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CAC CONG THOC XAC DINH DAC- TINH HINH - DONG H{)C
AN KHOP BANH RANG CON XOAN

PHAM VAN LAP, PHAM VAN BAC

“frong nhida phuwong phap [2], (3}, xdc dioh nhng dic tinh hinh — déng hoe cda
cée cip b8 mit ring &n khép, phuong phap [1] 6 ra thoan loi, 1hi theo phuong phép
nay c4c dic tinh hinh — ddng hoc &n khép c¢é thd xidc dinh theo cdng thie ché khong
phii gidi cdc hé phuong trinh phic tap ma &) hoi tu khi gidi chking phu thade tong
treong hop cy th® nhu che phwong phap truge day.

‘Ung dung phuong phiap péi 1rén cho tridmng hop che truydn dong bhnh ring cén
xodn, trong bai nay khio sil quad trinh ddng hoc 4n khép cda ching va nhan dwge che
cdny thire x4c dinb ddc linh hinh — déug hoe.

Bi (Am vide d6 ching ta lan legt kblo sit qua trinh déng Loe khi cft cac banh
ring 1 va 2, tire 1 bai qua trinh #n Lhép gitta edc wat réng i (i = 1,2) va mit ring
sinh Zx (k = F, P) 120 ra ching. Sau d6 tién hinh x4y dyng md hinh &n khép gita 21
va 22, T8 fir dfy thiét 1ap ehe quan h¢ hinh — dfng hoc #n khop cha ching.

Khi kbdo sit qua trink #n kbop cla mdi clip mit ring (trong s6 3 cip mit ring
néi trén) ching ta d2u doag chung mot tam dign T (_n, P—, 15) Vi B — veeto phap

tuyfn don vi, P va P — cac veeto don vi theo hai phuong vadng gée voi nhau cung
nim trong mit phiing (idp xdc cla cic b2 mit tai didm chung M. Piah efn tam
dign T gin lién v&t M. Khi M chuy3n djch theo dwdng ti€p xfe cha cip mit riog,
cae théng sé tI(_f)ug hoc trong chuyin ddng twong d&i ela fam dién T tren mit ring
s (hdn anh c4e ddc tinh hinh hoc ella mil ring dd¢ va kbl bigt quy ludt .chuyén
dong lucrng d6i cha hai mit rEug véi nhau thi 2oan todn ed the xde dinh cic ddce iinh
* hinh hoe clia mat rdng thT bai ma khéng ciin biél phuong irinh mit ring nay. Phuong
phip 46 che phép thidt lip dwge cic quan hg hinh — d¢ng hoe 4n kadp trong trudng hop
phie tap nba banh ring con xofin. _

§1. CAC THONG SO PONG HOC AN KHOP BANH RANG
CON XOAN TRONG AN KHOP MAY

An khép may 1a qué trinh G0 khép rén méay gidka bank tiag duoe cdt véi baoh
ring sinh \wdng twgng —¢d cac mil ring 13 mdt phin mit néa do lusi eft cda dao
tro1g ddiu dao vach trong khéng gian khi d¥a dao quay xung quaeh irge cla né.

‘1L $¢ O cAT RANG Zid =1, VA cdc HE Toa 0O
DUNG DE KHAQ SAT

‘ Khio sat qui trinh déng hoe in khép khi cit che wit ring i (i =1,2) chéng ta
dﬁng edc hé toa G0 sau (xem hinh 1= a, b)
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= H$ tox &6 o dink ghn vét may Su {L =, n)

— Cée hé toa 49 dong gin véi banh mng sinh Sk(K = F, P) v& gﬁn véi ddy dao cd!
"‘?mg Sai (i = 1,2)

— Cac hé 10a do phu Sk vA So, trong dd trye 7h vA Z, trang voi dudng sinh mit )

nén lin otz banh rang durge cit vi diqua tidp didm MK (KR =F, P).

