gub il gleale g gy &5 Slasly caos g glagislSe
Wo3lSo ol (5Ll 31 S o Jistio 395 Gl 15 (Ll
dolie )3 39290 i 3 Uil (Sl Bi> 4 lyise
Cod (1jg OEel epiille gl jlige (Salw (Jgese SuilSe
3 i £l calls gl cole (Jseno saepilSe
L3l payieee 135 o)ldl Seid iz g w l han 5l il
Clopiuse 5 Ll 51 okl @ ¢lsige bemwille ol
Seillegn 9 Sy laapls «Seilyy «(Seileg xSy e
slazole 9 G glygwivw (Gies b ded D
GPhb 3 9 ey @ LS e bbb (esias
613605 )Ll Llsiz ¢ Llgs sbaesilse

caslse 95 hly 355 5 edgame 53 Lbhgs ehille So
LS5l B gl caegad ol S wizse cwl Ll Jalss
L5|)|'> lm‘a),ul.ia L’)ﬁ' U")b Lol 03y w‘.’m )qu uol'>

pde SiilSe udige (gl - (rale dolinle



VoS gl gute (S8 o 385 b Liiss sliaslez @3S ool

04 pasin a5 Shilay 8 wgline JS& 93 (¥ JSB

skl | by casde 93 lgie Ky 518 4l up sl oalnle
pay B2 (53933 agly sy By Jlagad cunl B us by wS
Slaie 95 By olgzs aygls sl 51 pols b el 43 39
2B 58 wyg0 ol 53 b aiils S92 ylag0d (555 02 sl lie
14554 054050 ladsb ST Gy el blss 0ulSe sll 4
o oyl caislad slogl |y ¥ S cosise 93 akilgn 5wl
9 huly SS o &5 (68 @98 SIS > & ssde gl
sl Lliss cuslse wilgises «(Ky 5i8) 3,550 )8 29y Sid
A8

wds g Gy oamdglid Slgie j Jawdly 5551 slaged
63l ggeme 1 piille S Jamdliy (551 2Bl @s8 ey
GRSl @520l (8,3 b slse s @ laSid 51 G e il
Jold i Jamiliy (6358) (oS Jumliy (6551 ki pae
Gy Joiliy (65531 1908 gy b 350 salss (SludS (555
93 Wlgie Eille (S 53 aeS 95 3929 9 (53959 4l
ik adls Ll cosdse

e300 g98 i b iz 5 Gdan 8 @90 il b
U|9JL:‘° (&97 —&97 9 S —&97 a&sT - K —Li«.l)
Lo g o 53 )1 gl 3l )h8 oy 3990 |y ilide @V
3 bl (336 (sln e <)l

$lalso)lez (slopssilSe glgil (suyy -F

S el s g Lasl Job s b slaliolez el
0hod bl alize 03l dios Yoz SIS eS gde gge
A 535 904 45 395 (50 Szl Lael JolSyue Ly JolS
(38l 30 ligS (yae e (i8g) S-S 05505 -

(3B (250l5S (5399 b (i89) Sigl - S 05ilSe -¥
(38U (50lsS (29y> e (1B9) S -Sigl 054l -V
(3Bl o 5elisS by gde (i89) Sl - Sigl 0515 - F
ShSese @l Ly gl piille 2hb cwl 2n
slasl ghys edgame s gy wly> wolate §9d slagjuilSe
S s alsl s el (6,508 5 wglite Sy ye s pjlSe
9 3560 L8 Gy e Blaz jsbay 358 (slasanaies
Gl i S8 gdge (s il 50 5 Ll eilSe >k
S gsae Jie o ahl b plejen ad slys elail o
b aelyd gyl i >l

S -&J pjailSe -)-F

230555 55 53 | o sladsb b epilSe
n=3cmnr,=4cm rn=55cm,,=5cm O
(83909 4wl jl gl g Siud Job il b cal o
cwd 438 ) s a4l (mleale Julxi b glyise
sl (63959 agls Ll b Lo adsl bl etz ) o]
Mg (50 (s ) Wy

Modares Mechanical Engineering

agli 9 77 b lngude Job opuizmas .l J55 3590 (diny sloyid
ol 00 o3l Lialed 0; b LT

