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2. Cai dat phan mém festo fIUIASIM 3.6 .........covvevveeeeieee e 154

PHAN I: LY THUYET PIEU KHIEN PIEN- KHI NEN
BAI 1: CO SO LY THUYET VE PIEN- KHI NEN
1. Lich sir phat trién va nhirng dic trung ciia hé thong diéu khién khi nén.
1.1. Vai nét vé sw pht trién.

Ung dung cia khi nén da c6 tir thoi ky truéc cdng nguyén, tuy nhién su phat
trién khoa hoc k¥ thuat thoi dé khong dong bo, nhat 1a su két hop céc kién thirc vé co
hoc, vat ly, vat liéu .... con thiéu. Cho nén pham vi tng dung cta khi nén con rat han
ché.

Mai dén thé ky 17, nha k¥ su ché tao ngudi Dac Guerike, nha toan hoc va nha
triét hoc nguoi Phép Pascal, cing nha vat ly nguoi Phap Papin d& xay dung nén nén
tang co ban tng dung caa khi nén.

Trong thé ky 19, cac may mac thiét bi sir dung ning lwong khi nén lan Iuot ra
dugc phat minh: thu van chuyén trong 6ng bang khi nén (1835), Phanh bang khi
nén(1880), blia tan dinh bang khi nén (1861). Trong linh vuc xay dung duong ham
xuyén day ndi Alpes ¢ Thuy si (1857) lan dau tién nguoi ta st dung khi nén véi cong
suat 16n. Vao nhimg nam 70 cia thé ky thir 19 xuat hién & Pari mot trung tam sir dung
nang lugng khi nén véi cong suat Ién 7350KW. Khi nén dugc van chuyén téi noi tiéu
thy trong duong 6ng véi duong kinh 500mm va chiéu dai km. Tai noi d6 khi nén dugc
nung néng I&n t&i nhiét do tir 50°C dén 150°C dé tang cong suét truyén dong dong co,
cac thiét bi bua hoi...

V6i su phat trién manh mé caa nang luong dién, vai trd sir dung ning luong
bang khi nén bi giam dan. Tuy nhién viéc sir dung nang lugng khi nén van dong mot
vai tro cét yéu & nhitng linh vuc ma khi sir dung niang luong dién s& nguy hiém, sir
dung nang luong bang khi nén ¢ nhitng dung cu nho, nhung truyén dong véi van téc
I6n, st dung nang luong khi nén & nhiing thiét bi nhu bua hoi, dung cu dap, tan
dinh.... Va nhiéu dung cu khac nhu do ga kep chi tiét.

Sau chién tranh thé gioi thu 2, viéc ung dung niang luong khi nén trong ky
thuat diéu khién phat trién manh mé. Vai nhiing dung cu , thiét bi, phan tir khi nén moi
duoc sang ché va duoc (ng dung trong nhiing linh vuc khac nhau, sy két hop cua
ngudn nang luwong khi nén véi dién — dién tir 1a nhan td quyét dinh cho su phat trién
cua ky thuat diéu khién trong twong lai. Hing FESTO (Piic) ¢6 nhimng chwong trinh
pahts trién hé théng diéu khién bang khi nén rat da dang, khdng nhitng phuc vu cho
céng nghiép ma con phuc vu cho sy phét trién cac phuong tién day hoc (Didactic).

Gi4o trinh diéu khién dién- khi nén 7
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1.2. Nhitng dac trung ciia khi nén

Vé sb luong:cé san & khép moi noi nén co thé sir dung voi s6 lugng vo han.

Vé van chuyén:khi nén c6 thé van chuyén dé dang trong cac duong 6ng, voi
mot khoang cach nhét dinh. Cac duong 6ng din vé khong can thiét vi khi nén sau khi
su dung s€ dugc cho thoat ra ngoai moi truong sau khi dé thyc hién xong cong tac.

Vé luyu trir:may nén khi khéng nhat thiét phai sir dung lién tuc.Khi nén co thé
duogc luu trir trong cac binh chira dé cung cap khi can thiét.

Vé nhiét d6 :khi nén it thay doi theo nhiét do.

