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THE KINEMATICS MECHANISM WITH A GROUP

OF ASSUR IV CLASS SECOND ORDER

1. Introduction
Let us consider mechanism of high class with a group of Assur IV classes of second order.

Research on kinematics similar mechanisms shows the presence of various graphical and
numerical methods for the analysis of positions. There is another method of kinematic analysis
of such mechanisms [1]. The essence of it is this:

- one link in a closed contour will be selected as the rack;
- the movement of mechanism is considered relative to the selected rack;

- the angle formed by this rack and neighboring links mechanism is used as a variable
parameter;

- s0 in relative motion the previous mechanism turns into class II six linkage;
- therefore, the previous mechanism in relative motion is converted into a simple structure;

- kinematic analysis of the provisions of the six-membered mechanism of class II is well
known;

- after determining the mechanism of the provisions of Class 2, its provisions are converted
to the true provisions the mechanism of Class IV. For this purpose, the transition from the
relative motion in absolute motion.

2. The kinematic model of the mechanism

Consider the application of the proposed method. Consider the mechanism of high class
with a group of Assur IV classes of second order: a) with the rotational kinematic pairs (Fig. 1)
and b) with one external slider (Fig. 2).

Consider first the mechanism of high class with a group of Assur IV classes of second order
with the rotational kinematic pairs (Fig.1a). Coordinates racks O; and Os and the length of links

Lok leas Lec, Lac, Las, Lcp, Lap, Lso,, Ipo, are given. We solve the problem of finding the
"initial" positions. We are looking for the relationship between the coordinates of the points A,
B, C, E, D, and ¢, angle.



Figure 1

Element 2 mechanism will be considered as the rack. Consider the mechanism relative to the
coordinate system A-x-y. Relative coordinate system A-x-y associated with an item 2. Axis A-x
passes through point C. We take the angle ¥ between the elements 2 and 4 as a generalized
coordinate (Fig. 1b).

We find the position of point D. For this we define the angle ¢\, . Index “®” means that for

a rack is taken element 2 (Fig. 1b): qD(z) (Pfgzc) + (Dge)u

Join the points B and C variable vector [,. . It is like: Xc=/,,y.=0,

Yc — Vs
Xc — Xp

Xg=1p-cO8W,y, =1, siny , [y = \/(xc _xD)z + (Ve _yD) @ézc) = arctg[ } Find the

I*sc + 1780 —1*cp
2130 'ZBD

the position of the point B in relative motion is determined by the formula:

angle Pwp = iarccos{ } Where the sign £ gives the assembly B-D-C. Then

Xp || Xp cos(py) .. : .
= +1y - )+ | - To find the position of the point Os we shall determine the angle
Yol LVs sin(@y),

@ . 2 2) 2) @ _ Yp~ Vs
Pso,: Pso, = Psp Y Ppso,, Psp = arctg{x . j|
B

2 2 2
Lsp * Lo, ~ o, ] , where the sign  is determined by the assembly of D-B-

Do, = Tarccos
BD '1305

Os. Then the position of the point Os in relative motion is determined by the formula:



)
X cos
? } + 1o, [ (@5 } . We now define the angle @z : @iy

2 2 2
s 2) 2 _ iarcco{lw +lAE _lCEi|
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X, {
Yoo| vsl " [cos(ey
, where the sign * is determined by the assembly of C-A-E. Then the position of the point E in

X COS 2)
[A}rl [ @cu }.Findthe length of

2
v, (2)

relative motion is determined by the formula: { }
Ve coS(Pcyz

2

the elements: /,, :\/(x 3 + (o, = ¥5)" 5 Iy :\/(xoj -1;) +(y5, - 7). To find the location of O, we

G . @ _ 0 e @ _ Ye ~ Yo, ?)
the angle (0050l : (0050] = (DOSE + q)1€050l ) (DOSE - aFCtg|: Yo —X% :l’ EO50
E o,

will determine

1205 +I(i,os _lé]E . . .
, where the sign £ is determined by the assembly of E-Os—O;. Then

== arccos{

21505 '10105
determined by the formula:

the position of the point O; in relative motion is

Xo, Xo, Sin(sﬁéfél )
= oo, * @ |-
Yo, Yo, COS((POSOl )
We now turn to the absolute motion in the coordinate system O,-X-Y. Use the formulas of

transformation from relative to absolute motion. The angle between the abscissa axes in relative

. . 2 2
and absolute coordinate systems is: & = quC) —(D(Olé5 .