Haio y 53 it 38 b slakoylez 055 (¥ S

3 )J.Mdl.hs_ﬂ 2lgi e 6|4.1¢A)LQ;3 ‘a).uLia slacl don Ay
3929 slboler 54K adbles sl Lol Lgd aid)S ks
s 3373 31 45 Gl 53 5 oleiS ooy (sl 51 G o
035 «Ban 550 518 oy e 390 SIS0 Lyis
5 by Blhsil gde oy b Gldgdy ool 53 oalnly
550 oobb @ wilihe Jolie 53 o 8 O gose

kg 032l 4y (alistuws -¥

I3 95 T el 53 518 ()T 55 oS ol (slangls B 3gde 08
GBg ol (el dsl caslse by Slbge adgl angli) 3l
Siloads hiye oo dy Gz 58 huwgl o (g9de 93 o 4l
LT 51 390 sho alazd ol 3 58 Juwdliy (55531 <39 B il
G cawd g cwl Joled edl> s 05l ccansy ol 3 &S
deban) weae glid cwglie 55 51 lSi) caslge sl
&y wasbse ol 13 Lh glawdl 51 So camait 53 (35 3529
Sl 39 et 033 SLL edls canl L3S his 5 w3
eolie a5 3,50 18 393 BT wdl> 0 Kos b b 585 ol
395 slaie ixeS 4y 503 b Wb e Joedly 350 503
oBL sl alate gy, 1 plsie §s8 Wy Gululy
ol a8y 515 4y gy Alie ol 53 .3y oslaiwl Ll casdgo 93
9 B8 @¥slas > @ 5L g 9 Siplel S)s pes
Lhss wysen ) (olsads dhoylez il o (lyie b
S >hb

B s @ Jate Sid 93 o gl ST eadsl gLl el s
0x> 3 b il egs sbb wdle sll (sl 39d easels
b Lol S 455 19550 S 93 s |y B gl 5503 5 395 w5y
pbe plon g8ly 3 &5 J8 cll @ cons wslate SIS0
2350 ldd |y Guis yugSee

2 2nSki 3 ) ler S 4 Jate ky 58 Jlie plsicd;
3180 cpaiiie By (hlay 5 3900 sanliie plgipe ¥ JS
wsli sl s eyl 43,5 )18 wgliie JSb 93 )3 Llgie
o2l 53 5 s 929 Llgs pl sl lize slaie 93 ¢ By olsxls
g1 wolyd Ll cusBae 93 los (il jI IS 93 ol g0

Volume 19, Issue 8, August 2019



(548 o118 5 (- Y5S(53)ly (tzmesgw Yobo

Ol (@3ile pow 5 g3 Joldo ;5 8 3925 Wz 5> his
Loy 3929 S-S wdl> 53 Llss (slalilez 0uilSe sl
933 b glabolez pile bl caslse 93 (Y jlaged .cuils
Ol (pjille pow 9 pgs holde 3 58 3925) 98 >
oled wedle 93 58 53 Jsl shb casige cul o2 230

el 038 gl cousBgo

Crank-Crank for K,

4, (deg)

0 50 100 150 200 250 300 350
ll o, (deg)

Crank-Crank for Kz
250

200
150
100

50

03-112 (deg)

=50 =
0, g0, ,=-96.32

e e T e e e,

501 2

-200
0

50 100 150 200 250 300 350
o, (deg)

Crank-Crank for K3

| 0, 05 o=65.02

,@
5 50
)
ot

250

0 50 100 150 200 250 300 350
0, (deg)

Crank-Crank for K,

0, (deg)

-150
0 50 100 150 200 250 300 350

0, (deg)
S-S el 5 philse alie Joolio (glaygly elpnass (1 5lagal
@ (K2) 093 Jado 30§48 dg>g (@ (K1) ng Jaio 3D 38 3929 [
(K4) pslez Juado 13 i 3525 (3 «(K3) pow Juaie ;3 58 3529

WAA 3l3y0 A oylad I8 0593

0,0=107",0; =100, =75 ™
3145 sabplan 390 418)S 418353 yho (aes S gl Lo
gas 4l Judsay @580 gl 53 035 patde laSi Job
JolS hed 295> 9 o8 lrgas el (yiolisS s
cblize Jade Jloz 53 Gl 58 @90 ynd b dalsl 3 il
33550 8 (s 330 Lilgd 0548180 slomyl (K3s3>

