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CAU TAO CO CAU

I. Khai niém co ban

1. Chi tiét mady va khdu
Chi tiét mdy (tiét mdy): 1a mét b phéip cia may ma khéng thé tach roi duge
nira. M4y thi gdm nhiéu tiét hay bd phén ctia méy 1ip véi nhau tao thanh mét
hé théng nhét nao do.

Khéu: trong co cAu va may, toan by nhimg bd phin ¢6 chuyén déng twong
d6i so véi bd phan khac goi 1a khau,

2. Thanh phin khop djng va khép dpng
- Béc tu do cia khau

+ M@t kha ning chuyén dong doc lap dbi véi mdt hé qui chidu = mdt bic ty do
+ Giitra hai khéu trong mit phing = 3 bic tu do: Tx, Ty, Qz

+ Giita hai khdu trong khong gian = 6 béc tu do: Tx, Ty, Tz, Qx, Qy, Qz

Digp Bao'Tre . i
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- N&i dong: dé t(;to thanh co ciu, cac
khéu khdng thé r&i nhau ma phan
duoce lién két voi nhau theo mét qui
cach x4c dinh nao d6, sao cho khi
nbi véi nhau cde khéu van con kha
ning chuyén dong twong ddi = ndi
ddng cac khiu

Thanh ph?m khép déng, khdp dong

+ Khi ndi dng, cac khau s& c¢6 thanh phan tiép xGc nhau. Toan bd chd tiép xuc

gitra hai khdu goi 12 mét thanh phin khdp dong.

+ Hai thanh phin khép dong trong mt ghep ndi dong hai khau hinh thanh nén
mdt khop déng.

Thorh e khdgs o tren Bt 14 b

Tivimh phin ki dang st San 16wk

3. Phan logi khop dong
- Theo sb béc tw do bi han ché: Khép ddng loai k han ché k bde tir do hay cé k
rang budc
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Theo dic diém tiép xuic

+ Khép cao: thanh phin khép dong 1a diém hay dudmg
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Pé thuan tién cho viéc nghién ctru,
céic khép duge biéu dién trén nhimg
hinh v& bang nhithg lugc A6 qui
ude.

Céc khau ciing duge thé hién qua
cac luge dd don gian goi 1a luge dd
khéu

Trén luge db khau phai thé hién
diy du cac khép chuyén dong, céc
kich thude ¢6 anh huong dén
chuyén d6ng cuia khiu va chuyén
déng cla co clu.

Chudi dong: nhiéu khiu ndi véi
nhau tao thanh mot chudi déng

Phan loai chudi dong:
e Chudi ddng kin
e Chudi dong hd
e Chudi déng phing

e Chudi dong khong gian




- Co chu: Co clu 1a mot chudi dong ¢6 mot khdu ¢b dinh va chuyén dong theo
qui ludt xéc dinh. Khau ¢b dinh duge goi 12 gia.

- Phan loai co ciu: tuong tu nhu déi vai chudi dong

II. Biic tw do cua co céu
1. Pinh nghia.

- Bic tiy do (bdc tr do) cia co cdu 1 théng sb ddc l1ap cén thiét d& xac dinh
hoan toan vi tri cia co cdu, né ciing 1a sd kha nang chuyén ddng tuong dbi
doc 1ap cia co cau dé.

2. Tinh bic tir do cia co chu khdng gian (trudng hop tong quat)
W=W,-R. |
Trong d6: W, — bic tir do tdng cong clia cac khau dong néu dé roi
R — sb rang budc cua 14t ca khép dong trong co chu
W = béc tr do cua cor clu
3. §6 bic e do trong co céu

Mot khiu dé r&ni trong khéng gian ¢6 6 bic ty do 2> bic ty do téng cong clia n
khau dfng 132 Wy = 6n

S8 rang budc chira trong co cdu

Khép loai k han ché k bac tir do. Néu goi py 12 sb khop loai chira trong co céu 2>
tdng cac rang budc do py khoép loai k gy nén 12 k.py. Do d6

5
R= z p.k trong thue té s6 rang budc thudng nhd hon gia tri trén vi trong

k=1
co chu tdn tai cac rang budc tring.

