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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 thudong 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.Pong 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 xubng); 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& 1am ting Vh, ting cong suat PC.

Do goc quay twong tng hanh trinh di xubng cua pittdng ¢ qua
trinh nap 16n hon, s& 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 khéi
luong.

m,

¢/ Quy dan vé 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 lwgng m, ciia ma khuyu quay theo ban kinh p.
Néu quy dan céc khéi lwgng nay cling quay theo ban kinh R thi ta c6:
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 mit 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 doéi Vi 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
Vvéi 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 Qk 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 cua bé mat ¢ truc sau

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

= Qua d6 thi ndy co thé xac dinh vi tri khoan 16 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 dugce d6 thi mai mon.
1.3.7.D6 thi véc to phu tai tac dung Ién ¢ truc doéng 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
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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 6 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.



CHUONG 2. CAN BANG PONG CO POT TRONG

Khi déng co 1am viéc ¢d nhiéu lyc tac dung. Céc luc nay c6 thé chia
ra hai loai 14 c4c luc can bang va céc luc .

. Cac luc duoc goi 1a can bang khi tong hop luc cua ching bing 0 tai
cac bé & DC va khong gay ra mémen ty do. D6 1a cac luc khi thé va luc
ma sat.

. Cac luc dugc goi 1a khong can bang khi ching truyén lc tac dung
Ién cac bé do BC. Thi du: trong luc, phan luc cua khi thai, luc quan tinh
cua cac KL chuyén dong trong BC ...

Cac luc khong can bang gay ra rung chan BC do chiing c6 tri s6 va chiéu
tac dung thay doi. Trong sb cac luc khong can bang thi luc quén tinh cua
cac KL chuyén dong trong BC ¢ tri s6 16n hon ca. Nhiing luc khdng can
bang c6 tri s6 va chiéu tac dung khong ddi (trong luc) s& khéng gay rung
chan DC.

Khi BC 1am viéc ¢ ché d6 on dinh, néu cac luc va mémen tac dung
lén goi d& c6 phuong chiéu va tri sé khong doi thi PC s& duoc coi la can
bang.

Hién tuong rung chan DC 14 c¢o hai va can phai dugc han ché & muac
do co thé.

Piéu kién can bing dong co.

Pong co dugc coi 1a can bang khi tong céac luc quan tinh caa cac KL

chuyén dong va téng cac mdmen cua ching déu bang 0 hay bang hang sé

(const).
Biéu thuc:
2. P;=0 2 M; =0
2.Pj =0 2. M, =0
S P =0 SM, =0
hay : (> P; =const > M ;, =const
> P, =const > M ;, =const

> P. =const > M, = const



Pé tang tinh can bang cia DC, khi thiét ké, ché tao can phai dam bao:
= Khéi luong cac nhom pittdng phai bang nhau.
= Khbi lugng céc thanh truyén va trong tdm caa ching phai nhu nhau.
= C4c chi tiét quay phai dugc can bang tinh va dong.
= Céc xylanh Iam viéc trong diéu kién giéng nhau.
= Pam bao khoang céch gitra cac xylanh nhu nhau, goc 1éch khuyu nhu
nhau.
Pé danh gia tinh can bang cua DC, ngudi ta ding tiéu chuan Climov —
Stechkin
2.1.Can bang ddng co 1 xi lanh
2.1.1.Nhan xét:
e Dong co 1 xi lanh dugc sir dung rong réi trong ndng nghiép, trong
cudc sdng (xe may, may phat dién ¢ nho, xudng may...).
e Khong phu thudc vao sé ky (2 hoic 4) cac luc va mdé men chua duoc
can bang gom:
Luc Pj1= - mj.Rm2cosa (phuong tring tam XL, tri $6 va chiéu phu thudc
)
Luc Pj2= - mjRw2A.cos 2a. (phuong trung tim XL, tri s6 va chiéu phu
thuoc o)
Luc Pr = mr Re2 (phuong trung tim ma khuyu, ly tam, gia tri khong doi)
M6émen lat: MR = -M = -TR (nguoc chiéu M, tri s6 thay doi theo o; véi
PCPOT kiéu pit tdng = khong can bang duoc MR, né tac dong lén bé dat
dong co gay nén dao dong cua than b¢)
2.1.2.Can bang:
a/ Néu st dung ddi trong dat trén phan kéo dai caa méa khuyu thi chi cé thé
can bang duoc luc quan tinh ly tam.
Néu thanh phan lyc c6 phuong thang dting (Scose) can bang vai luc
Pj1 thi luc Pj2 chwa duoc can bang. Pdng thai ddi trong con gay ra thanh
phan lyc nam ngang (Ssing). Luc nay chwa duoc can bang.
= Can c6 phuong phap can bang kiéu khac.
b/ Can bang theo nguyén ly Lanchester.



Can bang Pj1:

+Trén 2 truc O3 va 04 quay Vvoi van téc o dat hai ddi trong mdl
quay quanh truc véi ban kinh pl. Mdi dbi trong s& gay ra luc quan tinh
Pdldugc phan thanh 2 thanh phan Px1(nam ngang) va Pyl (// véi duong
tam XL).

Hai thanh phan Px1ludn tu triét tiéu nhau (do bang nhau vé tri s6 va
nguoc chiéu).

Hai thanh phan Py1 luén bang nhau va cing huéng:

Pdl=mdl.pl.02 =2 Pyl
Pé can bang Pj1 can bé tri sao cho : Pj1 = -2Py1 hay:

mj. R. ®2cosa=2.md1.pl.w2.cosa

hay mj. R. =2.md1.pl

+ Chon truéc md1 (khdi luong déi trong) hoic pl(khoang cach b
tri) dé xac dinh tham s6 con lai. Khi thiét ké hai truc O3 va 04 thuong
duoc bd tri trong hop truc khuyu (BC Bong sen D12). Do han ché vé khong
gian nén thuong chon trudc pl.

Pyl1=Pdl.cosa = mdl.pl.®2.cosa
Can bang Pj2:

Pj2 duoc can bang theo nguyén tic twong tu.

Trén 2 tryc O5 va 06 quay Véi van toc + 2w dit hai dbi trong md2
quay quanh truc véi ban kinh p2. Hai truc O5 va 06 phai quay vai van téc
+ 2 Vi lyc Pj2 bién thién theo quy luat cos2a.

Cac luc Px2 ludn ty triét tiéu nhau va khéng gady mé men phu. Hai
thanh phan Py2 ludn bang nhau vé tri s6 va ciing chiéu
Pé can bang Pj2:

Pj2 = -2Py2 hay:
mj. R.®2.A . cos2a =2.md2.p2.(2w)2.cos2a.



hay mj.R.m2.A=8.md2.pl

+ Chon trudc md2 (khéi lwong dbi trong) hoidc p2 (khoang cach b
tri) dé xac dinh cac tham sé con lai.
Can bang PR : PR ¢c6 phuong tac dung va gia tri khong doi nén c6 thé can
bang d& dang bang ddi trong mdr dat trén phan kéo dai cua hai ma khuyu.

2 mdr.pr. 2 = mr.R. 2
= can chon trudc 1 tham sé (mdr hoic pr) rdi xac dinh gié tri cua tham sé
con lai.
cha y:

e Do gia tri cuc dai cta Pj2 nho hon gia tri cuc dai cua Pj1 khoang 4
lan (chinh xéc 1a 1/ lan) va bién thién véi tan sé cao nén dé don
gian két cau, trong mot sé trudng hop nguoi ta thuong bo qua va
khdng can bang luc QT cép 2.

e Nguyén tic can bang nhu trén duoc &p dung cho viéc can bang cac
DC nhiéu xi lanh (bé tri mot hang hoic chir V). Tuy nhién, cdng viéc
phtc tap hon nhiéu.

e Co ciu can bang kiéu Lanchesto kha phiic tap va tiéu hao nhiéu cong
suat nén hién nay it dung trong PCDT

2.2. Can bang dong co mdt hang xylanh 4 ky (2, 4, 6 xylanh).
2.2.1.Can bang PC mdt hang 4 ky, 2 xylanh:
a/ Nhan xét:
DbC mot hang 4 ky, 2 xylanh thuong dung trén xe may, 6t0 maykeo cong
suat nho; 1am dong co may bom nuéc ...
Két cau truc khuyu thudng theo 2 phuong an: 8k = 1800 va 8k = 3600 ;
b/ Truong hop ok = 3600 :
P, P, |
o T QO O T Q
|
|
|
|
|
|

ijl =2Pj= ijRO)ZCOSOL
ijz =2 sz = ijRX(DZCOSZOL



YP, =2P; =2mRw»?

Do két cau truc khuyu bé tri cac khuyu ddi xtitng = Cac luc quén
tinh cting chiéu. C6 thé can bang nhu trudng hop PC 1 xylanh. Con cac md
men do Pj sinh ra déu tu can bang.

¢/ Trworng hop 8« = 180° :
. Xét lyc QT chuyén dong tinh tién cap 1:
PiixL1 = MRo?cosa
PiixL2 = MjRo?cos(o +180°) = - mjRw?*cosa = - Pjixi1 ;
2P =0
Nghia 1a tai cing mot thoi diém (tai cing mot goc quay TK) cac luc QT
cap 1 cua 2 xylanh c6 cuing tri s6 va nguoc chiéu nhau.
e Xét lyc QT chuyén dong tinh tién cap 2:
PizxL1 = AMR®?cos2a
PixL2 = AMjRw?cos2(a. +180°) = Pjoxi1
2 Pj2 = 2Pjox11
Nghia 12 tai cing mét thoi diém (tai cing mot géc quay TK) cac luc QT
cap 2 cia 2 xylanh ¢é cung tri s6 va ciing chiéu nhau.

e Xét lyc QT chuyén dong quay:
D& dang nhan thdy >Pr = 0 do hai luc nay clng tri sé va nguoc chiéu
nhau.
e Canbang:
— Luc QT chuyén dong tinh tién cap 1 khdng can phai can bang (=0).
Nhung nd sinh mémen. Dé can bing mémen nay c6 thé dung ddi
trong. Nhung khi d6 s& c6 thanh phan mémen nim ngang chua duoc



can bang (Mdtn = mdtRw2sino. .b; trong d6 b 1a khoang céch giira 2
d6i trong).
— Luc QT chuyén dong tinh tién cip 2 chwa duoc can bang. Co thé
dung co céu Lanchester dé can bang. Mémen do luc nay gay ra bang
0.
— Luc QT chuyén dong quay c6 thé can bang khi dung d6i trong.
2.2.2.Can bang ddong co mdt hang 4 ky, 4 xylanh:

a/ Nhan xét:
— Pong co loai nay duogc str dung nhiéu trén may kéo, xe tai hang nhe

— Hau hét c6 goc cong tac & = 1800 . Truc khuyu c6 thé coi nhu 14 tap
hop cta 2 truc caa PC 2 xylanh ghép lai. Nhu vay ¢ tinh ty can bang
khé tot.

— Truc khuyu c6 thé cd két cau dua cd truc hoac thiéu cb tryc.

— Thir ty cong tac co 2 phuong an: 1-3-4-2 va 1-2-4-3;

b/ Cén bang:
Xét cu thé truong hop thir tu cdng tac 1-3-4-2 :
> P, =m,Re’ [COSa +cos(a +180°) + cos(a + 360°) + cos(ar + 540°)] =0



Y P, =/m R’ [cos 20+ €05 2(cr +180°) + cos 2(er + 360°) + cos 2(ar + 5400)]=
=4m R’ c0s 20 #0

> P =0
2Mu=0 >M;,=0 >M =0

c/ Két luan:

e Tinh tu can bang cua dong co 1 hang,4 ky, 4 xi lanh khé tt. Doi
véi luc QT cua KL chuyén dong tinh tién cap 2 = 0 ¢6 thé can bang
nho dbi trong nhu nguyén 1y can bang dong co 1 xi lanh (Nguyén ly
Lanchesto ). Hai truc can bang nay c6 thé dit gon trong cac-te dau
cua dong co.

e Néu dong co c6 ® nho (n= 5000-6000 vg/ph thuong gap trén xe
con), thuong bo qua YPj2 dé don gian két cdu, giam trong lugng va
gia thanh dong co. Tuy nhién, khi d6 gbi d& dong co phai c6 kha
nang dan hdi cao dé hap thu ning luong dao dong do >Pj2 gay ra,
tranh dé sy dao dong nay truyén xuéng khung xe.

e Dé co truc gitra khoi phai chiu mémen uén 16n, nguoi ta thuong bd
tri d6i trong dé can bang mé men Mr cua tirng cap xi lanh.

Can biang ddng co mdt hang 4 ky, 6 xylanh:
a/ Nhan xeét:

e Dong co (L6, T =4, 8k =1200) c6 tinh tu can bang rat cao. N6 ¢6
tudi tho cao hon so véi phuong an (L6, T =2) va c6 cong suat da 16n
= dayla phuong an thong dung nhat trong cé4c loai dong co 6 xi lanh
(céc loai xe tai cua Lién x6 cti, My...).



e Truc khuyu gom 6 khuyu truc bd tri trong 3 mit phang tao véi nhau
goc 1200, thir tu cong tac 1-5-3-6-2-4.
b/ Cén bang:

D& dang nhan thiy: ZI:)”:0;ZPJZ:O;Z“R:O;

2 M =02 M;,=023M =0

Theo nguyén tac tuong tu c6 thé khao sét tinh can bang cua cac loai BDC
mot hang xy lanh khac.

2.3. Can bang ddng co 4 ky 2 hang xy lanh chir V (2, 8 xy lanh).
2.3.1. Nhén xét.

e DC b6 tri xylanh kiéu chit V 12 BC 2 hang xylanh ghép trén cing
mot TK, cac mat phang chaa duong tdm xylanh tao véi nhau géc nhi
di¢ny.

e DC kiéu nay duoc sir dung rat phd bién trong thyc té.

e Muc dich ciia bd tri xylanh kiéu chit V 14 Giam kich thuéc BC
(giam chiéu dai, chiéu cao), giam suc can caa DC.

e Nhugc diém caa bé tri xylanh kiéu chit V : Lam phirc tap Két cau
than xylanh, thanh truyén; BC kiéu nay c6 tinh tu can bang thuong 1a
kém hon so vai DC mét hang.

2.3.2. Can bang ddng co 2 hang xylanh chir V, 2 xylanh.

Péi v6i BC chit V thi goc nhi dién y c6 y nghia rat 16n. N6 anh
huong téi kich thude, goc léch pha cong tac Sk, tinh can bang cia PC ...
— phai chon goc nhi dién y mot cach hop ly.

Xét truong hop cu thé : V2, v=900 ; BC c6 thanh truyén kiéu dong
dang.



(Cac dong co trén xe tai kiéu 3MJI-130, TA3-53-12, KamA3-5320, SIM3-
238 ... thuong c6 két cdu kiéu chir V, gdc nhi dién y=900.)

a/ Mot s6 nhan xét;

Trong truong hop ndy co thé thay rang

- BC 4 ky: gbc cong tac 61=6300 ; 52=900 ;

va gbc cbng tac 61=2700 ; 62=4500 ;

- BC 2 ky: goc cong tac 61=900 ; 62=2700

Nhu vdy dbi véi cac truon hop déu co 2 goc cong tac, nhung vé can bang
thi khéng khac biét.

