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PHAN 1: HE THONG THUY LUC
CHUONG 1: CO SO LY THUYET

1.1. LICH SU PHAT TRIEN VA KHA NANG UNG DUNG CUA HE THONG
TRUYEN PONG THUY LUC

+/ 1920 da tng dung trong linh vuc may cong cu.

+/ 1925 ting dung trong nhiéu linh vuc cong nghiép khac nhu: nong nghiép, may khai
thdc md, mdy hoda chat, giao thong van tai, hang khong, ...

+/ 1960 dén nay tng dung trong tu dong héa thiét bi va day chuyén thiét bi véi trinh
do cao, c6 kha ning diéu khién bang mdy tinh hé théng truyén dong thuy luc vdi cong
suat lon.

1.2. NHUNG UU PIEM VA NHUGC PIEM CUA HE THONG TRUYEN PONG
BANG THUY LUC

1.1.1. Uu diém

+/ Truyén dong duoc cong sudt cao va luc 16n, (nho cac co ciu twong doi don gian,
hoat dong véi do tin cay cao nhung doi hoi it vé cham séc, bao dudng).

+/ Diéu chinh duoc van téc 1am viéc tinh va vo cap, (dé thuc hién tu dong hoa theo
diéu kién lam viéc hay theo chuong trinh ¢6 sin).

+/ Két cdu gon nhe, vi tri cia cac phan ti dan va bi dan khong 1é thuoc nhau.

+/ C6 kha nang giam khoi luong va kich thuée nho chon ap suét thay luc cao.

+/ Nho quén tinh nho cta bom va dong co thiy luc, nho tinh chiu nén clia dau nén
c6 thé str dung & van toc cao ma khong sg bi va dap manh (nhu trong co khi va dién).

+/ Dé bién déi chuyén dong quay ctia dong co thanh chuyén dong tinh tién cta co
cau chap hanh.

+/ Dé dé phong qua tai nho van an toan.

+/ Dé theo ddi va quan sat bing dp k&, ké ca cdc hé phiic tap, nhiéu mach.

+/ Tu dong hod don gian, ké ca céc thiét bi phic tap, bang cdach dung céc phan tir
tiéu chuan hoa.

1.1.2. Nhuoc diém
+/ Mt mat trong duong ong dan va ro ri bén trong cac phan tl, lam giam hiéu suéit
va han ch€ pham vi st dung.
+/ Kho giit duoc van t6c khong déi khi phu tai thay déi do tinh nén duoc ctia chat
16ng va tinh dan hoi ciia duong ong dan.
+/ Khi méi khoi dong, nhiét do cta hé thong chua 6n dinh, van téc 1am viéc thay
déi do do nhdt clia chét 16ng thay doi.

1.3. PINH LUAT CUA CHAT LONG



1.2.1. Ap suat thuy tinh
Trong chat 1ong, ap suat (do trong lugng va ngoai luc) tdc dung 1én moi phan tir
chat long khong phu thuoc vao hinh dang thung chia.

Hinh 1.1. Ap sudt thily finh

Ta co:
Hinh a: ps=h.g.p +p_. (1.1)
. F
Hinh b: pg =X (1.2)
Hinh c: i=pF =£ va l—2=i=5 (1.3)
A 2 1 )
Trong do6:

p- khoi lugng riéng ctia chat long;
h- chiéu cao ctia cot nudc;

g- gia toc trong truong;

ps- ap sudt do luc trong truong;

pL- 4p suat khi quyén;

P~ 4p sudt cua tai trong ngoai;

A, A,, A,- dién tich bé mat tiép xuc;
F- tai trong ngoai.

1.2.2. Phuong trinh dong chay lién tuc
Luu lugng (Q) chay trong duong 6ng tix vi tri (1) dén vi tri (2) 1a khong d6i (const).
Luu lugng Q cua chat 16ng qua mat cat A cliia 6ng bang nhau trong toan 6ng (diéu kién
lién tuc). P
Ta c6 phuong trinh dong chay nhu sau: 7/
Q = A.v =hang s0 (const) (1.4)
Véi v 1a van t6c chdy trung binh qua mat cat A.