Vi du: Xét cor ciu 4 khiu ban 1é




+ Rang bude truc tiép: rang bude gitta hai khéu do khép néi trie tiép gifta hai
khiu dé dugc goi 1a rang bude true tiép.

+ Rang budc gian tiép: néu thdo khép A, gitta khiu 1 va 4 ¢6 rang bude gian tiép

(1) Ko (2 Won () 1,

+ Rang budc trimg: ndi khdu 1 vi 4 biing khép A, gitra chung cé rang bude tryc
tlcp sau

() o (2) W (3) WG, (4) K (5) ¥

=> 3 rang budc tring. Rang budc trung chi xay ra & khdp déng kin cua co ciu.

. 5
Goi Ry 12 86 rang bude tring > tdng sb rang budc trong co ciu: R = ka, - R,

L

3. Cdng thikc tinh bdc tw do clia co cdu khéng gian
&
W=6n-(z kp, — R, }

k=1
Vi du: Tinh bic tu do ctia co céu 4 khiu ban 1&
S6 khdu dong n=3
$6 khép loai ps =4
S6 rang bude tring R, = 3
- Béc tu do cia co cdu
W = 6x3-(5x4-3) = 1 bac tir do

O
Vi du.: Tinh bdc tie do cua co cdu ban tay mdy

1 2 3 4 5
E F
f S8 khaudéng n =35
S8 khap loai 5 p, —

—» Béc ty do cua co cdu
W =6x5 —(5%5) =5 btd

3. Bic tw do cua co clu phiing
1. S6 biic tw do trong co cidu

Mt khau dé tir do trong mit phiing chi c6 3 bic tw do vi vdy sé bac tr do tdng
cOng cua n khéu ddng: Wy = 3n

2. 86 rang bupc chira trong co cdu

Co ciu phang cé hai loai khép

- Khép loai 4 chira 1 rang buje

- Khdp loai 5 chira 2 rang bude

Tdng sb rang bu@c tmng co céu R =p4+2ps— Ry
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- Co cdu tdan khop loai 5 voin=2, ps =3
- Chon hé qui chiéu gin véi gia
- Chura déng khop A, khdu 1 cd kha nng: (1) Tox (2) Toy (3) Nox

- Déng khép 4, khau 1 ¢b kha nang: (1) R (2) Toy  (2) s
— Béc ty do cia co clu

=3 x2 =(2%3 1) =1bid
Vi du: Tinh bdc tw do cia co cau hinh binh hanh
1 2 F 3 = Co chu toan khdp loai S véi:n=4,k=5,px=6
- Bic tr do cua co clu 1a W = 3x4 — (2x6) =
0 bic tir do
- Trén thyc té co chu ndy lam viéc duge >
diéu nay ¢6 gi mau thuin khong ?

&
A o \_5_0 F
W7 W W= |
- Cht y khau 5 khéng c6 tac dung gl trong chuyén déng clia co cdu ABCD
- Néu bd khéu 5 ra, co ciu thanh co cAu 4 khau ban 1& véi bice tu do béng 1
- Khi thém khau 5 va 2 khap E, F vao
t+ thém khau 5 (EF) ~>» thém 3 bic tu do
+ thém 2 khop loai 5 (E, F)  -> thém 4 rang budc
=» thém 1 rang budc
- Goirla sb rang budc thira c6 trong co ciu, bac ti do ctia co ciu phing
W =13n—(2ps + ps-T)
- Trong co c¢u hinh binh hanh & trén, r = 1 va W = 3x4 — (2x6-1) = 1 bic tu do
P if i e T




A il 0 R T MRATRALARE T Sl i s - AU

- Trong thuc té co cédu trén chi ¢6 1 bac tir do vi chuyen dong lan ciia con lan 2
quanh khdp B khong ang hudng dén chuyén dong c6 ich cua co clu nén
khéng ducc ké vao bac tir do ctia co ciu.

