3 TU DONG HOA THUY - KHi

Ngudi soan: Bui Tuan Anh
BO mon May va Ma sat hoc



i MUC BiCH MON HOC

Cung cdp cho SV khdai qudat vé cdéc
ohdan tu thuy luc, khi nén.

Tinh chon cdc phdn tU cho hé

théong TDH thuy — khi
Tinh todn, xdy dung so do thuy luc

cho cdac thiét bi tu déong



i TAI LIEU THAM KHAO
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Truyén dong dau ép trong may cat kim
loqi — 1974 (Nguyén Ngoc Can)

Cac phan tu thuy khi trong tu dong hod
- 1997 (Nguyén Tién Ludng)

Hé théng diéu khién tu ddng thuy luc —
2002 (Tran Van Tuy)

Hé théng diéu khién bdang khi nén —
1999 (Nguyén Ngoc Phuong)



i NHAP MON

Mach diéu khién

< / Mach déng luc
r———— —LHN j== ~/—————— — —
/) X+AX /

n(v/ph)  Ta&i trong



i PAC DIEM CUA HE THONG THUY - KHi

= Chat khi nén dugc

= Gia thiét chat long khéng nén dudc (thuc té CL cb
modun dan hoi E).

= Céac phan ti thuy luc va khi nén, vé ngtac két cau
giéng nhau (khi thiét ké luu y dén tinh chat cla chat
khi va chat Iong). (cac phan ti khi nén can ché tao
vGi d6 chinh xac cao hon thuy luc — do chat khi
“loAng” hon chat 16ng).

= Hé théng thuy luyc: dau phai dugc thu hoi lai (két cau
phai c6 bd phan thu hoi dau).

= Hé thong khi nén: khi qua HT dudc thai ra ngoai.



UU, NHUGC DPIEM CUA HE THONG
THUY - KHI

l. Uu, nhugc diém cua hé thong truyén déng biing thuy luc

Uu diém

Truyen dudc cobng suat cao va luc 16n nha cac ca cau _tuong déi don
gian, hoat dong vdi do tin cay cao doi hai it phal cham séc, bao dudng.

- Diéu chinh dugdc van téc lam viéc tinh va vo cap, dé thuc hién tu déng
hoé theo diéu kién lam viéc hay theo chuong trinh cho san.

- Két cau gon nhe, vi tri clia cac phan ti dan va bi dan _khong & thudc
vGi nhau, cac bb phan néi thudng |1a nhiing dudng 6ng dé ddi cho.

- C6 kha nang giam khéi luong va kich thudc nhd chon ap suét thuy
luc cao.

- Nhg quan tinh nho cula bom va dong co thuy luc, nhd tinh chiu nén
cla dau nén cé thé sir dung & van té¢c cao ma khéng sd bi va dap manh
nhu trong tru’dng hdp co khi hay dién.

- De bién doi chuyen dong quay ctia ddng co thanh chuyén déng tinh
ti€n clia co cau chap hanh.

- Dg dé phong qua tai nhd van an toan.
- Dé theo dbi va quan sat bang ap k&, ké ca cac hé phirc tap, nhiéu
mach.

- Tu dong hoa don glan ké ca céac thiét bi phiic tap, bang cach dung
cac phan t tiéu chuan hoa.



UU, NHUGC DPIEM CUA HE THONG
THUY - KHI

Nhuoc diem.

= - Mat mat trong dudng éng dan va ro ri bén trong cac phan t&, lam
giam hiéu suat va han ché& pham vi st dung.

= - Kho gili dugc van téc khdng déi khi phu tai thay déi do tinh nén dugc
cla chéat 1dng va tinh dan hoéi ciia dudng 6ng dan.

= - Khi méi khdi déng, nhiét do cla hé thong chua én dinh, van téc 1am
viéc thay doi do do nhét cua chat Iong thay déi.

i uu, nhucc diém cua hé thong truyén ddong bang khi nén.
1. Uu diém.
- Do kha nang chiu nén (dan hoi) 16n cla khdng khi, cho nén co thé trich

chira khi nén mét cach thuan Igi. Nhu vay co kha nang (ing dung dé
thanh 1&p mot tram trich chra khi nén.

- C6 kha _hang truyén tai nang lugng xa, bdi vi dd nhét ddng hoc cda khi
nén nho va t6n that ap suét trén du’dng dan it.

- Pudng dan khi nén ra (thai ra) khéng can thiét (ra ngoai khéng khi).

- Chi phi thap dé thiét lap mot he thong truyen dong bang khi nen, _bdi vi
phan 16n trong cac xi nghiép hé théng dudng dan khi nén da co6 san.

- Hé théng phong ngtra qua ap suat giéi han dudc dam bao.



2. Nhudc diém.

- Luc truyén tai trong thap.

- Khi tai trong trong hé théng thay déi, thi van téc truyén ciing thay déi, béi
vi khd nang dan héi cla khi nén 16n, cho nén khéng thé thuc hién nhiing
chuyén déng thang hoic qua déu.

- Dong khi nén thoat ra  dudng dan ra gay nén tiéng on.

Hién nay, trong linh vuc diéu khién, ngudi ta thudng két hap hé théng diéu
khién bang khi nén véi co, hodc véi dién, dién t. Cho nén rat khé xac dinh
mot cach chinh xac, ré rang uu, nhudc diém cua ting hé théng diéu khién.

Tuy nhién c6 thé so sanh mét s6 khia canh, d&c tinh cta truyén doéng bang
khi nén d6i véi truyén ddng bang co, bang dién.



NHAC LAI DINH LUAT CUA CHAT LONG

1)

Ap suat thuy tinh.

Trong cac chat long, ap suat (ap suat do trong
luong va ap suét do ngoai luc) tac déng lén moi
phan t{ chat long khong phu thudc vao hxnh dang
bxnh ch(a




NHAC LAI DINH LUAT CUA CHAT LONG
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i NHAC LAI DINH LUAT CUA CHAT LONG

Trong do:
p - khoi luong riéng clia chat long.
h - chiéu cao cot nudce.
g - gia toc trong truong.
P, - ap suat do luc trong truong.
p, - ap suét khi quyén.
Pe - 4p suat cla tai trong.
A - dién tich bé mat ti€ép xuc.
F - tai trong ngoai.
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NHAC LAI DINH LUAT CUA CHAT LONG

2)

Phuong trinh dong
chay lién tuc

Luu luong trong dudng
ong tu vi tri (1) dén vi tri
(2) 14 khéng déi. Luu ludng
Q cla chat 1dng qua mat
cat S clia 6ng bang nhau
trong toan 6ng (tU diéu
kién lién tuc). Ta cb
phuong trinh dong chay
nhu sau:

Q = S.v = const

Vi v la van tdc chay trung
binh qua mat cat S

Ay




i NHAC LAI DINH LUAT CUA CHAT LONG

= Trong do:
- Q - luu lugng dong chay tai vi tri 1 va vi
tri 2 [m3/s].
- v, - van tdc dong chay tai vi tri 1 [m3/s].
- V, - van tdc dong chay tai vi tri 2 [m3/s].
- A, - tiét dién dong chay tai vi tri 1 [m?].

- A, - tiét dién dong chay tai vi tri 2 [m?].



NHAC LAI DINH LUAT CUA CHAT LONG

3) Phuong trinh Bernuli

ap suat tai moét diém chat
1dng dang chay:
2 2
pl +pgh1 + IOVI = p2 +,0th + ,0V2 — COﬂSt
2 2 A,

Trong dé:

p+pgh - ap suatthuy tinh
2 2
,oV— N ap suat thuy dong.
2 2d

Y= p.g - trong luong riéng.




‘ o CHUONG |
i PAI CUONG VE TRUYEN BONG THUY - KHI

y M6t so tinh chat ca ly clia chat Idng

n  Céac dang truyén nang luong bang chat
dng

m  Hiéu suét trong hé théng truyén déng thuy
uc




1) M6t s6 tinh chéat cao ly clia chat long

1) DO nhét: (no6i ma sat
cua chat long)
} y(m)

/

p, Q
Chat ldng v(m/s)

/

n = 1 — chat long Nuiton
n = 1 — chat I16ng phi Nui ton
n (NS/m?) - d6 nhét dong luc hoc

Cac I6p chéat 1dng truct Ién nhau
- (ing suét tiép (theo Nuiton)

-

&)

ﬂ Gradient van toc

dy

T

A n<l




1) M6t s6 tinh chéat cao ly clia chat long

D nhét dong luc hoc: la Iyc ma sat tinh bang 1 N tac dong
trén mot don vi dién tich bé mat 1 m2 cda hai 16p phang
song song v&i dong chay cla chat long cach nhau 1 m va cb
van téc 1 m/s.
Pon vi [Pa.s]. Ngoai ra, con dung don vi poazo (Poiseuille),
viét tat 1a P.

1P = 0,1 N.s/m? = 0,010193 kG.s/m?

1P = 100cP (centipoiseulles)

Nga, = 0,136 Ns/m?

Nk = 17,07.10 Ns/m?
D6 nhét dong hoc: D6 dong la ty sé gitra hé s6 nhét dong
luc n v&i khoi lugng riéng p cla chat long.  , — n

Yo,



Pgau = (0,85 —0,96) kg/dm?
« = 1,293 kg/dm?

Pon vi [m?/s]. Ngoai ra con dung daon vi stoc (Stoke), viét
tit 1a St ho&c centiStokes, viét tat 1a cSt.