Xét lyc QT cua KL chuyén dong tinh tién XL1:

P!’ =m;Rw’cosa =Ccosa , (1)

P = Am,Re* cos 2a = AC cos 2cx . @)

Xét lyc QT cua KL chuyén dong tinh tién XL2:
P{"” =m;Re’ cos(a +90°) = Csina ;
3)
PY = m,Rw’ cos 2(a +90°) = AC cos(2a +180°) = —AC cos 2« .
(4)
Luc QT ly tam: P =mRe’.
Momen cua céac luc: Mjl=Mj2=Mr=0;



b/ Can bang:

e Céac momen di ty can bang;

e Luyc QT cua KL chuyén dong tinh tién cap 1:
m an \
Do hop luc cﬁgil va tao thanh Pj1X c6 chiéu cung Pr. =
c6 thé can bang bang d6i trong nhu khi can bang Pr. Phai chon mdt sao cho

.P, =m,Re?®

> Py = /C?(sin ¢ +cos’ @) =C = m,Rw’
P =m R’
= (mj+mrnRw2 = mdt.pw2
e Lyc QT cua KL chuyc-lep) dong tinh tién cap 2:
Do hop hyc cua’ a tao thanh Pj2% c6 chiéu nam ngang
c6 thé can bang bang cac ddi trong quay vai van téc 2o nhu trén hinh vé.

> P, = J(AC)? (cos? 2 +os? 2a) = [2AC cos 2a
2Px2 = 2mdt.p®m2c0s2a

N \J2AC cos2a = m, po? cos 2

Hay: V2im,Re?® = my pa’®

= Tu day suy ra mdt
hoac p
2.3.3.Can bing ddng co 2 hang xylanh chir V, 8 xylanh, 4 ky.
e Dong co loai ndy gon va co tinh can bang tot (két cau kiéu chit V,
goc nhi dién y=900).

e CO thé coi nhu ddy 1a 4 PC kiéu 2 XL duoc lap ndi tiép.



D& dang nhan thay:
SPji1=0: 3Pj2=0; =Mj2=0:
Conlai:  Mijl,rla chua dwgc can bang.

M, = \/(le,r.sa)z +(Py,-.a)? =av10(m, +m, )R’

M2 1
9=y i = 3 _ :
i —  ©=18026

Dé can bing co thé dung ddi trong dit trén phan kéo dai cua mé khuyu.



CHUONG 3. DAO PONG XOAN CUA HE TRUC KHUYU PONG
CO POT TRONG

3.1. Khéi niém co ban vé dao ddng xoin cia truc khuyu
- M6t co hé tong quat déu cd kha nang dao dong tu do véi cac dang: udn,
xoan, doc truc. Khi c6 ngoai lyc thay d6i tac dung, dao dong 1a cudng bic.
- Dao dong uén va doc truc gy ra bién dang udn va kéo nén truc khuyu.
Tac dong cua nd truyén 18n bé & dong co. Tan sé dao dong cua 2 dang nay
cao hon nhiéu so véi toe do thuong ding caa dong co nén it duoc xét dén.
- Dao dong xoan gay bién dang xoan trong hé truc khuyu, dao dong xoén
chi anh huong trong hé, khong truyén ra ngoai. Dao dong xoan thuong Xuat
hién trong pham vi téc do sir dung cua dong co, gy ra tac hai lon.
- Khi dong co lam viéc, cac ngoai luc P, , T, Z tac dung Ién truc khuyu. P, ,
Z gay ra dao dong udn cudng buc. Luc T vira gdy ra dao ddng uén vira gay
ra dao dong xoin cudng buc.
- Tan s6 dao dong tu do 1a s6 lan dao dong trong mot phat khi khéng cé
ngoai luc tac dung.
- Khi tan sb dao dong tu do c6 quan hé phl hop véi quy luat thay doi cua
luc khi thé va luc quén tinh, hé truc khuyu phat sinh cong huong. Toc do
dong co khi xuét hién cong huong 14 toc d6 toi han. Bién do, tng suat khi
do tang cao.
- Do luén ludn ton tai luc can, dao dong tu do s& tat dan. Bién d6 va tng
suat khi cong huong chi dat téi gid tri hiru han nhat dinh.
- Céc thiét bi tiéu thu cdng suat anh hudng lon dén tan sé dao dong riéng,
luc can. Khi tinh todn can xét dén céc yéu td nay, cac hé truc khdng hoan
toan giéng nhau thi phai tinh toan riéng biét.
- Két cau TK va céc cum chi tiét do TK dan dong la rat phuac tap, phai quy
dan twong duong toan bo hé vé mot hé théng don gian gom: mét truc hinh
try tron va nhiéu dia khéi luong gén trén do.
- Van dé dao dong xoan va can bang dong co 1a doc 1ap. Hé TK dao dong
va co thé xay ra cong huong ngay ca khi dong co hoan toan can bang (L6,
L8, V12).

- Dang dao dong 1a db thi bién d6 goc dao dong cua cac khéi luong

phan bé theo chiéu dai hé truc twong duong.



- Vi tri cia hé truc ¢ thoi diém khao sat dugc xac dinh bang cac théng sd
toa do, 1a goc quay cua cac khéi lwogng so vai vi tri can bang hoic mat
phang bat ky di qua duong tm TK.

- Dang dao dong c6 1 hoidc 2 diém nat 1a nguy hiém nhat vi ¢6 tan sé nho
nén c6 kha nang nam trong viing toc do 1am viéc cua dong co.

- M6 men xoidn trén TK thay d6i theo chu ky, cé thé phan tich thanh tdng
v s6 cac md men diéu hoa.

- Tinh toan dao déng xo0in nham xac dinh téc do cong huéng, wng suat do
cong hudng dé xac dinh do bén cua hé TK va cac bién phap giam dao dong
thich hop.

- Trinh ty tinh toan:

+ Quy dan hé théng

+ Gai bai toan dao dong tu do

+ Phan tich diéu hda mé men kich thich: khi thé, quan tinh, can ...

+ Giai bai toan dao dong cudng buc

+ Xac dinh bién d6 va ang suat hé truc khi cong huong

+ Giai phap giam dao dong

3.2. Tinh toan hé thong twong dwong

Hé TK thuc té duoc quy dan vé hé tuong duong gdm: mét truc (hinh tru
tron, c6 tiét dién mat cit ngang khong doi, dan hdi, khéng khéi luong), céc
dia khéi lwong tap trung gan trén truc.



So dd quy dan caa hé TK dong co I6.

* Nguyén tic quy dan:

+ Bao toan thé ning

+ Bdo toan dong nang

* Nhiém vu:

+ Quy dan chiéu dai

+ Quy dan khéi luong

Quy din chiéu dai (d9 cteng chdng xoin)

Chon duong kinh truc quy dan bang duong kinh ¢6 truc chinh.

- V& nguyén tic quy dan: doan truc c6 duong kinh dk chiéu dai Ik sau khi
quy dan vé truc c6 duong kinh d1 thi chiéu dai quy dan 1a 11, 11 phai thoa
man:

Cl=Ck
. d
ﬁ: Gl J= Id = L=, [_J (1)
1 1, 32 dk



- Péi véi cac doan truc ¢d hinh dang dic biét, phuong phap quy dan tham
khao & [1], [2].

- Thong thudng, d6i véi TK, ngudi ta ding cac cdng thic kinh nghiém dé
xéac dinh chiéu dai quy dan cua ca khuyu truc:

+ Cong thac Timosenco:

4 4 4 4
1,=(1,+0,9n) +(1,+0 9h)§ jc" +0,0R hbd;”
ck “ckr

+ Dbi vai 6 t, may kéo, sir dung cong thirc Zimanhenco, cdng thic nay xét
dén do trung diép cua khuyu truc va cac bo phan qua do:
* TK du ¢b tryc, rong:

4 _A44 4 44
Il:(la+O’6|£d0t]+(0’8lct+o;2sdctjd dctr R\/_d dctr

d gk ckr \/_c h b3

ct

* TK i o truc, dic:

4
Ilz(lct+0,6£dd) (O8I 40224 jd4 +RVR d3
| R “Jd% Jd_ hb

+ COng thirc Hendo: dung cho ddng co cao tdc, cong suat nhé

ct

4 4 4 4
l,=(1,+0,4h)+1,096l,, d dC“ +1,284R Ja dar
ck ckr hb

+ COng thirc Carter: diing cho dong co cao téc, cong suat l6n

4 4 4 4
l,=(1,+0,8n)+0,75l,, oy, 5 G ci
dck dckr hb

- Hién nay, c6 thé dung phuong phap PTHH dé xac dinh d6 ciing chéng
x0an cho truc ¢6 hinh dang bat ky va c6 do chinh xé4c cao. Vi du, khuyu
truc cta dong co DSC 80 duwoc mé phong bing SolidWork va duoc Xxac
dinh d6 ctiing chong xoin bang ANSYS.
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aTEPal APRq ZZAEOEZ
SUE =1 01:27:27
TIME=1
ROTZ (AVG)
R5YS5=0
DIX =.399E-03
SMX =.004514

i SEEEES— 3

0 001028 .00205L .003076 . 004101

+S13E-03 .001538 .002563 . 003589 .004514

Quy din khdi lwong (md men quéan tinh khéi lweng)

- Thay cac khéi lugng chuyén dong bang cac dia tron c6 mé men quan tinh
khdi lugng tuong duong, dat & vi tri twong duong.

- Céc khdi luong can quy dan:

+ Khuyu truc

+ Nhom thanh truyén

+ Nhom piston

+ Banh da



+ Heé truc truyén dong, hop sé, ly hop, khép néi
+ Thiét bj tiéu thu cong suét
+ Céc khdi luong khéc: cac khdi luong chuyén dong trong cac hé théng,
CCPK, CC dan dong ...
- M6 men quén tinh khéi lugng cua nhdm chi tiét chuyén dong tinh tién:
» = 1/2*M*R2 = 1/2%(Myp + my)*R2. 8)
- M6 men quén tinh khéi luong cia dau to TT:
Jato = M*R2. 9)
- M6 men quén tinh khéi luong cua 1 khuyu truc:
Jkt \]ct + \]ck +2* Jm + \]dt
_Id;, LLCH
“ 32
1dg

32

4
Ju= rgz’k *, *ptm,, R?

J

2
‘]ck ck p+mckR

- Tong md men quan tinh khéi lwong cua nhém khuyu truc:

J=Jkt + Jato + an. (11)

- Ngay nay, Vi su tro gilp cua cac phan mém CAD thi viéc xac dinh md
men quén tinh tré nén don gian, két qua rat chinh xac.

Density = 0,00000780 kilograms per cubic milimeter
Mass = 8.19640003 kilograms
Yolume = 1050,82051620 cubic centimeters
Surface area = 1150.38282631 square centimeters
Cenker of mass: | centimetsrs )

¥ = 0.00000000

¥ = 2.52595377

Z = 0.00000000

Principal axes of inertia and principal moments of inertia: { kiograms * square centimeters )
Taken ak the center of mass.

Ix = (0.00000000, 0.59912822, -0.43768533) Px = 176.35670608
Iy = (0.00000000, 0.43768533, 0.89912622) Py = 19106715803
Iz = (1,00000000, 0,00000000, 0,00000000) Pz = 260.07109214

Mamenks of inertia: { klograms * square centimeters )
Taken at the center of mass and aligned with the output coordinate system,

Lxx = 260.07109214 Lxy = -0.00000424 Lxz = 0.00000321
Lyze = -0.,00000424 Lyy = 179.17476459 Lyz = -5.76903115
Lzx = 0,00000321 Lzy = -5,78908115 Lzz = 188.24909952

Mormenks of inertia: { kilograms * square cenkimeters )
Taken at the output coordinate system,

Lex = 312,36775099 Ty = -0.00000600 Ixz = 0.00000321
Iyx = -0.00000600 Iyy = 179.17476459 Iyz = -5.78908111
Izx =0,00000321 Izy = -5.78908111 Izz = 240.54575837

3.3. Dao ddng xoin tw do

3.3.1.. Dao ddng xoin tw do cia hé 2 khdi lweng

- Dao d@ong tu do hé 1 bac tu do da dugc nghién ctu ky trong mon hoc
“Dao dong trong k¥ thuat”.



- Heé 2 khdi lugng dao dong xoan thé hién su dao dong xoan cua dong co 1
XL vaco 1 BD.

- Bo qua tat ca céc loai luc can, gay tac dong ban dau, sau bo tac dong, hé
s€ dao dong tu do

- Khi dao déng ty do khong can, téng co ning cta hé khong doi, thé ning
truc bién thanh déng nang cua dia va nguoc lai.

JE

I,
= G G, | ">

= o |

] L L

. T

1 ! '-h.h

! ! = Elr;

1 I i -
-‘-"'h.

- PT dao dong tu do hé truc 2 khéi luong:

{J1<El+0(<pl—cpz)=0

3, 9,-c(9,~9,) =0

(12)

- Nghiém cua hé co6 dang:

{(Pl = aj_COS((,l)Ot)

¢, = a,c0s(m,t) (13)



- Tan s6 goc dao dong tu do (tan s riéng):

RN 1
0755 (14)

- Chu ky dao dong:

S 1 QP K )
@, c(J;+1,)
(15)

- Ddi véi 1 co hé xac dinh, tan s gc va chu ky dao dong tu do 1a khong
doi.

- Bién do dao dong cua 2 dia c6 mdi quan hé:

h (16)

J,
2 2
- D4u “ - ” chung to rang, 2 dia khoi luong ludn léch ra khoi vi tri can bang
theo 2 hudng nguoc chiéu nhau = ludn ludn 3 1 tiét dién khong bi bién

s} |Hsa>

dang (dung yén), tiét dién nay duoc goi 1a nit dao dong O.
- Vi tri cta nat dao dong duoc xac dinh tir diéu kién tan s nhu nhau:

Ay L R
‘]1 ‘]2
Cl_IZ_‘]_l

3.3.2. Dao ddng xoin tw do caa hé 3 khoi lweng
- Hé 3 khéi luong c6 2 dang dao dong
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Dao dong 1 diém nut Dao dong 2 diém nit

- Hé 3 khéi lwgng c6 2 tan sé dao dong tu do khac 0, mdi nghiém ang véi 1
dang dao dong

3.3.3.Dao ddng xoin twr do cia hé nhiéu khoi lweng

- So' dd hé truc c6 n khoi lugng nhu hinh vé.

