CHUONG 5: UNG DUNG VA THIET KE HE THONG TRUYEN
PONG THUY LUC

5.1. UNG DUNG TRUYEN PONG THUY LUC
5.1.1. Muc dich

Trong hé théng truyén dong bang thiy luc, phan 16n do cdc nha ché tao, san xuat ra
va c6 nhiing yéu ciu vé céc thong s6 k§ thuat dugc xdc dinh va tiéu chuin héa.

Muc dich ctia chuong nay 1a gidi thiéu cho sinh vién cac so do lap cua hé thong thiy
luc trong cic mdy.

5.1.2. Cac so do thuay luc

5.1.2.1. Mdy ddp thuy luc diéu khién bang tay m)
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Hinh 5.1. Mdy ddp diéu khién béng tay
0.1 Bom; 0.2 Van tran; 0.3 Ap ké"
1.1 Van mot chiéu;
1.2 Van ddo chiéu 3/2, diéu khién bdng tay gat;
1.0 Xilanh.

Khi c6 tin hiéu tdc dong bang tay, xilanh A mang dau dap di xuong. Khi tha tay ra,
xilanh lui vé.
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5.1.2.2. Co cdu rot tu dong cho quy trinh cong nghé diic

1.0
. if
L 1P 13
1l [ 124]
11 A |§ A
A ki A 1.1 Al [B

.e J_,T T A
(0.3

no
1
:e_‘

—
=T
gl
1
i
)-U
©
S
W

l_
T L 0.1

Hinh 5.2. So do mach thity luc co cdu rot phoi tu dong
0.1 Bom; 0.2 Van tran; 0.3 Ap ké:
1.3 Van mot chiéu;
1.1 Van ddo chiéu 4/2, diéu khién bdng tay gat;
1.0 Xilanh; 1.2 Van can.

Dé chuyén dong cla xilanh, gau xic di xuéng dugc ém, ta 1dp thém mot van can
1.2 vao duong xa dau vé.

5.1.2.3. Co cdu ndng ha chi tiét son trong lo sdy

Hinh 5.3. Co cdu ndng ha chi tiét son trong 1o sdy

77



m
|' 1.2 Q X
| — AI = ®
111: Al [B . Al [B
t 11+ L 1 —e
viT T >< H 1.1 \ 4 >< H
P‘J_’T Pl [T
L

. _IPi»—@m

1_
T 0.1

no
1
:e_‘
=
(98]
sl
o

=
™
o

Hinh 5.4. So dé mach thity luc ndng ha chi tiét duoc son trong 1o sdy
0.1 Bom; 0.2 Van tran; 0.3 Ap ké"
1.1 Van ddo chiéu 4/3, diéu khién bdng tay gat;
1.2 Van mot chiéu diéu khién duoc hudng chin;
1.0 Xilanh.
Dé cho chuyén dong ctia xilanh di xudng dugc ém va c6 thé dimg lai vi tri bat ky,
ta 1ap thém van mot chiéu diéu khién dugc huéng chan 1.2 vao dudng nén ctia xilanh.

5.1.2.4. Co cdu kep chdt chi tiét gia cong

Hinh 5.5. Co cdu kep chdt chi tiét gia cong
1. Xilanh, 2. Chi tiét; 3. Ham kep.
Khi tdc dong bing tay, pittong mang ham kep di dong di ra, kep chat chi tiét. Khi
gia cong xong, gat bing tay can diéu khién van dao chiéu, pittong 1di vé, ham kep mé&
ra.

Dé cho xilanh chuyén dong di t6i kep chi tiét v6i van t6c cham, khong va dap véi
chi tiét, ta st dung van ti€t luu mot chiéu.

Trén so do, van tiét lvu mot chiéu dat ¢ trén dudng ra va van tiét luu dat & duong
vao (hay so sanh hai cach nay).
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Hinh 5.6. So dé mach thity luc co cdu kep chdt chi tiét gia cong
0.1 Bom; 0.2 Van tran; 0.3 Ap ké"
1.1.Van ddo chiéu 4/2, diéu khién bdng tay gat;
1.2 Van tiét luu mot chiéu, 1.0 Xilanh.