1St =1 cm?/s = 104 m?/s

1¢St = 102 St = 1mm?/s oo
Dau coéng nghiép v = 17 — 23 ¢St ! 200 cm?
0Dd nhét Engle: (E%) la mét ty s6 3
quy udc dung dé so sanh thdi gian
chay 200 cm? chéat long dugc thir qua

16 nhét ké (42, 8mm) vGi thoi glan
chay 200 cm3 nuéc cat qua 16 nay &
nhiét do6 + 20°C.

<—®28mm

td

E0 =4
tnc




2) Mot s6 nhan t6 anh hudng dén kha nang lam viéc
cua chat long

= Nhiét d6: t°T - nd [t9,5, < (50 — 55)°C 7

= Khi chon dau, mong muén chi s nhiét do i =—2< ~1
m 4psudt:pl>nt ooc
v, = Vo(1+kp); v, - d6 nhét & ap suat khi quyén
K= 0,002 khi v, <15 cSt
K = 0.003 khi v, > 15 cSt
Hf)éc n, =mn, af vaia = 1,002 - 1,004
m Khilan trong dau: n -

g hh(dau+khi) _ 1+0,0015 b

b - %khong khi 13n trong dau T dau

Trong hé théng thuy luc thudng c6 tir (0,5 -5)% khong khi 1an
trong dau. CG tang 1at thi ¢ (5 -10)% khong khi lan vao
dau.
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3) Mot sé luu y khi chon dau
Chéat 16ng lam viéc phai dam bao cac yéu cau sau:

C6 kha nang boi tran t6t trong khodng thay doi 16n nhiét
doé va ap suat.
PKLV | VIén = chon dau cé n,, (lodng) — Ima sat

p I16n = chon d&u cb 1, (d4c) — +do dau

D6 nhét it phu thubée vao nhiét doé.

m Cobtinh trung hoa (tlnh tro) vai cac bé mat kim loai, han
ché dudc kha nang xam nhap cla khi, nhu’ng dé dang
tach khi ra.

s Phai cd dd nhdét thich tng vé6i diéu kién chan khit va khe
ha cla cac chi tlet di truot, nham dam bao doé ro dau bé
nhat, cung nhu ton that ma sat it nhat.

m Daucan phal it sdi bot, it béc hai khi lam viéc, it hoa tan
trong nuéc va khéng khi, dan nhiét tot.



Pha dau c6 do nhét yéu cau:

i :

aE '+ bE ! — k(E° - E!)

E? —
100
a (10 20 |30 [ 40 |50 |60 |70 |80 |90
b |90 |80 |70 |60 |50 |40 |30 |20 |10
k |6,7 |13,1(19,7 |22,1|25,5|27,2 28,6 | 25 | 17




| 1) Cac dang truyén nang ludng bang chét 1dng

1. Du6idangthé nang E, [
2. DPOng nang i

3. Nhiét > |

4. Bién dang |



1) Du6i dangthé nang E,

= Gia st c6 mot khéi chat 16ng c6: thé tich V (cm3), ap suét p (N/m?)

= > E =p.V(N/m?2m3=N.m)
= Coéng suat N :d_E[:V.@jL
at at

dVv

at

Luc khdi ddng, p nhd (chi lam viéc khi da 6n dinh) >dp/dt =0

= Luuluong; o Ov[m m dm (it
dt| s ph ph! ph
H_J \ )
Khi D4iu
= —>N=p.Q
- Cobng suat bom: N = p.Q (cta CL dira)
- Chon BC dién quay bom: N4, = N, /N

)

p.Q

Bom



i Cébng thic tinh:
g N (KG

P: > Hoac p: >
. m cm
__PR_ ] ™ N =P awy S - 3
60.1000 m 612 “dm
Q:— Q:
| ph T ph
10° — N ~=10" pa= IKG ~10|\2| = 1bar ,lat
m’ cm cm
2 ~ kg
Thuy ngan _
p=135955 m’ lmmHg_%at
0 _ )
0°C—>g=98Ims ImmHg = Itorr = 133,3ﬁ2
m

Anh dung dvi Psi: 1bar = 14,5 Psi

u|



i 2) Du6i dang déng nang E

mvV > mm

E, = kg.——=N.m
2 S

= Van téc clla dau trong 6ng Vi du: =

nhd, khéng dang ké (= 6m/s) Thuy dign —

21lm

P= ptinh T pdong -

Py = 7-H _—X(_
2

oV >as

2 @& Nhé —>p,T
v

pdong



3) Dudi dang nhiét

— J
0
E, =mCAT| kg.——.T" = N.m
kg.T
4) Bién dang: E, Cong sinhra=?
1
P E =— k,X2 K (N/m) - d6 cliing cla
AV ) Y, chat 16ng
® AV =2 APV, - thé tich ban d4u, khi
E ép xudng, bién dang >
dau A s oA v
Ap: hiéu ap dau-cudi
- "\ E_,, —Mé dun dan héi dau khoang
E s, = 0,38.10°KG/cm?, p < 5bar

E s, = (1,4-1,75).10°KG/cm?2, p = (5 — 100)bar ﬂ



Vi du: Tinh cdng suat dco dé kep chat vat ran

|

o

AV 500 Kg
AN
S S S
FL P P
AVZE .F(m3);p:E:Ap Ban daucoip=0

Q= A\ji Chu y: Eq +E, + E, = 0,33%Z2E
t h Trong tinh toan ta bo qua ching
; y|



(cac dang ton that)

i 111) Hiéu suéat trong hé théng truyén dong thuy luc

1. TOn that co khi
2. ToOn that thé tich

3. Ton hao ap suat

vViviy |v

4. Vidu




1) Tén that co khi

= Ma sét gilta cac vat ran: 6 bi, pitton — xi lanh (chi bom va dco)

77 ck — 77 ckBom 77 ckDC

P<p,

p Qd AQd




2) Ton that thé tich (Do dau): AQ

= T0n that thé tich 1a do dau thuy luc chdy qua cac khe hé trong
cac phan ti clia hé théng. ap suat cang I6n, van tdéc cang nho va
dd nhét cang nho thi t6n that thé tich cang 16n. Tén that thé tich
dang k& nhat 1a d cac co cau bién déi nang luong.

D}
_Q_Q-4Aq _(l_AQBj
7T R L Q) oo\
n ZQOZQD_AQDZ[I—AQDJ }
¥ Q ‘ _
I Q>A QAO
2 T1q = Mg, g, I = QD> Qp



3) T6n hao ap suat: Ap

= 10N tohé't ap suat la su giam ap suat do luc can trén dudng
chuyén déng cta dau tir bom dén co cau chap hanh. Tén that dé
phu thubc vao nhiing yéu t6 khac nhau:
- Chiéu dai 6ng dan.
- P6 nhan thanh 6ng.
- D06 16n tiét dién ong.
- Téc do dong chay.
- Su thay dai tiét dién.
- Trong lugng riéng, d6 nhét.
o Panh gia ché dé chay tang, chay réi bang hé sé Reynol:
Luc quan tinh m.a d.v

Re = = = d - dudng kinh éng
Luc Ma sat T.F v




dVv dVv
T=01——=pV.—

= Re <2000 - dong chay tang
= Re>2000 > dongchayréi Vv

= DGi v6i bé mat co §: %;W

Re = 0.v < 100
. >100 /
= [0n that trén chiéu dai va méi n6i? —
- 1>100d dp 327V, UF‘I‘——E'\
d - & L
Vip = g; F = s -~
F 4 12871 X

Thay vao, tich phan: Ap = Q= R, (QQ Dong chay tuyén tinh
Trd thuy luc (tuyén

tinh)

7Z'd4
TH tuyén tinh > Chay tang



= Tré thuy luc tuong (ng nhu
dién tré clla mach dién

= Xét dong trong dudng 6ng

AU =R.1
R= f[p, ,l)

Q) ~—— | p2(Uy)
p(U) L— =
Rrp

ML

L "U[

p VTN

2 P2
: ]

_— =

d

— > Trong TL: n

Ap =Py — Py
lién hé trong sdoé dién, ta thay:
|~Q; U~p
I U
——— R 2
U;
R
R ey B K8
U, ~
17~ P1 0,

U, ~ps




= Khil>100d ta méi tinh d&n Ry, néu nho hon thi bd qua

Ap = 8Kv Q [bar |

d¢ k — hé s6 hiéuchinh phu thudc vao tri s6 Re
Q - lit/phut; | — m;
d — mm; v - ¢St — mm?/s

= N&u Re < 2000 (tic la khi Q/vd < 0,1) > k = 1

3
= N&u Re > 2000 (tdc la khi Qivd > 0,1) > k=684 (Qj

Trong nhiéu tai liéu, ngta Ap(ban)}

thi nghiém véi d = 4, 5,
6,...Xac dinh ton hao ap  Ap;
trén 1 don vi chiéu dai.

Apg
(g v&i 1m (hodc 0,5m)—
chiéu dai éng

d = 5Smm

Q(I/ph)



= Tén that cuc bd tai nai tiét dién thay déi (dé6t ngdt, nhd
| dan,...), tai mGi ndi,... dudc thi nghém va dua vao so tay.

Ap=10"*&£LVv? |b
p S [bar |

:{ p — kg/m3; v—m/s; g=9,81m/s?
|| In the case of water £ - he s6 tén that cuc bbé (thuc
nghiém)
/ P -Do -
| —U1  — U
-/ _.af".-.%-i_-_-—'__""“'-—--._.___ &

[ [
Section 1 Section 2

= LWL

AN
\'{“1 ;
oy
1k
_"_H_H In the case of air ¢ = 0,9 § = 0,5 § = 0,13 § = 3
H|l IS
5 /0 LS/
I: |j
I'\"‘"__-:,.- - gl — -

& = 0,05 ¢ = 0,1 £ = 0,15



PE giam ton that, vé tron cac géc,...