Let's define the true coordinates of the points A, B, C, D, E:

X, =(x,—x5)cosa+(y,—y,)sina Xy =(x5—x4)c0sa+(yz =y, )sina
Y, =(x,—xp)sina+(y,—y,)cosa ’ Yy =(x3 —xp)sina+(yz =y )cosa
X, =(xp—x5)cosa+(y, =y, )sina
Y, =(xp —xp)sina +(y, =y, )cosa

Xeo=(xc—xp)cosa+(ye =y, )sina
Yo =(xc —xp)sina +(ye =y, )eosa ’

Xy =(xp—xp)c0sa+(y; =y, )sina
Y, =(xp —xp)sina+(y; —y, )cosa

Consider the mechanism of high class with a group of Assur IV classes of second order with

one external prismatic pair (Fig. 2a).



Figure 2

Coordinates racks O in O-X-Y, angle & and length of links /oa, /s, ! an, /80, {Bc, IDE, IcE
of the mechanism are known. Translational kinematic pair P moves along a line parallel to the
axis O-X. We solve the problem of finding the "initial" positions. We are looking for the
relationship between the coordinates of the points A, B, C, E, D, and ¢, angle. Element 5
mechanism will be considered as the rack.

Consider the mechanism in E-x-y coordinates. Coordinate system E-x-y that relate to the 5.
Axis E-x passes through point C. We take the angle ¥ between elements 4 and 5 as the
generalized coordinates (Fig.2b).

Join the points D and C variable vector [, . It is like: X.=l;c,yc=0,

. Ye— )
Xp =lpp-cosy,y, =lp;-siny [, = \/(xc ~x) + (e =yp) Ppe = arctg{ﬁ}
c~*p

«(5)

where index means that for a rack is taken element 5 (Fig. 2b). Let us determine the angle

IPsp +17pc — 3¢

lDC lBD

o) :J_rarccos[ ] where the sign + gives the assembly A-D-B. Then the

y - . o Xyl |x cos(@py 9
position of a point in the relative motion is given by: { A} :{ B} +1 [ . G) (A;))B . The
Y4 B SIN(@pp £ Qg

equation of a circle centered at the point A and radius ,, is: (x—x,)>+(y -y, =1,,. The
equation of the line passing through the point (x;, yi) and forming with a given line y = k;x + b
given angle & is:

—(x-x), (1)



Then the equation of the line passing through the point F (-/,;, 0) at an angle @ of the given
line y = 0 passing through the points E and C the system E-x-y is:

y=tiga(x+1,) (2)

To find the point of intersection of the line with the circle, we substitute equation (2) into (1)
and obtain a quadratic equation for x: (x -X, )2 + (ir tga(x +1 )— Y, )2 =1}, . Solving this equation

using the formula (2) we find the coordinates of the fixed rack O(X,,yo).

Now comes the absolute motion in a coordinate system OXY, using the formula for the
transformation of the relative motion in absolute motion.

We find the true coordinates of the points A, B, C, D, E and angle ¢, to a predetermined

angle V¥ :
X,=(x,-x,)cosa+(y,—y,)sina Xy =(x;—x,)cosa+(y,—y,)sina
Y,=(x,—x,)sina+(y, —y,)cosa ’ Y, =(x;—x,)sina+(y, —y,)cosa

Xe=(x.—x)cosa+(y.—y,)sina |X,=(x,—x)cosa+(y,—y,)sina
Y. =(x.—x,)sina+(y.—y,)cosa ’ | ¥, =(x,—x,)sinad+(y,—y,)cosa

X, =(x;—x,)cosa+(y,—y,)sina
Y. =(x,—x,)sinaa+(y, —y,)cosx

According to the obtained values of the coordinates of points A (XA, YA), B (XB, YB), C
(XC, YC), E (Xe, YE), D (XD, YD) in the coordinate system OXY find angles links of the

mechanism.

3. Example

As an example, consider the following values of parameters of the mechanism (dimension:
m, sec) coordinates of the rack: X, = 0.0, Y, = 0.0; lengths of the links Los = 0.17 m, Lsp=0.20
m, Lag=0.17 m, Lgc= 0.50 m, Lpg= 0.39 m, Lcg= 0.20 m, Yg=-0.12 m, Y= -0.05 m; the angle &
= 0.0°, the angle between the links Lap and Lyg of the link 2 is B = 88°. Let us take the value of

the angular velocity of the crank 1 as @, =200 sec™. The crank 1 makes full turn rotation.