& day va trong bal ding cie ky higu:i=1— binh ring ehlt dong i = 2 — bank

rz‘mg bi ddng.-

Ung véi i=11hi L=mK=F; P g thi L=, E=7p
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1.2. THONG 58 pONG HOC AN KHOP 6107 BE MAT RANG Z1 VA L'

Céc théug s6 dong hoc dn khép gika clde b2 mrlt ring i vi Zp dwoge xéc dindh
trong hé toa do S {xem hinh 1 —a)

?gm = Lbm V(Fi) S {1-1)
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Trong dét

—(¥4)

Vi = wéc to van tde chuy2n d4ng lwong déi gitta L1 va paY
Lbp - ma tr%n chuy%n h& Sm ve Sh
cosen 0_ Sin.ﬁgl:' :
Lam =1 '_ 0 1 0 ‘
' N - sin®i 0 cos 8y

‘*‘{,‘(jﬂ = véc to vén tdc chuy¥n déng twong d6i gita P vé_ZF_, xdc dinh

Se theo bilu thae:

) g(m 20y 550 g 50

Trong d46:

—(F F) - adp - - . =(1 (0 - e
w( )-_—_ - w( ) im =~ -—-T—-— » im 3 ‘r.o( ) Ll & (sindsy im + _cosstl km);
: cdt .

Yr — géc quay cfia banh ring sinh F.

—(1) -
Rm-= 0m0y = R sm@u im— AE; Im — ALz km

AE; — Lugng hitu chinh hypéit.
AL1'="Lugng hiéu chivh nim ngang
_rlﬁ‘ﬁ — véclo ban kinh cia didm tiép xue MUE

- (M(P)) (?}

;(l)

= Mmh « Mbo

Mis — tma trin chuydn be 8o v& S, xic dinh blng cong thie [2] -
Moh — ma trdn chuydn hé Sh v& Sw, x4c dinh bing céng-thoe {2 -

"Thay cée gia trj w(EJ,"(,j(.lj-"rgl; R vao {-2) va bién Qdi ta eh

(F1 . dyE
Vx n) = RiF sind; cr‘san NP0 t{-’
x -‘ at
‘ (F , \,7.- -'. = ) ) ' d 5 .
\vyni-) = {R{cos8; cosdi; + sind; cospyy (sindu — iF)] ~ Aryl :[J! } (1.3)
‘ - dyr '
\’(Fl) = [Rsin 81 sinygg (1~ iy sindpn) - AR,T Hp
Zm di
.- s
. ==(F1) N . o s
Thay che gib trj clia V' tiuh blng (1.3) vao (1.1) v& bién ddi (a co:
lllll Vi{f” = VCF”wsﬁtl + V(Fl]blilefl
A {rid (Fl') N
Vo Yy - {14)

VD = =i+ Vi cost

~28.-



@imj = Ly ® Iiru {1.5)
Trong do ¢
c;Jf‘!F” ~ vée to vin i6c géc chuydn déng twong déi gita 2r va Xy xéc dijuh
trong h¢ Sk .

wm — véc-io vén (fc géc chuydn dotig tl.i'cng déa gifn Zr va D4 xde dioh-

trong hé Sm

—(F1) o OFY _ o013

a¥Fr
dt

(t-6)

= [(ijrsindm — 1) im + -ichozsnk—m]

thay ;:;F”- tinh bing (1.6) vao (1.5) sau khi bién ddi ta e6 !

{F1)
mxh

= {iiFsind,
dt -

P =
©h 0 : (17

| durp -
m_g};w = (i1rcosds + sinly) ;P

(1) -

T w : : :
Trong dd ijF = el ii a8 truy®n ¢iis xieh bao hinh,
S :

1.3. THONG $6 PONG HQC AN RHGP GIT A cic BE mET RANG I VA 2,
VP, o(P2) o yéo to vAn tfc va-van téc gbe irong chuy@n dbng tuong d6i gn}n che
b mit rang e vad Xy dugc xhe dinh trong h¢ So {xem bimh 1-b)

Pdm tiép xac M® niim trén true zo — trye quay téc thdi cla banb 1i’mg sink P
vh banh ridng 2 do 46 tai tiép &13m M® (z e6

V(PZI = 0 (1—_3)

w® = Lonw(Pg] (1.9)
Trong 46 :