- Biéc ty do thém vao ma khéng 1am anh huéng dén chuyén ddng cia co cdu
goi 1a bdc tur do thira, ki higu la s

- Tré lai co cu cam & trén W = 3x3 — (2x3+1-0) - | = | btd
Tom lai cdng thire tinh béc ty do
- d6i véi co céu khdng gian

o W=6n- [ikpk Ro)

- dbi véi co chu phing tn co ciu chém.

o W=3n-(2p,+p,—r)-s
Voi  n:sé khdu déng

k: logi khop dong

Pi 86 khop logi k

P: 56 rang bujc trung
r: 56 rang bupc thica

§: 86 bdc tie do thira

4. Y nghia ciia bic tw do — Khiu din va khiu bi din

111. Nhém tinh dinh
1. Nguyén Iy tao thanh co ciu

MOt co cdu ¢b W bic ur do la co ciu duoc tao thanh bdi W khiu din va nhitng
nhém ¢é bac ty do bang zero

W= W +0+...+0
Khiu dinnhém ¢6 béc ty do =0

2. Nhom tinh djnh

Nhom tinh dinh 14 nhimg nhém cén bing hay chuyén déng, ¢6 bic tr do bing
zero va phai t6i gian (ttrc 1a khéng thé chia thanh nhimg nhém nhé hon duge niva)

P6i vai nhém tinh dinh toan khép thip




Ps I 3 6 9
3. Nguyén tic tich nhém tinh dinh
Khi tach nhém tinh dinh phai theo nguyén tic sau
+ Chon trudc khdu din va gia
+ Sau khi tach nhém, phin codn lai phai 1a mét co ciu hoan chinh hogc khau din
+ Téch nhitg nhém & xa khau din trude rdi din dén nhitng nhém & gin hon
+ K hi tach nhém, thir tich nhitng nhém don gian trude, nhém phire tap sau
Vi du: Tach nhém tinh dinh co cu dong co diezen, co cdu bom ddng co oxy
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§4. Thay thé khép cao bing khép thip

- Trong co céu phing, thudmg c6 khép cao loai 4, dé tach thanh nhitng nhém
tinh dinh nhu nhiing co cau phing toan khép thip => thay thé cac khép cao
thanh nhitng khép thip nhung van dam bao duge chuyén déng cua co cAu

W=3x2-(1+2x2)=1 béc tiydo W=3x3-2x4)=1
bic tu do
- Thay thé khép cao bing khép thip phai dam bao hai didu kién
+ bic tr do cia co céu khéng thay dédi
+ quy ludt chuyén dong khong ddi
- Nguyén tiic: ding khiu hai khép ban 1& va dat cdc ban 13 tai tam cong ctia
cdc thanh phin khop cao tai diém tiép xuc.
- Vidu: Thay thé khop cao bang khop thdp & co chu cam cin lic diy bang
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- Sy thay thé khép cao bing khdp thip khong phai chi dé xem xét nhom tinh
dinh ma viéc phan tich ddng hoc co cdu thay thé cho biét ca vé dinh tinh
cfing nhu dinh lugng cua co cdu thay thé tai vi tri dang xem xét.
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PONG HOC CO CAU

§1. Pai cuvong

_Phin tich déng hoc co cdu 1a nghién ctru quy ludt chuyén ddng cua co chu khi da
biét trurde luge do dong cua co ciu va quy luat chuyén ddng cuia khau din.

I Néi dung

<+ Bai toan vi tri

< Bai toan van tée
- Baitoan gia tdc
Il. Y nghia

- Xéc dinh vi tri 2> 'phéi hop va sir dung chuyén dong cua cic co chu dé hoan
thanh nhiém vu cta cdc may dit ra, b tri khdng gian, vo mdy ...

- Van tée va gia téc 1a nhimg thong s cdn thiét phan d4nh chét lugng lam viée
cua may

III. Phwong phap

% Tuy theo ndi dung, yéu clu ciia ting bai toan, ta ¢6 thé sir dung cac phuong
pbéap khac nhau: giai tich, dd thi, hoa dd vector. ..

¢ Phuong phap db thi, phuong phap hoa db vector.
Uu diém: Pon gian, cy thé, dé nhin biét va kiém tra.
Nhuoe diém: Thiéu chinh xac do sai s dung hinh, sai b doc...

Phuong phap b thi, két qua cho quan hé gitta mot dai luong dong hoc theo mét
théng sb nhat dinh thudmg 14 khau dén.