‘]1—1 Jl
L o ®
J 2
1 @ C
. . C i-1
_—
3
Cl fj"'"' /
— o® ©
@
@

@
o
- bé xac dinh tan s6 goc va dang dao dong can phai
thiét 1ap va giai hé phuong trinh vi phan.
- Bé giai hé phuong trinh vi phan can st dung cac PP sd.
- Hé n khéi luong c6 n tan sé goc dao dong khac nhau. Cac ché do cong
huong Gng véi cac tan sb goc thir nhat, thir hai 14 nguy hiém nhat. Trong



mot sé trudong hop, ngudi ta chi can tinh toan ché do cong hudng ung voi
C4c tan sb goc thu nhat, thir hai 1a du, sir dung PP giam khéi luong.

3.3.4. Phuong phap giam khéi lwong

- Thay mot s6 khéi luong bang mot khéi luong tap trung:

Js =32 i Js duoc dit tai trong tdm cua céc khéi lugng.

67

- Hé n khéi luong duoc giam xudng con 2 hoac 3 khdi lugng,

st dung céc cong thuc ... dé xac dinh céc tan sb goc.

- Viéc quy dan hé tryc 1am xuat hién sai s, két qua tan sé goc duoc hiéu
chinh bang hé s Z phu thudc vao sb khéi lugng gop lai.

Cac phwong phap sé

- Hé phuong trinh vi phan tong quéat



Jyo+c (e, —9,)=0
J,0,—C (9, —¢,)+Cy (9, — ;) =0

J3 (P3_C2((P2 _(P3)+C3((P3 _(P4) =0

J n1 P Cop ((Pn—z - (pn—l) +Cha ((Pn—l - (pn) =0

‘]n (Pn_cn—l((pn—l _(Pn) =0
- Viét duéi dang ma tran:

(21
J,O0.. 0 -
0J,0.. o . |%

" (O
c -C .. (21
-C, C+C, -C, .. 0 0,
[C]=|0 -C, C,+C, —-C,.. 0 | {o}=10,
0... _Cn—l Cn—l Pn

* PP TO Ié:

“HE () =304, 0,443 ¢ =0

Trong qua trinh dao ddng, tong mé men dong luong cua hé ddi véi duong
tam truc khong doi.

- Nghiém tong quét caa hé:

¢, = D,cos(w,t)
@, = ,cos(w,t)

¢, =D, cos(w,t)
- Thay vao (...): J,®,0; + J,D,0; +...+J, D, =0
- Cac budac giai:
+ Chon o ban dau tly .



+ Gia thiét @; = 1 rad.
+ Xac dinh @,, Os,..., @, nhu sau.

2
Q)

(Dz = q)l _C_O(qu)l)

1

D, =D, ‘2 (3,0,+3,0,)

2
Wy
2
2
@, =®3—%(J1®1+J2®2 +1,0,)

3

2
D, =, 0

n n-1

(3D, +3,D,+..4J3,,@, )

n-1

-~

> JO,0;
+ Tinh; =t
+ NéUZZn:Jiq)imé =0
i=1
thi wo d chon 1a ding, néu tong khac 0 thi phai chon lai o dén khi thoa
man.
* PP Chexkix:
- Puoc str dung pho bién trong nganh cong nghiép dong tau caa Nga va cac
nudc Pong Au. Tham khao [1].
* PP sb: sir dung phan mém MATLAB dé giai hé PTVP (...).
* PP ma tran truyén: Viét va giai hé PTVP dudi dang ma tran. Trong do
trong tam la cac ham truyen.
* PP dong luc hoc hé nhiéu vat:
- Tham khao [...]
- Hién nay cac phan mém giai quyét tét bai toan dao dong bang PP dong
luc hoc hé nhiéu vat : MSC.ADAMS, NASTRAN, GT-Crank...
* PP PTHH:
- Chia hé truc thanh cé4c phan t roi rac, cac PT lién hé véi nhau tai cac nit.
- Lap phuong trinh can bang cho ting PT
- Lap hé phuong trinh can bang cho tat ca cac PT
- Xac dinh cac diéu ki¢n bién va diéu kién dau.
- Giai hé phuong trinh dai sb tuyén tinh
- X4ac dinh céc tan sé riéng.



- Cac phan mém giai quyét tt bai toan dao dong xoin bing PP PTHH :
ANSYS, SAP, TRIBON, ShipConstructor, ...

3.4. Dao ddng xoin cudng biic

3.4.1. Dao ddng xoin cudng birc co can ciaa hé nhiéu khdi lwong

- C6 it nhat 1 khéi luong chiu tac dong caa mé men kich thich.

- M6 men kich thich thay déi theo chu ky (luc khi thé, luc quéan tinh) nén
c6 thé coi 1 tong hop cia cac md men didu hoa cac cap.

- Trong trudng hop tong quét cua dao dong co can, khi tan sé cua mot md
men diéu hoa bt ky tring véi tan s dao dong riéng va hé sé can nho thi
trong hé phét sinh cong huong. Bién do va ung suat do cong hudng ting
Ién rat Ion.

- P6i vé6i hé ¢o nhiéu khéi luong, viée tinh toan dao dong cudng buc chi
chd trong treong hop cong huong.

- Nguyeén tic tinh toan: Céng do md men kich thich sinh ra bang c6ng do
mO men can sinh ra.

- H¢ PTVP dao dong tw do co can nhét:

Jy o+, 9+ (9, —9,) =0
3,0+ 1, @,—C (@, —9,) +C, (¢, — ;) =0

J3 @3+ s @3 C, (9, —93) +C5 (0 —9,) =0

‘Jn—l Pt My Ppa— Cn—2 ((Pn—z - (Pn—l) + Cn—l ((pn—l - (pn) =0

30 @ot Hy 0= €y (@04~ 9,) =0

(M]3} +[e]o} +[cfw] <0

- Hé dao ddng sé tit dan.

- HE PTVP dao dong cwdng burc c6 can nhot:
3,01 1y 1 €, (9, — 9,) = My, sin (kQt +0, )

3, @3+ 1y 03— C, (0, — @,)+ €, (0, —03) = M, sin (kQt+at,)

J3 @3+ 13 03— C, (0, —@3) +C5(0; —0,) = M3p3 sin (th + OL3)

‘]n—l (O o SN (A Rl VAP ((Pn—z - (Pn—l) + Cn—l((Pn—l - (pn) =M n—1p, 4 sin (th + OLn—l)

3o @0ty 0= Coy (0 —9,) =M, sin(kQt+a,)




(M]3} + 210} +[C] o} = B

- Giai doan dau hé s& dao dong tong hop caa dao dong tu do va cudng buc,
sau d6 dao dong tu do tit dan va cudi cing chi con lai dao dong cudng bic.
Bién d6 dao dong phu thudoc vao méd men kich thich va can.

?,
w, O... 0 .
0p,0. 0| . |%

[B]=/0 0 0.0 {(.p}: 0,

@,

M, sin(kQt+a,)
M,,, sin(kQt+a, )
{b} =M, sin(kQt+a,)

M, sin(kQt+a, )

Ny
- Tdc d6 dong co tai ché d6 cong huang duoc goi 1 toe do gidi han.

- Khi hé phét sinh cong huong ¢ mot toe do gidi han nao do, bién do dao
dong chiu anh huong cia mé men diéu hoa cap twong Gng.

- Khéng phai ché d6 cong hudng nao ciing nguy hiém. Chi ¢ cac trudng
hop cong hudng tai ché d6 tng véi mod men diéu hoa co hé sb k 1a boi cua
s6 XL thi méi gay nguy hiém.

- Céc bién phap trong thiét ké tranh cong huong:

+ Thay d6i thtr tu 1am viéc cua cac XL

+ Thay dbi cac thdng sb co hé: d6 ciing chéng xoan va MM quén tinh khdi
lugng.

+ DUng bo giam chan, khép mém dé giam dao dong.

- C&c bién phap trong khai thac, st dung tranh cong huong:

+ Nhanh chong dua dong co ra khoi ving téc ¢6 nguy hiém theo khuyén
cao.

3.5. Giam dao ddng va b giam chan

- Khi cong huong, bién do va ang suat ting 1én rat 16n, TK phai chiu thém
ng suat do cong huong sinh ra. Néu tng suat tong hop Ién hon tng suat



cho phép, TK s& bi gay hoic bi bién dang, cong vénh. Hé truc 1am viéc
khong 6n dinh.

- Céc tac hai do dao dong cong huong:

+PC lam viéc mét 6n dinh, rung dong, tiéng 6n 16n, va dap.

+ TK bi nong, do ma sat trong cua vat liéu sinh ra khi dao dong cong
huodng.

+ Giam cdng suit dong co, do phai tiéu hao cdng cho viéc khic phuc ma
st trong, khic phuc su rung dong.

- Trong trudng hop dao dong cong hudng ma bién do va tng suit vuot qué
gidi han cho phép, PC phai 1am viéc trong ving téc do gisi han thi phai
ding bo giam chan dé giam dao dong cua hé truc.

- C6 2 loai giam chan: giam chan ma sat, giam chan con lac

Nguyén ly giam dao djng

- So dd nguyén Iy cua hé trong duong

/ N\ WM
gy — ) _______ EE——

- PTVP dao dong:

{]1 @, +C,0, —C, (@, — ;) = M, sin(kQt)
J,0,—C, (9, —,)=0
- Nghiém cuaa hé:

¢, = @ sin(kQt)
¢, = D,sin(kQt)

o

A A z C
- Tan s6 goc: o, = |2 o = [

‘]1 2

Pit: @, =
Cl



1- 2
0,
q)l — . 02 > @0
k) e, (k) ) ¢,
- Bién d6 dao dong: @5 c, g C,
1

e (k)] e,
2 2
Mgy G Moy C,

- Khi tan sb goc dao dong tu do caa hé théng phu bang tan sé dao dong cua
mo men kich thich wg; = kQ:
®, =0
Do/Dy = - ¢1/C2 = - Mi/cC.
- Khi d6: hé théng chinh khong dao dong, hé théng phu dao dong nguoc
chiéu véi mé men kich thich.
- Néu hé thdng chinh ciing cong hudng: oo = woz; v = KQ/wo;

C2ldy = Cildi=n
- Bién d6 dao dong cua hé théng chinh:
- Khi khéng c6 hé théng phu, bién d6 dao dong cong hudng ting 1én vo
cung. Khi c6 hé théng phu, bién do dao dong cong huong bang 0. Tuy
nhién, khi d6 c6 hai diém xuat hién bién d6 vo cing.
- Méi quan hé gitra @1/dg véi v va i dugc thé hién nhu d6 thi dudi:



o 1 -"'(I:'E.

g L D,
| | n=TT=110 t

6 i : Wy =y

4 / HHE

2 Py IL'. } .

0 P .
22 /r/ @ Wy ©; kQ
-4 I Bién d6 khi cong huong
-6 } 1. Khi khéng ¢é gidam chan
-8 . 2. Khi ¢é giam chén og=np

0 05 115 2 25
U =1

B giam chan con lic

- Buoc thiét ké sao cho tan sé goc dao dong tu cta con lac bang tan sé goc
mo men kich thich tha k.

My

- PT dao dong cua con lac: ;[;+%(02(p =0



- Tan sb goc dao dong cua con lac: oy, = m\/TE
- Bé hé théng chinh khong dao dong: oz = kQ

+ D6i voi DC 2 ky: o, =kQ = koo:oa\/TE

+Poi voi PC 4 ky 0, =kQ=-""=0,[—

- Ban kinh lic:
+Pdi véi BC 2 ky: | = LIK?
+ P6i voi BC 4 ky: | = 4L/K?
Két cau b giam chan ma sat
- GOm 2 chi tiét ma sét v6i nhau dé tiéu hao nang luong dao dong. Tat ca
cac loai giam chan ma sat déu tiéu hao nang luong nén khéng kinh té.

%

Joc®s 5, B g 5 % Iy

. !
PR R

So do hé thdng tuong duong cd bd giam chan ma sat va bién do khi cong
huong
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Bo giam chan ma sét trong B giam chan ma sét téng hop

B6 giam chan ma sat kho
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Chuong 4: TINH TOAN THIET KE CAC HE THONG CHINH CUA
PONG CO POT TRONG

4.1. Tinh toan sitc bén nhém pit téng

4.1.1.Pit tong.

Khi kiém nghiém, céc kich thudc chii yéu cua pit tong theo hinh dudi

day dugc cho trude trong bang phu luc, néu thiéu thi phai do trén chi tiét

thuc. Khi thiét ké pit tobng méi, cac kich thude chu yéu duoc chon theo kinh

nghiém va cac sach hudng dian cac bang phu luc roi ché tao thwr, thu

nghiém. Trén co so d6 tién hanh hiéu chinh dé c6 kich thudc hop 1y nhat.

D t
DI
o / “w Q%
(D2 ) 7
= «egds )
— e 0|60 o | —
I I
T
L LR
“ i; S S
kS
Ib
D3
s ..-L]
d | &
Hinh 1.1 So dd tinh toan piston
Thong so bong co tinh tai va tau bong co 6 td6 va may kéo bong co cao toc
thuy
C& 16n ‘ C& nho Diesel Xang Diesel Xang
Chiéu day dinh &
Khoéng 1am mat dinh (0,08-0,2)D (0,1-0,2)D | (0,03-0,09)D | (0,1-0,2)D | (0,04-0,07)D
C6 1am mat dinh (0,04-0,08)D (0,05-0,1)D
Khoang cach h tir dinh (1-3)8 (0,6-2)d (1-2)8 (0,5-1,5)8 0,8-1,5)8 (0,6-1,2)8
dén xéc mang thir nhat
Chiéu day s phan dau (0,05-0,08)D (0,05-0,1)D (0,06-0,12)D
Chiéu cao H cua piston (1,5-2)D (1-1,7)D (1-1,6)D ‘ (1-1,4)D (0,6-1)D ‘ (0,5-0,8)D
Vi tri chét piston (0,8-1,2)D | (0,65-0,9)D (0,5-1,2)D (0,35-0,45)D
Puong kinh chét dep (0,35-0,5)D (0,3-0,45)D ‘ (0,22-0,3)D (0,3-0,5)D ’ (0,25-0,35)D
Puong kinh bé chot dp (1,4-1,7)dcp (1,3-1,6)dcp (1,3-1,6)dcp
Puong kinh trong chot do (0,4-0,7)dcp (0,6-0,8)dcp (0,6-0,8)dcp
Chiéu day phan than s; (0,3-0,5)s 2-5mm (0,02-0,03)D
S6 xec mang khi 5-7 \ 4-6 3-4 \ 2-4 3-4 \ 2-3
Chiéu day huéng kinh t (1/25-1/35)D (1/22-1/26)D (1/25-1/32)D




Chiéu cao a (0,5-1)t 2,2-4mm (0,3-0,6)t

S0 xec mang dau 1-4 1-3 1-3

Chiéu day bo ranh a; (1-1,3)a >a >a

a)Piéu kién tai trong
Piston chju luc khi thé Py, luc quén tinh va lyc ngang N, d@)ng
thoi chiu tai trong nhiét khong déu. Khi tinh toan kiém nghiém bén
thuong tinh v6i diéu kién tai trong 16n nhat.
b)Tinh nghiém bén dinh piston
Tinh nghiém bén dinh piston déu phai gia thiét luc tic dung phan
b déu va chidu day cua dinh co gia tri khong doi. Dudi day gidi
thiéu hai phuong phap tinh nghiém bén dinh.
Tinh theo vng sudt uén (phwong phdap Back) véi nhitng gid thiét sau:
- Coi dinh 14 dia tron, diy dong déu va dt tu do trén 6ng hinh tru rong;
- Ap suét khi thé Pzmax tai BDCT, cudi nén va phan bd déng déu;
- B6 qua lyc quan tinh va trong luc;
Dinh s& chiu udn 16n nhat tai tim dia (mit dudi chiu kéo) do céc luc

Pzrznax va PZ;aX gy nén. Lyc khi thé:
P D? aD’?
X - ~ MN
7% = (Purx = Po ) == % P~ [MN]
b

I{EBERREA NIRRT} r
Y55 1oAY, J g 4 5
\ D N\ o "
I \ LW/
bx\_ju

voi diém dat 1a trong tdm cua ntra dia tron duong kinh D:
2 D
== m
h=3 [m]
Phan luc PZ%C(’) tri sé ding bang Pime va cach tam dia mdt khoang

Yo
D+D

[m]



MoO men uodn:
1 3

M =— .D?> [MNmM
o =g Pemsc:D7 - [MNM]
Trong do:

D, - D+D, [m]

2
Ung suat tai tim dfa:
D-2
= — MPa
o, pzmax 452 [ ]

Trong d6:  &: chiéu day dinh [m]

So sanh tmg sudt oy v6i tng sudt udn cho phép [oy]. PAi véi hop kim
nhom:

- Binh khong c6 gan [6y] = 20 + 25 MPa;

-Dinh c6égan:  [oy] = 25 + 190 MPa;
Déi véi pit tong bang gang:

- Binh khong gan: [6,] = 40 + 45 MPg;

- Pinh ¢6 gan [6,] = 90 + 200 MPa.