(a) & =0.50 (b) £ =025 () & =0.06~0.005
6

L BT -
liiﬂ;f{f:’f!‘f:{

(d) £E=0.56 (e) £ =3.0-13 () L=05+03cos 8+ 0.2 cos?6




r/% 1 AR T

D s () —- th? Dr——u-Q o < 8° jz D,'—'—PQ*—'"-“ ‘__‘2
D b "/
y b
Z 07220/ 377
- § < 8°—— §_._..0._._..__.+ ?I_—-—FQ —_—

Tiét dién dng thay doi, hé so ton that cuc bo cho
trong so tay



A | B

Flow at sudden enlargement of cross

C-C" Plane of vena contracta

Flow at sudden contraction of cross section




-Ton that ap suat 6 van

Pai véi tiing loai van cu thé, do tiing hang san xuéat, thi sé
c6 dudng dac tinh tén that ap suat cho ting loai van. Tén
that ap suat & van theo do thi:

L
Ap=1(Q) /

_— e - i ~ 4/

/|

Ap A =B

i

> -1T—=

Q
P6 thi ton that ap suat 6 van



15%

Céng sudt "y 5% Xilanh
ra

RCong sudt dién

(hitu tch) | B8y 10 9% Ong ddn, el 7P
it i | ';':' vain
A J\ =
iy {RRi s LN 1 |
— Al 5% Pong co dién st
Coéng sudt bom §& [__r_._

Tén that trong hé thdng thuy luc
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*) Vi du: tinh ton that
i luu luong:

dd’ A
Q1 — P
12.17

<
|l
o

P2
= TH pitton cdong:

ndo.V
Q1 —

2
= TH Iléch tam:

ndd’ 1Y
Q= 12.7) {H(Ej }'Ap




F
2 , . é///////‘lﬁé
= Tro quan tinh: Ap

—_— m o

Ap = Pq = P2 p VTTTTT7TY
m=F.lLp 1 ;o2 P
—Ap.F = m.a = m.dv/dt
Ap = mdv m d(FV) dQ

F dt F*> ot dt

Lién hé véi mach dién: Trd quan tinh
e 2 2 2 12 A 0
dt m

Khi tinh toan, tinh cong &8 s _an o [ H |/
thdng luc quan tinh véi tong '
khoi lugg tuong ducng

mV?>+mV, +...+mV?=MV"




= Tré bién dang (nén dau, dan éng):

Tadaco: Ay -=_Yo Vo Ap

dp
dt Gy
Tuong tu nhu tu dién

___ll__'—cﬁ

Ta phai tinh ca Cy,;:

dau C.

ong

C=C,+C,,



= Cong suatbom: N=p.Q

Ap, Qb = AQp - Qug

AQy Qy—AQ,

Qs ApTL

~ AQy - Qg - AQqe
Py - Apri- ApL
Xét vé mat cong suét

= Hiéu suat hé théng thuy luc:
— / Qci : pdc

] = Tlcokni 17 N—-ThuyLuc N-ThuyLuc ~—
Q- Py




Xét 1 so do thuy luc

l - 1) B&dau

i G ' 2) 2) Loc thé,loc tinh
3) Bom

4) Van 1 chiéu

5) Van can

6) Van dao chiéu

7) Xilanh luc

8) Tay gat diéu khién
9) ap ké

10)Van tiét luu

11)Va an toan

P3:pa:O




Pham vi ing dung

v ﬁ@m

o [

GZ:ET ”:,_.' _‘——: —  ~

Hinh 1-6 Pham vi (ing dyung cua truyén déng thiy hic
1. May dap: 2 May phay; 3. May ep nhya;
4. May xtc; 5. May nang chuyén



, . CHUONG Il
‘-L CO CAU BIEN BOI NANG LUGNG

) Bom
1) Bom banh rang
2) Bom canh gat
3) Bom pit tdng
4)

n  Bong cao

m  Xilanh luc

} Bom R
Conang Thé nang (dudi dang ap suat p)
bong co




) Bom
Nguyén ly:

= Bom dau Ia mét co cau bién dbéi nang luong, ding dé bién
co nang thanh nang luong clia dau (dong chét 1ong).

m  Trong hé théng dau ép thuong Chl dung bom thé tich, tic 1a
loai bdm thu’c hién viéc bién doi ning lugng bang cach
thay dai thé tich cac budng lam viéc

m  khi thé tich cac budng lam viéc tdng, bom rat dau, thuc hién
chu ky hat

m  khi thé tich cla buéng giam, bom day dau ra thuc hién chu ky
nen

= Tuy thudc vao ludgng dau do bom day ra trong mét chu ky
lam viéc, ta c6 thé phan ra hai loai bom thé tich:

s Bom ¢ luu luong c6 dinh, goi tat [ bom ¢ dinh.
s Bom c¢6 luu luong c6 thé diéu chinh, goi tat 1a bom diéu chinh.
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Bom chat long nén khi
A) Bom cé dinh (ko dc B) Bom diéu chinh
v T luu lugng) luu lugng Q
day
ddéy . i ,
Gia thiét dong chay lién tuc:
2 2 Q
4 4 Y
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Vhat
T v Viat = (1-2)m/s

hut

Vaz = (2-3)mls



1) Bom banh rang:
Nguyén ly 1am viéc 1a thay déi thé tich:
= khi thé tich cGa budng hat A tdng, bom hat dau, thuc hién
chu ky hut va

= khi thé tich gidam, bom day dau ra & budng B, thuc hién chu
Ky nén

4. OUTLET PRESSURE AGAINST
TEETH CAUSES HEAVY SIDE-

LOADING ON SHAFTS AS OUTLET
INDICATED BY ARROWS,

I B 3. AND FORCED OUT
OF PRESSURE PORT AS

TEETH GO BACK INTO

DRIVE GEAR

2. OIL IS CARRIED AROUND
HOUSING IN CHAMBERS
FORMED BETWEEN TEETH,
HOUSING AND SIDE PLATES . ..

I. VACUUM IS5 CREATED HERE AS
TEETH UNMESH.OIL ENTERS FROM
RESERVOIR.




Pham vi su dung va Phan loai

Bom banh rang la loai bom dung réng rai nhat vi: két cau don
gian, dé ché tao.

Pham vi st dung chl yéu & nhiing hé théng cb p,,; trén cac
may khoan, doa, bao, phay, may té hop... .

Ap suat clia bom banh rang hién nay c6 thé ttr (10 - 200) bar.
Bom banh rang:

 BR AK ngoai ho#c an khdp trong, co thé 1a ring thang, ring
nghiéng hoac rang chu V.

» Loai BR AK ngoai dudc duing rong rai hon vi ché tao dé hon,
nhung BR AK trong c6 kich thuéc gon nhe hon.

=&




Uu, nhugc diém:

» Uu diém: két cdu don gian, kt nhd, bién dang rang tiéu
chuan = dé ché tao > gia thanh ré

 Nhudc diém:
* Luc huéng kinh I6n gay BD truc, than bom

« Théat thoat luu lugng 16n (ngan gilta bubng hat-ddy bang tiép
xuc dudng giua 2 rang)

« C6 thé cé hién tuong niit chan rang (do dau chén vao khi AK)

 Luu luong va ap suat thay déi khi lam viéc (do cé su vao, ra
khép)

Khac phuc:

 Tao cac 16 thdéng v6i buéng hat va buéng day - can bang
luc huéng kinh [

« Tao ranh thoat dau - tranh n(t chan rang (thay cho viéc
phai khoan chan rang (kh6))



Can bang luc
huéng kinh -
truc mon déu

K~hoét 1
16 nho
m, z
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Ranh tron, thoat dau
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Luu ludng:

. Coi thé tich dju dugdc day ra khdi ranh rang bang véi thé
tich clia rang, tic 1a khéng tinh dén khe hd chén rang va
lay hai banh rang c6 kich thudc nhu nhau (cung m,z)

rrﬁ

ph
* g, — luu lugng riéng, m3/vong (thé tich
ma bdm bom dugc/vong)

Q, =0y,

« N, — s6 vong quay cUa bom,
vong/phut
.D
g =——hB2=7DhB
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Hai banh rang
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— 2 —
—>Q, =27z.Bm-.Z.n, o D6 66 st vao va

» _ ra khép

« Thoéng thuong Tm —»TQ (m tang —
ranh rang 16n - TQ)

« Van téc dai t6i thiéu dé bom dugc:

=+

V.. =0,17 £0 (m/s)
E- . D6 nhét Engle
p — bar

- Dau cang dac = quay cham dudc. VGi dau binh thuong thi n = 900
— 1500 v/ph la t6t nhat (n 16n qua = sui bot dau)



- Két cau bom BR:

5. Vong chan dau truc

1. Cap BR

quay
2. Vanh chan 6. &35
3. Than bom

7. Vong chan diéu chinh
4. 1-4.2 mat bich khe hd



Bom BR kép:

1(

N R R 3

'I

Giam tai tac ddng mét phia. Bca truyén momen vao BR
gilta & momen can bang. Tuy nhién, ngudi ta ciing dung
cac dudng giam tai nhu bom 1 cap BR.