5.1.2.5. May khoan ban

Hinh 5.7. May khoan ban
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Hé thong thuy luc diéu khién hai xilanh. Xilanh A mang dau khoan di xudéng véi
van tdc¢ déu dugc diéu chinh trong qud trinh khoan, xilanh B 1am nhiém vu kep chit chi
tiét trong qua trinh khoan.

Khi khoan xong, xilanh A mang dau khoan lui v¢, sau d6 xilanh B lui vé m& ham
kep, chi tiét duoc thdo ra. 1.0 (B) 2.0 (A)
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Hinh 5.8. So do mach thity luc co cdu kep chdt chi tiét gia cong
0.1 Bom; 0.2 Van tran,
1.1.Van ddo chiéu 4/2, diéu khién bdng tay gat;
1.2.Van gidm dp; 1.0 Xilanh A;
1.3.Van mot chiéu;
2.1.Van ddo chiéu 4/3, diéu khién bdng tay gat;
2.2.Bo éntoc; 2.3. Van mot chiéu;
24.Van cdn; 2.5. Van mot chiéu;
2.6.Van tiét luu; 2.0. Xilanh B.
Dé cho van toc trong qué trinh khong doi, mac du trong thay c¢6 thé tai déi, ta dung
bo 6n t6c 2.2.

Ap suit can dé kep chi tiét nho, ta sit dung van giam ap 1.2.
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5.2. THIET KE HE THONG TRUYEN PONG THUY LUC

5.2.1. Muc dich

Tat ca cdc bo phan trong hé thong thuy luc déu c¢6 nhiing yéu cdu ky thuat nhat
dinh. Nhitng yéu cdu d6 chi c6 thé dugc thoa man, néu nhu cac thong s6 co ban cua
cac bo phan ay duoc lua chon thich hop.

Cac co cau chap hanh, co ciu bién ddi nang luong, co cau diéu khién va diéu
chinh, cling nhu cdc phan 16n céc thiét bi phu khéc trong hé thong thiy luc déu duoc
tieu chuén hoa.

Do d6, viéc thiét k& hé thong thuy luc thong thuong 1a viéc tinh toan lua chon thich
hop céac co cau trén.

5.2.2. Thiét ké hé thong truyén dong thuy luc
Trinh tu: c6 nhiing s6 liéu ban dau va cac yéu ciu sau
+/ Chuyén dong thang: tai trong F, van tc (v, v), hanh trinh x,...;
+/ Chuyén dong quay: momen xoan My, van toc (n, Q);
+/ Thiét k& so do thiét bi;
+/ Tinh toan p, Q cua co ciu chap hanh dua vao tai trong va van toc;
+/ Tinh toan luu lugng va ap suat ciia bom;
+/ Chon cac phan tlr thay luc (p,, Q,);
+/ Xac dinh cong suat dong co dién.
5.2.2.1. Tinh todn thiét ké hé thiiy luc chuyén dong tinh tién
A _F, A,

X
d 1 —
L m lee—
Q] D |-Q2 Ft

Po
r-q T\b o)
L

Hinh 5.9. So' dé mach thiry luc chuyén dong tinh tién
Tir so do6 thay luc ta co:
+/ Luc quén tinh: F,=m.a (5.1)

(F, =&.a theo hé¢ Anh)
g
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+/ Luc ma sat: F,, = m.g.f 5.2)
(F,s = W_.f theo hé¢ Anh)
+/ Luc ma sét trong xilanh F, thuong bing 10% luc tdng cong, tic 1a:
F..=0,10.F (5.3)
+/ Luc téng cong tdc dung lén pittong sé 1a:
m.a

F= +F +F +F [daN 54
000 ™ °° ¢ [daN] >4)

W, .a

Theo h¢ Anh: F = +F, , +F +F [lbf]

Trong do6:

F, - luc do tai trong ngoai gay ra (ngoai luc), daN (Ibf);

m - khoéi lugng chuyén dong, kg.s*/cm;

W, - trong luc, (1bf) ;

a - gia toc chuyén dong, cm/s?;