Ngoai phuong phap Back, dinh pit tong c6 thé dugc coi nhu dia
mong ngam cing vao dau 6ng hinh tru va dugc tinh udn theo cac cong thic
strc bén vat liéu (phuwong phap Orlin)

Cong thirc Orolin gia thiét dinh 14 mot dia tron bi ngam cing trong
gbi tua hinh tru (d4u piston) nhu so dd trén hinh 1.2. Gia thiét nay
kha chinh x4c véi loai dinh mong c6 chiéu day & < 0,02 D.

b

_ ———
LA mmS
2

|

De

So dé tinh dinh piston theo phirong phdp Orlin
Khi chju ap suat pz phan bd déu trén dinh, Gng suat cia mot phan t6 ¢
vung ngam dugc tinh theo cac cong thirc sau:
Ung suat huéng kinh:



Ung suét hudng tiép tuyén:

3 r? ) 2
c, = ZMS—ZDZ ;. MN/m
£ - Hé s6 ngam, thuong chon =1 p
W - Hé s poat xong. (d6i véi gang p = 0,3; vi nhom p = 0,26).
r - Khoang céch tir tam dinh piston dén mép ngam.
Ung suét cho phép ddi véi vat liéu gang va nhom: [6] = 60 MN/m2
4.1.2. Pau pit téng.
Tiét dién nguy hiém nhat chiu kéo va chiu nén thuong 13 tiét dién

ngang X - x nam phia trén chdt chtra cac 16 thoat dau boi tron tir rinh xéc

mang dau.
+ Ung suat kéo (cudi hanh trinh thai, ddu hanh trinh nap):
P. m,.j
=P -2 [MPa
“ FX—X FX—X [ ]
+ Ung suat nén (dau hanh trinh chdy din no)
2
o =P [MPa]
4F
Trong do:
Myp: phan khéi luong pit tong tinh tir tiét dién x - x tro 1én,
[kal;

Fxx: dién tich tiét dién ngang x - x trir b6t dién tich qua duong
tam cua cac 16 thoat dau boi tron, [m?].
g suat cho phép:
[ ]=10 MPa dbi v6i hop kim nhom;
[o,]=25 MPa d6i véi hop kim nhom;
[0 }[o], =40 MPa dbi voi gang.
Véi dau pit tong ctia dong co hai ky, chi can tinh Gng suat nén.
4.1.3. Phan dan hieéng

Xéc dinh ap suit riéng trén bé mit tiép xac véi mit guong xy lanh.



N
—Smx VP
q, DL [MPa]

Trong do:
Li: chiéu dai phan dan hudng, [m].
Nmax: e ngang 16n nhét, [MN].
Péi voi dong co diezel:
2
Nmax = (0’8 _1’3)% pzmax (MN)
Dbi v6i dong co xing:

R

N, =0,3?[(16,25—g). -16}D* (MN)

P2 max

Tri s6 cho phép cua qp nhu sau:
bong co 6 to6 may kéo :
[ap] =0,3+0,6 MPa
Pong co 6 t cao tdc:
[ap] =0,6+1,2 Mpa
4- B¢ chot:
Ap suat riéng trén bé mét ctia nira trén 16 bé chdt duge xac dinh nhu sau:

7ZD2
P, _Pjp

-4 " (MPa
a, 2d_ 1, ( )

Trong do:

Pip = My jo 10® [MN] : lyc quan tinh do khéi lugng nhém pit tong m,
gay nén; o s& dat tri s6 16n nhat khi pit tong & DCT cudi nén, dau chay gian no.

Tuong ty nhu vay, khi pit tong ¢ DCT nhung tai thoi diém dau
nap, ddi véi dong co 4 ky thi &p suét trén bé mit nira dudi cta 16 bé chdt

duoc xac dinh nhu sau:

PJ'
=—=F"_ [MPa
qbl 2dc,€1 [ ]

Trong do:
dc: dudng kinh chét pit tong, [m];
l1: chiéu dai tiép xtc giita chdt va bé chét, [m].
So sanh gy Va Oy Vi tri s ap suét cho phép.
Péi voi pit tong bang hop kim nhém, chét boi: [ = 20
+30 MPa



Pit tong bang gang, bac dong, chét boi: [ = 35
MPa.

II. Chét pit tong.

Ngay nay hau nhu tit ca cac chdt pit tong lp trén dong co xe may, 6
t6.. st dung két cau chét boi dang try réng voi myc dich giam khdi luong,
tranh Ung sudt tap trung va dé cht mon déu theo chu vi. So dd lip ghép
chdt va céc kich thude co ban dugce thé hién trén hinh 19:

1- Ung sudt uon chot.

Véi gia thiét sy phan bd tai trong riéng 1én cic ving cta bé mit nhu
hinh trén, ing suét 16n nhat xuat hién giira chdt va duoc tinh nhu sau:

(PZ - Pjp j(z +2b-15a)

ouT 12430 - of ) (MPe)

Trong do:
dc: dudng kinh ngoai cua chdt, [m];
b: khoang céach gitta hai bé chét, [m];
a: chiéu dai tiép xuc voi bac dau nho, [m];
I: chiéu dai chét pit tong, [m];
di: dudng kinh trong cua chdt; [m].

) e
. a N AN N
~ T4 1
7
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Hinh - So' d6 Iip ghép chot pit tong va so dé phdn bé tdi trong

L, g
0 dc
aD? 2 42 . . .
P = 2P [MN] luc khi thé dau hanh trinh gian n¢ (coi nhu tai vi
tri g v61 DCT).

Pip = + (Mp + My + My + M) jp .10° [MN]

Luc quan tinh do pit tong xéc ming, khoa ham va chdt giy nén. Tai
DCT, piston co gia tdc:

jp=Rw?>(1+A) (m/s?)

2- Ung sudt cat chot.

Chét pit tong chiu cat tai tiét dién nam giira bé chot va bac dau nho
va duoc xac dinh nhu sau:

085(P, =P, L+, +a?)
T =

d;(-ag)
Céc tri s0 ing suat udn va cit cho phép dugc néu trong bang sau:
Badng tri s6 g sudt cho phép doi véi chot pit téng. Bang 29
Vit liéu chot [6u] [MPa] [t][MPa]
Thép cac bon 60 +120 50 +60
Thép hop kim 150 +250 50 =70
Thép hop kim cao 350 +450 80 +120
cap

A4.1.4.Tinh dj bién dang cua chot

Khi chiu luc, do su phan bd ap luc khong déng déu theo chu vi,
nguoi ta thuong gia thiét ap luc phan bd theo quy luat hinh cosin hodc dang
hinh 6 van theo chu vi tiét dién ngang cua chét nhu duge thé hién trén hinh
20:



R o,

73 7 7

S

Hinh - So dé phdn bé dp luc theo chu vi tiét dién ngang ciia chot

Tiét dién gitta cta chdt co do bién dang 16n nhit va dugc xac dinh
theo biéu thuc:

_ O'Og(Pz - Pjp )[1+0‘0 i

Ad_ k (mm)
E/ 1-a,

Trong do:
E: mo dun dan hoi, ddi véi thép: E = 2.10° [MPa];
1: chiéu dai chét, [m],
Hé s6 hiéu chinh k theo oy xac dinh nhu sau:
k=1,5-15 (a0 - 0,4)3
D6 bién dang cho phép [Adma] = 0,2 d. [mm], trong cong thirc nay d.
[m],
4- Ung sudt bién dang
Ung suat bién dang cuc dai nam trong hai mit phang nam ngang va
thang dung (theo duong tdm xy lanh) tai cac diém 1, 2, 3, va 4 nhu trén
hinh 21:
Ung suét kéo trén bé mit ngoai tai diém 1 (¢ = 0°):
o= 2 {0,19 @ralita) 1 }k [MPa]
¢.d, 1-a,) 1-a,
Ung suat nén trén bé mat trong tai diém 2 (¢ = 0°):

~(p, -P,
o, (R -py) o202 )ira) 1 | [vipg
t.d L) a, 1-a,

c

c

Ung suat nén trén bé mit ngoai tai diém 3 (¢ = 90°)

. - ~(p, - Pjp){o,m (2+ai+a) 0,636}( (MPa]
L-a) 1-aq

cTc

Ung suét kéo trén bé mit trong tai diém 4 (¢ = 90°):



cTc

P_P
o=t 0,174(“20’0)(12”‘0)—o’636 k [MPa].
f d (1—0{0) .ao 1_a0

Theo tinh toan, Gng suat nén tai diém 2 va ung suat kéo tai diém 4 co
tri s6 16n nhat.

Hinh . B4 bién dang va trng sudt bién dang theo chu vi tiét dién ngang.

DPdi véi chdt co ag = 0,4 + 0,8, ung suét bién dang cuc dai cho phép
nam trong khoang 60+170 MPa; véi thép hop kim cao cdp cho dong co
cuong hoa cong suét, tri sd ting suat bién dang cho phép nam trong pham vi
120 + 225 MPa.

5- Ap sudt tiép xiic vé6i (bac) dau nhé thanh truyén

Ay = % <[g,]
Séc mang
Ngay nay xéc mang khong dang ap duoc st dung rong rai trén cac loai
dong co do nhitng dac tinh wu viét tuyét ddi ctia nd so véi xéc mang déng
ap.
Phuong phap Ghinsburg tinh toan xéc mang khong dang ap. Doi voi loai
xéc mang ndy, quy luat phan bd ap suét theo dang “hinh qua 1&” duoc ap
dung. Ap suit cac loai xéc mang va cac kich thudce tinh toan duoc thé hién
trén hinh vé.

+ Ap suit trung binh ctia xéc mang 1én mit guong xy lanh:



Hinh . Biéu dé phdn bé dp sudt cla xéc mdng

Trong do:

E: md dun dan hoi cua vat liéu xéc mang, [MPa]; gang xam: E =
1.10° MPa, thép hop kim: E =2,2.10° MPa;

A: khe ho miéng xéc mang & trang thai ty do, [m];

t: chiéu day hudng kinh cta xéc ming, [m].

Tri s6 cua py trong khoang 0,1 + 0,25 MPa ddi véi xéc mang khi va
0,2+ 0,4 MPa ddi véi xéc mang dau.

Dua vao hé s6 phan bd cho trong bang ta c6 thé xac dinh ap suét 1én

bé mit guong xy lanh & vi tri bat ky.



+ Ung suat udn lam viéc s& 16n nhat tai tiét dién dbi xing I-I (Gng
suit kéo bé mit ngoai):
_ 0,385AE

O-ul =N
e
t

+ Ung suét udn lip ghép 16n nhat tai bé mat trong, tiét dién dbi ximg

[MPa]

I-I (tmg suét kéo bé mat trong):

4E[1— 0,11A)

mD(D—lAj
t it

Trong d6: m- hé sé phu thudc vao phuong phap lip xéc ming vao

[MPa]

Oy =

ranh (tham khao sach gido khoa).
Céc trj s6 ctia ing suit cho phép nhu sau:
- Béi véi dong co khong cudng hod cong suit:
[cu1] =300 + 400 MPa ; [ou2] =400 + 450 MPa
- B6i voi dong co cuong hod cong suit:
[cu1] =200 + 300 MPa; [oy2] =300 + 350 MPa
Ngoai ra, khi thiét ké phai chon so bo khe hé miéng, khe hé mat dau
va khe h¢ huéng kinh rodi tinh todn kiém tra lai khe h¢ khi dong co chiu
toan tai.
4.2. Tinh toan sirc bén nhom thanh truyén
L Tinh todn dau nhé thanh truyén
Pau nho thanh truyén chiu luc kéo nén thay doi co tinh chat chu ky,
ngoai ra néu duogc ép bac truot thi dau nhoé con chiu Gmg suat bién dang
(kéo) do mbi ép ciang gay nén. V4i dong co tinh tai va dong co c6 toc do

, A A s 1A, A aA » 1x d \ Ae g+ g
truc khuyu thap co thé co két cau dau nho day (d—z 21,5j con doi voi cac

1
dong co cao tdc, phd bién 1a két cdu dau nho mong (3—2 31,5) Céc kich
1

thudc va so dd thanh truyén duoc thé hién trén hinh 23 va trong bang phu
luc kém theo.

1- Tinh todn dau nhé day (3—2 > l,5j

1



Tai thoi diém khi pit tong & DCT cubi thai, ddu hanh trinh nap, dau
nho bi kéo trén tiét dién trung tim ngang:
P, mRw’(1+1)107°

=1
o, =

F - (dz_dl)ld [Mpa]

Trong do:

m; khéi luong ctia ca nhom pit tong va nira trén cua dau nho thanh
truyén, [kg].

[o] = 30+60 [MPa]. Bdi véi cac loai thép hop kim, chon tng suat
cho phép vé phia tri s6 16n.

Ngoai ra néu coi luc p; phan bd déu trén mit trong ctia dau nho thi

c6 thé tinh ung sut theo cong thirc Lame:

Trong do:

p: 14 4p sudt phan bd déu theo hudng kinh trén bé mit trong cua dau
nho va do thanh phan luc sau gay nén:

- Lyc quan tinh cta khéi lwong nhém pit tong;

- Lyc cang do mbi lap ghép c6 do doi véi bac;

- Luc cang do dan nd nhiét gitra bac va dau nho.