(K1) p3sl50 g Juain 53 518 39229 (I

FaS 5 e) A O Jabe )Y e 58 3529 W9 5
63909 sée dygl b 18 dwsly (e3lSe sl Juade) (5399
o2l 53 Lhiss ©3ilSe slaal (gl cazmuit 53 3gs sales bl
asli 51k 93 393> G JSow oy 1l el >
02 sy Oy 53903 oy b S youe f= 6,0 =107
e300 (63939 pde 39S Judsty o 390 ssmliie plgie
WS (50 3 5 Y90 gl 510G ks 395 S8y S S
e gl 53 Ky 38 by glgie oalnlis (A=Y lages)
S e syl Lligs edls

(K2) 54150 035 Juaio 53 518 3929 (2

Fas 9 (399 ac pw Jhade )3 o 8 3929 Wz
solgs jblie (B3 — 05) gl b 58 ansly «(p9> Jaio) by
e cedl> ol 53 Llgs pile slal (gl cdzat 55 o9
B =030— sl 3l ,b g 39> S IS Sy > 2k
02 czy (05 = 02) Jls9es oy b3S j9ue 0, = =97
IS S 55 e3le wedle ol 43 oS 39a3 sanlive plsie
9 63959 LSS o b B 4l 4L 9 Wilgie 393 5>
Kj 58 <8l glgie galply (@ =) Jasad) wlad sl by
QI ¥ Jlsgas S slal Llgs s oSl ~ K p3ilse 5
ele adgl casles U duwslie j3 1) egs LL wusdge
33 13 3925 o 53 g S-S el 5 (Js! bl cusdse)
Ao olid | €93 Jado

(K3) 05550 pous Juaiie y3 538 3529 (2

gas g bl gac g Jade 53 Ghan 45 3975 wyge
salgs bl (6, — 05) axgli b 56 gl (¥ Jabo) (29,
‘a)‘,,JLiA cedle ol 5 Lbgs ‘a)‘,,JLiA slowl (gl cdss §y Loy
B =040~ asl L 93 395> S JSaw oy b
02 Gy (04— 03) Jlsgas gy b a8 joue B39 = 65
IS S 55 e3ile e ol 43 S 39a3 sanlive plsie
9 63959 LS g b GG 4l 4L 9 Wilgie 393 Sy
2 K3 538 by lgie ol (2 ) olagad) saled skl by
o =Y ased e sl Llgs edls (S-S el
edl> 53 ol sbl casdse b dunlio )3 1) e3> Ll wusdse
A3 Ui g (ake )3 i3 3929 g 53 g S-S
(K1) 055150 osloz Jaao 53 518 3929 (3

gac g bl gac g Jade 53 Ghan 48 3975 wyge
gy salss jblite Oy gl b yi8 ausly (plez Jake) =9y
23 4k ile wedle ol 53 Lilgs @5uilSe slaal (gl s 5
S e f= 0, =75 asgli 51, 95 395 ISy JSow o
o & w8l plsie 0 cunmy By Jlasas o)ligs canlive b
(3= laged) widliped Gl 529 )3 e JolS plygs Judsds yel
sl blhigs wdlo 0jilSo ol 53 Ky 538 <8ly)s glsioe oalnly
(g M8 392y (sl blie camlge iz gl

pde SiilSe udige (gl - (rale dolinle



YN ppigubliamil gaie S8 o pssi5 s Ligss sllbaer 035150 oo

e 5l a5 sgai ssalie olgige B sy By laged pu
395 5 S S 53 0580 (53959 e 39S s
Ol (=W Jlagad) WiS(oe youe 5105 )90 dugly 51 LS Lais
skl Llgy el 0hile ool 3 Ky 58 el plsie

(K2) 54150 035 Juaio 53 518 3929 (2
@l b 93 355 SSH U S 53 b il cedle gl 5
)'.59;0.! D -y )'.59;0.! S 9 ﬁ = 9370 - 920 = _77°
S3gad ol @ dzgi b amse gLt |y B, sy (05 — 65)
AJ|9J(:AJ bbs) ﬁ).ul.i.o).u edl> U.J|).> 45.59A.| saliw U's.\ub