F... - luc ma sit cia bo phan chuyén dong, daN (Ibf);

F, - luc ma sét trong pittong - xilanh, daN (1bf).
Ta c¢6 phuong trinh can bang tinh cua luc tdc dung 1én pittong

Pi-A =p. A, +F (5.5)
Doi véi xilanh khong doi xting thi luu luogng vao # luu luong ra

Q,=Q,R V6iR = % (hé s6 dién tich) (5.6)

2
T d6 ta xac dinh dugc duong kinh cta xilanh (D), duong kinh cua can pittong (d)
Cu thé:

e Duong kinh clia xilanh: D =2., /ﬁ 5.7
T

e Dudng kinh cta can pittong: d =2., /ﬂ (5.8)
T

Do sut ap qua van s€ ty 1€ v6i binh phuong hé s6 dién tich R, tic la:
Po-Pi = (P2 - pp).R’ (5.9)
Trong do6:
Po - ap suat dau cung cap cho van;
P1» P2 - 4p sudt & cac budng cuia xilanh;
Pr - ap sudt dau ra khoi van;
A, A, - dién tich hai phia cta pittong.
Tu cong thic (5.5), (5.9) ta tim dugc p, va p,
Po-A, + RZ.(F + pT.Az)
A, (1+R?)

P1 = (5.10)
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Tuong tu, khi pittong lam viéc theo chiéu ngugc lai thi:
P =pr+ (Po - po)-R’

_Po-A, RP+F+pr.A,R

B A, 1+R?)

%)

Luu luong dau vao xilanh dé pittong chuyén dong véi van toc cuc dai la:

leax = Vmax'Al [cm3/s]

v
max =—2 A, [I/ph
Q 167 M [1/ph]
Luu lugng dau ra khoi hé thong khi lam viéc véi v,,, 1a:
QZmaX = Vmax'AZ [Cm3/S]

\'%
L =—m A []/ph
Qumax =7 -2 L/phl

(5.11)

(5.12)

(5.13)

(5.14)
(5.15)

(5.16)
(5.17)

Luu lugng qua van tiét luu va van dao chiéu duge xac dinh theo cong thiic Torricelli:

Q=nA._. /Z_g\/?p [cm?/s]
p

Trong do:
u - hé s6 luu lugng;
A, - diét dién mat cat cua khe ho [cm?);
Ap = (p, - p,) - 4p sudt tru6c va sau khe hd [N/cm?];
p - khoi luong riéng cua dau [kg/cm?].
Luu lugng ciia bom: chon bom dua vao p va Q = Ny gien
Q,=n.V.n,.10° [1/ph]
Trong do:
n - 86 vong quay [vg/phl];
V - thé tich dau/vong [cm’/vg];
M. - hiéu suat thé tich [%].

Ap sudt ctia bom:
M.
Dy = %.10 [bar]
Cong suat dé truyén dong bom:

N= P 102wy
6.1,
Trong do6:
M - Momen trén truc dong co noi véi bom [Nm];
Num - hi€u suat co va thuy luc [%];
M, - hiéu suét toan phan [%].
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Cong sudt can thiét cia dong co dién la:
Ny = N (kW] (5.22)
nt
Tinh va chon 6ng dan (6ng hdt, 6ng nén, 6ng xa)
+/ Chon van toc chay qua ong:
e ong hat: v=0,5 + 1,5 m/s
o O 6ng nén: p < 50bar thi v=4+ 5 m/s
p =50+ 100bar thiv=35 + 6 m/s
p > 100bar thi v==6 +7 m/s
e ong xa:v=0,5+1,5m/s
+/ Chon kich thuéc duong kinh 6ng:
Ta c6 phuong trinh luu lugng chay qua 6ng dan:

Q=Av (5.23)
Trong do:
2
Tiét dien: A = %9 (5.24)
2
eQ=" (5.25)
Trong d6: d [mm];
Q [lit/phut];
v [m/s].
Sv=—2 10 (5.26)
6.d>."
4
. . R RV 2.Q
= Kich thudc duong kinh 6ng dan la: d =10. 3 [mm] (5.27)
IAY

5.2.2.2. Tinh todn thiét ké hé thiiy luc chuyén dong quay
Hé thuy luc thuc hién chuyén dong quay ciing duoc phan tich nhu hé thiy luc
chuyén dong thang.