[MPa]

thau:

LU Rw’(1+4).10°° N A+ A

ly.d, [ d?+d? d?+d?
d2 d2+'u d2 d2_’u
d
' E E,
Trong do:

Mpp: khdi lwong toan bd nhém pit tong, [kgl;

A: 6 doi mbi lap ghép bac - ddu nho, [m];

A¢ = dp. 1 (o -ar) [M];

dy: duong kinh trong ctia bac dau nho, [m];

E: md dun dan hoi vat liéu dau nho, chon: 2,2.10° MPa ddi vai thép;
Ep: m6 dun dan hoi vat liéu bac, chon: 2,2.10° MPa ddi véi dong

1 =0,3 : hé s6 Poat xong.

Ung suét kéo 10n nhat xuat hién trén bé mat trong (theo cong thirc

Lame):

d? +d/?
2 1

So sanh trj s6 tinh duoc véi ing suat cho phép.

2- Tinh todn dau nhé mong [3—2 < 1,5) theo Kinasoshvili

1
+ Khi chiu kéo (6 PCT cudi thai, dau nap)

Trén co s¢ thue nghi¢ém va tinh todn gido su Kinasoshvili dua ra gia

thiét tinh todn va cac cong thirc nhu sau:

- Coi lyc quan tinh P’j (b6 qua khéi luong nira trén dau nho) phan bd

déu theo hudéng kinh trén dudng chu vi trung binh cia dau nho:

p=—1 [MPa]



Hinh . So d6 tinh todn ddau nhé méng

- Coi dau nho 1a mgt dam cong doi xtg ngam tai ti€t dién C - C vé

moi phia nhu hinh v& trén v&i goc ngam y duoc xac dinh nhu sau:

L
= 90° + arccos -2 g [d0]
7/ - d %

?2"‘,01

- Coi bac ép ciang vao dau nho ciing bién dang twong duong nhu dau

nho.
- Cat dam cong tai tiét dién d6i xting A-A va thay bang luc kéo va
mo men udn tuong tng Na va Ma:
Na =P; (0,572 -0,0008 v) [MN]
Ma = P;p (0,00033 y - 0,0297) [MNm]
Trén co s& nhu vay, bai toan chuyén sang dang don gian va co thé
xéc dinh luc phap tuyén va g suat udn tai tiét dién bat ky gitta A - Ava C
- C.
Qua khéo sat ngudi ta thdy rang tiét dién C - C 1a nguy hiém. Tai d6
g suat kéo trén bé mit ngoai, tirc 1 tai ving chuyén tiép 1a 16n nhat.

Ung suat tong cong trén bé mit ngoai 1a:

6p+5s .1
=|2M. Nj. |— [MPa
Tni { e s(2p+s)+Z JC} sl [ ]

Tuong tu, ddi véi bé mit trong:

6p—5 1
=[=-2M N |— MPa
7 { g s(2p—s)+z 4 sl [MPa]



Trong do:

d, -

s=92=% chidy day diu nhé, [m;

Mijc = Ma + Na.p (1-cos y) - 0,5 Pjp (sin y - cosy) [MNm]
Njc = Nacosy + 0,5 Pj (siny - cosy) [MN]
v: goc ngam, 1a goc giira tiét dién C-C va tiét dién A - A

v: h¢ s6 phu, ké dén anh hudng cua tmg suat nén du déi véi bac 16t dau

- E,F,
E,F, +EF

Eq, Ep: md dun dan hoi vat liéu dau nhé va bac, Fq,Fs; tiét dién doc
ctia dau nho va cua bac.

Khi tinh day du cho céc tiét dién ta c6 thé vé duoc biéu d6 Gng suat
bé mit trong va ngoai ciia ddu nho trong trudng hop chiu kéo, va khi thay
d6i goc ngam y thi ung sudt bé mit ciing thay doi theo. Biéu do Gmg suét
dudi day thé hién rd hon diéu do.

+ Khi chiu nén ( 6 BCT, dau hanh trinh din no )

Luyc nén - theo Kinasoshvili - dugc phan bd trén ntra dudi dau nhod
theo quy luat cosin va 1a tong cua luc khi thé va luc quén tinh:

Pn=P,-myp .R.o? (1+2).10° [MN]

Ciing van véi nhitng gia thiét gidng nhu trudng hop chiu kéo, mé men
ubn Ma va lyc phép tuyén Na tai tiét dién d6i ximg A-A co thé xac dinh theo
db thi trén hinh 26:

Tai tiét dién nguy hiém C-C:

Mnc = Ma + Na.p (1- cosy) - Pn. p (Si¥+%siny—icos;/)

[MNm]

Nnc = Na.COSy + Pn(sigy +Zsin7_lcos;/) [MN]
V4 V2



Hinh - (rng sudt bé mdt trong oy va tng sudt bé mdt ngodi oy; trong trirdng hop chiu

Trong hai cong thirc trén y tinh bang radian.

o, =|2m, 2P*S LN | [MPg]
s(2p+s) sl

oy = {—2Mnc%+mc}i [MPa]

Sau khi tinh toan cho cac tiét dién trung gian khac ta s& dugc biéu do
g suat nhu duoc thé hién ¢ hinh trén.

+ Ung sudt bién dang:

Xuat hién do mdi lap ghép cing giira bac va 16 dau nho (néu co) va
do gian nd nhiét khi dong co lam viéc. Nhiét do lam viéc cua dau nho
khoang 370+450°K.

Hinh VIII-9. So d6 tinh todn déu nhd, dd thj thuc nghiém va trng suét trén



Do dobi do gian no nhiét duoc xac dinh nhu sau:
A= (o - o) t°.d; [m]
a: hé sd gian nd nhi¢t ctia dau nhé, véi céc loai thép co thé chon o =
1.10° [1/d0].
otp: hé sb gian nd nhiét vat li¢u bac, véi déng thau: 1,8 .10° [1/d0].

Téng d6 doi A + A, gay ap suét 1én bé mit lip ghép va duoc xac dinh nhu

Sau.
A+ A,
MPa
P a2+ d? +d? [MPe]
dz—gz  # gqz_qz #
dl 2 1 +l b
E E,

Céc tham so: tham khao phan tinh dau nho day.
Ung suét bién dang do p gy nén duoc tinh theo cong thirc Lame:

Trén bé médt ngoai dau nho:

2d2
= MPa
GAn pd22 _dlz [ ]
Trén bé mat trong dau nho:
d?+d;
On=0P dzg _d} [Mpa]

Ung suit bién dang (kéo) c6 thé dat téi 100150 MPa.
+ Hé s6 an toan chung cho dau nho:
Do dau nhé chiu kéo, nén voi tng suat thay doi c6 tinh chat chu ky
va khong d6i xtmg nén phai tinh bén theo hé s6 an toan chung.
Ung suét cuc dai cta chu trinh:
Omax — Onj T Oan.
Ung suét cuc tiéu cta chu trinh:
Omin = Onz T Oan.
Tai tiét dién nguy hiém C-C va tai diém nguy hiém nim trén bé mit
ngoai cua dau nho hé sd an toan duoc xac dinh theo biéu thuc sau:

o 20 1

n = =
(e
o,ta,0, O,-0, +a5(0'nj +o0,, + ZJM)

Tri s6 ctia n, phai nam trong khoang 2,5+5



(c.1= 180 + 250 MPa dbi véi thép cac bon, .1 = 340 + 380 MPa d6i
v6i cac loai thép hop kim):
+ D¢ bién dang ciia dau nhé theo hwéng kinh &

3 0
10°EJ
Trong d6: P [MN]; p [ m]; v [d0]; E [MPa];
3 7 N\
J= Idlsz [m*] : m6 men quén tinh tiét dién doc cua dau nhd.

Pé tranh ket chdt pit tong, khi ma khe ho lip ghép giita chét va bac
nam trong khoang 0,04 +0,06 [mm] nén [8] < 0,02 +0,03 mm.

II. Tinh todn than thanh truyén.

Khi dong co lam vi¢c than thanh truyén chiu kéo béi luc quan tinh,
chiu nén do Iyc khi thé va chiu luc quan tinh chuyén dong lic (song
phang). Boi thé trang thai chiu luc cta than thanh truyén la:

- Chiu kéo;

- Chiu nén va udn doc than;

- Chiu udn ngang dudi tac dong cua luc quan tinh chuyén dong lic.

Khi tinh strc bén than ta chia thanh hai trudng hop:

1- Thén thanh truyén déng co téc do thap va trung binh

Khi dong co c6 téc d6 truc khuyu o thip hodc trung binh ta bo qua
cac loai luc quan tinh ma chi tinh theo Iuc khi thé tai vi tri DCT khi pit tong
& dau hanh trinh chay gidn no.

+ Ung sudt nén tai tiét dién nhé nhat I-1 theo so dd trén hinh vé.

Pz

nmax —

[MPa]

o

+ Ung sudt nén va uon doc tqi tiét dién trung binh Fi,.

Ngoai hiéu tng nén, luc khi thé con gay hiéu tmg udn doc than. ting
suat udn doc 16n nhat & vung tiét dién trung binh nam khoang gitta than
thanh truyén.

Theo cong thirc Nove-Rankin, ta co:

o ="tk [MPa]
th
P

o, =—-k, [MPa]

y y
th

Trong d6: Fy- dién tich trung binh ngang than [m?].



Mot cach gan ding, ta c6 thé chon ky =~ ky ~ 1,1+1,15.
Tri s6 Gng suat cho phép ndm trong gidi han sau:
[6] = 80 + 120 MPa ddi véi thép cac bon;
[6] = 120 + 180 MPa ddi véi thép hop kim.
Sau khi tinh o , ox Va oy, can so sanh vdi tri s6 Gmg suat cho phép.

Neéu can thiét thi kiém tra hé s6 6n dinh uén doc.

—

R ¥

Hinh So dé tinh thén thanh truyén déng co téc dé thdp.

2- Thédn thanh truyén déng co cao toc.

Khi tinh toan can xét toi cac loai luc quan tinh dé tinh strc bén moi
theo tai trong thay doi c6 tinh chat chu ky.

Luc tac dung khi thanh truyén chiu nén va udn doc tai tiét dién trung
binh khi pit tong & vi tri BCT:

Ps = Py - (Mpp + M) Re? (1+1).10° [MN]

Luc quén tinh tinh tién do khéi luong ctia nhém pit tdng my, va phan
khéi lwong phia trén tiét dién trung binh ctia thAn my gay nén.

Ung suét tong theo cong thirc Nave-Rankin:

Oy

PZ
=—=k
_ [MPa]

tb



o, =—k, [MPa]

y y

Ciing tai vi tri PCT cta pit tong ¢ cubi hanh trinh thai, ddu hanh

trinh nap, luc quan tinh dd néu trén gay ra tmg suat kéo tiét dién trung binh

Pay [MPa]

Ukz X

th
Pii = (Myp + M) R ©? (1+1)10° [MN] , lay véi dau
duong
Hé s6 an toan tai tiét dién trung binh cua than:

20,

n. =
” (O-x _O-k)+aa(o-x _Gk)

thay ox bang Gy vao biéu thirc trén ta dugc noy.
Trong do:

20 . — 0O
o = -1 0

o

Oy

Ngoai tiét dién trung binh ta con phai xac dinh hé sb an toan cia tiét
dién nho nhat. Cac budc tinh toan cling twong tu nhu d6i véi tiét dién trung
binh nhung can luu ¥ nhiing dic diém sau:

- Luc quan tinh chuyén dong tinh tién khi pit tong & vi tri PCT do
khéi lwong nhom pit tong va khéi luong phia trén tiét dién nho nhat cia
than gay nén:

Piz = (Mnp + M) R ®? (1+1).10° [MN]

- Tai tiét dién nho nhatky=ky=1vaox=oy=0c.

Trén co s& do ta s& xac dinh duge hé sd an toan ne clia tiét dién nhé nhét.

Tri $6 Nox Noy VA No thuong nam trong khoang 2,5 + 3.

Véi nhitng dong co c6 toc do truc khuyu khoang tir 3000 v/phut trd
Ién ta phai xét thém téi anh hudng cia mé men luc quan tinh chuyén dong
lac quanh chdt pit tong.

Do than thanh truyén thuong co két cAu tiét dién chiu luc déng déu
(dién tich va kich thudc ting dan vé phia dau to) nén c6 thé coi gan ding
1a lyc quan tinh chuyén dong lic (tinh theo mot don vi chiéu dai than) phan

b theo quy luat hinh tam giac nhu hinh dudi day



f
o\ \ : l

Hinh . Su phan bé luc quan tinh ldc don vi doc theo than

Luc quéan tinh lic ndy dugc x4c dinh theo gia toc goc cua thanh
truyén. Ta phai chap nhén sai s6 tinh toan béi ta quy dan khéi luong thanh
truyén vé duong tim dau nho (dé tham gia chuyén dong tinh tién) va vé
duong tam dau to, mdi phan khoi lwong cua than thanh truyén déu dong
thoi thue hién hai chuyén dong co gia toc d6 1a chuyén dong tinh tién theo
phuong dudng tdm xy lanh va chuyén dong quay quanh tdm chdt pit tong.
Béi1 vay luc quan tinh lic don vi tai diém A duoc xac dinh gén ding nhu
sau.

q=m; Rw?10® (MN/m)

Trong d6: m; (kg/m): khi lugng thanh truyén tinh theo mot don vi
chicu dai.

M6 men luc quéan tinh udn ngang than thanh truyén dat tri sé 1on
nhét & tiét dién F cach dau nho mot khoang 1a 0,577 1 tai vi tri thanh truyén
vubng goc véi khuyu tryc. Gng suat tong cong udn va nén xac dinh nhu
sau.

gy =ty um [MPa]



Trong do:
PZ

P =
" cos B

(MN); o + B =90°

F va W,: 1a dién tich va mo men chéng udn cua tiét dién tinh toan,
cach dau nhé 0,577.1.

2P, |
M, ., =—==01281P, [MNm]
943

i
Po="  [MN]

Tri s6 ox thudng khong vuot qua 30 MPa nén thudng dugc bo qua.

III. Tinh bén déau to thanh truyén.

Do két cau thuc té ciia dau to nén chi can tinh toan cho truong hop
chiu kéo tirc 1a khi pit tong & DCT cubi thai, dau nap. Téng luc kéo dau to
la lyc quan tinh chuyén dong tinh tién do m; gdy nén va luc quan tinh
chuyén dong quay ctia phan khéi luong quy dan vé tim dau to m; (bo qua
phan khéi luong cua nap dau to my,) gay nén:

Pz =P;+ P’ =[m; .R.w? (1+1) + (M2- my) Ro?]  .10° [MN]

Gido su Kinasoshvili da gia thiét:

- Khi lap cing bac vao dau to thi bac va dau to déu bién dang nhu
nhau. Do vdy md men tac dung lén bac va dau to ty 1€ vd1 mé men quan
tinh tiét dién Jp cia bac va cua tiét dién nép dau to Jq.