Luu lugng tang gap 2 so vGi bom don



Vanh chdn

Bom BR an khép trong:

GEROTOR ELEMEMNT et

FEMALE GEAR ROTOR

DISCHARGE PORT ] INLET PORT
Internal gear pumps. I Ej’ihmg&
&
=
S
’ 7 2? ~? n bEF
Kich thuGc nho gon, ton that 2
thé tich nhd hon bom BR AK E
ngoai. Ché tao phic tap

Ring Outer  Ipper
gfl’(]tﬂl’ gerﬂfﬂr



d Bom truc vit: |a su bién dang clia bom banh rang.

P3c diém:

« Dau dudc chuyén tir budng hiat sang budng nén theo chiéu
truc;

« va khong c6 hién tugng chén dau & chan ren.
« Nhuoc diém clia bom truc vit 1a ché tao truc vit kha phiic tap.
« Uu diém can ban 1a chay ém, dd nhap nhd luu lugng nho
Bom truc vit thuong dudc san xuat thanh 3 loai:
 Loai ap suat thap: p = 10 - 15 bar.
« Loai ap suat trung binh: p = 30 - 60 bar.
* Loai ap suat cao: p = 60 - 200 bar (p,,., = 350 bar)
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Double-end internal gear design. (Flowserve Corporation)



2)

Bom canh gat:

La loai bom dudc dung rong rai sau bom banh rang

Cha yéu dung & hé thdong cb ap suét thap va trung
binh.

So vGi bom banh rang, bom canh gat bao dam mét luu
luong déu hon, hiéu suat thé tich cao han. Khéng yéu
cau dau sach bang bom BR.

Két cdu cla bom canh gat c6 nhiéu loai khac nhau,
nhung c6 thé chia thanh hai loai chinh :

Bom canh gat don.

Bom canh gat tac dung kép.
Bom canh gat don Ia khi truc quay mét vong, n6 thuc
hién mot chu ky lam viéc bao gom mét 1an hat va mét
lan nén.
Bom canh gat kép la khi truc quay mét vong, n6 thuc
hién hai chu ky lam viéc bao gom hai lan hat va hai
lan nén



CAM RING SURFACE

2. 15 CARRIED ARDUND
RING IMN PUMPING CHAMBERS

ROTOR

A SIDE LOAD IS EXERTED
ON BEARINGS BECAUSE
OF PRESSURE UNBALANCE

PUMPING

CHAMBERS
ECCENTRICITY

1. OIL ENTERS A5 5PACE
BETWEEN RING AMND
ROTOR INCREASES

3. AND IS DISCHARGED
AS SPACE DECREASES.

Bom canh gat cap dau
tr ngoai vao

Canh gat c6 thé cd
theo huéng kinh.

Pé gidm luc tiép xuc
gilta dau canh gat va
thanh Stato (do ly tam),
ngta cho canh gat cd
cudng blc trén ranh
tron trén mat bén
(chét/con lan 1ap 2 bén

CASTING VANES
' Vane pump. canh gat) 0.05
- Pt
e :
|
Stato
0 7l /I; I —
% Choét
-
B \
— { q Canh gat
e \/\




Pé budng hit ludn ngan cach budng nén:

27T
0527 Z — s6 canh gat

= Luuluong Q
L&y 1 diém c6 BK p, tai d6 van téc
Lay vi phan dp

dQ=B.dpV
V =w.p;0 =27

e
—Q=2Bn jpdp = 27BneD
D

e

} — dQ =27Bnpdp

2
Thaye=0-> Q=0
Q khdng phu thudc dkinh trong (phu thudc e)




Tinh thém luu lugng do chét d: '
i dQ. =2bd.dV - Q. =2bd [dV =2bd(V,,, ~V,,,)
Vmin

d

o

7€

)

V =wp |

- — Q. =2bd.2z.n2e=8z.db.en
@ =27,

V _V in — 27Z.n(IOmax _Iomin): 272”26

max m

Thuc té Q. nho, nén trong tinh toan ta bo qua.



Nguyén tac diéu chinh dé léch tam e (diéu chinh luu luong)

Screw
adjustment  Rotor ring Rotor Vane

Cross-sectional
schematic
variable vane
pump (a) for
maximum flow,
and (b) for
minimum flow. (a) (b)




Bom canh gat kép: khi truc quay mét vong, né thuc hién
hai chu ky l1am viéc bao gdbm hai 1an hat va hai lan nén

___ Bubng ddy
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cdh gat

Chiédu quay

-------
............................

Q =5-200I/ph S
=125 bar (175bar)

pmax



Bom canh gat dan dau tir trong ra:

Roto 1a truc rong dac biét, tao
nén cla hat A, nén B.

Khi Roto quay (nhu Hvé), cac
budbng dau gilta cac canh gat &
phia clra hat A tang dan = qua
trinh hat dau tU clra A qua cac
ranh.

Trong khi dé thé tich gilta cac
canh gat 6 phia B gidm dan,
thuc hién qua trinh nén = dau
qua cac ranh hudng kinh vao
clra B, ra ngoai.

7/




Bom canh gat don (hai canh)

Dung trong TH luu luong va ap
suat nho.

K&t cau don gian, chat ché

Yéu cau bé mat trong Stato ché
tao chinh xac.

A 7
—)




3)

Bom pitton:

Dua trén nguyén tic thay déi thé tich clla co cau
pittdng-xilanh
Vi b& mat 1am viéc 1a mat tru > dé dang dat dudgc do

chinh xac gia cédng cao, bado ddm hiéu suét thé tich tét.
C6 kha nang thuc hién dudc vGi ap suét lam viéc 16n
(Pmay = 700 bar).
Thudng dung & nhiing hé théng dau ép can ap suét
cao va luu lugng I6n, nhu may chubt, may xdc, may
nén...
Dua trén cach bé tri pittdng, bom c6 thé phan thanh
hai loai:

Bom pittbng huéng tam.

Bom pittbng huéng truc.

Bom pittdng c6 thé ché tao véi luu ludng cé dinh,
hoac luu lugng diéu chinh dugdc.



a) Bom pitton huéng . -2

inh: : /* o

(dao dong huéng kinh) ’ ?/ " Oy ;
7 - ’

Ty xoay‘vi 7z s 250 :

trbnAvé dong 7 \\\-@’; 5{: E== ’“[’
tam 0, %«fﬁ; ‘Q:H\
WY &N NN

/\ B

Lam pitton ty  Inlet t 0, Outlet
Xxoay quanh e
y quar 1 /
truc = mon #f-: ¢
déu ﬁjﬁ /
—— l‘“‘ ’
0




o Thoéng thuong ngudi ta dung tu 3 -
11 pitton
d =12, 16, 18, 20, 22

Luu ludng: S0 vong quay cla Roto (vg/ph)

2 Q 2
Q=~ ﬂi.z.en = Z.e.n.ﬂi
4 T 2
& Hanh trinh cla pitton
S6 pitton
O Hanh trinh cla pitton thong thudng: 2e
=(1,3-1,4)d
o S6 vong quay I6n nhatn... = 1500
vong/phut
O Piéu chinh luu lugng = diéu chinh e
O Luc:
- Luc P, — tao luc ma sat (gitra pitton va
Xi lanh)



F_=fP, Luc ly tam

] d

7d*® - >
2
P=p—+F_+mpuw
y 4 ﬂ
| e
Van téc goc cua pitton (1/s)
b, L Kcach tu trong tdm cla
ap suat buon nen V pitton dén tam Roto (m)
(bar)

Khai lugng cla pitton (kg)

B P
P=P,+P, >P=—"
COS &

Xac dinh dugc P, ta c6 thé kiém nghiém US bé mat dau pitton
va vong trugt theo cong thiic Hertz

2
o= 0,398.3,/ PI52 {ﬁz}
R m

% 2 2 N
Pé dam béo chiu mon: o <3.10° {—}




b) Bom pitton huéng
truc:
Bom cé pittbng dat // véi
truc_cua_ réto va dudc

truyén cd bang khdp

hodc bang dia nghiéng.

Ngoai uu diém nhu cla

bom pittdng hudng tam,

con c6 kich thuéc nho

gon hon, khi cung mét cd

vGi bom huéng tam.

Bom pittdbng hudng truc hau hét la diéu chinh luu lugng
dugc.

Trong cong nghiép Q,,,;, = 500 lit/phut.

G 4p suat I6n, luu lugng nho, bom chi lam viéc G ché do
khong lién tuc, do kha nang lam ngudi kém va chéng mon.




1) Pitton
SCELT = 2) Roéto
3) dia nghiéng

WASHER

SPHERICAL @'ﬁ =
=)

PISTON SHOE ~_|

PINS TRANSMIT

SPRING FORCE 4) LO X0
TO SPHERICAL
oA J  WASHER WHICH

\ \ ] IN TURN HOLDS

-

5) Truc truyén dong

PISTOMN SHOE PLATE . , A
(RETRACTOR RING) 6) Vanh gép dau
SHOE PLATE -

Pitton luén ty vao
h dia nghiéng 3, >

! % - pitton cd tinh tién
= N khi réto quay >
tao qua trinh thut

d va nén

{f
i
AN

©




Luu lugng:
|

md’ )
Q= Z'T'h” . > Q= z.n.”%D.tga
h=Digox

Nhu vay, ta thay doi o > thay déi luu lugng.
Nhugc diém: o nhd >QJ > pitton khéng tu xoay quanh truc

Khac phuc: lam pitton xién truc (vira hudng kinh, vira hudng truc)
k..-(ﬂ

s —

1) Ro6to
2) Pitton

S e N

- 4) Lo xo

3) Dia nghiéng -

5) ,6) tay quay




Swashplate Piston Shoe plate Cylinder barrel Port plate

\

Outlet

Piston shoe Shoe plate Piston bore Inlet .
hiax spring port por

Bom pitton hudng
truc c6 Roto dat léch (a)
véi truc truyén dong

HE{#H dey b}ﬂﬂ}{ Swashplate  Pistons Cylinder block
RI'"“"-LH_H_ Axig

e .