Lou — mz irdn chayda he 1 Sn vE 5,

cosfiz 9 = sinfgy
Loa = 0 1 0
sinfs2 0 cosBiz

551”“ — vée to van tée goc trong chuydn déng tweng ddi gita Zp va I xic dinh

trong hé Sa theo bidn thire sau @

TP} . el ®) L T lR)
oam o W,
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Trong 46 & i,P'"“'“mF)»ja-'—‘-“‘""‘*‘“n‘im
g

“‘gm = «-@uﬂ)(smgmn - cosizkn)

— ' - —, dip
wt®) = {(ipsindiz = 1) i — izpcosdeglin} ;l-'
' - w2 )
Trong cong thire (1.10), izp = —=—= = (i s truyéa cita xich bac binh, 4o
. .ol '

e¢tta banh ridng sinh P
thay gi& trj ;—;Pﬂ tinh bing {1.10) vao (1.9) va bién ddi ta 6 ¢

- Sip — o
—p2y o _ ¥p cosdi — : . (1.11)
dt Sinsg ' o

§2. CAC THO? G SO HINH HQC cUA MH RANG
‘% (i=1, 2) THEC PHUONG P

4

Pt tai 1iép aiém' MO  gida mit ring Zi sn khop voi mit ring sinh Ex dink

cha tam chén T(n, p, p} True p ngh%e!ig véi cdc truc zb khi cit El 3 2o khi cﬁt Zz mQt
goc PBi (i=1, 2) v& cing ndm ttozg mit phing tiép tuyén véi m4t nén Hin clia banh
réng dlmc cit, xem hl'h v& (h 2y &) Thong &5 hinh hoe clla mit rang Ei theo

phuong p duge x4c djph bing cong thie (1]
-~k glp = - orp + a%P]CFP :
+G~"+G~+a2~/CFP 1 (2.1)

4+ vip = - TFp 4 arp -_aPFICFP

T oip = T opp + abp{Cer

Fo~=To -%-a'3~/CPP (2.2}

2p BP

T vge = 4= wwe b oapp LAz {cep
Trong cac cong thiee (2.1} va §2.%)

aly = VPP T Vo TPt e
5 b P

4] + VPTkp — WP (9 3)

kP

P f#’*Fka

- Cxp = Ypaxp + Vi;a
Trong cic cong thire tor {217 - {2.3)
Tip, TP ~ 40 xo0dn traf‘ dw. cla mait ring 2,, va mat réng amh Eg theo

phwong p




FIBy &‘%g HLF @‘ﬁ = d4 cong phip ofa wii ring Bl wa mit ring T theo ehs phurong

P va pr
™ L ===k
VP, V?N’ wp, We = hink chidu trén she trgs p va p eda WU Ly vy wtMs

Ftlik - dao ham riéng phurﬁﬂg trink didu kign da khq’rp- theo gé‘c qtﬁay Jix.
etha khau chi d6rg, dwge xic dinh theo cdng thire sau :

=]

' '%k - ("_‘-k" x?nka) yixiy gmﬁm P nﬂ‘ﬂ} VS‘J . (2 Iy

2.4. €AC THANH PHAN vAN T80 VA vAn 16 o6 TUONG .;156:'._

Che thiuh phin vén téec vd vin t8c gde twong &é&i Vp, V3, wpy m; d!.mc xie
d;nh trong hai truésg hep
o) Zpoan Bhép vdi Ty

T cong thire (1.4) v2 hinh véj (b 2. a, b) ta- 6 1

Ve = - VencosBy -T- Vynsinfy
Vﬁ' = - Vincos¢F — VyhoosPisinar — VensinBisinar

{2.5)

wp = ok tzucosfy = 3 (itrcosdi + sinbit)eosPy

g 4+ (iswsind; — eosBi)cosar — {ijreosd; + sinby)sinPisinar 5

(2.8)

) i
Trong 46 * ‘ Br = —sp

by Ep dn khip véi Do
VVi -\?(.le = @ nén ‘ Ve = V;’ = ’ (2-7)
tir edng thiee (1.11) v2 chc hinh v& (b2-3, ¢} ta cb

3 ' ccsafz
we = it = 4 —— cosBa
ginog

‘ PeE . R cosBry | . :
~ ot sinfsinap = sinBasinege

sina2

2%, XAS DIMW P {§ = E, P)