Figure 3a shows the movement of the points B, D links 2 mechanism, the movement of
points C, P, E the slider 5 mechanism. Figure 3b shows the velocities of the points, the angular



velocity and angular acceleration mechanism links. Figure 4 shows the acceleration of points
links mechanism. These parameters are obtained for one complete revolution of the crank.
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Figure 4 — Acceleration of Points

4. Conclusion

The author developed an analytical method for finding the "initial" provisions of the
mechanism of high class with a group of Assur IV class of second order in the classification
[.Artobolevsky : a) with the rotational kinematic pairs (Fig. 1) and b) with one external slider

(Fig. 2).
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(AnMaThl TEXHOJIOTHSI YHUBEPCUTET], AJIMATHhI)

EKIHIIT KATAPJIBI IY KIIACTBI ACCYP TOBbIHBIH MEXAHU3M/IEP
KMHEMATHUKACDI

KKM >xofapbl KiacThl MeEXaHU3MJAEpP KHHEMaTHKachl OOWBIHINA Talfay KepCEeTKEHIEH,
OJIapbIH JKaFAalIapbl-HBIH KWHEMATUKAIBIK TalJIaybIHBIH OpTYPJi TpadUKaIbIK jKOHE CaHIIBIK
onicremenepi >kacanabl. JKKM KuHeMaTHKa-JIBIK TajJayJIblH CaJbICTHIPMANbBI dfici i KyHIre
anpikTanMarad. ABtop JKKM sxarnmaitiapblHBIH KHHEMATHKAIBIK TaJlJayblHA €pEKIIe o/IiCTeMe
xacagpl. Onm Oyn ecenti keibip KKM yimiH canbICThpManbl TypAe, al KajJFaHAapbl YIIiH
KaparaibIM €CeNTey apKpUIbl IIbIFapAbl. byHbl aBTOp KanblnThl TaraH anMactelpy KTA nen
atajpl. OHBIH MOHI MBIHAH/AM:

- MEXaHM3MHIH KanbinThl Tipey perinae KKM KypamblHa KipeTiH TYHBIKTBI KO3FalIMallbl
e3repMelti KOHTYpIbIH O1p OyBIHBIH KOJIIaHyFa 00aibl;

- OCBI KaObUIIaHFaH Tipeyre OailaHBICTBl MEXaHU3M KO3FaJIbIChl KAPacThIPBLIA/IbI,

- JKacaJfaH KaJbIIThl TIPEYAlH JKOHE apajac TYHBIKTHI KO3FalMallbl ©3repMelli KOHTYPAbIH
0ip OyBIHBIHBIH ©3TepMeIi MapaMeTp peTiHae OYpHIITHI alyFa 00Jaib;

- MEXaHHU3M, OChUIAl CaJNBICTBIPMAJIbl KO3FalbIChl apKbUIbI KapamailbiM KYpbUIbIMFA, TYpre
anHanaabl.

- MEXaHU3MHIH KapamaibIM Typre aiHaiybl YIIIH MEXaHU3M >KarJaiIapbIHbIH TallayblH
xKacay Kaxer,

- KQJIBIINTHI TIPEYIiH KO3FAJIBICBIHBIH aWHAIYBl TIPEYAiH aOCONIOTTIK KO3FaIbIChIHA
OaiiIaHBICTBI, MEXaHU3MHIH TaObUTFaH CAJIBICTBIPMAIBI XKaFAalibl HAKTHI )KaF/1aiiFa aifHaIa/bl.

ABTOp YCHIHBUIFAH a) alHAJIMAJIbI KYITapMEH, JKOHE 0) CBHIPTTaH TYCIPUIreH Oip JKYIIIeH

Kyl Tanjgayra apHaJFaH oJICTepJl eKIHII KaTapibl TOPTIHIII KIACThl aNThIOYBIHABI Ka3bIK
MeXaHU3M cyslenepinjie Kauai naiganaHyabl KOPCETKEH.

Mpican periHzme ekiHmi kKarapiasl 1Y KJIAQCTBl CHIPTKBI CBIPFAKTBl HAKThl MEXaHU3M
KapacTbIpbUIFaH. HykTenepiH HaKTbl OpbIHAAPHI, OJIAPAbIH KbUIAAM/IBIKTaphl KOHE OYPBIIITHIK
KBUIIAMJIBIK YACYJIEpl KOHE yAey peTiHae | MeXaHM3MHIH JKETeKIIl alHalIIarbIHBIH TOJBIK
alfHaAJIBIM/IBI aiTHATYBIHBIH OYPBITITHIK OPHBI alibiHFaH. Coiikec rpaduKTepi albIHFaH.

Ocputail aBTOp a) aifHAJIIMAIbI )KYNTAPMEH, kKoHE 0) CHIPTTaH TYCIpIreH Oip >KYIIEH eKiHII
Katapisl 1Y kmacersr mexanmsmuep yoricinae JKKM OybrHIapbIHbIH OacTankel KYHIe opHajiacy
onmicin 3eprereH. On KapamailbIM Tanjgay apKbUIbl OChl MEXaHM3MIEpPIiH OybIHIap KYHiHIH
COMKECTITH TaIlThI.