- s . 9 N N N 2, ::E:::':E: & :t.':"
Neéu ti€t dién chay la hinh tron, ta cé: Ay B '-:%\: R
Q, =Q,hay v.A, =v,.A, (1.5) g S V2
di.m d;
S V. =V, —
4 4 |
Van toc chay tai vi tri 2: ; E' ”
2
V. =V d_l (1.6) Hinh 1.2. Dong chdy lién tuc
2 1* ;2 .
d2



Trong do6:
Q,[m?/s], v,[m/s], A;[m?], d;[m] Ian luot 12 lvu lugng dong chay, van toc
dong chay, tiét dién dong chay va duong kinh ong tai vi tri 1;
Q,[m’/s], v,[m/s], Ay[m?], d,[m] Ian luot 1a Ivu lugng dong chay, van toc
dong chay, tiét dién dong chay va duong kinh ong tai vi tri 2.
1.2.3. Phuong trinh Bernulli
Theo hinh 1.3 ta ¢6 4p suat tai mot diém chét 16ng dang chay:

2 2
p, +p.gh +p% =p, +p.gh, + p'2V2

= const (1.7)

Trong do6:
+p.g.h
Prepeth } ap suat thuy tinh;
p, +p.g.h,

2 2
&, PYa ap sudt thuy dong;
2 2
Y =p.g: trong luong riéng. y Y
Hinh 1.3. Phuong trinh Bernulli

1.4. PON VI PO CAC PAI LUGNG CO BAN (H¢ mét)

1.3.1. Ap suét (p)
Theo don vi do luong SI 1a Pascal (p,)
1p, = IN/m? = Im'kgs™? = 1kg/ms’
Don vi nay kh4 nho, nén ngudi ta thudng dung don vi: N/mm?, N/cm? va so véi
don vi dp suét cu 1a kg/cm? thi n6 ¢6 mai lién hé nhu sau:
1kg/cm? = 0.1N/mm? = 10N/cm? = 10°N/m?
(Tri s6 chinh xéc: 1kg/cm? = 9,8N/cm? nhung dé dang tinh toén, ta 1ay 1kg/cm? =
10N/cm?).
Ngoai ra ta con dung:
Ibar = 10°N/m? = 1kg/cm?
lat = 9,81.10*N/m? ~ 10°N/m? = 1bar.
(Theo DIN- tiéu chudn Cong hoa Lién bang Diic thi 1kp/cm? = 0,980665bar ~
0,981bar; 1bar ~ 1,02kp/cm?. Pon vi kG/cm? tuong duong kp/cm?).

1.3.2. Van toc (v)
DPon vi van toc 1a m/s (cm/s).

1.3.2. Thé tich va luu luong
a. Thé'tich (V): m® hoac lit(l)
b. Luu lwong (Q): m*/phit hodc 1/phuit.
Trong co céu bién déi nang lugng dau ép (bom dau, dong co dau) ciing c6 thé dung
don vi 1a m*/vong hoic 1/vong.



1.3.4. Luc (F)
bon vi luc 1a Newton (N)
IN = 1kg.m/s*.

1.3.5. Cong suat (N)
Don vi cong suit 1a Watt (W)
IW = INm/s = Im* kg/s’.

1.5. CAC DANG NANG LUONG
+/ Mang nang luong: dau.

+/ Truyén nang lugng: 6ng dan, dau noi.
+/ Tao ra nang lugng hoac chuyén d6i thanh ning lugng khic: bom, dong co

dau(mo to thuy luc), xilanh truyén luc.

1.5.1. So d6 thuy luc tao chuyén dong tinh tién

A, F A, X1V,
5\ q |. —™ tai
Nod e ‘m |e—

D F
Q] |-Q2 !

Hinh 1.4. So dé mach thity luc chuyén dong tinh tién
Tinh todn so bo:
+/ Thong s6 ctia co cau chdp hanh: F, va v(v,, v,)
Chuyén dong tinh tién (hanh trinh 1am viéc)

A A, X,
d | '
_ﬁ [ D |_- __________ . m <—F[

fQ.p, ¢Q2, p~0
+/ Cac phuong trinh:

Luu luong: Q, = A,.v, (1.8)
Q=Av,
Luc: F.=p.A (1.9)



. ’ ’ F.v,
Cong suat cua co cau chap hanh: N = 0.10° [kW]
Cong sudt thiy luc: N = PQ [kW]
60.10°

