


CHUONG 1: PONG HQC VA PONG LUC HQC CO CAU
TRUC KHUYU - THANH TRUYEN
1.1. Pong hoc ciia co cau khuyu truc - thanh truyén giao tam.
1.1.1. BPong hoc pittong
Pé tinh gan dtng, can phai loai géc B ra khoi cac cong thac chinh
xéc, nguoi ta st dung méi quan hé:  Rsina =1 sing
suy ra : sing = Asina = B =asin (Isina)

Nghia 1a: cos B =+/1-sin? f =~+1- 2sin’ a zl—%ﬂ? sin“a (%)

= Trong céc tai liéu ki thuat, nguoi ta thudng phan tich cac biéu thic gan
dung thanh cac thanh phan cap 1 va cap 2:
Sp = Sp(l) + Sp(I)
vp = vp(l) + vp(ll)
jp=jp(1) + jp(1n)

a/ Bién thién cia chuyén vi:



Sp = RKl + %) - (COSO{ + %cosﬂﬂ

cong thic chinh xac
Sau khi thay (*) vao va bién ddi, ta nhan dugc cong thic gan dung:

Sp = R[(l— cosa)+ % (1-cos Za)}
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b/ Bién thién cua van toc:
Cuc trj ciia vp cd thé tim khi 1ay dao ham cua biéu

thuc:v, = Ro(sina + isin 2a)
2

=  2X\cos’a +CoSa-A=0 = tim duoc a dat cuc tri.
Trong thuc té nguoi ta cha ¥ dén tée do trung binh: vptb = 2Sn/60 = Sn/30
DC cham téc: vptb = 4-6m/s; DC trung téc: vpth = 6-9m/s; PC cao tdc:
vptb = 9-13m/s;
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Cuc trj ciia Jp c6 thé tim khi 14y dao ham cua biéu thic :

dJp _ —Rw?sina(l+44icosa)=0

da
sina=0

J, =R@*(cosa + Acos2a)

= o0=0&a =180



=  (1+4Acosa) =0 = o =acos(-1/4L)
= Trong diéu kién (-1< (-1/40) < 1
Khi A > 1/4 s& ¢6 cuc tri thir ba

= A>1/4

Cac

thong sb

Cong thirc chinh xac

Cong thirc gan ding

. 1 1
Chuyénvi | S, = R[(l+ z) —(cosa + ~ oS ,B)}

S, = R[(l—COSa) +%(1—C052a)}

Van toc v,

RS+ f)

cospf

v, =Ro(sina +%sin 2a)

Gia toc JPZRZU{

cos@+p) , , cos? a

cos3 cos® B

}

J, =R@*(cosa + Acos2a)

1.1.2.P9ng hoc thanh truyén
Thanh truyén thuc hién chuyén dong song phang phurc tap:

= Pau nho TT chuyén dong tinh tién ciing pittdng

= Pauto TT chuyén dong quay quanh dudng tdm truc khuyu.
= Than TT chuyén dong lic quanh duong tdm chét pitténg.

a/ Chuyén vi goc:

Tu trén ta co: Rsina=1sing =

 =asin (Asina)

Dé dang thay: B =max khi o =90° va a = 270°
Bmax =12 +18°
b/ Vén téc goc:
- :d—'Bsz cosa _ , COSa
dt lcosp cospf
Cong thirc gan dang: @or = AT co5a
V1-AZsina
Cac cuc tri: Otmax = A O ; ®OTmin =0
¢/ Gia toc goc:
oy = day, _ da ,da =w da . o (1— A%)sin a3
dt da dt da (1_/12 sin 2 a)é
Cac cuc tri: €tmax = TA®?; ETmin = 0

1.2. Pong hoc ciia co cau khuyu truc - thanh truyén léch tam




Dinh nghia: La CCKTTT khi duong tam xylanh khéng cit duong tam
truc khuyu.
Mot s6 khai niém:
e - Khoang léch tam.
k=e/R - Hé s léch tam. (khoang 0,05+0,2)
al — GOc quay cua TK khi Pittdong 6 BCT
a2 — GOc quay cua TK khi Pittong & BCD
Vi tri “0” duoc coi la vi tri khi duong tdm khuyu truc nam // véi duong
tam xylanh.
D& dang nhan thay mot sé quan hé:

. e : —e Ak
[+R 1+2 [-R 1-4
(Rsina -e) =1sing = sinf = Msino - K);

cosﬂzl—%/iz(sinoz—k)2

1.2.1.Dong hoc cua pittong:
a/ Chuyén vi:



S, :\/(Z+R)2 —e? :R\/GH] .y

S, =JI-R)? —¢? :R\/G— ) k2

Ngoai ra co : Sx =Rcosa + lcosp
X= Sl - Sx
= Chuyén vi :

2
x=Sp=R \/(%Hj — k2 —(cosa+%cos,8)]

Biéu thirc gan ding:

x=Sp~R (1—cosa)+%(1—c052a) —kAsin a}

* Hanh trinh caia pittong:

G - -

2
z2R1+——£———>2R

=

S=8,-S,=R

b/ Téc dd pittdng: v, ~Ra(sina + %sin 20 — kA Cosa)

c/ Gia toc pittdng: J, ~ Rw?(cosa + Acos2a + kAsin a)
1.2.2.Péng hoc thanh truyén:
a/ Chuyén vi goc:

sinf = A(sina - K)

Do a2 > al = Goc quay ctia TK ¢ hanh trinh pittdng di xudng 16n
hon 180°;
— Gbc quay cua TK ¢ hanh trinh pittong di 1én nho hon 180°;

Goc B = max khi sinat = 1

Go6c B =min khi sinp=0= (B=0) va (Sina =Kk)
b/ Téc dd goc:



COSox
w
J1- A2 (sina — k)?

¢/ Gia téc goc:

op = A

A% cos® a(sina — k) —sin a[l - A (sina — k)?]

[1—/12(sina—k)2]%

2
Ep RA@

1.2.3.Céc diic diém ciia co cAu KTTT léch tam:

San déu luc ngang tac dung Ién thanh xylanh: Giam luc ngang &
hanh trinh chay gidn no (pittong di xudng); Tang luc ngang & hanh trinh
nén (pittong di 1€n).

Do hanh trinh S cua pittdng 1én hon so véi & CCKTTT kiéu giao
tam, cho nén sé& lam ting Vh, ting cong suat PC.

Do goc quay twong tng hanh trinh di xubng cua pittdng ¢ qua
trinh nap 16n hon, sé& cai thién chat luong qué trinh nap.

Cho phép tang khoang céch gitra TK va truc cam, khdng lam anh
huong dén quy dao dau to TT.

1.3. Pong luc hoc ciia co cau khuyu truc thanh truyén.
1.3.1.Quy dan khoi hrgng nhom pittdng :
C4c chi tiét ciia nhom pittdng tham gia chuyén dong tinh tién.

mnp =mp +m,,, +m., +m, +mg [ka]

Ngoai ra cd thé xét thém cac khéi lugng ciia phan dau nhon co trong
khoang lam mét pittdng, khéi luong cac chi tiét trong co ciu thay ddi ty sb
nén ...
1.3.2.Quy din khéi lwrgng nhém thanh truyén :

Do TT thuc hién chuyén dong phuc tap, cho nén ngudi ta thuong
quy dan khéi luong TT thanh 2 hoic 3 khéi lugng.
a/ Céc gia thiét khi quy dan:

Tong cac khdi lugng thanh phan bang
khéi lwong ciia TT.

Khong 1am thay dbi trong tm caa TT.

Coi TT la thanh c6 d6 cung tuyét ddi.
Cac thanh phan khéi luong dugc gin vao thanh &
cac diém dugc tinh toan.




b/ Quy dan vé 3 diém:

Mpp =My +M, + M,

myl, =m,(l-1)

J
_Jo. m,=—->—;
7 (-1
Mz = Myt — (My+my)

Do khdi lugng ms thuong nho hon rat nhiéu so vai m; va m; cho nén
trong tinh toan thuc té, dé don gian, nguoi ta thuong chi quy dan vé 2 khoi
luong.

m,

¢/ Quy dan veé 2 diém:
Mpp =My +m,
myly =m,(1-1,)
(1-14). A

l , m, =mmpp 7,
Can chi y rang, khi quy dan vé 2 diém thi mémen
quéan tinh caa hé thay thé sé Ién hon mémen
quén tinh that caa TT.
Thuc té cho thidy:m1 = (0,27+0,35)mqr ;

m2 = (0,65+0,73)mrr :
d/ Quy ddn Thanh truyén DC chir V:

Xét truong hop TT kiéu chinh-phu.