FkIJk('k = T, p) eling duge zde digh lrotg hai trudmg kop theo cdng hic (2.5).
a) ZF &a khép voi Bi-
FqJF dwge zée dinh trong hé toa d6 Su theo coug the:

oE)  =(F )} V(Fl (h) (F);; "-kF)

F‘;’F = ‘{mPh Ko (2-93
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_&bi ta cH:

Trong 463
—(F1)y —(F1)
Vi oy T

tink binyg (1.4) va (1-7)

w={F L
n(' ) — vée to don vi phép tuyén tai didm tiép xie M g4c dinhk trong

‘hé Sn
.' —-S;), _i )—- véc to vin tﬁ- v vin t6c goe trong Lhuyéu dong lheo clia liép
didm trén mit rang 2¢ x4c dinh treng hé ‘h theo cbng thfn«
Lhm em Lhm( X ’m )
(F) 0
Voin = (Rsm81 sing1o + AEi}sin d'-!ar,/dt
(F) _' . 8 - ] A ﬁ
Vooh = (Rsm 1 sinpio + AE1) cosyy dyrfdt
\ .
F
iy%l = [R(cosax cosb\ﬂ + gindi 51113“003?10) — AL!] dllJFldl {2.16)
~(F) F )
@en = Lyp® ;) = - (coan ih ~ sinfy “ku) dyldt (2.11)
‘ o —(F} —tF) —(F ~—F1 —F
Thay cae git trj: gh)’ Vih), ( ) ( ) ( 1 di x4c dinh vao (2:8) san khi bién

th)F l % [Vshcostr = (Vxhsinﬁﬂ + Vzhcosﬁ“') sinTe] coswr

+ Vexn(iiF cosdy + einbis) cosar §inTF
= Veyn [ * (iyrsindy 4 1) coser costr + i1Fsin0thosai1].
# Vezn{itF sin81 —~ cosfir) coseF sin TF } adr/at [2.12}
b} E, #n khép voi Zo ) |

F\L’p duge xzhe dinh trong hé ioa 49 S, Vi V&3 = 0, nan ti cbng thie (24}
ta o6+ —
F% = - (PH X Yy (2.13)

Trong @6 : % dege tinh bing {1.11)

n€?? — vée to don vi phdp tuyén tai didm tiép xde xde dinh trong hé Sy

vIE) — vée te van t8c trong chuydn d6ag theo cha ti€p dilm trén mit ring zp, dugc

x4s dinh trong hé S, theo cong thic

=2

— - £P)
FE = Gy lsM ).

= R cesefz (dt[)?[dt).] {214}

— ' =P
Thay cde gis tri w(F2), p&Fy, V; Y 45 xéc dinh vao (2.13) sau khi bifn 43i ta cé :

. . cosgf ade’ z L
Fgp = Rlsinarsosly, - cosmpcostpsiny, ] gin—ﬁgz cosfp, (%) (2.15)




veelo don vi phap layén w09 gmop xhe dinh theo ¢dng thite sab.

® A )

o s sipvxeostn 3 commeostrsinbn
B o

- - H-Y = CORRIES1 K

nb = - gipegsiala coscEeostreos1i.

E=F:diu & trén; K = P odiw & dudi

a8




2.3. THOMa 58 MiNg voe eba mAY RENME 2098 2y {k = E, B)

THES CAC PHUCNG p VAP

Mat ring sinh Bk 14 mét phin mit 06n do iudi cit céa dao irong diu-dgo vach
_ trong kbbng gian kbi dia dao quay zupg guanh true Xai (xem hint h2-a,'h, ) Ta

Cigp ditm MK dudng cong trén wit ring Zx theo phuong zul lé dudng tron t%m On :

ban kinh rx do dé -

Oy = 1’I'ka Truy =

& day Gruis Trai 49 cong phip va db xodn trde dja cha mit ring sinh Zx theo'. h

zui« Goi phuoag G tring voi dudag sinh cka mit rdng Dy va di qua tidp dlﬁm'MEK_
vubang géc vé&i phirong zui- B) cong pbap va 4¢ xolin tric dia theo ghuong G s& ¢6 glé tr;-_

=0; Tg=48f (2018)
Pheoug P nghigng véi phuong zui modt goe B, ta cé cOng thire xhe d;nh th(’mg