- Nip va nira trén cta déu to coi nhu mot khbi nguyén, khong con bi
anh huong ctia mdi ghép.

- Nép dau to va bac dugc coi nhu mot dam cong co tiét dién ngang
khong doi (bang tong tiét dién A-A) va dugc ngam hai dau tai cac tiét dién
B-B véi ban kinh cong ldy bang nira khoang cach giita hai dudng tdm bu
16ng thanh truyén c, [m].



<, I
J, _
] )
l
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prTa P

Hinh. So dé tinh todn surc

bén déu to thanh truyén

- Luc quan tinh Pjz dugc phan b theo quy luat cosin.
4P,

7.C

cos 5 (MN/m)

p'= pcos B =

Cit dam cong tai A-A va thay tic dung tuong dwong bang mé men

Ma va luc phap tuyén Na:
M, =P, %(0,0127+0,0008370) (MN.m)
N, =Py, %(0,522+O,003]/0) (MN)

vo: goc ngam tiét dién B - B, [d0].
Ung suat tong cong 16n nhat (udn va kéo) tai bé mat ngoai tiét dién

A-A c6 xét té1 anh huong cua bac 16t:

0,127 +0,00083,) 0522+ 0,003y,

2W, 1+‘]—b F 1+‘]—b
‘]d ‘]d

c
oy =Py (



Trong do:

3
M6 men chdng udn: W, = gdf [m?]

A , , « K . A z fd -52 4
MO0 men quan tinh tiét di¢n nap: J, = B [m*]
A r s < A [N / b .52 4

MO0 men quan tinh tiét dién bac: J, = [m?]

lg v &: chiéu rong va chiéu day tiét dién nip, [m];

lp va 8p: chiéu rong va chiéu day tiét dién bac, [m];

Tri s6 cta [ox] nhu sau:

Thanh truyén bang thép thuong cho dong co tinh tai va dong co tau thuy:
[cx] = 60 + 100 MPa ;

Thanh truyén dong co 6 to may kéo, xe ting, xe xich va tau thay cao

[os] = 150 + 200 MPa;

Pong co cudng hoa cong suit véi thanh truyén bang thép hop kim

[os] = 200 + 300 MPa;

Néu trj s6 os tinh duoc g::in b.%mg tri sb [ox] thi can phai kiém tra do

bién dang theo hudng kinh A4 ciia dau to theo biéu thirc sau:
A 0.0024P, ¢* ]
E(J, + Jd)

Tri s tinh dugc phai nhd hon khe hé huéng kinh giira bac dau to va
bé mat c6 khuyu. Ddi voi dong co 6 té may kéo, xe xich [Aq] = 0,06 = 0,1
mm.

Trén day 1a cac nodi dung chinh ciia phan tinh toan kiém nghiém
thanh truyén dong co 4 ky. Dbi véi dong co hai ky, viéc tinh toan s& khac
boi vi khong c6 trang thai thanh truyén chiu kéo khi pit tong & diém chét
trén ma thanh truyén ludn chiu tong luc khi thé va quan tinh giy nén va uén
doc mdi khi pit tong t&i vi tri PCT. Nhu vay viéc tinh toan thanh truyén
dong co hai ky sé& thién vé tinh nén dau nho, nén va udn doc than ciing nhu
udn ngang than.

IV. Tinh bén bu long thanh truyén



Bu 16ng thanh truyén cb dinh nap véi dau to nén khi xiét chat bu
16ng (hodc dai 6¢) bu 16ng bi kéo va xodn. Ngoai ra, khi dong co 1am viéc,
bu 16ng con chiu Gmg suét kéo thay doi co tinh chat chu ky do lyc quan tinh
ctia nhom pit tong va thanh truyén (khong ké nap dau to) Pjs gy nén. Thoi
diém tinh bén 14 vi tri img véi pit tong & DCT cudi hanh trinh thai, dau nap.
Luc Py x4c dinh theo biéu thirc khi tinh toan dau to thanh truyén. Luc kéo
moi bu 16ng:

J

P = % [MN]

Trong d6: z- s6 bu 16ng cho mdi thanh truyén.

Luc xiét bu 16ng thanh truyén Pa phai da 16n dé khi dong co 1am
viéc mdi ghép van dam bao chit nhung khong qua 16n dé tranh bién dang déo,
c6 nghia 13 Pa> Pj, ta thuong chon:

Pa=(2+4)P; [MN]

Luc kéo bulong:

Pk = XPJ" + Pa
¥ - hé s0 tai trong tir lyc quan tinh
K
y=
K, + Kg

Ky - tinh bién dang ciia phan thanh truyén chiu lyc xiét cua
buldng

Ky = |
Eq Fy

Kq - tinh bién dang ctia bulong thanh truyén
3 I
E,.F

I'min

bl

| - chiéu dai buldng;
Eu, Epi - m6 dun dan hoi cua thanh truyén va buldng;
Fbimin, Ftt - dién tich thiét dién cua bulong va phén thanh truyén chiu
luc xiét;
Ung suat kéo nho nhat va 16n nhat khi 1am viéc:
Gem = ——  [MPa]

bl min



O-k min — i [M Pa]

bl min
Foimin: dién tich tiét dién ngang nguy hiém nhat ctia bu 16ng.
Ngoai tmg suit kéo, bu 16ng con bi xodn do siét v6i luc Pa. tng suat
X0an Ty:
;. _O1P, dy
04.dg

bl min

[MPa]

dw: duong kinh trung binh cua ren
do: duong kinh chan ren (hodc duong kinh cia tiét tién ngang nho
nhat chiu xoan cta bu 16ng).

Ung suat téng:

o, = o +417 [MPa]

Tri s6 Grng suat cho phép [ox] nhu sau:
- Pong co tinh tai va tau thiy, bu 6ng bang thép cac bon:
[cx] =80 + 120 MPa
- Bong co 6 t6, may kéo, tau thuy tdc dd cao,.. bu long bﬁng thép hop
kim:
[os] =120 + 180 MPa
- Pong co cudng hoa cong suét cao, bu 16ng bang thép hop kim cao
cap:
[os] = 180 + 250 MPa

H¢ s6 an toan cua bulong:

(o)
n= =
el
o, +a, .o
Es
O3 - blén d6 Cﬁa l:‘[‘ng Suﬁt O — O,5.(Gmax - Gmin)

Ow - ing sudt trung binh o = 0,5.(Gmax + Omin)

Ko - hé s6 tap trung Gng suat;

0o - hé 86 phy thudc loai vat lidu;

&5 - hé s6 phu thudc cac yéu td cong nghé

Péi véi loai ndp dau to thanh truyén ma bé mat phan chia nghiéng
goc o so v4i bé mit ngang thi viéc xac dinh Py can chu ¥ t6i cos o theo nguyén
tac phan tich luc.
4.3. Tinh toan swc bén truc khuyu



Do truc khuyu ctia dong co nhiéu xy lanh gdm nhiéu khuyu ghép ndi
tiép nén vé ban chat d6 1a mot dim siéu tinh va rat khé tinh toan. Bé don
gian hoa viéc tinh toan ta gia thiét ring truc khuyu cimg viing tuyét di, cac
luc tac dung tap trung tai diém giita ctia ¢o truc va c¢b khuyu. Trén co so d6
ta dung phuong phép phan doan dé tinh toan. Hé sb an toan tinh theo
phuong phap nay ¢6 tri sé nho hon 5 + 8 % ddi véi co khuyu, 30 + 40% dbi
v6i ¢ truc va ma khuyu so v6i két qua tinh theo phuwong phap dam siéu
tinh. Béi vAy can chon hé s an toan cho phép that hop 1y.

Ta chia truc khuyu thanh nhiéu doan, mdi doan 1a mot khuyu rdi xac
dinh tat ca cac loai luc va md men tac dung 1én khuyu d6. So d6 tinh toan

ddi vai khuyu truc thtr i nhu hinh vé. Cac luc tac dung 1én khuyu truc:

- Luc phéap tuyén:
7 _p cos(a + f3) [MN]
cos 3
C ”
b g A0 _
Pﬁ < iF’; a5
TN e T
‘ / z A ‘1”_7 A | R
z L - |- /f
S [ J —_’] W
it z + ,
' A-A .
P P : T
[— £

Hinh VIII-13. So dé tinh todn truc khuyu

- Lyc tiép tuyén:

T =P, sin(a + B) [MN]
cos B

- Lyc quan tinh ly tam cta khoi luong tap trung tai co khuyu:
C=C,+GC,= (m2 + mck) R®?2.10° [MN]
- Luc quén tinh ly tam ctia hai mé khuyu:

Pr]_ = 2 mpm.p®2.10-6 [MN]



- Lyc quan tinh ly tdm cta hai d6i trong:
Pr2 = 2Mg.pg ©2.10° [MN]

(Phai thém 10 vao cac biéu thtrc tinh luc quan tinh ly tim vi khéi
lugng tinh theo kg, khoang cach theo m nén can phai ddi luc thanh MN).

Luc quan tinh ly tim cta hai ma va hai d4i trong dugc phan bd nhu &
hinh vé& trén.

Céc lyc nay giy nén cac phan lyc tac dung 1én bé mit hai co truc tir
phia bac 6 truc. Khi giai phong 6 d& ta thay bang cac phan luc Ty, Zi’ cho

cO truc bén trai va T, ; Z. cho ¢0 truc bén phai cua khuyu.

Z_'sz':C_Zi"_Prl_PrZ
o T_2 [MN]
T =T =1
2

Viéc xac dinh cac phan luc trén co thé duge thuc hién rat dé dang
thong qua cac khoang cach a va b.

Ngoai ra, ¢d truc bén trai chiu moé men xodn M;.

Pay chinh 1a tong m6 men (hay con goi 1 mé men tich lity) cua tat
ca cac khuyu tryc phia trude né truyén dén.

C6 truc bén phai chiu m6 men X04n Mis1, day chinh 1a m6 men tac
dong nguoc trd lai tr cac khuyu phia bén phai no.

Ta co:

M,=STR [MNm]

Mm=iﬂR=Mﬁfﬁ[MNm]
1

Chu y: trén so do tinh toan ta di doi chiéu cua phan lyc va mé men
nguoc nén khong ddi ddu dai sb cta biéu thic tinh T,z va Mi:1 nira.

Khi tinh toan cho khuyu bén phai (thtr 1 + 1) thi ta phai v€ nguoc lai
chiéu cila véc to md men M.y ddi véi co truc chung véi khuyu phai. Nhu
vy vé thuc chét, ¢o truc chung gitta hai khuyu chiu phan lyc do hai khuyu

gay nén. Nhung bang cich phan doan, nghia 1a chia déi cd truc chung va



phan lyc tir phia khuyu ndo thi do nira c¢6 truc phia khuyu d6 chiu, khong
lién quan gi téi nira 6 truc kia, chinh vi thé méi ¢ sai s6 t6i 30+40% so
v6i phuong phap giai dam siéu tinh.

Do tit ca cac luc Ti, Zi, T.,T,,Z,,Z/,M,,M.,, déu bién thién co6 tinh
chat chu ky nén s& phai tinh bén theo hé s an toan.

Trong tinh toan, ta c¢6 thé co cac phuong 4n tinh toan sau:

- Khi "khéi dong" c6 Pzmay;

- Khi chiu lu phéap tuyén 16n nhat Zax;

- Chiu lyc tiép tuyén 16n nhat T,

- Chju md men xodn 16n nhat Miax.

1. Truong hop khoi dong:

Luyc tac dung lén khuyu la:

Zo=Z=pPmax.- Fp; T=0

Céc phan lyc xac dinh theo cong thirc:

d a
'=7 I—
IO
M6 men ubn chdt khuyu: b’ b"
My=2Z"1 "
|l
ung suat uon chot: Z | Z"
M, Z'I
O-U = = —
WU WU
M6 men chéng udn:
- Béi véi chot khuyu dic: W, =0,1. de®
A r.e A 9 X d - 54
- B6i véi chot khuyu rong: W, == Zeh—eh
32" d,

den, Sen - dudng kinh ngoai va dudng kinh trong cua chdt khuyu.
Luc phép tuyén Z gy ra ing suat uén va nén tai thiét dién A - A cta

ma khuyu:

Ung suat uén ma khuyu: o, =—%=




Ung suét nén ma khuyu: o, = %

Ung suét tong cong: Oz = 0y * On

, Ao AR , M, Z'b

Ung suat udn co truc khuyu o, =—t="0
WU WU

2. Truong hop truc khuyu chiu lyc Zmax
Ta xac dinh luc Zmax theo cong thirc:

Zmax = Pmax = M.R.(!)z(l + )\;)

va Zo=Zmax - (C1+ Cy)

M - khéi luong chuyén dong tinh tién cta co ciu truc khuyu thanh
truyén.

M =mjg + Myp

Hay ta cd: Zo = Pamax - R..@?[M.(1 + 1) + Mgy + my]

Lacnay T=0

Phan luc tac dung 18n céac gbi truc:

_Zy I +R, (24— ) - By (1 —b'+b™ )
I0

_ZyI'+P, (24— ) =Ry (I, +b'-b™ )

ly

ZI

ZII

Néu tryc hoan toan d6i ximg thi:

Z'=27"=20l2 - P+ Py

Khi tinh bén mot khiiyu nao dé, ngoai luc Zmax khuyu do con chiu
mo men xoan do cac khuyu phia trude truyén dén. Nhu vay khuyu nao chiu
m6 men va luc 16n nhét 13 khuyu nguy hiém nhat, can tinh cho khuyu do.
Mudn biét ta phai dua vao dd thi T = f(a) dé xac dinh luc tiép tuyén T &
cac vi tri tinh toan, sau d6 1ap bang dé tim mo6 men 16n nhat (XTi.1.R)max

Sau khi xac dinh duoc cac lyc va md men, ta tinh bén céac ¢d truc va
cb khuyu, ma khuyu.

a. Tinh bén chét khuyu:



Ung suat uén chdt khuyu:
M, 32(Z'I'+P,a—P.,c)d,,

W, ”(d:h_5§h)

u

, £, & £ , M 2T. R
Ung suat xoan chot khuyu: =K =20
Wk Wk

Wy - md men chdng xodn ciia chét khuyu, Wy =2 W,

Doi véi chét dic: Wi = 0,2 dep®
£ . A x dd, — 5
Doi véi chot rong: W, =2 —eh —Ceh
16~ d,,
Ung suét tong cong khi chiu udn va xoan: Oy =\ oo +41]
b. Tinh bén ma khuyu:
. /( r r 9 ZI_PrZ
Ung suat nén ma khuyu: o, = w
bh

Ung suat uén trong mat phang thang goc v4i mat phang khuyu truc
(quanh truc y - y):

M) M, 62T, R
W, W,  bh’

y
u

o)

Ung suét udn trong mit phang khuyu truc (quanh tryc x - X):

o = My _6.[zb+P,(a-c)]

W, bh?
Ung suét tong cong khi méa khuyu chiu nén va udn:
oz = oy + o) + o/

c. Tinh bén c6 truc khuyu:

’ Ao AR , M 32.2'b
Ung suat uon co truc khuyu: o, = —%=="—"—
W,  mdg
, . 7 M. 16T , R
Ung suat xoan ¢o truc khuyu: T, =—K = =
W, 7 A
Ung sut tong cong khi chiu uén va xoén: Oy =02 +41]

3. Truong hop truc khuyu chiu liec tiép tuyén 16n nhat Trax:



Khi nay ta xac dinh vi tri tinh toan 1a o = otmax (xac dinh trén dd thi
T = f(a), tng voi diém O Tmax). Tir ddy ta cling xac dinh duoc luc Z.
Ta lap bang dé xac dinh khuyu nguy hiém chiu Tmax V& (ZTi.1.R)mex.
Sau khi xac dinh duoc cac lyc va md men, ta tinh bén céc ¢ truc va
cb khuyu, ma khuyu.
a. Tinh bén chét khuyu:
Ung suat uén chdt khuyu trong miat khuyu phang truc:
«_ M} _Z'I+P,a—PR,C
W W

ux ux

o)

Ung suat udn chét khuyu trong mit thang goc véi mat phang khuyu

MY T'I
truc: o) =—%=—o
W, W,
Koo A dg, — Oy
Doi vai chot hinh tru: W, =W, = 2L Zeh —Feh
32 d,
Ung suit udn tong cong: o, = \/( o)+ (o))
, . M, (2T ,+T)R
Ung suat xoan chét khuyu: T, =—%= (2T, +T)
Wk Wk
Ung suét tong cong khi chiu udn va xoan: Oy =\ oo +41]

b. Tinh bén cé truc khuyu:

Ta tinh cho c6 bén phai vi ching chiu luc 16n hon cO trai.