Kiar ce3nep: kunemrtuka,lY MexaHusm; Kyi, Tipey.
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KUHEMATHUKA MEXAHU3MA C I'PYIIIION ACCYPA IV KJIACCA BTOPOI'O
I[TOPA KA

Ananu3 paboT MO KMHEMaTHKE MeXaHU3MOB BbICOKMX kiaccoB (MBK) mokaseiBaer, yto
pa3paboTaHbl pa3aMyHble TpapUUecKue U YUCICHHbIE METOAMKM KMHEMaTHYECKOro aHalu3a MX
nojoxeHuid. Ho aHanmuTHUecKUX MeTon0B KMHeMaTHuyeckoro anaimm3a MBK no cux mop He
CYIIECTBOBaJIO. ABTOPOM pa3paboTaH OPUTMHAIBHBIA MOJIXOJ KHHEMaTHYEeCKOTo aHaju3a
nonoxkennii MBK. On ananuTmuecku pemaer 3Ty 3agady ansi Hekotopelx MBK, a nmns
OCTaJIbHBIX CBOJUT 3Ty 3ajady K Oosee mpocTbiM perieHusiM. OH Ha3BaH aBTOPOM METOAOM
ycinoBHoU 3ameHbl cToiku (Y3C). CyTh ero 3akiato4aeTcsi B CIACAYIOIIEM:

- B Ka4CCTBC YCHOBHOﬁ CTOMKH MeXaHH3Ma BBI6I/IpaeTCH OJHO H3 3BCHBECB ITIOABHIKXHOI'O
3aMKHYTOI'O UBMCHACMOI'O KOHTYpPa, BXOAAIICTO B COCTAaB MBK,

- IBIKEHUE MEXaHMU3Ma paccMaTpUBAeTCs YK€ OTHOCUTENIbHO 3TOM BHIOPAHHOM CTOMKY;

- B KQ4eCTBE M3MEHSAEMOro mapamerpa OepeTcsi yroj, o0pa3oBaHHBIM YCIOBHO BBHIOpaHHOMU
CTOMKOW M CMEXHBIM C HE 3B€HOM IOJIBUKHOI'O 3aMKHYTOI'0 U3MEHAEMOTO KOHTYpa;

- MEXaHU3M, TAKUM 00pa30M, B OTHOCUTEILHOM JIBIXKEHHUH MPpeoOdpa3yercs B OoJee mpoCcTyro
CTPYKTYDY,

- AJI IIOJTYYCHHOTI'O MCXaHU3Ma Ooiee HpOCTOfI CTPYKTYPbI IPOBOAUTCA aHAJIN3 HOHOH(CHHﬁ;

- WU HakoHel, OOpalieHHueM JBUKEHHUS YCIOBHOM CTOWKH OTHOCHTEIBHO CTOMKHU
aOCOJIIOTHOTO JIBM)KCHUS, HaWJIEHHBIC OTHOCHTEIIbHBIE TTOJOKCHUS MEXaHW3Ma MPHUBOISITCS B
HCTUHHOE IT0JIOKECHHUE.

ABTOpPOM TOJPOOHO MOKA3aHO MPUMEHEHHE TPEeAIaraeMoro crocoda aHaiam3a MOJIOKESHUH
Ha CXeMax IUIOCKOrO HIECTU3BEHHOIO MEXaHM3Ma 4YETBEPTOro Kiacca BTOPOro IMOpsika: a) ¢
BpalllaTeIbHbIMU IIapaMu U 0) C OJHON BHEIIHEW MOCTyNaTeIbHOM Mapo.

I[HH npumMepa paCCMOTPECH KOHKpCTHLII\/'I MmexanusM IV knacca BTOpPOI'O NopsAAKa ¢ BHCUIHUM
IMOJISYyHOM. HonyquH KOHKPCTHBIC IIOJIOKCHHA TOYCK, MX CKOPOCTU U YCKOPCHUSA YTJIOBBLIC

CKOPOCTH U YCKOPEHMs KaK (PYHKIMH YIJIIOBOTO MOJOXEHHUS (), IMOJHOOOOPOTHOTO BpAILECHUS

Beyuero kpusomuna 1. J[aHbl COOTBETCTBYIOIIHE TPAPUKH.



Takum 00pa3oM, aBTOpOM ampoOUpPOBaH METOJ HAXOXKICHHS "HavyaJbHBIX'" IOJIOKEHHM
3BeHbeB MBK Ha mpumepax mexanusmoB IV kiacca BToporo mopsjaka a) ¢ BpalaTelIbHbIMU
napamu 0) ¢ BHEIIHUM NOi3yHOM. OH MO3BOJMI 00Jiee MPOCTO B aHAIUTHUECKOM BHJIE HAWTH
COOTBETCTBYIOIIME MOJIOKECHHS 3BEHbEB ITUX MEXAHU3MOB.

KaroueBnle cioBa: KHMHCMATHKa, MCXaHHU3M v Kj1acca, I10JIOKCHUC, CTOMKA.
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