Thanh truyén chinh duoc quy din binh thuong, nhu trén da trinh bay.

Mpp =my +my; Myly =myp(l—-1)
Thanh truyén phu dugc quy dan theo nguyén tac trén:

m =m1ph +m2ph

ph
Sau d6 mgpn duoc quy dan tiép vé hai dau cta TT chinh thanh m’zpn va
m’’2ph

- Goi bl 12 khoang céch tir tdm chdt phu dén tam dau nho TT chinh.

- Goi b2 1a khoang céch tir tdm chdt phu dén tam dau to TT chinh.



o b . b
Khl dO . mzph = mzph 72 , mzph = mzph 71
Téng hop lai: KL quy dan caa dau nho TT chinh 12 (m1 +m’2pn )

KL quy din caa dau to TT chinh 1a (M2 +m’’2pn )
1.3.3. Quy din khéi lweng khuyu truc :
Khi quy dan nguoi ta thuong chia ra:

- Phan KL chét khuyu mek quay theo ban kinh R.
- Phan khéi lugng m,, ciia ma khuyu quay theo ban kinh p.
Néu quy dan céc khéi lwgng nay cling quay theo ban kinh R thi ta co:
mp.pzv2 =m, Ro’;, =

"R b2 B b, '

Nhu vady ta c¢6 KL quay caa khuyu truc la:
Két luan :
e KL quy dan cua nhom chi tiét chuyén dong tinh tién: m ; =m,, +m,
e KL quy dan ciia nhom chi tiét chuyén dong quay: m, =mg +m,
Trong tinh toan nguoi ta thuong tinh KL trén mot don vi dién tich dinh
pittdng: m;/F; mk/F;
1.3.4. Hop lwc va mémen tac dung 1én CCKTTT dong co 1 xi lanh

Luwc guan tinh:
a/ Lwc quan tinh cia KL chuyén ddng tinh tién:

Cong thic tinh:  P; =—m,.J =—m ;R@’(cosa + A€0s2a)
Pic diém:  Lubn tac dung theo phuong dudng tm xylanh.
Chiéu dwong cua lyuc 1a chiéu huéng vé tam quay cua truc
Khuyu.



b/ Luc quan tinh caa KL chuyén dong quay:
Coéng thuc tinh: P =—m_Ra” =const
Pic diém:  Lubn tac dung theo phuong duong thm ma khuyu.
Theo chiéu ly tam.
Luc khi thé:
Theo két qua tinh nhiét chu trinh cong tac ta c6 do thi (p-V).
Trién khai do thi (p-V) theo goc quay a ta bién thién caa ap suat p

theo goc o .
Khi tinh toan thuong ding 4p suat trong doi: Pri =P~ Py

Ta c6 cong thirc xac dinh luc khi thé : P, = p,, .F = p;,

Hop luc va mémen tac dung [én CCKTTT:
Cac lyc va mdmen tac dung 1én CCKTTT duoc thé hién trén hinh vé.

Tong luc Ps caa luc khi thé va luc quan tinh duogc xac dinh:

Luc Py dugc chia thanh hai thanh phan: luc ngang N va luc thanh truyén Py



P
Taco:P,=—=: N=P.t
it cos B “tgp

Khi doi luc thanh truyén Py t6i diém B, ta c6 thé phan tich luc nay thanh 2

thanh phan laluc Z va T:

T P; sin(a + f) L7 P; cos(a + f) @)
cosf cospf

Sau khi bién d6i va dich chuyén cac luc, ta co thé rat ra cac két luan sau:
Luc &p suat khi thé tac dung 1&n tat ca cac bé mat ma no tiép stc, nhu nap
xylanh, thanh xylanh, dinh pittdng ...

Hop luc caa lyc khi thé va luc quén tinh caa nhém pittdng (trir luc quén
tinh do khéi luong cua chét pittdng gay ra) tac dung 1én viing bé mat cua
hai dau chét, tir d6 tao phan luc tac dung lai viing bé chét.

Hop luc cua luc khi thé va luc quan tinh caa ca nhém pittdng tac dung 1én
dau nho thanh truyén va tao phan lyc tac dung nguoc lai ving bé mat tiép
stic Véi bac cua chét.