4 e Z 2 ) M X Zl 1 bl ]
Ung suat uon co truc khuyu do lyc Z": o) = —4 =
WUX WUX
r e z 2 ) " y M J/ Tl 1 b| 1
Ung suat uon co truc khuyu do luc T": ¢ = =
WUY WUY
Ung suét udn tong cong: o, = \/( ol ) + (o))
, L 7 M. (2T..+T)R
Ung suat xoan ¢6 truc khuyu: T, =—%= (2Tiy +T)
W, W,
Ung suét tong cong khi chiu udn va xoén: Oy =\ oo +41]

c. Tinh bén mad khuyu:



Ta tinh cho ma bén phai vi chung chiu luc 16n hon ma trai.

Ung suat uén ma khuyu do luc Z": Gy = M _6.2 E
W, hb
’ A, A , , M P —
Ung suat uén ma khuyu do luc Py,: o, =—" = 6 rZ(az c)
W, hb
’ Ao A . , " 6.T"'r
Ung suat uon ma khuyu do lyc T": Our =3
¢ LY« . ) N " 6,|\/||:
Ung suat uon ma khuyu do mdé men M": O = 2
Ung suat xoan mé khuyu do lyc T": T, = M, _T'b
Wk Wk
- Hé s an toan theo xodn d6i véi cb truc:
_ (=1
n = K
T, ta,.Ty
gl’
Trong do: 7.1 = 180 + 200 MPa ddi véi thép cac bon;

7.1 = 280 + 300 MPa ddi v6i thép hop kim
Gia tri cho phép cua n. nhu sau:
[n.] = 3 + 4 d6i v6i dong co xing 6 t0;
[n]=4+5 ddi véi dong co may kéo, xe xich;
[n] = 2 + 3 ddi véi dong co cudng hoa cao.
- X4c dinh hé sb an toan udn cta ¢ khuyu:

=

n_ =

o
o
. O, +a, .oy

Trong do:
6.1 = 250 + 350 MPa ddi véi thép céc bon;
6.1 = 500 + 550 MPa di véi thép hop kim.

Hé so6 an toan chung cua co khuyu.



n_n

n: o T
Nz +n?
Pbi voi dong co 6 t6, xe tai:  [n] =2,5+ 3

Dbi v6i dong co xe xich : [N]=3+35



CHUONG 5: CO CAU PHAN PHOI KHi
5.1. Xac dinh céc thdng sé chi yéu ciia co cau phan phéi khi

XAC PINH KiCH THUOC CUA THIET DIEN LUU THONG

Tiét dién luu thong ctia xupap c6 anh hudng quyét dinh ddi v6i chét luong
thay d6i khi ciia qua trinh thai va nap trong dong co bon ky. Vi vay, khi thiét ké,
can cb ging ting duong kinh xupap trong pham vi dudng kinh xylanh d3 dinh.
Dién tich mat ndm xupap cua cac dong co ngiy nay thuong chiém khoang 25 +
40% dién tich dinh pittong. D6i voi dong co xing dung budng chay ban cau hodc
chom cau, do xupap c6 thé bd tri nghiéng vé hai bén nén co thé ting dién tich
xupap 16n dén 35% dién tich dinh pittong. Cac loai dong co Dizen va dong co
xang dung budng chay hinh chém dién tich xupap chi chiém khoang 25 + 30%.
Chi khi dung nhiéu xupap (bén xupap) dién tich luu thong méi c6 thé dat dén
40% dién tich dinh pittong. Dién tich ctia xupap nap thuong 16n hon dién tich cua
xupap thai khoang 10 + 20% va thudng bang 15 +20 % dién tich dinh pittong.

Pé dam bao nap day va thai sach, ta c6 mdi twong quan giita dudng kinh
hong dé supap nap va dudng kinh dinh piston:

- Pong co vai bo tri supap dit: dnn = (0,38 + 0,42)D

- Pong co voi bd tri supap treo: dm = (0,42 = 0,52)D

- Pong co diezel v6i budng chay phéan cach: dnn = (0,35 +0,40)D

- Pong co diezel voi budng chay théng nhat:  dnn = (0,38 + 0,42)D

Tinh toan tiét dién luu thong ctia xupap duwa vao gia thiét luu dong 6n dinh
ctia dong khi di qua hong dé xupap. Coi dong khi nap (hodc thai) c6 toc dd binh
quan va tbc do cua pittong thay doi.

Cin ctr vao diéu kién luu thong on dinh va lién tuc cua dong khi, ta co:

Vi d-Frp e =V, . Fpy, (15-11)

trong do:

Vin - Tdc dd trung binh ctia dong khi chay qua hong dé xupap nap (m/s)

fon - Tiét dién luu thong ctia hong dé xupap nap (cm?);

dn- Puong kinh hong dé xupap;

i - s6 xupap cung tén cua 1 xilanh;

Yk Va yp - mat do cua dong khi chay qua hong xupap va ¢ trong xylanh;

thuong coi yk = yp
e A1 A ) A Sn
Vp - toc d6 binh quén cua pittong: v, = 30" m/s

7ZD2

Fp - dién tich dinh pittong (cm?): F, 1




(S - hanh trinh pittdng; n - s6 vong quay truc khuyu; D- duong kinh

xylanh)

ﬁj{dn
Z daop 7
%
% / %@m
d /7, /. /
Sk N L P INS
] I
< .o j’
2 zor ¢

Bo qua diéu kién khac nhau vé mat d6 dong khi, ta co:
Vin.i.fan = Vp.Fp (15-12)
Dién tich tiét dién luu thong ctia hong nap:
v, .FIO

n = -

f
h
Vi

Khi dung supap véi goc cong tac 30°:
fmax = 7.D5.(0,866.dnn + 0,375.hs)

Khi dung supap voi goc cong tac 45°:
frmax = 72.5.(0,866.0hn + 0,353.hs)

hs - 4 nang ctia con doi

Van toc dong khi nap qua hong supap va qua hong dé supap:

bong co xang bong co diezel
Vh 60 + 110 55+70
Vhd 65 + 120 60 + 80

1. Tinh toan 10 xo supap

Téng khéi lugng cac chi tiét chuyén dong tinh tién cta co cdu supap quy

dan vé tam supap:

PO

My =M, +lmIX +(m; +my, ).S—§+J%
3 (K e

Trong do6:

Msp - khdi luong ctia cac SUPAP;

mix - khoi lugng cia cac 10 xo supap;

mT - khoi lugng ctia con doi;



Mad - khéi lwong cua cac diia ddy;

jsp - M6 men quan tinh ctia co m6 dbi voi tim supap;

7, lsp - cac canh tay don ciia cd mo (lsp - canh tay don tir tim truc ¢o mo
dén tam supép).

Luc quén tinh cta cac khdi lwong chuyén dong tinh tién quy din vé tim
supap:

Pisp = - Mxsp. jsp
Trong d6:  Jsp = lsp. JT
h

s e

i =P _
sp -
b
Luc nén 16n nhat caa 16 xo khi supap mo hoan toan:

_ sp 2
= mzsp.K.a.I—.cotC
T

P

Ix max

Trong d6: K - hé sb du trit luc ciia 10 X0 supap:
Dong co diezel: K=13+15
Dong co xang: K=133+1,65

Luc nén nho nhét ctia 10 xo khi supap dong hoan toan (luc nén ban dau):

Pymin = My, K ' o2
Ixmin — mZSp' ( lh— )I_ Wy -
T
Khi supdp m¢é hoan toan, 10 xo can ¢o luc:
Pixmax = Pixmin + C. Nspmax
spmax

= - 1a d6 ctrng cua 10 xo
fo +hg,

Trongdo: cC

Dbi voi dong co cao tde, Pixmax tdi 1000 N; ¢ = 54 + 58N/mm
fo + hsp - chiéu dai 10 xo khi supap mé hoan toan.

Duong kinh ngoai 16 xo thuong chon d2 = (0,75 + 1). dn

Duong kinh trong 16 xo thuong chon di = (0,5 + 75). dn

dn - duong kinh hong supap.

’ Xk z KP, ..

Ung suat xoan 16 xo 16n nhat: Trax = 8 Ix (;ngx Ay,
.

’ Xk £ KP, ..

Ung suat xoan 10 xo nho nhat: Too = %
.

d - duong kinh day 10 xo;

dw - duong kinh trung binh cua 16 xo.

Bién do tng suat: T2 = 0,5.(Tmax - Tmin)

Ung suét trung binh:te = 0,5.(Tmax + Tmin)



(2=

Hé s6 an toan: n =———
T, ta, .7y
£ : f,+h _dlG
S6 vong 16 xo 1am viéc: R
8 I:)Ix max d Ix
Trong d6: G = (0,80 + 0,88).10° MPA- mémen dan hdi loai 2.
S6 vong 10 xo: fix = iix + 2
Tan sd dao dong cua 10 xo: N, = 2,17.% .10’
le' th

Ty s6 tan s6 dao dong cua 10 xo vdi van tde quay cia truc cam:

N S10212
n

tc
2. Tinh toan truc cam
a. Ung suat uon

Trong qué trinh lam viéc truc cam chiu uon va chiu xoan. Luc tdc dung

1én tryuc cam duogc tinh theo cong thirc:

doi;

PTmax = Pixmin + PjT + Pt
Trong do:
Pixmin - Irc nén ban dau cua 16 xo;

PiT - luc quan tinh ctia co cau phoi khi khi mé supap quy dan vé tdm con

Pkt - luc khi thé tac dung 1én mat ndm xupap thai quy din vé dudng tim

con doi1

Pr
3
AN ol AN
— N LAl
_’:-. . 2z
NN NANWANW
a b

M6 men udn truc cam:

P...ab
Mu: Tmalx

ung suat uon:



M,  32M .«
u W - 4
! ﬂ.dr?.(l—dt‘lJ
d

n

0,

dt, dn - duong kinh trong va ngoai cia truc cam.

b. Ung sudt xodn

M6 men xoén truc cam v6i con doi phing: Mx=Pr.b
Pt - luc 16n nhét tac dung 1én cam tir phia con doi;

b - khoang cach tir diém dat lyc t&i tAm truc cam.

’ L 2 M 16.M
Ung suat xoan truc cam: Ty = —ma Zxmax J

xmax W 4
: ﬁ.d,?.(l—j;

n

Mzxmax - mO men tong cong 16n nhat co tinh dén cac con doi khac cung tac

dong 1én tryc cam, md men dan dong cac co cau khac cung lam vigc.

Ung suat tong cdng clia uon va xoan: o, =05.c. +41)

c. Bo vong cua truc cam

2 2
f =068. PTmaX'I14(I Ij) [f]< 0,1 mm
EI(d? —d})
d. Ung sudt tiép xiic trén mdt cam
Ta ¢ thé tinh theo cong thic: oy =0418 [P b£

b - chiéu rong vau cam; p - ban kinh ctia cung ngoai tiép ctia cam.
3. Tinh todn con di va diia ddy
Con ddi ctia co cau phan phdi khi thuong ché tao bang thép hop kim co

ham lugng cac bon thap nhu 20, 20Cr,...

9
A

day.

B& mit sudn con d6i kiém tra theo ap suit don vi cho phép:

= oM, <10MIIA

max 2 =
T-

dr - duong kinh con doi;
| - chiéu dai con ddi tiép xtc voi 6ng dan huéng.
biia day dugc kiém tra bén theo udn doc, ta xac dinh hé s6 du trir bén:

no ZEJda

2
Pdd 'Idd

=2=+5

Jad, Pad, lag - mémen quan tinh, lyc tac dung 1én diia day va chiéu dai dlia



5.2. Cam tiép tuyén va dong hoc ciia con ddi con lin

PONG HOC CUA CON POI

D6 dai pha mé va dong cua cac su pap duoc dam bao bang hinh dang cia
cam phu hop v6i pha phan phéi khi va dam bao nap dy nhat khi nap vao xilanh
va thai sach khi thai ra khéi dong co.

Cac cam phai c6 bé mit lam viéc dam bao déng mé supap khéng co va
dap voi chiéu cao xéc dinh.

Ngay nay thuong st dung hai loai cam: cam 16i v& boi cac cung vé6i ban
kinh ro, r1, r2 lam viéc véi cac loai con doi ¢6 mit 1am viéc phang hay 16i. Cam
lam viéc véi con ddi dang con lan co bé mit v& boi cung véi ban kinh ro, 2 va ndi
chung bang doan thang (cam tiép tuyén).

D0 nang con doi:

h  —(025+0.28)%m
|

dhn - duong kinh hong;

i- sO supap cung tén cua 1 xilanh.