Momen xoan tidc dong 1én truc dong co dau bao gém:

+/ Momen do quén tinh
M, =J.6 [Nm] (5.28)
J - momen quén tinh khdi lugng trén truc dong co dau [Nms?];
0 - gia toc gbc cla truc dong co dau [rad/s?].

+/ Momen do ma sat nhét trén truc dong co dau My, [Nm].

+/ Momen do tai trong ngoai M; [Nml].

+/ Momen xoan téng cong M, sé la:
M, =J.0+ M, + M, [Nm] (5.29)
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Hinh 5.10. So' dé mach thiry luc chuyén dong quay
Theo phuong phap tinh todn nhu hé chuyén dong thang, 4p suit p, va p, trong hé
chuyén dong quay dugc xdc dinh theo cong thic

Po + Pt 10.7.M
= + bar 5.30
Pi ( > j ( D [bar] ( )
P2=Po - P + pr [bar] (5.31)
Luu lugng dé 1am quay truc dong co ddu vdi n,,,,
n_..D
- — __max m 1 h 532
Q=Q ~1000 [1/ph] (5.32)
Trong doé:

n,,,, - SO vong quay I16n nhét cta truc dong co dau [vg/ph];

D,, - thé tich riéng ciia dong co dau [cm’/vg].
Cong sudt truyén dong dong co dau

_ PiQim,

N= 6102 (kW] (5.33)
(Phan tinh todn bom va dudng 6ng tuong tu hé chuyén dong thiang)
[ITrong hai bai todn trén, qud trinh tinh todn chua tinh (quan tam) dén ton thdt dp

sudt va luu luong trong cdc phdn tir va trong toan hé thong.!
5.2.2.3. Cdac vidu

Vi du I: thiét k& hé thong thiy luc véi cac so liéu cho trude:
+/ Tai trong: 100 tan
+/ Trong luong G = 3000 KG
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+/ Van toc cong tac: v,,, = 320 (mm/phtit)

+/ Van toc chay khong: v,,,, = 427 (mm/phit)

+/ Pittong dat thang ditng, huéng cong tic tir dudi lén
+/ Diéu khién khién t6c do bang van servo.

A,F, A, .
d | T
Al ‘m |e—
Q]D |-Q2 Fl

Hinh 5.11. So d6 mach thuy luc

Bai gidi:
@ Chon céc phan tir thuy luc:

+/ Xilanh tai trong

+/ Van servo

+ Ac quy thay luc

+/ Loc cao 4p (loc tinh)

+/ Bong ho do ap suit

+/ Van tran

+/ Bom dau (bom banh rang)

+/ Van can.
@ Phuong trinh can béng luc ctia cum xilanh tao tai trong
Al <_Fmsp A2 Vek Vet
—=TF [— . -—
—> — ‘d | mst
—]
..... . L .‘.....,...‘.....,.|<—
—> «— T [ — - Ft
—l = Fose  Fo

IQI \pl \pz le
Ta viét phuong trinh can béang luc ctia cum pittong xét & hanh trinh cong tac (hanh
trinh di tir dudi 1én trén cla pittong)
pl'Al - pZ'AZ - Ft - Fmsc - l::msp -G- th =0 (534)

Trong do6:
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p,: ap sudt dau & budng cong tac