Néu bo qua t6n that tir bom dén co cau chap hanh thi N = N,
Néu tinh dén t6n that thi
N
N =Nuodgien = — (M =0,6+0,8)
' n

Chuyén dong Iui vé (hanh trinh chay khong)

A, A, oo v,
a1 ™
b == "
] } o F

Q,,p,~0 Q.p,
Néu tai F, = 0 = p, chi thang ma sat p,.A, > F,
Luu luong: Q, = A,.v,

Q2 = AI'V2¢ QZ
Do A, >A, = v,>v,

1.5.2. So do6 thuy luc tao chuyén dong quay
Q E -
tal

M
J
<F7

EESS

Pr

P
= Q. &
{7k A

ar

Hinh 1.5. So dé mach thity luc chuyén dong quay

10

(1.10)

(1.11)

(1.12)

(1.13)



M, .Q

Cong suat cua co cau chap hanh: N = 162 M, =p.D,) (1.14)
M, 2nn
hoic ~ N= — Men
102.60 975
Cong suat thay luc: N = 61(3)1 1((2)3 (kW] (Q=D,.Q) (1.15)

1.6. TON THAT TRONG HE THONG TRUYEN PONG BANG THUY LUC
Trong hé thong thity luc c6 cdc loai ton that sau:

1.6.1. Ton that thé tich
Loai t6n that ndy do dau thiy luc chdy qua cdc khe h& trong cdc phan tir ctia hé
thong gay nén.
Néu 4p sudt cang 16n, van toc cang nho va do nhét cang nho thi ton thét thé tich
cang 16n.
Tén that thé tich dang ké nhat 1a & céc co cau bién déi nang luong (bom dau, dong
co ddu, xilanh truyén luc)
D6i véi bom dau: ton that thé tich duge thé hién bing hiéu suat sau:
Mo = Q/Qo (1.16)
Q- Luu luong thuc t&€ ctia bom dau;
Q- Luu Iuong danh nghia ctia bom.
Néu luu lugng chay qua dong co dau la Q,, va luu luong thuc t€ Q4 = g4.ng4 thi hiéu
sudt cua dong co dau la:
M = Quu/Qu (117)
Néu nhu khong ké dén luong dau do & cdc moi ndi, & cdc van thi ton that trong hé
thong dau ép c6 bom dau va dong co dau la:
Nt = M- Nua (1.18)

1.6.2. Ton that co khi
Tén that co khi 12 do ma sét gifta cdc chi ti€t ¢ chuyén dong tuong doi & trong
bom dau va dong co dau gay nén.
Tén that co khi cia bom dugc biéu thi bang hiéu suat co khi:
Nep = No/N (1.19)
N,- Cong suat can thiét dé quay bom (cong sudt danh nghia), tic 1 cong suat can
thiét dé dam bdo luu luong Q va dp suat p cta dau, do do:

p-Q
N, =  10° (kW) (1.20)
N- Cong suat thuc t&€ do duoc trén truc ctia bom (do mémen xoan trén truc).
D61 v6i ddu: Ny = (p.Q4)/6.10* (1.21)
Do do: Ned = No/Nog (1.22)
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Tur do, t6n that co khi ctia hé thong thay luc 1a:
Ne = Nebr Ned (123)

1.6.3. Ton that ap suat

Tén that 4p suét 1a sy gidm 4p suat do luc can trén dudng chuyén dong cia dau tir
bom dén co cau chap hanh (dong co dau, xilanh truyén luc).

Tén that ndy phu thudc vao céc yéu to sau:

+/ Chiéu dai ong dan

+/ D6 nhdn thanh ong

+/ Do lon tiét dién ong dan

+/ Toc do chdy

+/ Su thay doi tiét dién

+/ Su thay doi huéng chuyén dong

+/ Trong luong riéng, do nhot.