Phuong phap hoa dd vector, két qua khong lién tuc, chi & céc diém roi rac.
¥ Phuong phap giai tich
Uu diém
+ Cho mdi quan hé gitta cic dai lugng biing biéu thire giai tich, d& dang cho viéc
khdo sat dang may tinh.
+ P chinh xac cao
Nhuge diém
+Pbi voi mot sb co cdu, cong thire giai tich rit phire tap va khé kiém tra
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§2. Phén tich dgng hoc co cliu phing bing phwong phap giii tich

- X

Xét co ciu tay quay — con trugt 1éch tim c6 vi trf dang xét nhur hinh vE
Cho: lag, lpc, ) 1a hﬁng s6 va dé léch tim e

Xac dinh: x¢, ve, ac

o=@ ) =one, =)= f(g)

X = Lcosg, + L,cosp, VOi

I sing, +e =1, sinp, = @, = arcsin

2

Ve = v.(t) = ~Lw,(sin g, + cose, tan @,)
cos(¢,+,) + licos’p,

Xeo = Xe ((pl) e T (wl (l)) > a. = ac(t) = =Ly

{

I, sing, +e

CcosQ,

Lcos’p,

]

§3. Phiin tich djng hec co cAu phiing bing phwong phép dd thi
Xét co chu 4 khau ban 1& ¢6 vi tri damg xét nhur hinh vé&

Cho: Iap, Isc, Ipa, @) 12 hiing s6
Xéc dinh: @3, ©1, £3
Xdac dinh gia tri ¢; tir phuong phap vé, do

va lap bang
a | o | & Ca
o | @ | o @4

Xay dung dd thi ¢, =9, (¢,)
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§4. Phén tich ddng hec co chu phiing bing phwong phip hea 48 vector
On lai mot s kién thire dai s6 vector
- Dinh ly lién hé van téc

+ Hai diém A, B khéc nhau cung thudéc mét khiau dang chuyén déng song phing

a s

Vg =VA+V,,

+ Hai diém A, A, trung nhau, thuéc hai khau dang chuyén ddng song phiing twong
déi 46i voi nhau

Va, = Vg +Vad

- Dinh ly lién hé gia tdc

+ Hai diém A, B khac nhau cung thudc mot khau dang chuyén dong song phing

((a =d:‘ +d‘ﬂd =(,.-A *(rli‘ +‘T;/‘

o0 /1B
l.m(’)z - "zzm /1,5

i 1L AB
el




t Hai diém 4,, 4, trung nhau, thudc hai khdu dang chuyén déng song phéng tuong
ddi d6i voi nhau

- S Han _quay_90° _theo o
A =AMt Aaya, +AAya AaA =

2a0v, 4

Didu kién dé giai mot phuong trinh vector

= s
w4+ m, + -+ W, = m + my, + -+ m,
? L = -

Vi du: cho co cu 4 khau ban 1& tai vi trf nhu hinh v&. Tay quay 1 quay déu véi
van tbc goc @, . Xac dinh vén tbe, gia téc diém B, C, E va gia tdc goc khau 2, 3

gid 1rj that [m)

= gid 1] bi€u didn \mm)
p'

_ gid i tht |mds) oo B tni that \m /5%
K gid trj biéu dién |mm) T gid tri bi€u dién jmm)
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Vi du: cho co céu culit tai vi tri nhu hinh v& Khdu 1 quay déu véi vén tée gée o, .
Xac dinh @,,8,,v,,a,

3 D, gidithat |m)

- gid tri bidu dién |mm) '

_ gid trf that [m /]  gid i that [mAs°)
3 ¥y gid trj bidu dién [mm| @ gid tri bidu dién |mm)
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PHAN TiCH LUC CO CAU

§1. Phan loai Iwe
1. Ngogi luc
- Lire can k¥ thuét
- Trong lugng cic khiu
- Luc phat déng
2. Lyc qudn tinh

- (,or chu 13 mot hé théng chuyén dong co gia tde, tire ngoai lyc tac dOng, 1én cor
chu khong triét tiéu nhau = khéng dung phuong phip tinh hoc dé giai

- Dé giai quyét bai téan hé lye khong cén biang > dung nguyén ly D’ Alambert

Néu ngoai nhimg lyc téc dung 1én mdt hé co chuyén ddng, ta thém vao d6 nhimng
lyc quén tinh va xem chung nhu nhitng ngoai Iuc thi cor hé duge xem la ¢ trang
théi can biing, khi d6 c6 thé dung phuong phép tinh hoc dé phan tich co hé nay.