Crank-Rocker for K,

170
160 +
150 1
5 140
@
o
= 130
120 -
110
100 ]
90 - = = S o —— = ==
0 50 100 150 200 250 300 350
ol ?, (dea)
Crank-Rocker for K,
100
50
0
L 0, -0, =
5 50 3002077579
L e |
2
o100
To
= 150
-200
-250
-300 L
0 50 100 150 200 250 300 350
o 4, (deg)
Crank-Rocker for K3
160 ; T T T ;
140 -
120 -
2 100 0, o703 =94.08
e S e LT T T T T |
o
Ts 80f
60 -
40 -
20
0 50 100 150 200 250 300 350
z o, (deg)
Crank-Rocker for K,
180
=
<
2
<
50 100 150 200 250 300 350
s 412 (deg)

£ SisT ~ S el 5 ilSe Gilithe Joolie (glassly @it (¥ Jagal
@ (K2) 093 Jado 33 8 3929 (& (K1) Jg‘ Jaio 33 58 399 [
(K4) pslez Juado 13 i 3525 (3 «(K3) pow Juaie 3 58 3529

Modares Mechanical Engineering

Crank-Crank for K,

(14 (deg)

-150 - : ) - -
50 100 150 200 250 300 350
&l ¢ (Geq)
Crank-Crank for K,

250 T

200

150

100

650, (deg)
3

0y o0 =-96.32

(1.1} 7 e T e e
= 68,=107
150 02°9:32 X
-200 g e .
50 100 150 200 250 300 350
o f, (deg)
5 18
A
; 0+ B a !
Ay o} i
v
bi
#=83.68 (deg) ‘.l 'I
\i
i
iy
o - X X s
B -2 0 2 4 6
z X (cm)
5 § = S -
g B
i A
3.
2t B
> i
o} i
\ / A, B,
Ar i 7
HE #=65.02 (deg)
-2 v f
!
1!
-3 i
"- 0
-4 A
4 2 0 2 4 6
N X (em)

258 3575 wygo 3 S-S el 53 055150 (Ll umdse 5 (Y Jagad
$8 3929 (2 (K1) Jg) Jade 5 38 3929 (il 105518 pogw 5 pg> Jeolio
Jato 53 518 3575 (3 (K3) pow Jade 13 8 3525 (2 «(K2) 93 Juaie 5

(K4 plez

&9T - ﬁ)ﬁJKA -Y-¥

U 39y sinlgd ) wygoas piuille slosid Job wedls ol 5
igled sl 1) Kigl - S o3l aiilyy

rn =55cm,r, =3cmr; =4cm, 1, =5cm )
Lplys 5j wygod e adsl (sblgs 3959 4xgl Sl b
1d9d

0,0 =980 0=22",0,,=116 *)
(K1) p3sl50 5! Juaio 53 518 39229 (I

Se b @l wedls ol (LS wlxidgl 4 azgi b
LS jeae B =00 = 98" agls 1L 55 395 5S> S

Volume 19, Issue 8, August 2019



(548 o118 5 (Y5S(53l (Atzmassun YOV

B =030 = gl 51,k 93 3ilsise e5lSe Sy JSouw S5
6ol Llss @il Sy slal (l3 dais 53 . ayled youe 56°
ol oI5 Gl 5 gl 5 L cdls g5 oanlie .l (guns
cuwwledo

(K2) 54150 035 Juaio 53 518 3925 (2

lsice B2 cuwzy (B3 = 05) ylags quoy b o =0 Jlagad 53
b9 Wilgioe gas 93 G dugly cedle ol 45 aS 3905 camlice
3929 ot )3 3L iy ly B =6, — 0,9 = —=75.58" luie
- gl 055150 53 Lbigs wdl> ay yoxie Silgi0 093 Juaie 3 i
Gt 6ol blgs @uilse S slaul (blsd colpliy 39 S
el

blgj 5> Joled cusdsn 93 ol &5 @30 lds © -0 Hlagal
Slagal A0 Ey (6399 9 gac I B, = 9.94° 50, = 56°
A3e Gl (95 |y juile bl wdl> gy -

Rocker-Crank for K

16,5177

10,=-19.58

0,,=56
10 20 30 40 50 60 70 80 90
&l £

Rocker-Crank for K,
-20

-40 1
-60
| 0 005 o=-75-58

80}

-/, (deg)

' =100 |

[}

-120

-140 1

-160
0 10 20 30 40 50 60 70 80 90

o, (deg)

Rocker-Crank for K,

NoWw oW s
a & & 9
S & 6 &

[
=1
=3

0,0, (deg)

j
by

-, ,=88.79

0

50 /
Bl i g

0 10 20 30 40 50 60 70 80 920
0, (deg)