~

sé hioh hoe clia mit rang sinh Ly theo cac phu"cmg P va p sau:
ka = oyuicosili + ogsin?ly 4+ ‘L'm.sm&’ﬁn

o'k-v = Ggmslnzﬁgi + ogeos?Os — Tzulsmqﬁh
P

‘ Tkp = TzulcOS"Bh + (CFG - O‘zm)alnﬂncosen o - (219
Thay cde gid trj Ouui, G‘G”, waui 48 xhe dinh vado (2.19) sav khi bifn d%l ta cé:
1

i i
Cokp = — cos®t; Gk~ 2 —— sinlp; Tp = ~ """"”Slﬂﬁﬁcosafi- (2 go)
rk Ptk ‘ Ik

A

Cac thong sé hinbh = d{mg hee e“m khap khi ta0 binh gitta w4t rivg sinh Zx véi

mit ranz 24 theo eac phuong p vi p a% dwge xac &inb. ‘Thay che gid tri nay vio
(2.4), (23), (2.2) va (2.1), s3 xde dinh dwoc cic thong s6 hinh hoe mit rény Zi theo cic
phucng da. Bdng thoi eting xac dinh dvoe hong sé tinh hOC, mit cong tuong duoesg
efia hai mit. rang Z, vi X2 ti&p xtic véi nhauw.

KP = g4p — O2p K. ~o= 0'1.}; - 5'2:-- s Tp = %ip — T2p. (2.21)
?

Po cong todn phin cha mit cong -uwng dueng tai tigp didm M dwoe xic dinh .

theo cobng thac!

E 2 . ' 2
Ro =BpBn =70 - (22

khi s& dung cac cdag thive trén diy cidn lum ¥
= Cie chng thite néu irong bai dimg d8 xic dinh dde tinh hinh = déng hoc #n khép

banh 1éug cOn ¥ohn khi tas hinh cing unbw khi 1Am wér ; cho mit B efing nhu mit

1B efa ring X (i = 1,2)
— Trong chc ebng thie ¢6 hai ddu thi:

" ddu & trén kbi tinh cho mit 18m cla réng 1 v mit 181 eda ring Zz ddu & du-cu khi
tinh eho mit 18i cfia réng &y va mit 16m cda ring Lg

© — Khi tinh cho mit 19m clia ring 2; v& mit 15i ela réng 22, goc ax{k = F, P) =y ot
goc profin efia lwdi dao. Khi tinh cho mit 151 ¢da ring Z1 va mit 16m cla r.’mg 22., géc
ok = 180° — &y

— D¥ don gidn cho vi2c tinh todn wa khong lam thay dbi gquan hé Hn khép chuug, chﬁng
ta dat : drsde = dyldt = lradfs R - chitu dai dudng sinb m§t ndo lin tinh tér dlnh Ol
dén didm gitia ring 81, — goc mit nén lin cfa binh rﬁng 1 va 2

e




Bri, fitg = gbc ehén rdag eda Ty vi Iy

i, jo k — vée to &on ‘vi trén ede truc loa 46 =, v, 2

811, B1s ~ géc mit nén chdn ring chia binh ring 1 vA 2

Tk — goe phy v&i gée aofin fzi dikm tifp zlc (xem hieh v& hi-a, b)

¥1g ~ goc quay bévh rang sinh F vi banh rang 1 xung juash tryc banh riog 1 &% §idm
€p xtic MIT) gita mit ring IF v6i Iy tréing voi M'P) ~ didm tiép xde gilta mit ring
Zp voi Bz duwge xée dinh theo odng thee 3] - . ' . '

Vi dy tink todn .