Vé phong chong chay nd:khéng mot nguy co nao giy chay boi khi nén,nén
khong mat chi phi cho viéc phong chay.Khong khi nén thuong hoat dong véi ap suat
khoang 6 bar nén viéc phong nd khong qua phirc tap.

Vé tinh vé sinh:khi nén duoc st dung trong cac thiét bi déu duoc loc cac bui
ban, tap chat hay nudc nén thuong sach , khéng mot nguy co nao vé phan vé sinh.Tinh
chat nay rt quan trong trong cac nganh cong nghiép dic biét nhu: thuc pham ,vai soi,
lam san va thudc da.

Vé cau tao thiét bi :don gian nén ré hon céc thiét bi tu dong khac.

Vé van tdc: khi nén 1a mot dong chay co luu tdc 16n cho phép dat dugc téc do
cao (van toc 1am viéce trong céc xy-lanh thuong 1-2 m/s).

Vé tinh diéu chinh: van téc va &p luc ciia nhimg thiét bi cong tic bang khi nén
duoc diéu chinh mot cach vo cép.

1.3. Uu, nhwoc diém ciia hé théng truyén dong bang khi nén.
1.3.1. Uu diém:

- Do kha ning chiu nén( dan hoi ) Ién caa khong khi, nén cé thé trich chaa khi
nén mot cach thuan loi

- C6 kha nang truyén tai nang luong di xa, vi 6 nhdt dong hoc caa khi nén nho
va ton that ap suat trén duong dan it.

- Puong dan khi nén (thai ra) khong can thiét.

- Chi phi dé thiét 1ap mot hé thong truyén dong bang khi nén thap, vi hau nhu
trong cac nha may, xi nghiép hé thong duong dan khi nén da cé san.

- Hé thdng bao vé qua &p suat duoc dam bao.

1.3.2. Nhuoc diém:

- Lyc truyén tai trong thap

- Khi tai trong trong hé thong thay doi thi van tdc truyén ciing thay doi vi kha
nang dan hoi cia khi nén Ién, cho nén khong thé thuc hién nhitng chuyén dong thang
hodc quay déu.

- Dong khi nén thoét ra & duong dan ra gay tiéng on.

Gi4o trinh diéu khién dién- khi nén 8
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2. Don vi do trong hé thong diéu khién
2.1. Ap sudt
Pon vi co ban cua ap suat theo hé do luong Sl 1 Pascal (Pa)
Pascal 1a &p suit phan bd déu trén bé mat c6 dién tich 1m? véi luc tac dong
vuong goc 1én bé mat d6 1a 1Newton (N)
1Pa = IN/m’
1Pa = 1 kgm/s®/m? =1 kg/m?
Trong thyc té nguoi ta dung don vi boi sé cua Pascal 1a Megapascal (MPa)
1Mpa = 1000000 Pa
Ngoai ra con str dung don vi bar:
1 bar =10° Pa
Va don vi Kp/cm? (theo tiéu chuan cong hoa lién bang Btc)
1 Kp/ cm?® = 0.980665 bar = 0.981 bar
1 bar = 1.02 kp/ cm®
Trong thuc té 6 thé coi: 1bar = 1kp/cm?® = 1at
Ngoai ra mot s6 nuéc Anh, My con sir dung don vi do 4p suat (psi) :
1bar = 15.4 psi
2.2. Luc
Don vi cua luc 1a Newton (N)
1 N 4 lyc tac dong 1én déi twong c6 khdi lwong 1kg véi gia téc 1m/s®
2.3. Cong
DPon vi cua cong la Joule (J)
1J 1a cong sinh ra dudi tac dong cua lyc 1N dé vat co thé dich chuyén quang
duong la 1m
1J=1N.m
2.4. Cong sudt
Pon vi cua cong suat 1a Watt (W)
1W la cbng suat trong thoi gian 1gidy sinh ra nang lugng 1J
1W = INm/s
2.5. Bo nhot dong
D6 nhét dong khong co vai trd quan trong trong hé thong diéu khién khi nén.
Pon vi cia d6 nhét dong 1a m?/s. Im?/s 1a do nhét dong caa mot chét co do nhot dong
lyc 1Pa.s va khéi luong riéng 1kg/m?
v=n/p
Trong do:

Gi4o trinh diéu khién dién- khi nén 9
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n: Do nhét dong luc (Pa.s)
p : khdi lwong riéng (kg/m®)
v : d6 nhat dong (m?/s)

—— Nhigt ddt (°C)
.;}J{
0,25 -
+ w/x"“_m
0.20 _
11
7
0,154
'___,..--"'H
fe=1
0.10¢ B o
] B
LT
. '-__'___.-"'""-
0,05+ i
P e g e

1 bar

2 bar

3 bar
4 bar

3

( Dar

0 20 40 60 80100120140
Hinh 1. Sy phu thudc dp sudt, nhiét d6 va dd nhdt déng cida khéng khi.

3. Mét 56 dinh ludt co bin sir dung trong hé thong khi nén
3.1. Thanh phan héa hoc ciia khi nén

Nguyén tac hoat dong cua céc thiét bi la khong khi trong khi quyén, duoc hat
vao va nén trong may nén khi. Sau d6 tir may nén khi dugc dwa vao hé thong khi
nén.Khong khi 1a loai khi hdn hop, bao gém nhiing thanh phan (bang 1.1):

N, N> Ar CcoO, H, Ne He Kr X
OT/Ohé“'Ch 7808 | 2095 (093 [003 (001 |18 |05 |01 |9
Khoi 7551 |23.01 |1.286 |004 |0001 |12 |007 |03 |40
luong %
Bang 1.1
Ngoai nhitng thanh phan trén, trong khong khi con cé hoi nuéc, bui ... Chinh

nhitng thanh phan dé gay ra cho céc thiét bi khi nén sy an mon, sy gi. Phai c6 nhing

Gi4o trinh diéu khién dién- khi nén
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bién phap hay thiét bi dé loai trir hoac giGi han thap nhat nhiing thanh phan d6 trong hé
thong.( Trinh bay chi tiét o bai tiép theo).
3.2. Phuwrong trinh trang thadi nhiét dong hoc
Gia thiét 1a khi nén trong hé théng gan nhu 1a 1y tuéng. Phuong trinh trang thai
nhiét tong quéat caa khi nén:
Pabs:V = M.R.T (1-1)
Trong do:
Pans © Ap SUAt tuyét doi (bar)
V : thé tich khi nén (m®)
m : khéi luong (kg)
R : hang s6 nhiét (J/ kg.K)
T : Nhiét 3o Kelvin (K)
a) binh luat Boyle- Mariotte
Khi nhiét d6 khong thay d6i (T = hang sb), theo phuong trinh nhiét tong quat
(1-1) ta co:
Pabs-V = hang sb (1-2)
Néu goi: P(bar)
V1 (m?®) thé tich khi nén tai thoi diém ap suatp, 8
V,(m?) thé tich khi nén tai thoi diém &p suét p,
P1ans (Dar) &p suat tuyét dbi khi nén co thé tich V, .
P2ans (Dar) &p suat tuyét dbi khi nén co thé tich Vs,

Theo phuong trinh 1-2 ta co: i
|
J1 _ liabs Hinh 2: Sy phu thudc ap suét va thé
Vo Pogss tich khi nhiét do khong ddi

Hinh 2: biéu dién su phu thuoc 4p suat va thé tich khi nhiét do thay doi la
duong cong parabol.
b) binh luat 1 Gay — Lussac
Khi &p suat khong thay doi (p = hang sb),
theo phuong trinh 1-1 ta co:
v, T P
v, T
Trong do:

P(bar) 4

»

n
»