Rocker-Crank for K,
350 T T

300
250
200

150

0, (deg)

100 0, ,=69.21
50

0
50+

-100
0

10 20 30 40 50 60 70 80 9
N 0, (deg)

(] 18 - KgT el il Ciline Jolie (slasgls wlynsis (0 Jged
$83929 (7 «(K2) p93 Jabe )3 8 3925 (0 (K1) Jgl Jaie 3 5 3925
(K4) ooz Jraie > 58 3525 (3 (K3) pgw Jaie 5>

WAA 3l3y0 A oylad I8 0593

(K3) 030 pgus Juaio 50 318 3929 (2

395 Sy S Sa 53 b @il cedle ol 5 el e
Ologed gy b A joue B = 9470 — 030 = 94" aygli 51,0 93
el8e ;3 &5 3900 camlive lgie 0y cunmy (64 — 65)
Llgs wdl> pguw Juabe )3 (dony 58 3929 b Sigl -5
o2l 5> @k L casBse 95 (7 -V Hlaged) WSe sl
93y 53 3gad cdmlie Wl —F Hlagad j3 lgie Iy el
) 2o 9 bl Gl g ausly cosdioslsplas waslge
393 305> AF[A° il (313518 Juade (gl 53 iz 418

(K1) 055150 osloz Jaao 53 518 3529 (3

JSow S0 b 3l cedle gl 5 Liligs @308 skl (sl
sxmlive b S joue B =0, = 116" aygly 51,L 93 395> XS)>
2ol ol &5 el Glgie (3 -F lagad) Oy sy By ylaged
—F lsged by Gl Ailgie ey g (9 KigT Judse
9352 53 30 plid wdle gl 55 1) Ll waslse 93 5 ©
Gl jgme e gz 4 cund Hlez Si aly (Ll cusge
ol W52yl

sl cilie g0 ez o 5l (K9l -8 el )3z
9 pow Jolie )3 318 d929 wyso pd kS (dan 48 3929
ccdls solg> 3925 Lligs gldliolez @5uilSe sl oISl o)lez
@98 <l 93 5 ) (slabioylez ©5lSe Ll wamgo 93 . Hlagad
S350 lis (pjilSe 0z 9 pgw Jolio 53 435 3929)

B

5
. &
" A
-2
=1
0 Ag g
ii o
- 1
i #=94.08
2 i
N -
2 [ 2 4 6
all X (em)

5 3973 o 53 Sigl - Sl el 5 il Gl camBse 93 (£ slagad
(2 (K3) pow Juado p> 31 3929 (Al 1eiilSe 0oz 5 pow Joolis 5
(K1) polez Jaie 3 538 3929

S —&9T ﬁ)é.!l.in -¥-¥

b siSe s (slisSey 3ilSe (slacSid Job el ol o
sb cal Lgpty e adgs 1y, S -l silSe wilsy
engots Lacl Jgb edl> ol 5 48l o iolisS 1l o)lez S
Mg o Pl 53

rn, =55cm,r, =5cm,y;, =4 cm,1r, =3 cm (®)
g e 4id)S a3 55 ) g0t 5 S adsl sLls;

0,0 ="56"030=—-19,0,,=169 *
(K1) p3sl50 5! Juaio 53 518 39229 (I

camlive plgise (Al -0 Jlagal) 0y cuumy Oy Jlaged puy b
gée ol (s39)9 gde 39555 @ 4293 b > pal 3 oS 3943

pde SiilSe udige (gl - (rale dolinle



VO julpcillal gute 558 e 3 b Liss sllsaslezr @3S ol

;JASJ i weSee (cusBgo 93 ol a5 sy glias Ll
A e (53959 49l S sl

(K2) p5sl50 035 Jurin 53 318 3925 (2

sl 3 35 355 iS5 St S 4 gplSe cedlo
)'.5940.! (=] -y )'.5940.! JRVLY I ﬁ = 9370 - 920 = _70.110
S3gd ol @ dzgi b amse gLt |y B sy (05 — 65)
x'g)uo.t bbs) ﬁ).ul.in).u edl> U.J|).> 45.59A.| sdlive U|9)L:‘°