Valve plate

shaft



CYLINDER BLOCK

OIL FORCED TO
DUTLET AS PISTOMN
IS PUSHED BACK
TNTC CYLINDER

TO OUTLET

FROM IMLET

UMNIVERSAL LINK

FISTOMN ROD

PISTOM IS WITHDRAWING
FROM BORE AT INLET

Universal link keys cylinder block.

ROTATING SHAFT CAUSES
PISTONS TO RECIPROCATE

Néu cung Q, bom pitton
hudng kinh céng kénh
hon bom huéng truc.

Motk > Mg (VI Xa tam
han)

My nhé hpn > khdi
doéng dé - ngta thudng
dung dco pitton huéng
truc



Cac loai bom dung trong cong nghiép.

CAM-AND-PISTONM EXTERMAL-GEAR INTERNAL-GEAR

W~

M

s e

R

= ==

/L

TWO-LOBE THREE-LOBE

v

- [
s s . e - [T
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UNIVERSAL-JOINT ECCENTRIC IN FLEXIBLE CHMAMBER FLEXIBLE-TUBE



1) Pong co
Nguyén ly:

PC dau 14 mét co cau bién déi nang ludng, dung dé bién thé
nang clia dau thanh ca nang
Vé ngtac két cau clia déng cd thuy luc gidng bom thuy luc,—
tat cd cac loai bom dau déu cb thé lam déng co dau va
ngudgc lai.
Qua trinh bién dbi nang luong:

= Dau cé‘ép suat dudgc dua vao budng ctac ciia BDC - tac doéng

- truyén lén truc DC.

s  Truc BC quay =>budng ctac dich chuyén ti clra nén > clara

m  Thé tich cac budng ctac cta ra ¥ >day dau ra.
So vGi BC dién, BC dau c6 kthude, trong luong va mémen
quan tinh nhd hon nhiéu. C6 thé thuc hién truyén ddng vé
cap dé dang.



Tuy thudc két cau, BC thuy luc cé thé Ia BC BR, canh gat,
pitton, c6 két cdu tuong tu nhu bom thuy luc nén chi xét mot
vai dac diém chl yéu cltia BC dau.

PC Bring it dudc dung vi hiéu suat qua thap

Mkd(f)ng =3 I\/Idanh nghia —
Pbong co canh gat: Qo Qq
Ny
=Nn..g, = nN,.
Q=n,.0, =Ny.04 o . M
Ob S
—> Ny =Ny — or | =N,.— (Gia st bd qua do gi)
Uy =t

-3 cach diéu chinh s6 vong quay dc: ng, e,, €.
—Khi dung M, >4 Teg
SKhi v, >4 Te,



N

N=—PQ
60.1000 Canh gat phai
N budng A
i M =975~ | _5IM =0,0163.p.9,
Ny
p
Q=n,.q Céanh gat tréi :
bubng /
M=M-M, | F%//*_
+r) B/,
M, =(p -1t BB
1 (/01 ) 5 P ; (:01 ) AN
(0 arlptr) _PB( 5 3 sl
Mz_(pz r)B' 5 P= 5 (,02 r ) o —
B
— M :%'(plz_pzz) ¢
e.Cos®
Do e nho - p, * R + e.cos¢ f
02 e.Sing

Tuong tu: p, = R + e.cosy




Thay vao, bo qua cac thira s6 nho:
M = p.B.R.e (cos ¢ - cos y) (Mdmen xoan khéng déu)

M., khio =0, y = n — s6 canh chan

M. =2.p.B.R.e| = 0,0163 p.q,

—Thuc nghiém cho thdy d6 khong déu mémen véi DC c6
sO canh gat lé << BC c6 s6 canh gat chan = Khong nén
lam DC c6 s6 canh chan

—TH can khdi dong tai trong 16n, e,T>M T —n .l (nén
diéu chinh oe BC e, T->M ,T)



m  DPong co canh gat kép:
uu diém: dd can bang déu

Nhudc diém: khéng dchinh momen xoén

M = pB(R® —r?)

7
<




= DPong co pitton:
)  DC pitton hudng kinh:

Tai diém ti€p xuc gitra pitton va vanh \Be

tam 0, xuat hién luc phap tuyén P (qua
tam O) e.Cos® pR
P:Px‘I‘Py I\/IZF)XIO 0 .
1 e 0 e.Sin®
7zd2
PX = Py.tgy Py =D 1 = pF
Tinhy="7
e R e

sin y B sin @ Sy = RSHW Vi e nho nén
€ Y= esingp—)tgy~—esin(p
Ha = arcsin| —sin ~ 5 ~
y o7 (R 9’)) R R



p=R+ecosp

Thay vao M = mémen xoan tiic thdi do mét pitton tao nén:

M, = p.F%singp(R+ ecosgo)z P.F.esing (Do e?bé)

Mémen xoan téng cong:

S . 27
M = p.F.eZsm ga—(l —1).—
= yA
n — sd pitton tao ap suat p (phia dau dua vao) (TH trén n = Z/2)
> M, thay d6i chu ky theo su thayddi vi tri cac pitton trong
budng nén (M, khong déu).
> Vi mébmen quan tinh 16n, nén déng cad pittbng dung cho TH
Mémen xoan 16n!



= DPong co pitton:
) DC pitton hudng truc: =  Kiéu khéi pitton quay
s Kiéu khéi pitton ¢& dinh

a '
X

4

i \ Pia dan dau
3 Pitton

Dia nghiéng

Réto

Truc truyén

dong

>
b
hU

%]
X' X

—_—

- = d
P=Px+P,;B =PR19y;R, = p.T = pF

M, =P.p Mémen xoan do 1 pitbng; p = r.sing - canh tay don luc P,

-l . 2
M = p.F.tga.rZSln{(0+ (I —1).?} ¢ - goc quay cla Réto
=1



[1I) Xi lanh luc: (pitton — xi lanh)

Xi lanh thay luc l1a co cdu chdp hanh cla truyén dan thiy
luc dé€ thuc hién chuyén déng thang (bién thé nang dau

—> CO nang).
m  Xi lanh truyén luc c6 thé phan lam 3 loai chinh (thudng
dung):
= Xilanh truyén luc don gian
= Xilanh truyén luc vi sai
= Xilanh truyén luc canh gat.
a)  Xilanh truyén luc don gian: (ta xét 2 PA)

Can ban may di chuyén 1 khoang L:

-] Banmiay [

mPA 1: ban may co dinh trén xi lanh,
pitton c& dinh = pitton chi c6 chiéu
dai = 2L.

PA1

o
L D |
L.

L2 L2




mPA 2: ban may co dinh trén pitton, xi lanh cé dinh = pitton c6
chiéu dai = 2L. Bé thuc hién dudc hanh trinh L, pitton phai di
chuyén vé 2 phia v6i KC = L/2 = kich thu6c cong kénh

-]

PA2 Ban may

Vi du:

sMay maidung PA1 [ __
mCan ciu dung PA 2

T

Y/ /e

iQQ Q

N\

L2 L/2

-

L2 L2

mV,, V, — Van téc theo
HT thuan va ngudc

Q T (2 2
SV, =V,==; F=2(D>-d
1 2 F 4 ( )
b)  Xi lanh truyén luc vi sai:

Can van toc hanh trinh thuan va nghich khac nhau (di cham,
vé nhanh.



m— Can dién tich lam viéc clia pitton & 2 budng xi lanh khéac
nhau, F, > F,. 2 HT lam viéc: V3, P\4; HT cha khong V4,
P

nho?

nho-

Cing cb 2 PA nhu hinh vé.

—_— V2 e V2
Ban may 1 Ban may
N !
A

1 =21

\Fz ] E ,TI////////// |¢|'2
o
T
2




Fl = F 2 V2 Vl

aVi du: PA xi lanh CD: —~ = 3 P
A | TR

V:Q:Q:4Q ZAP\
'TFE D D |

4 Py Tén hao &p trén
v Q 4 dudng vao
> F, #(D*-d?) #(D*-d?
) 4 Thudng nho
Th&y ngay V, >V, A

aTinh cong suat DC dién:

PTCB luc: plFl = P+ p2F2 +2Fms Sp = P+ p2F2 -I-ZFmS

Fl
P,V — p, =P, +ZAp




mKhi can nhiéu t6c do khac nhau hoac nang cao hanh trinh,
dung xi lanh luc nhiéu bac. Vi du 3 té¢c d6: nhanh, TB, cham.

« Néu cho dau vao 1 Vv
J_ —
_4Q | A (
V — A 5 o /\
) 0 /r% )
* Néeu cho dau vao 2 T
| < |
4Q T ¢
V, = . . 2
7Z'(D —d; )
« Néu cho dau vao 1+2
4
V, = Q —>VantécV,>V,>V,

7ZD2



=D& nang cao hanh trinh, ta dung xi lanh nhiéu bac nhu

Hve.
« Dau vao cura 1 > 3
day pitton 3 va 4 1 :
sang phai dén gibi 7, —Coa
han HT. % Z ez
, % 7
« N&u HT clia mét xi N 74 K
lanh 13 | > KT nhd Ao >
nhat clia co cau: N !
I'min=(Z+1)-| ¢1 2¢

z — s0 xi lanh di déng
(2 -6)val_ = 1500
mm



c)  Xilanh truyén luc canh gat:

La loai DC dau thuc hién cd vong di vé khong lién tuc.
Co cau cd tuong déi vdi xi lanh la canh gat 1ap trén truc.