T, : nhiét do tai thoi diém c6 thé tich V, (K) Vi Vs v(m’)
- Hinh3: Suthay doithe tich khi dp suat
Gi4o trinh diéu khién dién- khi nén 2 hang s6 11
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T, : nhiét d6 tai thoi diém cd thé tich V, (K)
Hinh 3 biéu dién su thay doi thé tich khi &p suat 1a hang sb. Nang luong nén va
nang lugng gidn no khong khi dugc tinh theo phuong trinh:
W =p(V,-Vy)

c¢) binh luat 2 Gay — Lussac

T, . P(bar) 4
Khi thé tich V thay doi, theo phuong trinh
(1-1) ta co: P1
T_l _ Flab;
TE Pzab;
Hinh 4: biéu didn sy thay déi 4p suét khi &
thé tich 1a hing sb. Vi thé tich V khong thay ddi v V)
nén ning lugng nén va nang lugng gidn no bang Hinh 4: Su thay ddi ap suat khi thé tich 1a
0 hang sb
W=0

d) Phuong trinh trang thai nhiét khi ca 3 dai luong &p suat, nhiét do va thé tich thay doi
Theo phuong trinh (1-1) ta co:
Pabs¥ — m.R = const

Pigbs V1 Paghs Vo
hay: =

Ty Tz

4. Khd nang irng dung ciia khi nén.
4.1. Trong linh vuec diéu khién.

Sau chién tranh thé gigi thir 2, nhat 1a vao nhung nam 50 va 60 caa thé ky 20, 1a
thoi gian phét trién manh mé cia giai doan ty dong hda qua trinh san xuét; k¥ thuat
diéu khién bang khi nén phat trién manh mé va da dang trong nhiéu linh vuc. Chi riéng
& Puc da c6 hon 60 hang chuyén san xuat cac phan tir diéu khién bang khi nén nhu
héng Festo, hdng Herion, hdng Bosch.

Hé thong diéu khién bang khi nén duoc sir dung & nhiing linh vuc ma & d6 nguy
hiém, hay xay ra chay no, nhu cac thiét bi phun son; cac loai d6 ga kep chi tiét nhya,
chat déo; hoic 1a duoc str dung cho linh vuc san xuét cac thiét bi dién tur, vi diéu kién
vé sinh méi truong tot va an toan cao. Ngoai ra hé thong diéu khién bang khi nén duoc
st dung trong cac day chuyén rira tu dong; trong cac thiét bi van chuyén va kiém tra
cua thiét bi 10 hoi, thiét bi ma dién, dong goi, bao bi va trong cong nghiép hoa chat.
4.2. Hé théng truyén dong
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- Céc dung cy, thiét bi may va dap: Cac thiét bi, may moc trong linh vuc khai
thac, nhu khai thac da, khai thac than; trong cac cong trinh xay dung, nhu xay dung
ham mo, dudng ham....

- Truyén dong quay: Nhitng dung cu van vit tir M4 ¢én M300; may khoan, cong
suat khoang 3.5KW; may mai cong suét khoang 2.5KW, ciing nhu nhitng may mai véi
cdng suét nho, nhung véi s6 vong quay cao 100.000 vong/ phut thi kha nang st dung
dong co truyén dong bang khi nén 1a phi hop.

- Truyén dong thang: Van dung truyén dong bang khi nén cho truyén dong
thang trong cac dung cu, d6 ga kep chi tiét, trong cac thiét bi dong goi, trong cac loai
may gia cong gd, trong cac thiét bi 1am lanh, ciing nhu trong hé thong phanh ham oto.

- Trong céc hé thong do va kiém tra: Dang trong céc thiét bi do va kiém tra chét
lwong san pham.

* Mot sé (tng dung cua khi nén:

Hinh a: May han diém Hinh b: May khoan
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Hinh c: Hé thong lap rap 6to

KUKEN

Hinh f: Dung cu cam tay: khoan tay, dung cu van vit
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BAI 2: MAY NEN KHIi VA THIET BI XU LY KHi NEN

1. May nén khi va hé thong khi nén
1.1. Khéi quét chung

Cac nha may cong nghiép str dung khi nén trong rat nhiéu hoat dong san xuat.
Khi nén duoc tao ra tir cac may nén khi c6 cong suat trong khoang tir 5 ma lyc(hp) dén
50.000 m4 lyc. Theo bao céo cua co quan ning lwong my, nim 2003 cho thay khoang
70% - 90% khi nén bi ton that dudi dang nhiét, ma sat, tiéng 6n va do sir dung khdng
dung. Vi vay may nén khi va hé thong khi nén 1a nhitng khu vuc quan trong dé nang
cao hiéu qua sir dung nang lugng trong cadc nha may cong nghiép.