Bén kinh vong tron co so:

ro = (1,6 + 2,4). hmax

Ban kinh cung thir nhat dé nang con doi tir A dén C:
re = (10 + 20). h1 max

C6 thé tinh 1 khi chon ro va r2 > 2 mm:

o a’+r/ —r7 —2ar, cosg,

Y 2(r,—r,—acosg, )

a - khoang cach gilra tdm tryc va tdm cua cung c6 ban kinh r»:



a="ro+ Ntmax - I2
200 - gbc O tAm cua cam di xtng, xac dinh thoi gian md supép.
Dbi v6i cam tiép tuyén:
r,="r— hTmax COS—%
1-cose,
Con @01 trugt trén cung ¢6 ban kinh r1 tu diém A dén diém C va tir diém
C' dén diém A", khi d6 chiéu cao nang con doi:
ht = (r1 - ro).(1 - cosei)
Van tbc cta con doi:
ot = (r1 - o). otc.SINPL
Gia tbc ctia con ddi:
jT = (r1 - 10).%c.COSQ1
Ot - van toc gbc cua tryc cam
Con d0i trugt trén cung c¢6 ban kinh r2 tu diém C dén diém C', khi d6
chiéu cao nang con doi:
ht =r2 + acoso:z - ro
Van tdc cta con doi:
OT = a.Otc.SINP2
Gia tbc ctia con ddi:
jT = -a.0%c.COSP2

Ban kinh nho nhat cua dau con doi:

r,—r .
r==2—2asing, ., +(1+2)
r1 - r2
Con d6i kiéu con lan truot trén doan théng tr diém A dén diém C va tur
diém C" dén diém A", khi d6 chiéu cao nang con doi:
1-cos
hT = ( o + 1 ) 1
cosg,
Van tdc cta con doi:
sing,

=(L+r)o
a)T 0 tc COSZ(Dl

Gia toc cua con doi:

1+sin’ ¢

- 2 1

Jr =(r+1)og 2
cos? ¢,

Con d6i lan trén cung c6 ban kinh r2 tir diém C dén diém B va tir B dén C',

khi d6 chiéu cao nang con doi:



J1—a?sin?
h. =a(cosp, + 1> P2

1

)= +1)

, a
trong do a, =

Van toc cua con doi:

. in2
w; =a| sing, + % SIN<P, Dy
2./1—-a; sin’ p,

Gia toc cua con doi:

3 aind
J1 =—a] Cosp, + 3 Oy
(1-aZsin g, )?

Luuy:

- Bdi véi dong co bd tri supép treo, khéi lwong dit 1én supap nho hon khi
bé tri supap dat nén khi tinh toan c6 thé cho phép co gia tdc 16n hon.

- Péi véi dong co bd tri supap treo, khi hr = 0, c6 thé chon
1 —004+005; khi hr c6 gid tri 16n nhét, c6 thé chon —1=002+0025
Wy Wy
- Péi véi dong co b tri supap dat, khi hr = 0, co thé chon
3 ~0025-0035; khi hr c6 gié trj 16n nht, c6 thé chon — =0015+0020
Wy

Wy
5.3. Cam I6i va dong hoc ciia con ddi hinh nam



Chwong 6: TINH TOAN HE THONG BOI TRON — HE THONG
LAM MAT
6.1. Tinh toan hé thong bdi tron

6.1.1.Tinh toan 6 trwet:

Khi tinh 6 truot (thiét ké dong co méi hodc kiém nghiém dong co di co)
thuong can cr vao két qua tinh toan & phﬁn tinh toan dong luc hoc xéac dinh lyc
tac dung trén cac 6 truc (6 dau to thanh truyén va 6 truc khuyu). Két qua tinh toan
sttc bén cua truc khuyu va két qua cta viée thiét ké bé tri chung, ta da xac dinh
dugc kich thude: chiu dai I va dudng kinh d cia 6 tryc.

Hoan toan co6 thé kiém nghiém 6 truot mot cach gan dung theo 4p suét
trung binh ktb, ap suit cuc dai kmax va hé sd va dap nhu da trinh bay ¢ mot )
cong thirc trong gio trinh tinh toan va thiét ké dong co. Tuy nhién, cac phép tinh
kiém nghiém theo K va Kmax chi 1a gan dung. Ngoai viéc tinh toan kiém nghiém
dé so sanh ktb, kmax con can phai tinh toan bdi tron 0 truot theo 1y thuyét thuy
dong

2z
ANNNNRNINNY RN
BT

T

+Z

ot ,)5. ’O’”/n*
fz 3,0_,05

(: 6,0 ’05

£- 10.6.70%

So d6 6 trugt bdi tron thuy dong

D, d - Puong kinh 6 truc

A-Khehédtruc A =D-d

0 - Khe hd ban kinh, 6=A/2

v - Khe hé tuong dbi,

v = Ald = d/r.

I/d - Chiéu dai trong d6i 6 truc

e - Khoang léch tdm cuia tryc va 6 khi bdi tron ma sat uét.

y - Do 1éch tam tuong dbi, y = /8.



@1, ¢2 - GOc trong ung voi voi diém bét dau va két thuc chiu tai cua
mang dau. hmin, Nmax - Chiu day nho nhat va 16n nhat cia mang
déu) hmin = 6 -€

Xic dinh 4p suit tiép xiic bé miit truc:
Khi tinh toan 4 truot ta di c6 cac thong so:
Chiéu dai 6 truot |,

Puong kinh truc d,

Két qua tinh toan dong luc hoc cho phu tai trung binh Qg va phu tai trung binh ving
phu tai 16n Q’w cac hé so ki va k’w xac dinh theo cong thure:

— th

th

dung dé& xac dinh nhiét d6 trung binh mang dau.

k' — Q'tb

th

1Ld

dung dé xac dinh chiéu day nhdé nhat cla mang dau.

Q
K, =M
t ( :
I T
[
- - -4 — — 4 \
\ N
WNi&
\ N ||
| N =
e
R
Q RN
L 1
180 360 540 720 °

Do thi phu tai tac dung 1én dau to thanh truyén
Chon ap suét boi tron va nhiét do cua dau vao 6 truot:
Nhiét do dau vao 6 trugt co thé chon trong
pham vi: 70 + 75 °C. Ap suét boi tron c6 thé
lIra chon:
-Pong co xing Pp= 0,2 + 0,4 MN/m?;
- Pong co diéden téc do trung binh pp = 0,2 + 0,8 MN/m?;

- Bong co diéden toc do cao, cuong hoa pp =



0,6 + 0,9 MN/m?; Lua chon loai dau nhon:

Thuong chon theo nhiing dong co cung loai, cung c& cong suat. Tir ddy xac
dinh so bo do nhét dung dé tinh toan 6 truot.

k(AY . 4
‘*"p—m(ﬂ“

d- (cm); A - (UM); W - PO nhot cua dau (KG.s/m2).
Sau khi c6 hé sb phu tai ¢, qua do thi 9-3 xéc dinh y theo ty s6 I/d. Ap suét
tiép xuc k tinh theo &p sut trung binh ktb.

- Khe hé A ta c6 thé chon mdt cach so bd: Vi duong kinh truc tir 50 + 100
mm c6 thé chon theo cong thic kinh nghiém sau:

- B6i véi 6 tryc ding hop kim babit A =0,5.10-3d
- B4 véi 6 truc dung hop kim dong chi A = (0,7 + 1,0) .103d

Kiém nghiém trang thai nhiét 6 truot:

Xac dinh nhiét d§ cua mang dau boi tron dua trén phuong trinh can
bang nhiét, nham xdc dinh chinh xdc nhi¢t do lam viéc mang dau, dé xac
dinh d6 nhot cua dau.

Nhiét luong Qms do ma sat O truc gy ra s& can bang voi lugng nhiét
do dau nhon dem di khoéi 6 truc (Qum) va lugng nhiét do 6 truc truyén cho
moi chat chung quanh (Qp)

4
2l
f:];ﬂ___4
24 l B
1) g)z
2l q' 24
a7 }
15
L6 4 % P B
10 |
12 "
Y/
/ gy, ;/ "as
’ N D7 Z, VAT
P
. /%%és_“ /.-féé a3
// [7~04 = ﬁ/ 64
A.é.TiT = = g
92 2% a6 X 477 dm  a§7 4w a# X

a) b}
Quan hé bién thién cua ham s6 y=f(¢)
a, D4i voi loai ¢ d6 léch tdm tuong ddi trung binh.

b, D4i vai loai co d6 léch tim twong ddi 16n.



ms = Qdm + Qun  (9-1)

Nhiét luong do 6 truc phéat

6.2. Tinh toan h¢ thong lam mat



Chwong 7: TINH TOAN HE THONG CUNG CAP NHIEN LIEU
PONG CO

7.1. Tinh toan hé thong cung cap nhién li¢u dong co xiing

7.1.1.Vat ligu ché tao cic chi tiét chinh

Hau hét céc chi tiét bo ché hoa khi dung kim loai mau dé tranh ri.

Than b ché hoa khi: Hop kim kém véi thanh phén 0,6 + 0,9%Cu; 3,5 +
4,5% Al; 0,2% Mg; con lai 13 Zn, cho phép c¢6 khong qua 0,12% tap chat (trong
d6 khoang 0,015%Pb), 0,1% Fe, 0,002% Sn, 0,005% Cd. Hop kim nay c6 Gng
suat kéo giéi han > 27000 MN/m?, d6 ctmg Brinen > 73 tng voi luc ép 9810N va
duong kinh vién bi 1a 10mm, trén chiéu dai L = 5d (d - duong kinh mau kéo); do
gidn no twong ddi > 4,2%. than b ché hoa khi rat phirc tap nén phai ding
phuong phéap dtc ap luc.

Phao xing: Hau hét ché tao bang dong thanh, hién nay c6 xu huéng ding
chat déo polycaprolactam hoic nhya tong hop MCH vi hai loai nay dam bao cho
phao dat cht lugng t6t. Phao lam bang chét déo giam duoc thé tich ctia phao tir
d6 giam duoc thé tich budng phao (van dam bao strc ép 1én van kim), sirc bén co
hoc tdt hon, gia thanh ché tao thép hon (khoang 2 + 2.5 14n so véi déng thanh).
Ngoai ra ngudi ta con dung chit déo 1am hong va vai chi tiét ciia bd ché hoa khi.

Céc gic-lo, than van kim, pittong... thuong lam bang dong thanh
AC59. Buém gié va budm ga lam bang cac 1a dong thanh A63.

Théan budng hdn hop duc bang gang xam C 18-36 hodc C 21-14.

6.1.1. Buéng hén hop
6.1.1.1. Tinh dwong kinh budng hén hop

Puong kinh budng hdn hop 1a kich thudc co ban va quan trong, dua
vao duong kinh nay dé chon bd ché hoa khi cho dong co.

n

d.=a [V i
>\ 1000

(mm)

an - Hé s dao dong cua dong chay, phu thudc vao s6 xilanh dung
chung mot budng hdn hop; Vh - thé tich cong tac ctia mot xilanh (dm®); i -
s6 xilanh dung chung mot budng hdn hop; n - sé vong quay dong co (v/ph)

S4 xilanh 1 2 3 4 5 6

Hé s0 an 24,2 17,1 14,15 13 12,85 11,9

6.1.1.1. Kiém nghiém téc dé khéng khi qua buéng hén hop

Theo kinh nghi¢m cua cac nha san XUuét, dong co dat dugc chi ti€u kinh té k¥ thuat tbt
néu toc do Vi = 40 + 60 m/s (4 xilanh c6 chung mot budng hén hop), vie = 20+ 30 m/s
(néu 2 xilanh chung mdt duong hon hop).

Téc do trung binh cua dong khi qua budng hdn hop tinh theo cong thirc:



_Vyinny (m/s)

th ™ 2
trd,”.750
Trong do:
V}, - thé tich cong tac cua mot xilanh (m?®); i - so xilanh dung chung mot
budng hdn hop; n - sé vong quay dong co (v/ph); dy - dudng kinh cua
budng hdn hop (M); n. hé sb nap; - hé sb quét khi; < -s6 ky.

Vi néu it xilanh chung mot buéng hdn hop thi thoi gian méi

chat di qua budng hén hop rat nho (chi chiém khoang 1/4 hoic 1/2
thoi gian cua chu trinh khi ¢6 1 hodc 2

1 /’/!(——\\“‘\ I
'—_Il(h\lﬁng khi

E

Khéng khi \ﬁ
|

Xang

So do tinh buéng hon hop

Chiéu dai budng hén hop
Chiéu dai budng hdn hop 1= (0,8 +1,8)dn.

6.1.2. Xac dinh kich thwéc hong:
6.1.2.1. Xac dinh so b§ dwong kinh:
Pudng kinh hong duoc quyét dinh boi Iuu lwgng khong khi qua hong va toc
do
thuc té k.héng khi qua hong trong gidi han theo
thuc nghiém. Chon so bd duong kinh cua
hong dn theo kinh nghiém.
- Loai mot hong: dn = (0,6 + 0,8)db



- Loai hai hong : dnn =
(0,6 =
0,8)dy
dnt =
0,2+
0,3)dy

- Loai ba hong : dhn =
1+
1,2)db
dhg =
0,4 +
0,5)dy
dht =
0,2 =
0,3)dy

dn - duong kinh cua hong.
dhn , dhg , dnt - dwong kinh ctia hong ngoai, hong gitra va

hong trong. dp - duwong kinh ctia budng hdn hop.

P§ chan khong tai hong:

[
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2 d, ] 120 g,

ph - Hé s6 luu lugng cta hong, phu thudce vao hinh dang, chét luong cta
hong

va s6 hong.

ph = 0,85 + 0,9 - véi loai mot hong.

ph =0,7 + 0,85 - v6i loai hai hodc ba hong.

Chu y rang: Aph khong phai 1a hang s6 theo thoi gian, dao dong cua Aph
cang 16n khi s6 vong quay dong co cang thip va s6 xilanh cang it. Aph - do
chan khong ¢ hong (N/m2), thuong khoang 2000-15000 N/m2.

Téc dd thue té khong khi qua hong:
Ap,,

k

= Hp ; (m/s)



Tée @0 thwc té cua khdng khi qua hong nam trong khoang 40 -
130 m/s

Luu luwgng khéng khi qua hong:

L

ni
Gk = th % P > (kg/S)

Vh : thé tich cong tac cuia mot xi lanh( m3); n: s6 vong quay ciia dong co
(v/ph);

pk: khéi lugng riéng ctia khong khi trude éng nap = 1,1 -1,2 (kg/m3); i: sd
xilanh; nv:

hé s6 nap =0,7-0,9

Pwong kinh chinh xac cia hong

Tbc d6 vtb duoc chon chi dam bao két qua t6t khi lua chon chinh xéc ty sb
gitta tiét dién luu thong hong khuéch tan fh va tiét dién luu théng ctia budng
hdn hop fb:

V6i bo ché hoa khi lap trén dong co 6t fh /fb =0,4 0,75

Vi bo ché hoa khi 1ap trén dong co xe may, xudng may 0td fh /fb =1

Néu fh /fb nho qua 1am tang ap suat tinh sau hong khuéch tan, xang kho bay
hoi, mit khac con gay anh huong x4u t6i chat lugng 1am viéc ctia hé thong
khong tai

Néu fh /fb 16n qua, anh hudng x4u t&i kha nang phuc hoi ap suat tinh tai
khu vuc sau hong khuéch tan va do d6 1am ting ton that trong bo ché hoa
khi

Tinh gic lo va voi phun:

Truong hop bd ché hod khi ding hé thdéng phun chinh giam do
chan khbng sau gic lo chinh:



7.2 Tinh toan hé théng cung cip nhién liéu dong co diesel