1) Xilanh

2) Tam chan (l1ap cd
trén xilanh 1)

3) Canh gat

4) Truc quay (co6 thé
quay qua lai o =
280 -3000)

Truc 4 c6 thé 13p
thém 1 s6 co cau
dén cd cau chap
hanh - CCCH cb
thé CD thang hoac
quay khoéng lién
tuc.

Ban may

X




i

| Pé tang do kin khit, cé thé dung két cau:

% |

Pé tdng moémen xodn cla Xi
lanh truyén luc, ngta dung
nhiéu canh gat (nhu hvé)

Cb Z canh gat --. Mébmen tang Z
lan, van téc goéc giam Z lan.

2 canh gat 3 canh gat




d) Pitton tang luc:
i P=p(F +F,)

e) Cod cau giam chan cudi hanh trinh

IS

[/ nmcs

~

1

Al

TN =

Di cham

K

Vit dchinh

Bi nhanh



, ‘ _ CHUONG Il
CCO CAU PIEU KHIEN, PIEU CHINH

y  Cd cau chinh ap
1) Van an toan, van tran
> Van giam ap

n  Cd cau chinh hudng
»  Van mot chiéu
2 Van dao chiéu
« Diéu khién: mang tinh dinh tinh: Trai — phai

« Piéu chinh: mang tinh dinh lugng: nhanh — cham (chinh p, chinh
Q, chinh hudng dong dau)



1)

1)

Ca cau chinh ap
Van an toan, van tran

Van an toan dé phong qua tai trong HTTL.

Khi van an toan gilr 4p suat trong HT khong déi > van
tran.

Su khac nhau & ché van tran tu déng diéu chinh dé gitr
ap suat khéng déi, con van an toan chi mé dé dan dau
ra khoi HT khi qua tai.

Van tran lam viéc thuong xuyén hon = cha y dén tinh
chéng mon va do kin khit.

Két cau gidng nhau, nén c6 thé thay th& nhau dudc.

Ky hiéu cla van an toan va van tran dugc trinh bay nhu
hinh vé:



Khi p > [p,] = dau (Q) qua
van tran vé bé (an toan).

Gia sir can Q = 40l/ph, ap
suat p

Bom c6 Q =60 I/ph, ap p
Nguon p, Q ludn 16n hon p,Q
st dung = cho dau chay vé
bé (an toan).

Van an toan can kin khit, két
cau chinh xac hon.

Van an toan bi

P < [po]

\

v
1p09Q

V=2-5m/s

Hoac D&\

-

V=1-25m/s




Diéu kién vinh thudng, P, can bang véi

ap luc dau:
7Zd2
Rx — T Py

Tabigt Q- ”";2\/

dau

V45, tU chon tu 2 —-5m/s

—d=2. Q
/A

dau

Tinh duong kinh bi?

P& bi dugc dinh vi t6t: D ~ 1,3 d

Uu diém: dé ché tao

\ A
V'V

20 =900 - 1209

Nhudc diém: én, khéng lam viéc & ap cao dudc



b) Van an toan pitton

Khac phuc nhugc diém clia van an
toan bi, ta dung van an toan pitton.

Hét qua tai > P, >
pitton di xuéng = dau DR 4
qua I8 nh, tr tir > ém o
Nhugc diém: khi p cao NS ol
vaQlén > 1o xo4l6n _  f /gg
- tang KT chung van I =\
- N j\\ )
7d’ Ldl <l_|
% — 4 'pO 5 T ’_ﬁ
> &p suét can diéu chinh: | p/ ,
4P

_ah ) .
Po = 7Zd;( - chi phu thudc vao P,

Pos Q

S -

. Clra vao

L6 gidm
chan 20,8
— 1mm
Bubng dau
Lo xo
Pitton
Clrara

L6 thao
dau do
bubng trén



c) Van an toan bi - pitton
Loai van c6 hiéu uu diém, 1a t6 hop cla 2 loai trén (Iam
viéc rat ém) -

Binh thudng p, = pg

N
N
N
7N

Khi qua tai, p,T, vi 16 gidm chan =1 N
nhd, pg chua 16n kip — pitton T, 10 < N—»,

X0 2 bi nén lai - dau qua clra s6 2

vé bé.

Sau At thi pg = p, (3 tri s6 I6n hon) r
>[p,], dau qua ciia 1 vé bé. ||
Hét qua tai, p,t, pg chua gidm kip, ®
bi xudng tu tu.

v
9
?V

7
Z
7
|

/ Ple

I

L

(L L

Lo x0 2 mém, chi dé thang luc ma ;
sat cla pitton /I/l_[/% R 7/ ;
Piéu chinh ap =10 xo 1 L5 giam chan © //// .




P&c tinh quan trong nhat cla van tran 14 su thay doi ap
suat diéu chinh khi thay déi luu luong Q.
Su thay déi nay cang it, van 1am viéc cang tét

Tu d6 thi ta thay van tran to
hop bi — pitton cé dudng
dac tinh to6t nhat (dudc sd
nhiéu).

Pudng dac tinh clda van bi
la xau nhét.

p(bar)

Van bi

Van bi + pitton

ﬂton

o

Q(I/ph)



3)  Van can

Nhiém vu gidm van téc chuyén ddéng cla cd ciu chap
hanh tai vi tri cudi hanh trinh hay bat dau hanh trinh dé
CCCH cuing vung, an toan khéng bi rung déng.

= L4p & clra ra cta xi lanh

= 4p suat cla ra co thé diéu
chinh dudc:

d’ 4P,
pz- 4 — Mix — pz 2
= Ky hiéu:

ST

; L
= ! P2 [
T Pix
I w i\ |/ 2
P
?r [
/ )% ':W\Y

Sach “Hé théng dau ép trong may cat kim loai”



2)  Van giam ap

=Khi can cung cap chat 1ong tir nguén
(bom) cho mét s6 co cau chap hanh
c6 nhiing yéu cau khac nhau vé ap
suat.

=Khi d6 phai cho bom lam viéc véi ap
suat |6n nhat va dung van giam ap
dat tru6c co cadu chap hanh dé giam
ap suat dén mot tri s6 can thiét.

— P2 < P4

P, 4 = Ix_)pzzﬁlz

NP =p N

/ J / L
S ] [
|_J ] Pix |
ik j f Viss
P2 //} il _% I _J
. P% O\ «\A‘\‘
\ F 2 /




|

Pl‘
Ky hiéu:
Két cau don gian, thich hop véi p I:}MZ:’
nho. ml
Giam chan kém - sinh chan
dong.

dVan giam ap cé pitton vi sai (pitton c6 bac):

Hoac |

3
O
p, < p, do luu luong thay doi. g %/ 9
~z4 —11
NP =p TV \\\@{]///,/10
I 6 \ N
D, —> (4), qua I3 tiét Iuu (5) — (6) 8 N RS
p, — 10 ti€ luu gidm chan (7) — (8) plﬂ\\\ NINE
Bthudng, p, khéng thay déi trong gia —=1 N 'Il \\\\
tri dudc diéu chinh > 9 déng 27\ §
chat, (10) can bang 2 phia 5 ' §
4




p, T = (9)mé, qua (11) - bé
Pos > Ppg (do 16 gidm chan 5)— pitton di 1én — gidm tiét dién
chay clra 1 — p,llai

] <]
Uu diém: ém va nhay N
c6 thé 6n dinh dugc p _4:!:_
Nhugc diém: ché tao phirc tap (gc pitton c6 _' |
16, bac) e
Ay

Khac phuc: ngta ché tao loai van c6 két =
cau don gian hon, nhung cac dac tinh ciing §

gan giong vdi van pitton vi sai P> 47&

e ]




)  Co cau chinh luu lugng

Piéu chihh Iuu luong qua né — diéu chinh van téc cla
co cau chap hanh (vGi bom c6 Q co dinh)

1) Van tiét luu

= Diéu chinh luu lugng dong chay, tdc la diéu chinh van téc hoac
thai gian chay cla co cdu chap hanh

sThay d6i Q — thay déi Ap va

tiét dién chay A, = -

«sNéu dam bao Ap = const —» V A T = =

=const. g 9 | b

«Van tiét luu khéng dam bao P [/ ZX P P +

dugdc dk V = const | ,:VW:J
Q =FV

sLuu lugng qua khe hd A, theo Q
cog thac Torixelli: \




2
Vi C= —g = const
y

1 - hé s6 thoat dau, phu thudc hinh dang tiét dién chay.

— Van toc clia pitton:

C6 thé phan thanh 2 loai
chinh: van tién luu diéu
chinh doc truc va quanh
truc:

_ cuALAp
F

Py

P2

Ap

Y

Y

q

Chénh léch ap va luu lugng qua tiét dién



O <>f\|
|

Pi I | P2 \ ‘ /
—— R ——
|
b1

''p,
Piéu khién doc truc — A_ thay doi

Dan dau ti ngoai Dan dau ti trong
b1 P2

=V 1Y 1@
Se 74 74

Piéu khién quanh truc - A, thay doi

%)

A




Ky hiéu: | |

« Van tiét luu c6 luu lugng c8 dinh. >< }%/
« Van cbé thé diéu chinh luu luong pd

2) B6 6n téc ‘ ’
Trong nhiing co cdu chap hanh can chuyén déng ém, dd chinh
Xac cao
Nhirng nguyén nhan gay ra su khéng 6n dinh chuyén déng, nhu
tai trong thay doi, dd6 dan hdi cla dau, do rd dau ciing nhu su
thay d6i nhiét do, thi€u s6t vé két cdu nhu cac co cau diéu khién
ché tao khéng chinh xac .v.v...