p,: ap sudt 6 buodng chay khong

n.D?
4

A,: dién tich pittong & budng cong tac A, =

2 2
A,: dién tich pittong & buong chay khong A, = D 4_ d )
F,: tai trong cong tac F, = 1000 (kN)
G: trong lugng cua khéi lugng m, G = 300 (KG)
Fsp: lUc ma sdt cta pittong va xilanh
F: luc ma sdt gifta can pittong va vong chén khit
F.: luc ma sat gitra khoi lugng m va bac truot
F,: luc quén tinh sinh ra & giai doan pittong bat ddu chuyén dong.
+/ Ta c6 luc ma sat cua pittong va xilanh:
Fogp = 1N (5.35)
Trong do6:
u: hé s6 ma sit. Doi véi cap vat liéu xilanh 1a thép va vong gang bing gang thi
pn= (0,09 +0,15), chon p=0,1.
N: luc cua cac vong gang tac dong 1én xilanh va dugc tinh:
N =n.D.b.(p, + p) + ©.D.b.(z - 1).p, (5.36)
D: dudng kinh pittong (cm), theo ddy gid tri dudng kinh tiéu chudn ta chon
D =27 (cm)
b: bé rong ctia moi vong gang, chon b = 1 (cm)
p,: 4p sudt cia buéng mang cén pittong, chon p,= 5 (KG/cm?)
z: sO vong gang, chon z = 3
P: ap sudt ti€p xuc ban dau gilta vong gang va xilanh, p, = (0,7 + 0,14)
(KG/cm?), chon p, = 1 (KG/cm?)
7.D.b.(p, + py): luc cta vong gang dau tién
n.D.b.(z - 1).p.: luc ti€p xic cua vong gang ti€p theo

= F,, =0,5.D (5.37)
+/ Luc ma sét giita can pittong va vong chan khit
F. =0,15.ft.d.b.p (5.38)

f: hé s6 ma st gitta can va vong chan, doi vé6i vat liéu 1am bang cao su thi

f=0,5.D

d: duong kinh can pittong, chon d = 0,5.D

b: chiéu dai ti€p xdc cua vong chéan véi can, chond =b

p: 4p sudt tdc dung vao vong chan, chinh la dp suat p, = 5 (KG/cm?)

0,15: hé so ké dén su giam 4p suat theo chiéu dai ctia vong chan.

= F,. = 0,029.D? (5.39)

+/ Luc ma sat gitta khoi lugng m va bac trugt
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Foq=2md.lLk (5.40)
d: duong kinh tru truot
1: chiéu dai ctia bac truot
k: hé s6 phu thudc vao cap vat liéu cua tru va bac truot
Luc nay c6 thé bd qua, vi dé bao dam ché do 1ap ghép va lam viéc.
+/ Luc quén tinh
_ G
gt
g: gia toc trong truong, g = 9,81 (m/s?)
G: khéi lugng ctiia bo phan chuyén dong, G = 300 (KG)

v: van toc 16n nhat ctia co cau chip hanh, v,,,, = 320 (mm/ph) = 5,3 (mm/s)

F

qt

(5.41)

to: thoi gian qua do cua pittong dén ché do xac lap, t, =(0,01 + 0,5)(s),
chon t, = 0,1(s)
= F,= 1,62 (KG)
Thay cédc gia tri vira tinh vao (5.34) ta c6:
p; = 179,56 (KG/cm?), chon p, = 180 (KG/cm?).
® Phuong trinh luu lugng
+/ Xét & hanh trinh cong tac
Q) = Ve Ay (5.42)
— o T
< Q,=v,.D )
Q,: luu luong can cung cap trong hanh trinh cong tac
V.. van toc chuyén dong trong hanh trinh cong tac
(0 day ta lay gia tri v,,,, = 320mm/ph)
D: dién tich bé mat 1am viéc cua pittong (D= 270 mm)
= Q, ~ 18312480 (mm?/ph) ~ 18,3 (I/ph).
+/ Xét & hanh trinh 10 vé (tuong tu)
@ Tinh va chon cac thong s6 clia bom
+/ Luu luong ctia bom: Q,
Ta c6: Q, = Q , (b6 qua t6n that)
< Q,=Q,=0Q, =183 (I/ph)
+/ Ap suit bom: p,
Py = Po =p; = 180 (KG/cm?)