Néu p, 1 4p suét ctia hé thong, p, 1a dp suat ra, thi ton that dugc biéu thi bang hiéu
suit:

no= PP _Ap (1.24)
Po Po
Hiéu dp Ap 1a tri s6 ton that dp suat.
Tén that dp suat do luc can cuc bo gay nén duoc tinh theo cong thic sau:
Ap= 10.@.&%.%%} _10*6 2 v2 L par] (1.25)
2g d|l m 2g d
Trong dé:
p- khoi luong riéng ctia dau (914kg/m?);
g- gia toc trong trudng (9,8 1m/s?);
v- van toc trung binh ctia dau (m/s);
E- hé s6 ton that cuc bo;
1- chiéu dai 6ng dan;
d- duong kinh ong.
1.6.4. Anh huéng cac thong sé hinh hoc dén ton that ap suat
a. Tiét dién dang tron
Neéu ta goi:

Ap- Tén that ap suat;

1- Chiéu dai 6ng dan; /
p- Khéi luong riéng cua chat 1ong;
Q- Luu lugng; -
D- Duodng kinh;

v- D6 nhét dong hoc; Hinh 1.6. Dang tiét dién tron
A- Hé s6 ma sat clia Ong;

A
\ 4
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Aam- Hé s6 ma sat doi véi chay tang;

Mrurg- HE sO ma sat doi véi chay roi.

Chay tan AV 16i
) ) 3 l.p.Qz y ~ Chay 161
= Ton that: Ap = —A.——
T D
256 D.v
A=ham-———
Q
0,316
A = Aurp ——
4 Q
n D.v
S5 Reynold: i& > 3000. Hinh 1.7. Chady tdng va chay roi
n D.v trong ong dan
. 2 ’ /
b. Tiét dién thay doi lon dot ngot //
5 A
. D! 8 p.Q°
Tén that: Ap= | 1—— | .—-.
P ( D2 J © D D, {-—-—»—Q— ----------- D,
Trong do: ; ; i v
D,- duong kinh 6ng dan vao; /
D,- dudng kinh 6ng dén ra. Hinh 1.8. Tiét dién thay doi loén dot ngot
c. Tiét dién nho dot ngot /
— D; Q’ ‘
Ton that: Ap= 0,5 1-— .%.p(%
D; ) n® Dj

D,- Buong kinh 6ng dan ra;
D,- Buong kinh 6ng dan vao.

d. Tiét dién thay dadi 16n tir tix

4 2
Tén that: Ap = [0.12+02] 1-21 | 5 PQ
») " D

d. Tiét dién nho tu tir
Tén that: Ap=0

Hinh 1.11. Tiét dién nho tir tie
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f.Vao ong dan

Tén that dp suat duoc tinh theo cong thic sau:

8 p.Q°
BT

Trong d6 hé s that thoat & dugc chia thanh hai truong hop nhu & bang sau:

Canh He s0 that thodt &
Sac 0,5
a Gay khic 0,25
Tron 0,06
b Cé trude <3

%

Hinh 1.12. Ddu vao 6ng dan

g. Ra 6ng dan

Tén that ap suat duge tinh theo cong thitc sau: 7/

8 p.Q°
Ap = aU?p

- .
He so that thodt &,

7

D4
i&< 3000 2
n D.v
1
i&> 3000
n D.v
h. Ong dén gay khiic
R 4
D
8 p.Q°
Ap = aU? D4
Géc a, B He s6 that thoat &,
a=20 0,06
o =40 0,2
o = 60 0,47
B =20 0,04

Hinh 1.14. OA/ng dan gay khiic
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B =40 0,07
B =60 0,1
B = 80 0,11
6 =90 0,11

i. Ton thdt dp sudt & van
k. Tén thdt trong hé thong thuy luc

1.7. PO NHOT VA YEU CAU POI VOI DAU THUY LUC

1.7.1. Do nhét
Do nhét 1a mot trong nhitng tinh chat quan trong nhat cua chat 16ng. B6 nhét xac
dinh ma st trong ban than chat 1ong va thé hién kha nang chong bién dang truot hodc
bién dang cat cua chat 1ong. C6 hai loai do nhét:
a. bo nhot dong luc
Do nhé6t dong luc m 1a luc ma sat tinh bang 1IN tic dong trén mot don vi dién tich
bé mat 1m? cia hai 16p phang song song véi dong chay ctia chat 16ng, cich nhau 1m va
¢ van toc 1m/s.
Do nhét dong luc 1 duoc tinh bang [Pa.s]. Ngoai ra, ngudi ta con dung don vi
poazo (Poiseuille), viét tat 1a P.
1P = 0,1N.s/m* = 0,010193kG.s/m?
1P = 100cP (centipoiseuilles)
Trong tinh toan k¥ thuat thuong s6 quy tron:
1P = 0,0102kG.s/m?
b. B¢ nhot dong
Do nhét dong 1a ty s6 giita hé s6 nhét dong luc n v6i khdi luong riéng p cla chit
long:

y=1 (1.26)
p

Don vi do nhét dong 1a [m?/s]. Ngoai ra, ngudi ta con dung don vi stoc ( Stoke),

viét tat 1a St hodc centistokes, viét tat 1a cSt.
1St = lecm?/s = 10*m?/s
1cSt = 102St = Imm?/s.