B6 6n téc ddm béo hiéu ap khong doi khi gidm ap — dam bao 1
Q khéng dbi qua van —van téc CCCH gan nhu khéng déi.
B6 6n toc 1a van ghép: van gidm ap + van tiét luu

Thudng dudc 1&p & dudng dau vao hoac clia CCCH (PA 13p trén
duong dau ra tét hon).



Ky hiéu:
Xét 2 PA I3ap bo on toc:
a) Lap trén duéng dau vao

p.F=p,.F,+P+2ZF
/ p,.F +P/+ZF

P1 |

//////|///,..Z..




y p1
Ap =py— Py

P’o Y
NN RSN

NI

e
22y

Po

P o
—— —{
——

N
\\\*}\

B& nguén
p,T — pitton bi > N9

day lai —>khe hd
Xt —>p0T

-0

o

||

;'U

_|_
-0

-
% /
\%
A

_/

|
_ p,.F, +P+XZF . vy E

- \E

Py




b) Lap trén duéng dau ra

lpz

P2

f
T D [T

|9

LT Ve

P

PR+ P+2F

F2




— Thay 2 sa do giong nhau vé mat y nghia, khéng phu thudc
tai trong

Bd on toc dat 6 dudng vao
Uu diém:
Q Xi lanh thi [am viéc theo ap suét yéu cau.
Q C6 thé diéu chinh lugng van téc nhd.
Nhugc diém:
0 Phai dat van can 6 dudng dau vé.

QO Nang luong khéng dung chuyén thanh nhiét trong qua
trinh tiét luu.



0B on toc dit 6 dudng ra

Uu diém:

Q- Xi lanh thi lam viéc dugc véi van tdc nho
va tai trong 16n.

Q- C6 thé diéu chinh lugng van téc nho.
Q- Khong phai dat van can 6 dudng dau vé
0- Nhiét sinh ra sé& vé bé dau.
Nhugc diém:
Q- Luc ma sat cua xi lanh I6n.

Q- Van tran phai lam viéc lién tuc.



1)

Co cau chinh hudng (ctia dong dau)
Diéu khién dong md hodc ndi lién, ngan cach cac
duong dan dau vé cac bd phan cda hé thong.

1) Van moét chiéu
= Cho chat 1dng di theo 1 chiéu.
= Dudc dat G cac vi tri khac nhau tuy theo muc dlch
= T6n that ap qua van Ap = 1 bar

F,
\

a

F
I

f——

v

—

P —=

%

T~

P

S FAN

Van 1 chiéu co6 can

—lam viéc ém

v’\v’\vs
=

o
M

==
p

Nguyén ly két cau van
1 chiéu bi va ky hiéu




Vi du: | Ve

SU dung van 1 chiéu trong sG doé ép R | Vit
nguac I N

Khi chua c6 tai, do
Q, > Q, > p, j —1 —,
chua dd Ion > | 1074
khong lam tang p,. L/ "

Tinh &p suéat p,, khi 22727 _]
g Q = Q,+Q, ]
(ngoai luc chi tinh ZN

A Q. p
dén G) o be

Khi c6 tai (ep) pzTé diéu khién van giam Q, 16n
tdi = dau vé bé, dong thdi p, tac dong van
V,, ko cho dau tir bom 1 1én = chi c6 bom 2 Van an toan ¢6 thé 14p trén

- tinh p, (vGi Q,) hodc dudi van 1 chidu (chi
ap dung cho bén nay)

N
N\
N

=




\V/ - Q+Q, V _Q

nhanh ~— ctac
F F

Bai tap: Sdung so do trén
Vihanh = 3mM/ph; Ve, = 0,5 m/ph; D = 200mm, P = 20tan, G
= 500 KG; nygm = 0,85
? Tinh chon 2 bom, tinh chon dong ca dién

Chu y: v6i so d6 nay, néu dung van giam tai nhu trén, dco chi can
chon theo cong suat I16n nhat clia 1 bom (CS 16n nhat)
N\é’u dung van an toan thuong thi tinh cong suat dong co
bang tong SC 2 bam (do khi p, I6n thi bom 1 van phai bom
thang van an toan dé xa dau (luc céng tac))



2) Van dao chiéu
= Nhiém vu 1a déng, m& cac 6ng dan dé khdi ddong cac co cau
bién d6i nang luong, dung dé dao chiéu cac chuyén ddng cula
o cau chap hanh.

= S0 vi tri: 1a s6 dinh vi con truct clia van. Théng thudng van dao
chiéu c6 2 hoac 3 vi tri. Trong nhiing trudng hop dac biét s6 vi

tri c6 thé nhiéu hon.
al0]b alb

Vi tri “khdng” 1a VT khi van chua cb tdong tin hiéu vao. Van
3VT,> “0” gilra, van 2V, “0” ¢6 thé 1a a hdacb (thudng 1a bén
phai)

= SO cUa: la s6 16 d€ dan dau vao hay ra. S6 clia clia van dao
chiéu thudng 1a 2, 3 va 4. Trong nhiing truéng hop dac biét s6
clra c6 thé nhiéu hon.
Cura van ki hiéu theo ISO 5599 hoac DIN:



Po

Vi du: 1ISO 5599 | DIN
Clra ndi nguon | 1 P
(tur bo loc)
A Cla ndi lviéc 2,46... AB,C,..
F‘l 'Fz V2 Vl
‘ : Clra xa 3,5,7,... R,ST,..
b P -
O /) pp —= -— Clra néi TH 12,14,... | X)Y,...
}/ N = = . 7;777‘777< thién
S o G
/ AQ) [ B f
\ / = Van 5/3:5 cua, 3 vi tri
1 1
\|/ RG) P ({VH //Nvl a]0]b
\ / T(S) T TTT T

ARG

P(1) — n6i ngudn
A(2), B(4) — n&i co cau
R(3), T(5) — Vé bé




Trudng hdp can phanh tiic thdi = cho dau vé 2 phia:

A B
YOS it i VP PD
\_/ S 1
Y T l T\/T //T
e 7 /
Pk = dién tur Lo xo: khi t& may, n6é dua
con truct vé vi tri gitra
) eI Y e 0N

| eI

Diéu khién bang thuy luc Diéu khién bang khi nén
Khi con truct 6 VT nay, ta

c6 thé kéo pitton tu do (so T I
do trén) Agﬁ T L / /
T TTT Tl S

- I

VT gilta, dau vé bé Dan khi ra ngoai




Ki hiéu cac cura cia néi cua van dao chiéu

4(B) 2(A)
Ciia noi diéu khién 14 (Z) [} o A 12 (Y) Cuta noi diéu khién
Cua 1 néi voi cua4 |+\ ¢ |y /| Cua Il noivéi cua 2
? ? s, / AT V ? ? , A Ve A A
Cua xa khi c6 moi <{— 3(R) Cua xa khi khong co6 moi noi
A A A 5(S) ] P A ~
noi cho ong dan (P) cho ong dan
NOi voi nguon khi nén
n n Ong dan
‘t 0 l — —
) Hr T
m m-._
a. Van ddo chiéu 3/2 b. Van ddo chiéu 4/3

‘ L. So'vi tri
SO cita

Ki hiéu va tén goi van dao chiéu



|
T i Van ddo chiéu 2/2
|

Cach goi va ky hiéu mot s6

d.v h.,\\ L]
van dao chieu T l Van ddo chiéu 4/2
I <
|
Tac dong tin hiéu :\l /_‘I_ Van ddo chiéu 5/2
viv
2 ,
E - h N :\l _I_'Tfl_ - l/_‘r Van ddo chiéu 5/4
S N v|v
,kmh,‘ﬁ::& Néng | | Lanh
T I II
ALAw AT
o=-"_-77 =
> - : v g
P . h
E Ve

e



a. Tdc dong bang tay

Ki hiéu nut nhdn tong qudt

( Nut bdam

P
= Ban dap

b. Tdc dong bang co

Tay gat

Pdu do

Cit chan bang con ldan, tdc dong 2 chiéu
Cit chdn bang con ldn, tdc dong 1 chiéu

Lo xo

(O mm
&
VW)
]

Nut nhdn co ranh dinh vi




c. Tdc dong bang khi nén

—— Truc tiép bang dong khi nén vao

———H Truc tiép bang dong khi nén ra

Truc tiép bang dong khi nén vao vdi duong kinh 2

e T nong van khdc nhau
-—-|> Gidn tiép bang dong khi nén vao qua van phu tro
-—K | Gidn tiép bang dong khi nén ra qua van phu tro

d. Tdc dong bang nam chdm dién

Truc tiép

Bang nam cham dién va van phu tro

Tdc dong theo cdc hudng dan cu thé

AN
I




Van 2/2

+

A(T)
i 1
¢ o
T
;ﬂp
A(T)
L
¢ ] o

@




&
TlT ‘g"'






The 4/3 open
A B center valve

Van 4/3:;




Vi tri giua

=

IS

®
? I— |_|
Vi du: HT TL su dung 2 van ¥ i
dao chiéu diéu khién 2 xi lanh. T 1 / i1 X
|_|1 Ll
Van 4/3 & vi tri trung gian, @
pitton cla xi lanh B c6 thé tu 1 1

do di Chuyé’n. i? i
OO«



The close center valve

& &

Khi con truct G vi tri gitra, pitton sé ding lai va cé dinh & vi tri dang lam viéc



Pé gidm su tang nhiét do
dau, ngudi ta 1&p thém van
thuong mé 2/2 & cla ra
(nhu hinh vé)

V6i sG do trén, 3 xilanh —
pitton cé thé hoat déng doc
lap tU cung mot nguén cap.