+/ Cong suat bom: N, = pg‘l—sz (KW) (5.43)

N, = 180183 _ < ¢ ew)
612

+/ Cong suat dong co dién dan dong bom
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Nb
LIFRU
N,.: cong suat ctia dong co dién

Taco: Ny =

Ny: hiéu suat ctia bom, n, = (0,6 + 0,9), chon n, = 0,87

(5.44)

Ng: hiéu suat truyén dong tir dong co qua bom, chon 1, = 0,985 (theo gido

trinh “chi ti€t may” tap 2 cia Nguyén Trong Hiép)
538
©0,985.0,87
® Tinh todn 6ng dan

Ta c6 Iuu luong chay qua 6ng:

~ 6,24 (KW)

dc

2
nd v

Q="

Q: luu luwong chay qua 6ng (1/ph)
d: duong kinh trong cua 6ng (mm)

v: van toc chay qua 6ng (m/s)
3 4\
C.thic (5.45) & x10d) Q _4- 4,6.\/§
4 10°.60 v

boi véi ong nén thi v = (6 + 7 m/s), chon v=6 m/s

= d, = 4,6.‘/% =8,03(mm)

boi véi ong hit thi v = (0,5 + 1,5 m/s), chon v= 1,5 m/s

18’53 =16,06(mm)

= d, =4,6.

9

boi véi ong xa thiv = (0,5 + 1,5 m/s), chon v=1,5 m/s

18,3

= d, =46, === =16,06(mm)

2

(5.45)

(5.46)

Vi du 2: D€ thuc hién luong chay dao clia mdy t6 hop, trong trudng hop tai trong

khong déi, ngudi ta dung hé thong thity luc nhu sau

S6 liéu cho trudc:
Luc chay dao 16n nhat:

Fax = 12000N.
Luogng chay dao nho nhat:

Smin = Vmin = 20 mm/ph.
Lugng chay dao 16n nhat:

Smax = Vmax = 900 mm/ph.
Trong lugng ban may:

G =4000 N.
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Day Ia hé thong thuy luc diéu chinh bang tiét luu. Luong diu chay qua hé thong
duogc diéu chinh bang van tiét luu dat & dudng ra, va luong ddu t6i thi€u chay qua van
tiét luu ta chon 1a Q,,;,, = 0,1 1/ph.

Tinh toan va thiét k&€ hé thong trén.

Vi du 3: Trong trudng hop tai trong ctia mdy thay doi, hoic dao dong véi tan s6
thap; can phai lap bo 6n toc. Ta xét truong hop lap bo 6n toc trén dudng vao clia hé
thong thay luc

Cac s0 liéu cho trudc:

Tai trong 16n nhat:

F,.x = 20000 N.

Luong chay dao nho nhat:

Smin = Vmin = 20 mm/ph.

Luong chay dao 16n nhat:

Smax = Vmax = 1000 mm/ph.

Trong lugng ban may:

G = 5000 N.
Hé s6 ma sat:
f=0,2

Luong chay dao can thiét dugc diéu chinh bing van tiét Iuu ctia bo 6n toc va ta

cling chon luong dau nho nhat chay qua van tiét luu la:
Quin = 0,1 1/ph.

Tinh todn va thié€t k€ hé thong trén.

Vi du 4: Trén may mai, thudng dung hé thong thay luc dé thuc hién chuyén dong
thang di vé clia ban mdy bing phuong phép diéu chinh tiét luu.

Cac s0 liéu cho trudc:

Tai trong 16n nhat:

Foax = 800 N.
Van toc nho nhét ciia ban may:
Vimin = 100 mm/ph.
Van toc 16n nhat ctia ban may:
Vinax = 20000 mm/ph.
Trong luong ban may:
G = 3000 N.
Hé s6 ma sat:
f=0,2
Ta chon luong ddu t6i thi€u qua van tiét luu 1a:
Qumin = 0,2 1/ph.

Tinh todn va thié€t k€ hé thong trén.

Vi du 5: Thiét k& hé thong thay luc thuc hién chuyén dong quay véi cdc s6 liéu cho
trudc:
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Momen 16n nhat:

M =20 Nm

S6 vong quay 16n nhat:
Ny = 500 v/ph

S6 vong quay nho nhat:
N, = v/ph

Luu lugng riéng ciia dong co dau:

Q4 =0,03 I/ph
Momen riéng cua dong co dau:
M, = 0,41 N/bar.
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