c. Po nhot Engler (E®)

Do nhét Engler (E°) 1a mot ty s6 quy udc ding dé so sdnh thoi gian chday 200cm?
ddu qua ong din c6 dudng kinh 2,8mm véi thoi gian chay ctua 200cm® nuée cat & nhiét
do 20°C qua 6ng dan c6 cing dudng kinh, ky hiéu: E° = t/t,

Do nhét Engler thuong duge do khi dau ¢ nhiét do 20, 50, 100°C va ky hiéu tuong
ting v6i n6: B, E'%, E% .
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1.7.2. Yéu cau déi v6i dau thay luc

Nhitng chi tiéu co ban dé danh gia chat lugng chat 16ng 1am viéc 1a do nhét, kha
nang chiu nhiét, do6 6n dinh tinh chat hoa hoc va tinh chat vat 1y, tinh chong ri, tinh an
mon cac chi tiét cao su, kha nang boi tron, tinh sui bot, nhiét do bat Iita, nhiét do dong
dac.

Chdt Iong lam viéc phdi dam bdo cdc yéu cdu sau:

+/ C6 kha nang boi tron t6t trong khoang thay ddi 16n nhiét do va ap sudt;

+/ Do nhét it phu thudc vao nhiét do;

+/ C6 tinh trung hoa (tinh tro) véi cdc bé mat kim loai, han ch€ dugc kha nang xam
nhap cta khi, nhung dé dang tach khi ra;

+/ Phai c6 do nhdt thich ting véi di€u kién chan khit va khe hd cta cac chi tiét di
trugt, nhim dam bao do rd dau bé nhat, ciing nhu t6n that ma st it nhat;

+/ Dau phai it sui bot, it boc hoi khi lam viéc, it hoa tan trong nudc va khong khi,
dan nhiét tot, c6 modun dan hoi, hé s6 nd nhiét va khoi luong riéng nho.

Trong nhitng yéu cau trén, dau khoang chit thoa man duoc day du nhat.
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CHUONG 2: CO CAU BIEN POI NANG LUONG VA HE
THONG XU LY DAU

2.1. BOM VA PONG CO DAU (MO TO THUY LUC)

2.1.1. Nguyén ly chuyén doi nang luong

Bom va dong co dau 1a hai thiét bi ¢6 chiic nang khac nhau. Bom la thiét bi tao ra
nang luong, con dong co dau 1a thiét bi tiéu thu nang lugng nay. Tuy th€ két ciu va
phuong phap tinh todn ctia bom va dong co dau cung loai giong nhau.

a. Bom ddu: 1a mot co cau bién déi nang luong, dung dé bién co nang thanh nang
luong ctia ddu (dong chat 16ng). Trong hé thong dau ép thudng chi dung bom thé tich,
tic 12 loai bom thuc hién viéc bién doi nang luong bing cdch thay déi thé tich céac
buéng lam viéc, khi thé tich ctia buéng lam viéc tang, bom hit d4u, thuc hién chu ky
hiit va khi thé tich ctia buéng gidm, bom day diu ra thuc hién chu ky nén.

Tuy thuoc vao lugng diu do bom ddy ra trong mot chu ky 1am viéc, ta c6 thé phan
ra hai loai bom thé tich:

+/ Bom ¢6 luu lugng c6 dinh, goi tat 1a bom c6 dinh.

+/ Bom c6 Iuu lugng c6 thé diéu chinh, goi tat 1a bom diéu chinh.

Nhitng thong s6 co ban ctia bom 1a Iuu luong va ap suét.

b. Dong co ddu: 1a thiét bi dung dé bién nang luong ctia dong chat 1ong thanh dong
nang quay trén truc dong co. Qué trinh bién d6i nang luong 1a dau c6 4p suét duge dua
vao budng cong tac cua dong co. Dudi tic dung cuia 4p sudt, cac phan tlr cua dong co
quay.