Rocker-Rocker for K,
180
170
0,=168.92
160 -
150 - !
D 140
=)
<t 1307
120
110
100 b, 62
90 - ? - L " |
0 20 40 60 80 100 120
. a.,, (de
&l , (deg)
Rocker-Rocker for K,
150
|
1oni
50|
|
5 O
3 |
) |
~ -50|
=7 100 | 0, 5705 ,=-70.11
150 f
|
—ZDOI-
250 - L L L L
0 20 40 60 80 100 120
) 0, (deg)
Rocker-Rocker for K3
400
350
300
5 250
)
R
e 200
=7 150 0, 0y ;=101.78
100
50 /
0
0 20 40 60 80 100 120
6., (deg)
z 2
Rocker-Rocker for K 4
180
170
160
150
P 140
=
< 130
120 = 4,=23.35
0, ,=113.87\ 2
110+
100
S0 . . . L L |
0 20 40 60 80 100 120

o, (deg)

(z (K2) p9> Jraie 1> yid 3329 (o (K1) Jy! Jaie 13 118 3925 (&I
(K4) pslez Juado 13 i 3525 (3 «(K3) pow Juaie 3 58 3529

Modares Mechanical Engineering

5r
n
‘13'
=
1l
ol
0 1 2 3 4 5 6 7k
| X (em)
al
3!
s 2f
s
P

[ X (cm)
5 3973 o 3 S -SKigT el 53 @il Gl casBae 93 (1 l39a3
3925 (2 (K1) Jsl haie 53 58 3929 (Al 10ilS0 093 5 sl Joolan 5>
(K2) pgs Jraie 43 8

(K3) 0345150 pgus Juain 5 538 39279 (2

lsice (& =0 43903 By camy (B4 — 03) Hla905 puny b
2 Gz i 352y (S -Sigl 05uilSo 434S 3903 osliie
S S @3l 9 wSed slal blhigs wdl> cogu Jado
B=0,,=030=88 agli;l ,usSy kis 395 Sy
)).‘}fua

(K4) p5:5550 ooz Jeain 53 538 3923 (3

Laél‘J)) O's‘)ua 92 > 3 94 )'.5940.! s liw Lj PRA )'.5940.! Bl
38 ez Jdaie 3 iz 58 3929 (S - Sisl 050l5e 3 &8
395 5> S S iuilSe 9 aSed sl Libgs >
2 et 3 580 =0, =69 ayly 5l Ly has
9 ‘J9| ‘J.»ol.:m)))_us 399 Wyguo yd his g R —LijsT edls>
s2ls> 3929 Loy glabiolez o500 skl Sl (pjuilSo 095
93 5 |) 6'4.1.\A)|.Q;> ‘a).ulS.a (_gbb pu.s.ssA 93 At )|.>9A.'| )y
S -SigT 055050 (93 9 Jgl Jolia 13 58 3529) §9d wdl>
S350 plaled (>4

&9T—&9T ﬁ)é.!l.in -F-¥

030 Bl oyiolisS b @3l by gide wedls ol 5
4yl sLlgs 9 el gl Jsb 3gd adys SSgl - SSg
el 523 eygod piilSe

rn =55cm,r, =4cm,r; =3cm, 1, =5cm Q0]
g0 45,5 5515 1) epots 8 i) 4yl (slss
0,0=182,0,,=12",0,, = 113.67 )

(K1) p3sl50 5! Juaio 53 518 39229 (I
USG5 g ol (63959 pde 39 SSgT 4 4293 b >
sz =0, 0 =82 ayly 51l 93 Slgie ilse Sy
ol 53 Lligs @iile SO sloul douc js (1 -V jlagead) saled
A Jlsged 53 Ll cdls 53 umlie ppizmed sl idd el

Volume 19, Issue 8, August 2019



(S aSdoeys -0
@z 53 bilgs glabogle 0l =hb 4 Glegl ol 5
potie (oluly (piydlhsil sae G L Jate S LS 3925
Juado by gace (g pisdlhsil el oads ablyyy Gwiid jwsSse
Gilwdad Guizy 38 G 5l oslaiwl b PRBM Juo oluly
- C,Jb)b 45.3&.)(:4 ULI.MJ \ ‘Js.k?)) é)‘.u oM )94»(:4

U yie Slgie pow 9 93 Jolie ;5 iz 8 3929 (S
M 392y Sl - wlls 3 puizen 3gd Llgs el
233929 (S -Sigl > 13 o)lez g pow Jolio 53 iz
(Kol - Sl wdl> )5 caled )3 9 093 5 Js! Jolio ;3 (biomny
hb @ Sl plez 9 Jsl Jolie )3 ioun 58 3929
3l sl conilandly Wl dudiy 53 5 delxily Lbgs eiuilse
23485 8l lyiee 398 @l up b et piaolSel bhgs
Lhes @il glie G i slaboler il S
drato b g ghy (Joloe 58) oadiSola i3 o 3ga3 sl