Duéi d2y 14 két qud tinh bing 6 trén MTBT d6i v6i banh ring con zobn cdu say xe

8 & CAID véi cic =8 ligu san :

(8:t %)
Sty vz s oo™ Bry e Ragi; brei; R Re
b Bl F (24,2, F=12)

T D D) | a7 (P2, = (P
?:-f?f?:k:?- Fldp %ﬁﬁg 3 ~
Vp s ¥ cap 5 @F Yo j VP 1 o ; GIF
Pt dpp; ‘“’FE‘[F% ' Foo, Bppidips ; Epp

S, i G2p 3635 ; Tap
! 1

-
[k &p; Key T Ko ]

In ra: 6ip 1 855 Tp

S >
Ao KB T Na 7
]

Leng
: —f
T

(HEs )

Ll

mts = 93 %z =207 ; Bu= 30" 5 R o= 10047 5 Ro = 12290 5 b = 41 5 hpe1 = 6,465 hrez = 12,22,
baot = 10533 hasa = 4,77 ; Z1 = 115 Za =265 AR{U = 4,645 AEG = — 5,91, Ar = 3,05,
81 = 238 ; 32 =86°15"; B =3°00"; By = 5°41" trinh v tinh dwoc -mo td theo s¢ 5
-~ khdi {kiuk 3), viae tinh toan dwge tién biach cho cfl hai mit rang 2 (= 1,25 ] . 1,2)
= 1 — mit 3m eds rdpg Zp mat 100 cla ring g '

2 - mit 181 cla ring &, mit 16m cla pirg By

‘qua duge sho troug bing duedi day

W‘ﬁ-nt‘——l-
I

Ly

a

a0




5

sl = g008i974
2p

FRY

3
a{‘..f,‘ = —0,0111797

{1)
w2l = - ,0086006

2p

2
cf)z).—: 0,0889759 o = g015008 Té")r_ ~0,0039537
2p P

2p -

a(l) = (4652660

R = p,0005305

P S
(I) = —0,099653 W g.00s7ss6 k(D = g000001725
lp | 5 | 0 .

+{) = —g,0042896 T = 9 000583
ip 4

oD = g,0005247 £ = o,0008487
Ip S P

o = 9018932 2 o om0 - E® = g.000002161
1p - P '

)

T( ) = ~0,0007732

=(2) = —g,0047269
1p p

3. KET L'UsN

Trong bai nhy khio skt qud trink d@éng hoe in khdnp banh ring cén xodn thep
phirong phap long quat [1]. P4 ohan dwoe che edng thée xéde djnb dic tinh hinh - déng
~ hoc in khép eda chang. Dbdng théi dus ra trinh ty tinhk toAn A két qud tinh birg s6
trén MTDT cho mot b9 truydn bach rﬁng cdn xodn cu thd.

Pia chis. : . Nkgn ngdy 3/8{1987
Truing dai hoe Bich Ehoa HN , _

TAI LIEU THAM KHAO

1. NGUYEN THIEN PHUC. V3 mot phwong phip xée djok @ic tinh hinh d6ng hee &n -

khép. Tap chi Go boc, s8 25 1985

5. JINTBUH ©, JI. Teopus syﬁqa’rmx sanenienns, Hayra, M., 1986,

3. AHUEB A, MMHKOB K., TETPOB JI,, KVMUEB O, Cﬁmea M aHGM3 Ha KOHHYHH

© TepefaBKY c6ic CTIHPATHA 3B6H HM3IATENBCTEO Ha OpJirapcKata awafleMHs Ha HayKHTe
codua 1980,

4. KAJTAUIMUROB C. H. 3yOopesubie pestioswie ronosku, Man, B amMsoctpoenues
Maockea, 1972,

PE3IOME
BGPMYJIBI  ONPENAEAEHUA TEOMETPO -— KYMHE aAquCKHX
" XAPAKTEPHGTHK SALEMVIEHNH KCHHUELERX KOJIEC
£ KPYTOBLIMI 3YBbAMU

B naHOH cTa1b€ DACCMOTPEH KUHEMATHUECKHIl TpONecC sauemfeHull KORHYECKHX
Kollec ¢ KpyroBeiMd 3yOpsmu mo ofimemy metony [1]. B pesyserare momyuensr (;}OpMym,I
oupefsIeHag TeaMerpo KHHEMATHYECKHAX Kap&"TEpKCTHK KOHHYCCKHX K0Jec ¢ prFOBLIMpI
ayOuaMa -0 1HOBPEMEHHD TIOKASAH alfOpHTM M PesylbTAT GHCICHHOIO pacqe'ra Ha 3BM 414
OHON KOHKPETHOH KOHHYeCKON Nepefiain ¢ -KDPyroBmIME 3y0bamu,
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