Hop luc cua lyc khi thé va luc quan tinh cua khéi lugng mj gay nén sé tao
thanh luc tong Ps. Luc téng nay duoc phan tich thanh 2 lyc: lyc ngang N
(c6 tac dung ép pittdng vao thanh xylanh) va luc thanh truyén Ptt (co tac
dung lén bé mat ¢ khuyu qua bac dau to thanh truyén).

Lyc thanh truyén Ptt thong qua hai méa khuyu sé& truyén vé hai bac 6 d& va
lam quay khuyu truc bang mémen xoan: Mx = T.R

Luc ngang N khi truyén vé 6 d& sé gay ra momen lat: Mg = N.A = N(lcosf
+ Rcosa)

C6 thé chimg minh dugc: Mx = - Mg

Momen lat tac dung Ién than may, tac dung Ién cac bé 4o dong co qua cac
goi tua.

M6émen xoan (Mx = T.R) c¢6 tac dung lam quay truc khuyu, dua cong suat
ra ngoai. Khi dong co 1am viéc, mdémen nay duoc can bang boi:

- mOémen can cua ngoai luc tai banh da;

- mAémen can cta cac luc ma sat caa cac chi tiét chuyén dong tuong ddi
trong DC;

- mémen can duoc tao thanh bai mdmen quan tinh Jo cua cac chi tiét
chuyén dong quay quy vé duong tm TK.



1.3.5.Lwc va mdmen tac dung Ién truc khuyu dong co mét hang XL.
a.GaAc cong tac va goc léch khuyu cia dong co.
Trong dong co nhiéu xylanh thi truc khuyu gom nhiéu khuyu truc.
Pé dam bao tinh can bang va do dong déu cia mdémen quay =
cac khuyu truc phai bé tri 1éch nhau theo mot géc nhat dinh.
cac xylanh phai 1am viéc 1éch pha nhau, theo trinh tu nhat dinh.
Cac khéi niem:
Thi tw 1am viéc cac xylanh: 12 trinh tu 1am viéc cua cac xylanh, ¢é dinh
cho méi dong co.
Goc cdng tac 6 : 1a goc léch pha gitta 2 xylanh 1am viéc lién tiép nhau (tinh
bang d6 gqtk).
Goc léch khuyu ok ciia dong co : 1a goc tao bai 2 khuyu cua 2 xylanh ké
nhau (d¢ gqtk).
Cac yéu cdu déi vai truc khuyu:
Pam bao goc cong tac dong déu (mot gid tri & cho dong co). Ddi véi

0°¢

PC c6 1 goc cong tac thi ¢ thé tinh: & :l8 (trong d6 t- 6 ky; i- 6

xylanh)

C6 tinh tu can bang tot.

Két cau don gian, d& ché tao.

DPam bao hiéu suat nap tot nhét.

Pam bao sy lam mat ddng déu giira cac xylanh.
b.Po thi véc to phu tai tac dung lén chot khuyu.

Bé mat ¢ khuyu chiu tac dung cua:

lyc thanh truyén,

lyc quén tinh ly tam caa TT quy dan vé dau to (P):
Q.=T+Z+P,; ()

Do céc thanh phan lyc c6 tinh chu ky, cho nén vecto @, ciing thay
d6i theo ding chu ky twong (g céc lyc trén.

Ta c6 thé biéu din su bién thien ciia @k theo dd thi duoc xay dung
theo cach sau:
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- Gia thiét truc khuyu dung yén, con xylanh quay véi tbc d6 ® nhung theo
chiéu nguoc lai.
- Dung hé toa d0 TOZ nhu hinh v& dudi day.
- Lay diém O1 vé phia chiéu duong cta truc OZ, cach O mot khoang bang
Pr2. Nghid la:
010=m2.rm2
theo ty I€ xich da chon.
- V& duodng tron ban kinh tiy y, tam O1 tuong trung cho bé mat co khuyu.



- V& tugng trung dang ma khuyu vé phia chiéu duong cta truc OZ.
- Lap bang bién thién cua cac luc T va Z trong mét chu ky.
- Pua cac cip gia tri cia T va Z lén hé toa d6 TOZ, xac dinh giao diém cua
cac duong ké vuong géc tir hoanh va tung dé néu trén.
- Néi cac giao diém nhan dugc bang mot duong cong khép kin

- Pudng cong nhan dugc véi tam O1 chinh 1a Db thi véc to phu tai tac dung
1én c6 khuyu.