Sl Jate 0558 3olisS gde 4y pipSlhsil

caol ot Gl Akl (S3 j1 ($3,90 131345 g St
oele colled Jol> dlie Gale wlhgize :(SUS qagls
el B syl oage i Ll § wovo g 0390 Ak

3 glojlo b udlie (3)lal sSaun yol> allio :gdlio (ylas
3l ol

035,55 (s oskugi) (2Y5S(s3)ly rrizmodaw oS aiunigl pgus
BB (%Yo o 0x3,K/ Lol Simgial (wlish gyl dosie
Skl (S8 Sitmgfldorio 013,55 ((pgd orkunigi) (58
(%Y bl

wenol ot Gl (B aiuag bugd (63,90 1lle gylie

&lio
1- Falahian M, Daniali HM, Varedi SM. Optimization of Hs4
parallel manipulator using genetic algorithm. In: Kiigiik
S, editor. Serial and parallel robot manipulators-
kinematics, dynamics, control and optimization. London:
IntechOpen; 2012. pp. 401-416.
2- Varedi Koulaei SM, Daniali HM, Farajtabar M, Fathi B,
Shafiee Ashtiani M. Reducing the undesirable effects of
joints clearance on the behavior of the planar 3-RRR
parallel manipulators. Nonlinear Dynamics.
2016;86(2):1007-1022.
3- Varedi Koulaei SM, Daniali HM, Domiri Ganji D.
Kinematics of an offset 3-UPU translational parallel
manipulator by the homotopy continuation method.
Nonlinear ~ Analysis Real = World Applications.
2009;10(3):1767-1774.
4- Jensen BD, Howell LL. Identification of compliant
pseudo-rigid-body four-link mechanism configurations
resulting in bistable behavior. Journal of Mechanical
Design. 2004;125(4):701-708.
5- Howell LL. Compliant mechanisms. New York: John
Wiley & Sons; 2001.
6- Pucheta MA, Cardona A. Design of bistable compliant
mechanisms using precision-position and rigid-body
replacement methods. Mechanism and Machine Theory.
2010;45(2):304-326.
7- Parlaktas V, Tanik E. Single piece compliant spatial
slider-crank mechanism. Mechanism and Machine
Theory. 2014;81:1-10.
8- Pei X, Yu ]J. ADLIF: A new large-displacement beam-

WAA 3l3y0 A oylad I8 0593

(53438 o318 9 (¥gS(63)ly (aimadsuw VoOF

Y (em)

Y (em)

o X (em)

5 3529 wygo 33 Kl - Sigl edl> 53 050l5e (Shily casBse 93 (A ylagad
ms (0 (K1) sl ko > 5 3379 (G 3655050 gl 5 sl holie
(K4) oz Jaio ;5 58

(K3) 0343150 pgus Juain 5 538 39279 (2

Olsie (& -V Jlssed) By cunmy (B, — 03) Jlagad ey b
2 Gl 38 3929 (Sl ~ KT 03l 55 oS 905 osliie
S S @3l 9 WSed slal blhigs el cogu Jado
B =040~ 050 =10178" ayl; j| LSy his 3> 5>
3380

(K1) 055150 osloz Jaao 53 518 3929 (3

IS K253 b jilSe cedle gl 53 Lligs e sl (s
LS e =0, =113.67" ayli 51 ,b 93 395 X
& ey plsise (3 -V lagad) By sy By 5lged osmlive
Aidy gl Wlgie G2ess pae 3pSigl s el ol
A230 glid @l ol 5o | b casBae 9350 & =V lagad
deolio 13 58 3929 @z 53 «Sigl - S wdlo s Syl ams
bhos Glbolez lSe skl GlSel cpjuilSe oilez 5 sl
ele bl casige 93 A el cidls swlys 3929
(plz 5 sl Jolio 13 18 3925) @58 wdl> 93 3 ) slabo)lez
Ao oldd