Khi ca van & vi tri gitta >
dau sé& qua van tran vé bé
= nguyén nhan lam tang
nhiét d6 dau




500 psi _ | 500 psi |

(34.5 bar) (34.5 bar) 7 ) ===
500 psi __ 500 psi
(34.5 bar) {34.5 bar)
1000 psi (69 bar)
Lil- 1 X

N 2 . ’ . L r——-
Tuy nhién, G vi tri trung gian "
nay, dau c6 thé bi do gi tir cla 1T

P - A,B. Day la nguyén nhan
lam cho pitton s& dich chuyén o 0 O =
khai vi tri d6 (hinh v&) A L



The 4/3 Tandem center
valve

G vi tri gitta, dau qua
van (tcra P - T) vé
bé




| L

— L= =

Lol DA LA (T

100 psi (6.9 bar) 50 psi (3.4 bar) L

15D psi
R — (10,35 bar)

T O
&>

V6i sG dd nay, 1 ctia T ndi VO
cac clra P khac nhau khi cac
van G vi tri gitra.

V6i su sap xép nay > cac cap
pitton — xi lanh c6 thé hoat
dong rién lé hoac cung nhau

|




Gat vo vap

Van séc vo \ N0 y A
(Van ty I&) \\ \ [/ // Ly,
W |

Ta biét: Q= CAA@ \\\ /// naZ

—Khi A_thay déi = Q thay g
déi (thay cho van tiét luu) Z

—Van séc vo = van tiét luu +
van chinh hudng T l )‘( ),( //T

Vi du: van diéu khién dién —
khi — thuy luc (van séc v6 5/3)

pién tur dk khi /@T l )‘(T)l( //TV\];\/%A

nén,khi nén dk van

van diéu khién dién - khi — thuy luc



Po< //\p Z
L4 chan
Dong dién i /
I 4

Pknen = CONSt [77777 7~ l ey Pinen = const 0= a
o

Dong dién i = 0 (chua c6 th vao) p, = p, 92 bén fun nhu nhau), coi
nhu khéng quay,n =0

Khii<>0 - p, <>p, van <>0 (dong i quyét dinhkhe hd trén van)



Vi du:

Xay dung so do __ __
HTTL may ép song i = )
d-él\)ng ngang (2 Xi VS :_____:':____'U_—I ASSNANNNNN
lanh doi nhau.

g 0 6 HY B9 By Ky
dung bé 6n téc trén ,

s6 = tinh chon @ e

dugc cac bom, —

duong dau ra.
cong suét dco, tinh
van an toan, ...

Khi cho cac théng

0 +—9




\ 9 ) CHUONG IV
PIEU CHINH VA ON BINH VAN TOC

) Piéu chinh bang tiét luu
»  Diéu chinh bang thé tich

« Diéu chinh van téc quay hoac thang clia CCCH bang viéc thay
doi luu luong qua no:

 Thay dbi stic can trén dudng dan dau bang van tiét luu >
diéu chinh bang tiét luu.

« Thay d6i ché do l1am viéc cla bom dau = diéu chinh luu
luong clia bom = diéu chinh bang thé tich

e Muc dich: Q = const
e dich: Q —>V=g; n, :g:const

C

F Uy



) Piéu chinh bang tiét luu

=Bom c6 Q khong doi > thaydoi Ax > thay doi hiéu ap cla
dau — thay déi luu luong dan d&n CCCH dam béo van téc

CCCH nhét dinh.

= Tuy thudc vi tri 1ap van tiét luu:
=Diéu chinh bang tiét luu & dudng vao
=Diéu chinh bang tiét luu & dudng ra.

=B0O 6n t6c = van gidm ap + van tiét luu

P2

—

P1 [ ] /
— A
= /

T

A

Q= C&\@ = const

X T tiét dién A,



| Diéu chinh 6n dinh t&c do trén dudng ra
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Diéu chinh én dinh téc dod trén dudng vao

Nhan xét: So dé 13p bd 6n
toc trén duong dau ra t6t hon
VI

-Cong nghé don gian

-Dau chay vé c6 V nhd, giam
su tang t°

-Khéng can van can trén
duong vé

-S¢ dung cong suat hap ly
hon (dau c6 4p cao dugc dua
thang vao budng lam viéc).

F A
\

\

pr —™

Ap 0,3-0,5 bar ISIT

_”
Apzpo_p1 /%

= 5-6 bar

P2 4
77
77777 oA K g(&

HiVAY

Mw

/<>\ Ap = 1 bar




)  Diéu chinh bang thé tich

«Gidm dudc su tang nhiét dau, tang hiéu suat
«Dua vao HT 1 luu lugng dau can thiét > dam bao 1 van toc
nhat dinh.

sNéu bd qua tén that thé tich va co khi > toan bd nang
luongdo bom tao ra bién thanh céng c6 ich.

=C6 thé ding bom pitton hodc canh gat cé thé thay doi luu
luong.

=Sau day ta xét moét so db diéu chinh bang thé tich két hop
véi tiét luu G dudng dau vao:



«Stato c6 thé dich chuyén. Rbto ¢6
tam co dinh 5 vy

s . —
=Khi dich chuyén Stato: | -
P = k.p, V6i k phu thudc két cdubom b3 | 77

PTCB: f
PR +R, =pF, +kp0 (1) i | 7,
29 pl\
Q=CAJAp = |[=> AP, — P, Q- cons
Y - Ax
2 Po O
_q | @ ;
—)p1_p0 (CA(] \E/FL-P_
T —
Q ? P/lx 7
(D) — pO(Fl_F2)+ o a —kp, - R, =0 e

n PX V4
Néu chon (F; -F,) =k — Q=CA _FI Néu P,, =const = Q = const
|
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« Pong bo:

« Cung pha (cung vao, cung ra)

* Nguokhah@ can dau vao day (do c6 G)/Ill" llk

1. Pong bd bang co khi

Cung pha

II

I

PA nay kin khit hon

I
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N
N\

==

AN
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N
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Ngudc pha
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\ o - CHUONG V
DONG BO LAM VIEC CUA NHIEU CO
CAU CHAP HANH THUY LUC
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2. BDong tdéc bang tiét luu

tiét luu trén duong dau ra, ca di va ve.

[ [
F F F F
\1 2 2 /1

Cé d' Vé Vé‘ P —™ j H ( =— D1
déu duoc diéu p2 T

i = ASSN
chinh bang van tiét v T

T, VT, VL VT,
luu dat trén duong
ra Vi vi
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.
n
®



Diéu chinh bang bor

(T T

et SHEITFAMYSREIV/A®

| lj j
[ M |
T (T T 7 \
Q2 Q2 ‘ S

Khi tai Iéch = con truct sé trugt = dchinh khe hé >
AN R
Con truct thay d?' luu ,Iu’c_jng. n e . . L

' TH khéng c6 thanh ¢ giua: - can ban may nang hon
- tao ra tai trong gia

'//m_&




Lién hé ngudc dién

F

LLLLLLLL

NANNNNNNY

Cam bién
t8c do, vi tri

/ \
PL Qi

e TN el R AT

BC N’, theo N, hoac N’, theo N,
Lién hé ngudc dién: van séc vO + lién hé ngudc = co cau séc vo

\gzgzvzzg pC dé V, =V, - do téc do qua Q

Ly tudng: F, = F, = cung luu lugng Q
F,<>F, >khong cung Q - dchinh 2 Q rat kho



\ ~ CHUONG VI
CAC PHAN TU CO BAN TRONG DIEU
KHIEN BANG KHi NEN

« Heé théng thiét bi phan phéi khi nén c6 nhiém vu chuyén khéng
khi nén tr may nén khi d&n khau cudi cung dé s dung: ddong co
khi nén, may ép dung khéng khi nén, may nang dung khéng khi
nén, may rung dung khdéng khi nén, dung cu cam tay dung
khéng khi nén va hé théng diéu khién bang khéng khi nén (co
cau chap hanh, cac phan tU diéu khién...).

« Truyén tai khéng khi nén dudc thuc hién bang hé théng éng dan
khi nén, can phan biét & day mang ducng 6ng dudc lap rap co
dinh (nhu trong nha may) va mang dudng 6ng lap rap trong
ting thiét bi, trong ting may



Binh trich
chita chinh

May nén khi

\

\

L

Do nghiéng duong ong 1-2%

|

Binh trich
chiia trung gian

Binh ngung
tu hoi nuoc

Van xda nudc

Thiét bi loc

Binh trich chua
cho thiét bi, mdy

H¢ thong thi€t bi phan phoi khi nén
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Fig. 0.7 Axial piston pump.
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g. 8. Typical pressure profile of journal bearing.



Fig. 61.6 Rotary, helical-screw compressor, typical single-stage design.’
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Fig. 61.8 Cross section of a sliding vane compressor (courtesy of A-C Compressar Corpora-
tion, Milwaukee, Wisconsin).®
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Fig. 61.9 Operating cycle of a straight-lobe rotary compressor
(modified; courtesy of Ingersoil-Rand).?



Fig. 7.19 Pipe branch Fig. 7.20 Pipe junction