_ Thi du: Véc to @ertéc dung 18n ¢b khuyu khi TK quay duoc 3900 , chinh
la vécto co gbce tai O1, mii 1a diém M (3900). Piém tac dung cua vécto nay
nam tai giao diém cua duong thang biéu dién phuong tac dung cua vecto
Vv6i duong tron tugng trung cho cd khuyu.

Trén hinh c¢6 d6 thi biéu dién su bién thién cua cac luc T va Z theo goc

quay o cua TK. Khi trién khai Quk theo goc quay truc khuyu ta nhan duoc

dd thi Qer =f(qv).

Do thi ndy c6 thé xay dung bing cach xac dinh tri sb Qur C6 thé tinh

Qe tur cong thire luong giac, khi giai tim canh cua tam giac (trong tam giac
O01M):

Khi do ta co: Qu ZJTZ +Z* + P, -2ZP, : (4)
(a= \/b2 +c¢? —2bcCOosSA ; trong d6 bcosA=2)
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Do luc Qortac dung Ién bé mat c6 khuyu qua bac 16t dau to TT cho nén tai
mdi thoi diém su tiép xdc khong phai chi qua 1 diém ma 1a mot giao tuyén.
Do thi twong tac & mdi thoi diém caa cap bé mat nay laats phuc tap, phu
thudc vao nhiéu yéu té.

- Tr @6 thi trién khai ta d& dang xac dinh duoc Qmax va Qtb.



__

dw

- Phu tai riéng trung binh: dkhlkh; Phu tai riéng 16n nhat:
_ Qe
e = Anlipn :

trong d6 dkh- duongkinh ngoai ¢ khuyu; Ikh- chiéu dai tiép xuc bac dau
to.

X
- Hé sb va dap: 9% . Thong thuong y < 4.

- Trong cac tai liéu c6 cho biét cac tri s6 qtb va gmax céc loai dong co.
1.3.6.P6 thi mai mon cé khuyu.

a/ Tinh chét:

= Do thi mai mon co khuyu thé hién trang thai mon ctaa bé mat ¢ truc sau

sau chu ky bién thién dAu tién caa luc tac dung (k).

= Qua d6 thi ndy co thé xac dinh vi tri khoan 15 dau bbi tron hop 1y, 1a noi
chiu tai nho nhat, it bi mai mon nhat.

= D) thi nay co6 do chinh xac rat thap vi sau chu ky bién thién dau tién cua
lyc tac dung, cap bé mat tac dung da bi mon, téi chu ky tiép thi rat kho xac
dinh dugc anh huéng cia d6 mai mon nay téi su phan bd ap suat trén bé
mat.

Céch thtr nhat: V& bang 2 vong tron (xem sach).
Céch tha hai: Lap bang sau d6 vé

Cac budc thuc hién nhu sau.



= Gia thiét phu tai tac dung lén ¢ truc khong chi tai 1 diém ma tac dung
déu Ién tat ca cac diém trong pham vi 600 vé mdi phia (hai bén) cua vi

tri dang xét.

V& vong tron tuong trung cho bé mit ¢d khuyu, tim O1 trén dtvtpt cta
co khuyu

Chia vong tron nay thanh 2n phan déu nhau (thuong 1a 24 phan). Danh
dau cic diém 0, 1, 2 ...

Lap bang xac dinh tong luec tac dung 1&n bé mat ¢6 khuyu (vé6i luu ¥ trén)
tai cac diém 0, 1, 2 .... ni trén.

Dung mét ty I xich thich hop dit cac tong luc trong duong 1én cac diém

chia, chiéu ban kinh hudng tdm, ta dugc cac diém mat cua cac vecto
tong luc.
= Nbi cac diém mut nay lai ta duge d6 thi mai mon.
1.3.7.D6 thi véc to phu tai tac dung Ién ¢ truc dong co nhiéu xy lanh
mot hang
a/ Nhan xet:
Do thi c6 dang phic tap hon so véi truong hop 1 xylanh do céc
nguyén nhan:
= Céc xylanh lam viéc léch pha nhau.
= Cac khuyu truc tng véi hai xylanh lién ké Iéch nhau mot goc 8k.
= Cé4c ¢ truc chiu tai khac nhau
= Tryc khuyu c6 thé dua hoac thiéu co tryc.
Xét truong hop TK di ¢ tryc, dong co 4 xylanh.
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b/ Gia thiét khi v& do thi;

Cac ¢o truc va 6 d& 1 ciing tuyét dbi, dong tam.