elSe alize cdl> bz 5d baylaged Gy I Jol> s
olid Joaz ol el oad ao¥E ) Jouz 5y glabolz
Jaie 93 i 55 i 35 3929 (V> 51 S0 )3 &S s3 0
V sz bt e b bled slol Lbss @l Silgie (2Yy)
@ P8 8 glaboler el Sups &S @by lyise
draite 05080 S (g yiolisS 4y 45wl bibigs wusdgo sl
Aaska

o yi8 bauwgs L casdse slaul oy (1 Jgaz

Ks 58 K3 8 K2 8 K1 ;8 ﬁ),ylia &lsil
x Lbss  Lbgo . S -
Lhss Lhss . . Sl - S
x x Llss Lhso S - Kol
Llgs x x Llgs Sigl - Kigl

pde SiilSe udige (gl - (rale dolinle


https://www.intechopen.com/download/pdf/34410
https://www.intechopen.com/download/pdf/34410
https://link.springer.com/article/10.1007/s11071-016-2942-7
https://link.springer.com/article/10.1007/s11071-016-2942-7
https://link.springer.com/article/10.1007/s11071-016-2942-7
javascript:void(0)
javascript:void(0)

YD pgcdliani gie (558 e 3t b e slelsasler p3stSe o

bistable behavior [Dissertation]. Provo UT: Brigham
Young University; 2003.

16- Fazal I, Elwenspoek MC. Design and analysis of a high
pressure piezoelectric actuated microvalve. Journal of
Micromechanics and Microengineering.
2007;17(11):2366.

17- Schomburg WK, Goll C. Design optimization of
bistable microdiaphragm valves. Sensors and Actuators
A Physical. 1998;64(3):259-264.

18- Yang B, Wang B, Schomburg WK. A
thermopneumatically actuated bistable microvalve.
Journal of Micromechanics and Microengineering.
2010;20(9):095024.

19- Baker MS, Howell LL. On-chip actuation of an in-
plane compliant bistable micromechanism. Journal of
Microelectromechanical Systems. 2002;11(5):566-573.
20- Howell LL, Midha A. Parametric deflection
approximations for end-loaded, large-deflection beams
in compliant mechanisms. Journal of Mechanical Design.
1995;117(1):156-165.

21- Howell LL, Midha A, Norton TW. Evaluation of
equivalent spring stiffness for use in a pseudo-rigid-body
model of large-deflection compliant mechanisms. Journal
of Mechanical Design. 1996;118(1):126-131.

Modares Mechanical Engineering

based flexure joint. Mechanical Sciences. 2011;2:183-
188.

9- Rezaei A, Akbarzadeh AR. Influence of joints flexibility
on overall stiffness of a 3-PRUP compliant parallel
manipulator. Mechanism and Machine Theory.
2018;126:108-140.

10- Oh Y. Synthesis of multistable equilibrium compliant
mechanisms [Dissertation]. Ann Arbor: University of
Michigan; 2008.

11- Howell LL, Rao SS, Midha A. Reliability-based optimal
design of a bistable compliant mechanism. Journal of
Mechanical Design. 1994;116(4):1115-1121.

12- Jensen BD, Howell LL, Salmon LG. Design of two-link,
in-plane, bistable compliant micro-mechanisms. Journal
of Mechanical Design. 1999;121(3):416-423.

13- Chen G, Gou Y, Zhang A. Synthesis of compliant
multistable mechanisms through use of a single bistable
mechanism. Journal of  Mechanical Design.
2011;133(8):081007.

14- Masters ND, Howell LL. A self-retracting fully
compliant bistable micromechanism. Journal of
Microelectromechanical Systems. 2003;12(3):273-280.
15- Jensen BD. Identification of macro- and micro-
compliant mechanism configurations resulting in

Volume 19, Issue 8, August 2019


https://www.sciencedirect.com/science/article/pii/S0094114X17312442#!
https://www.sciencedirect.com/science/article/pii/S0094114X17312442#!
https://www.sciencedirect.com/science/journal/0094114X
https://www.sciencedirect.com/science/journal/0094114X/126/supp/C
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=84
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=84
http://iopscience.iop.org/journal/0960-1317
http://iopscience.iop.org/journal/0960-1317
http://iopscience.iop.org/volume/0960-1317/17
http://iopscience.iop.org/issue/0960-1317/17/11
https://www.sciencedirect.com/science/journal/09244247
https://www.sciencedirect.com/science/journal/09244247
http://iopscience.iop.org/issue/0960-1317/20/9

	839-FP
	Text-839