10% gets to the
point of usel!

s
-

simple, cost effective measures
F0 % savings

Electricity
consumed By
« crmp eSS

D.-h‘\ﬂ:'r'-'d

compressed i

Hinh 2.1: Biéu d6 xuong c4 cua hé théng khi

Can luu ¥ rang chi phi dé van hanh mot hé théng khi nén dat hon nhiéu so véi chi phi
mua may nén khi (hinh 6).Tiét kiém nang luong nho cai thién hé thong chiém khoang
tir 20% dén 50% tiéu thu dién, c6 thé mang lai hang trim nghin USD. Quan ly hé
thong khi nén hop ly c6 thé gidp tiét kiém nang lugng, giam khéi lugng bao dudng, rut
ngan thoi gian ding van hanh, ting san luong va nang cao chat luong san pham.
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Maintenance: bao tri
Capital: Von

Water: nudc
Energy: ndng luong

Hinh 2.2: Cac khoan chi
phi trong hé théng khi nén

1.2. May nen khi

Ap suat khi dugc tao ra tir may nén khi, & 6 ang luong co hoc cia dong cuo
dién hoic cia dong co dét trong dugc chuyén doi thanh nang lwong khi nén va nhiét
nang.
1.2.1. Nguyén ly hoat dong va phan logi may nén khi
a) Nguyén ly hoat dong

- Nguyén ly thay doi thé tich: khong khi duoc diia vao budng chira, & do thé
tich cia budng chira s& nho lai. Theo dinh luat Boyle — Mariotte &p suét trong budng
chira s& tang 1én.May nén khi hoat dong theo nguyén Iy thé tich bao gdm: may nén khi
kiéu pittong, banh ring, canh gat .v.v..

- Nguyén ly dong nang ( may nén dong): khong khi dugc dua vao buong chira,
& d6 ap sut khi nén duoc tao ra bang dong niang cua banh dan. Nguyén tic hoat dong
nay tao ra luu lwong va céng suat 16n. May nén khi hoat dong theo nguyén |i nay bao
gom: may nén khi kiéu ly tam, may nén khi dong hdn hop.v.v..

b) Phén loai:
- Theo &p suat:
+ May nén khi ap suat thap p < 15bar
+ May nén khi ap suat thap p > 15bar
+ May nén khi ap suét thap p >300bar

- Theo nguyén ly hoat dong:
+ May nén khi theo nguyén ly thay do6i thé tich: may nén khi kiéu
pittong, may nén khi kiéu canh gat, may nén khi kiéu root, may nén khi kiéu truc vit.
+ May nén khi theo nguyén ly dong nang: may nén khi ly tim, may nén
theo truc.
- Ta c6 thé phan loai may nén khi theo hinh 7:
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MAY NEN

| May nén thé tich | | Méy nén dong ning |

| Tinhtién | | Quay | | Lytim | | Theo truc |

| | | | |
Trucvit | | Dongchat [ [ Chuyén | [Canhquatf [ Vanh |

hinh tron dc dong cudn

Tac dong kép

1.2.2. May nén khi kiéu pittong

Trong doanh nghiép, cac may nén pittdng dugc stir dung rong rai cho ca nen khi
va lam lanh. Cac may nén khi nay hoat dong trén nguyén ly ctia bom xe dap va duoc
dac trung boi sy on dinh cua luu lwong khi 4p suat day thay doi. nang suat cia may ty
& thuan vai toc do. Tuy nhién cong suat cia may nén lai thay doi.

a) Cau tao

- May nén pittdng co rat nhiéu ciu tao khac nhau, bon loai duoc sir dung nhiéu
nhét 1a: thang dtng, nam ngang, néi tiép va nam ngang can bang - doi xang.

- May nén pittdng truc dirng duoc sir dung trong khoang cong suét tir 50 — 150
cfm (foot khéi/ phuit)

- May nén nam ngang can bang ddi xang sir dung trong khoang cong suét tir
200~ 5000 cfm (foot khéi/ phut) dwoc str dung vai nhiéu cap va Ién téi 10.000cfm voi
céac thiét ké mot cap.