3. Ngilwc

- Luc tc dung 1in nhau gitra cdc khéu trong co céu (phan lye lién két)

- Tai mdi tiép diém cia thanh phin khop dong, phan lyc nay gdm hai phin
+ Thanh phén ap lye: vubng géc v&i phuong chuyén dong twong déi

Téng cac thanh phin 4p luc trong mét khop = ap luc khop dong

p - - r

P

+ Thanh phén ma sat: song song véi phuong chuyén ddng twong déi
Tdng céc thanh phin ma st trong mdt khép -> Iuc ma sét
§2. Pi¢u kién tinh dinh

- Pé tinh phan Iuc khép ddng => tach co s.éu thanh céc chudi ddng hé, trén dé
phan luc & cac khop chor 14 ngoai luc: viét cac phuong trinh lye cho chudi

- Mudn giai cac bai toan ap lye khép ddng
$é phuong trinh lap duge = s 4n chira trong céc chuong trinh
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Day la diéu kién tinh dinh ciia bai toan
- Gia sir tich tir co chu ra mét chudi dong n khau, p, khép loai k
+ 86 phuong trinh 14p duge: 6n phuong trinh
+ S6 An chira trong chudi déng: phu thude vao sb lugng va loai khdp dong

Kheploa 1 |R|? Khéploa 2 |R|?2x? Khoploa 3 a?p2|R|?

Khoploa 4 |R, 2| R, |2x; 7xz 7 Khoploa & |R, |?|R, |'.>;iz,.|?xkr?x& 2

W

S e hY% & y
L. X JdR R
| R|,x? |RI,M? |R|.a? |R|?
Khop loa & Khép loai 4

Nhu vay, khép loai k chira k dn => tdng sé an trong chudi 1a > kP,
Awl

- Dé tinh phan lyc khép ddong > tich co cdu thanh céc chudi dong hd, trén d6
phan lyc & cac khép chér 1a ngoai hre va viét phuong trinh lyre cho chudi

- Diéu kién dé giai duge bai todn

S6 phuong trinh luc 1dp duge = 6 4n chita trong cdc phuong trinh

S5 5
6n =Y kP, Hay 6n= kS =0
k=1 Kwl

- Dbi vdi co cdu phing diéu kién dé giai dugce bai téan: 3n - 2ps-ps=0
- Céc nhém tinh dinh thoa diéu kién trén




= Pé xac dinh cdc phan luc khép déng, ta phai tach co cdu thanh nhitng nhém tinh
dinh va viét phuong trinh Iye cho tng nhém nay

§3. Xdc dinh dp lwe khép dfng

- Céc budc xac dinh ap lyc khop dong

+ Tach nhom tinh dinh

+ Téach cac khdu trong nhém tinh dinh

Diit céac ap lue khdp déng va cac ngoai hre 1én khiu

+ Viét cac phuong trinh cdn bing luc cho tirng khau

+ Giai c4c phuong trinh viét cho céc khau thude mot nhém tinh dinh

Giai cho cidc nhém & xa khéu din trude (nguoc lai véi bai todn déng hoc)
- Véi co ciu phing, mdt khau viét duge 3 phuong trinh

> Fx=0 o
S Fr=0 hay_ {ijo
ZMoz"O 2‘ o

- Céc phuong trinh luc trén ¢6 thé duge giai bi‘ing cdc phuong phap da biét:
phuomg phép giai tich vector, phuong phip hea d6 vector (da giac Iuwc) ...

Vi du:

- Viét phuong trinh lye cho tirng khéu trong ciing mdt nhém

Zﬁ=ﬁ;+ﬁoa+§m =0
3 M. =M, +Ryx+Bh, =0