Nhitng thong s6 co ban cua dong co dau la luu lugng ctia 1 vong quay va hiéu ap
sudt & duong vao va duong ra.

2.1.2. Cac dai luong dac trung
a. Thé'tich dau tdi di trong 1 vong (hanh trinh)

y ¢
A

Hinh 2.1. Bom thé'tich
Néu ta goi:
V- Thé tich dau tai di trong 1 vong (hanh trinh);
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A- Dién tich mat céit ngang;

h- Hanh trinh pittong;

V.- Thé tich khoang h¢ gitta hai rang;

Z- S6 rang cua banh rang.
O hinh 2.1, ta c6 thé tich ddu tai di trong 1 vong (hanh trinh):

V =A.h 1 hanh trinh (2.1)

VaV,.Z22 1vong (2.2)
b. Ap sudt lam viéc

Ap suat 1am viéc duoc biéu dién trén hinh 2.2. Trong dé:

p e t=06
+/ Ap suét 6n dinh p;; WP 5
£ ~, Ps
+/ Ap suat cao p,; D, ¥ )

+/ Ap suét dinh p; (4p sudt qua van tran). P, /

>t
Hinh 2.2. Su thay doi dp sudt lam viéc theo thoi gian

c. Hiéu sudt

Hiéu suat cia bom hay dong co dau phu thudc vao cac yéu to sau:
+/ Hiéu sut thé tich n,

+/ Hiéu suat co va thuy luc ny,,

Nhu vay hiéu suét toan phan: 1, = 1,. Ny (2.3)
O hinh 2.3, ta c6:
+/ Cong suat dong co dién: Ng = Mg. Qg n, 24
+/ Cong suat cua bom: N = p.Q, (2.5) M, M, —
Nhu vay ta c6 cong thuc sau:
Ny = % pn? 26 " }N .
+/ Cong suit cua dong co dau: __—ﬁv
Na = M,. Q4 hay Nu = Nviogor-P- Q (2.7) -

+/ Cong sudt ctia xilanh: Hinh 2.3. Anh hudng cua hé so ton thdt
dén hiéu sudt

Na = F.v hay Nj = Nyrann-P-Qy (2.8)
Trong do:

Ng, Mg, Q- cong suat, momen va van toc goc trén truc dong co ndi véi bom;

N,4, My, Q,4 - cong suat, mOmen va van tdc goc trén dong co tai;

N,, F, v - cong suat, luc va van toc pittong;

N, p, Q, - cong suat, 4p suat va luu lugng dong chay;

Nuilann~ N€U sUAt clia xilanh;

Nivoror- NIV sudt ctia dong co dau;
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Nw- hiéu suat cua bom dau.

2.1.3. Cong thiic tinh toan bom va dong co dau
a. Luu luong Q,, s6'vong quay n va thé tich ddu trong mot vong quay V

Tacé: Q,=n.V (2.9)
+/ Luu lugng bom: Q, = n.V. 1,.10° (2.10) Q/f Qq
+/Pong co diu: Q, = Y1073 AN YA v )"
Ny
Trong do: Hinh 2 4. Luu lugng, s6' vong quay, thé tich

Q,- luu luong [lit/phit];

n- s6 vong quay [vong/phut];

V- thé tich ddu/vong [cm?/vong];

1,- hiéu suit [%].
b. Ap sudt, momen xodn, thé tich ddu trong mot vong quay V
Theo dinh luat Pascal, ta c6:

=X 2.12
p v (2.12)

Ap sudt cia bom: p = %.10 (2.13)

Ap suit dong co ddu: p = M, .10 (2.14)
V'nhm

Trong do6: P p
p [bar];
M, [N.m]; M, \ \% M,
V [cm?/vong];

Mo [%]. Hinh 2.5. dp sudt, thé tich, mémen xodn
c. Cong sudt, dp sudt, luu luong

Cong suat ctia bom tinh theo cong thiic tdng quét 1a: N = p.Q, (2.15)
+/ Cong sudt dé truyén dong bom:
N=PQ g (2.16)
6.1,
+/ Cong suét truyén dong dong co diu:

N :%.10—2 2.17)

Trong do:
N [W], [kW];
p [bar], [N/m’];
Q, [lit/phiit], [m’/s];
N, [%].
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