- May nén khi pittdng I loai may nén khi tic dong don néu qua trinh nén chi sir
dung mot phia caa pittdng. Néu may nén sir dung ca 2 phia cua pittong la may nén tac
dong kép.

- May nén mat cap 1a may nén c6 qua trinh thuc hién bang mot xylanh don hozc
mét s6 xylanh song song (hinh 8)
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thanh truyen — pitténg
. ' — Xy lanh
Truc khuyu  — ] / ~Wanhit co 16 xo
e . = ¥ —— 1
/ 3\ \ g 77 = W, /
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B ' ) Van x4
Y ey [ )\ Vanxa chiu luc 16 %0
La xo pit téng

My nén chuyén ddng tinh tidn
Hinh 2.4: Mat cit caa may nén pittong

- R4t nhiéu ung dung yéu cau vuot qua kha niang thuc té cia mot cap nén don
Ié. Ty s6 nén qua cao(ap suat day tuyét ddi/ &p suat hut tuyét di ) c6 thé lam nhiét do
ctra day cao quéa muc hoic gay ra cac van dé thiét ké khac. Piéu nay dan dén nhu cau
st dung may nén hai hay nhiéu cap cho yéu cau &p sut cao véi nhiét do khi cap (cua
day) thap hon (140°C — 160°C) so v&i may nén mot cap (205°C — 240°C).

Burdmg it

| ) Prdmg ®a
Cap 1
-‘ [—. i
[/ ¥
| =y
;l A Enrdmg bt
L_.__ Cap 2 g
] S — N ——
Enrdng =i

Trong sir dung thuc té, cac nha may, xi nghiép déu dung may nén pittong trén
100 m& lyc nhiéu cap, trong d6 hai hoic nhiéu budc nén dugc ghép ndi tiép nhau.
Khong khi thuong dugc lam mat gitra cac cap dé giam nhiét do va thé tich khi dwa vao
cap tiép theo.
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May nén khi pittdng c6 san & ca dang lam mat khong khi va 1am mat nuéc, ¢d
boi tron hodc khong boi tron, co thé ban dudi dang tong thanh tron goi voi dai &p suat
va cOng suat rong.

b) Nguyén ly hoat dong
Nguyén ly hoat dong cia may nén kiéu pittdng mot cap ( hinh 10)

Vay nap Van xa

Hinh 2.5: Nguyén ly hoat ¢ong ciia may nén khi kiéu
pittong mot cap

+ Khong khi duoc hat vao khi pittong di xudng, van nap mé ra, van xa déng lai
do &p suat giam xudng. Py goi 1a pha hut.

+ O diém chét dudi cua pittdng, van nap dong, budng khi dong kin

+ Pittdng di 1én, ap sudt ting, van xa mg, ddy goi 1a pha nén

+ O diém chét trén cua pittdng, van xa dong lai, van nap mo ra. chuan bi
cho mét chu trinh mai.

- May nén khi kiéu pittdng mot ap c6 thé hut luu luong dén 10m®/phat ba
&p suat nén duoc 6bar, mot sé trudng hop &p suat nén dén 10bar.
¢) Uy, nhuoc diém caa may nén khi kiéu pittong:

- Uu diém: Cung, virng, hiéu suat cao, két ciu van hanh don gian

- Nhuoc diém: Tao ra khi nén theo xung, thuong c6 dau, on.

* Mot s6 may nén khi kiéu pittdngdwec sir dung trong thuc té:
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Hinh a: Méy nén pitténg cong nghiép Hinh b: May nén pittdng &p suat thap

Hinh c: My nén khi xylanh don

Hinh c: May nén pittdng bom dau

1.2.3. May nén khi kiéu canh gat.
a) Cau tao may nén khi kiéu canh gat.

May nén khi kiéu canh gat bao gdm: Than may, mat bich than may, mat biwchs
truc, roto Ip trén truc. Truc va roto lap léch tém so véi banh dan truyén dong. Khi réto
quay tron, dudi tac dung caa luc ly tm céc banh gat chuyén dong tu do trong cac ranh
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