Luc tir mdi khuyu chi truyén téi hai ¢o truc caa khuyu do, tac dung
vao bac t6i 6 d&, khdng gay anh huong téi cac 6 xa hon.



Do thi VTPT cua céc ¢6 khuyu 1a gidng nhau, truc khuyu dang yén,
xylanh quay vdi toc do -o (nguoc lai).
b/ Céch ve:
Theo pp giai tich:

Budc 1: Lap bang bién thién cac thanh phan lyuc tac dung.

Budc 2: V& d6 thi theo bang bién thién da co.

Ti+l

Ta c6 so do lyc tac dung 1én khuyu thir i
Theo so do nay co thé xac dinh luc tc dung 1én khuyu thir (i+1).
Khi d6 c6 thé suy ra cac luc tac dung 18n cb truc nam giira khuyu thi i va
(i+1).
D& dang nhan thay:
= Khi quy chiéu cac thanh phan luc phép tuyén va tiép tuyén vai co
khuyu:

T=-T -T,, cosd, +Z,,sins, (5)

i+1
Z=-Z T, sins, —Z,, C0sJ, (6)
= Khi quy chiéu céc thanh phan luc ly tam:
Z =P, +P

ri+

1C0SO% = const  (7)
T, = _P;»‘i+1 Sin 5k: const

r

= Lap bang bién thién cua cac thanh phan luc:

ai | Ti | Zi | T |20 |ali+l) | T'i+1 | Zi+1 | T”i+1 | Z7i+1 | T | 2

10




720

Chuy:
Goc ai 1ay theo thir tw cdng tac cua xylanh thit i trong DC dang xét.
Goc ai+1 1y theo thir tu cdng tac cua xylanh thi (i+1) trong PC dang xét.
Luc Ti va Zi duoc xac dinh theo cong thuec (2);
Sau d6 tinh T va Z theo cong thirc (5, 6) trén co s& bang bién thién néu
trén;
V& d6 thi VTPT trén hé toa d6 (Z*-O’-T*).
Sau d6 dich chuyén hé toa d6 sang mot khoang (-Zr, -Tr). Ta nhan dugc hé
toa do méi (T,0,2);
Do thi trén hé toa d6 méi 1a dd thi can tim;

1.4. Pong hoc va dong luc hoc ciia co cau khuyu truc thanh truyén ciaa
dong co chir V

1.4.1.Cac dic diém cia CCKTTT kiéu chir V:

a/ Phan loai:

= Loai CCKTTT chit V cd thanh truyén kiéu dong dang.

= Loai CCKTTT chit V cd thanh truyén kiéu hinh nang-trung tam.

= Loai CCKTTT chir V c6 thanh truyén kiéu chinh-phu.

b/ Pic diém:

- Quy luat dong hoc cua pittdng day chinh va day phu trong hai loai dau la

nhu nhau.




- Quy luat @ong hoc cua pittdbng day chinh va day phu cua loai thir ba la
khac nhau.
Trwong hop goc A > y
GOc A thuong chon sao cho khi pittdng cua xylanh phu & BCT thi duong
tdm cua thanh truyén phu va doan thiang néi chbt phu véi dau to TT chinh
(doan r) trung véi duong tdm XL phu.
Nghia 13 théa man diéu kién:
L=I1+r
C6 cac cong thirc gan dung dé xac dinh chuyén vi, van téc, gia toc cua
pitténg.
Cong thac chinh xac rat phuc tap, ¢ thé tra cau trong cac tai liéu tham
khao

¥
NI R4
\i -
* Trwong hgp goc u =y
Khi nay c6 thé xay ra truong hop c6 thoi diém, khi c6 qua trinh chay trong

xylanh phu thi duong tdm thanh truyén phu khéng cit duong tdm chét
khuyu. Nhu vay s& xuat hién mémen phu gay uén ddi véi TT chinh.



