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Tuy nhién trong trwong hop nay, mo phong voi diéu kién moi truo’ng twong déi ly twéng nén
chwa khao sat dwoc tinh bén virng cltia hé théng khi chiu anh huéng cla cac yéu té bén ngoai.

4. Két luan

Bai bdo tdng quan cac van dé nghién ctu vé didu khién ngw 16i, phan tich va danh gia
nhirtng wu nhwoc diém cda hé théng khi s&r dung phuong phap diéu khién thich nghi két hop v&i
cac ly thuyét diéu khién nang cao dé tang tinh 6n dinh. Khi xem xét hé thng véi nhiéu tac dong
ngoai vi hon thi phwong phap nay co the chwa dap &ng tét, diéu d6 mé ra hwéng phat trién cho
bai bao nay tiép tuc nghién ctru vé&i yéu cau cao hon vé chét lwong.
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THIET KE BO PIEU TOC DIEN T CHO DONG CO DIESEL SU’ DUNG BO
PIEU KHIEN PID
APPLICATION PID CONTROLLER TO DESIGN AN ELECTRONIC

GOVERNOR FOR DIESEL ENGINE
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Tém tat
Bai bao trinh bay viéc thiét ké bd diéu toc dién tir cho cac dong co diesel lai chan vit chinh
tau thay. B6 diéu téc st dung bo diéu khién PID véi phén ciing la PLC s7-200 cua hdng
Siemens. N6 da duwoc tng dung tai cac tau cua Hai Quéan Viét Nam, cho chat lwong cao va
én dinh. Ngoai ra viéc chi déng ché tao duoc bd diéu téc nay cé nhiéu loi ich vé kinh té,
khoa hoc c6ng nghé va quén str.
Abstract

This paper presents the design of an electronic governor for diesel engines driving propeller.
These governors use PID controller and PLC s7-200 hardware of Siemens. They have been
applied to ships of Vietnam navy and give high quality and stabiality. In addition, there are
many benefits in economy, science technology and military when we can actively make
them.
Key words: Electronic governor, main engine, PID controller, Ziegler — Nichols, Modelding of
governor.

1. Gidi thiéu

Hién nay nghién ctru ché tao bo diéu toc dién tir cho dong co Diesel lai chan vit hién chwa
duwgc don vi ca nhan nao trong nwdc nghién ctru ché tao. Cac san pham dang dwoc st dung chd
yéu nhép ngoai tlr cac héng cua nwéc ngoai, khi xay ra sy co thuwdong phai moi chuyén gia cua cac
hang sang gay ton kém va mat nhiéu thdi gian, anh hwédng dén tinh co dong va kha nang san
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sang chién dau cla tau, khong lam chu dwoc trong khai thac va bao dudng stra chiva. Xu hwdng
ché tao cac trang thiét bi trong nwéc thay thé cho cac hé thong nhap ngoai dang dugc dau tw va
quan tdm nhat la trong Quéan dodi nadi riéng.

Hién nay trén cac
tau quan sw hién dai cla
Viét Nam thuong trang bi
may chinh lai chan vit
cia hang MTU [1],
MAN(VIKING-25),
CATERPILAR(ECM).
Pay la cac may co cbéng
suat lén sir dung coéng
nghé phun nhién liéu
dién t&r thong qua bd
diéu téc dién tir. Khi bo
diéu téc bi hdng, hay can
bdo dwéng gap rat nhiéu
khoé khan vé céng nghé,
kinh t& cling nhuw thoi
gian. Diéu nay anh
hwéng nghiém trong dén
tinh chién d4u, sw co dong cla quan doi.

Tin hiéu téc do

Liéu cho doéng co

Téc 46 dat e B - Ngudn cap

Hinh 1. Déng co Diesel véi bé diéu toc dién tir

Do vay viéc nghién clru chii ddng ché tao thay thé mang y nghia thuc tién va cép thiét. Hién
nay c6 mot s6 nghién ciru vé Iy thuyét, mé phdng hé théng [2,3,4] nhwng khi tién hanh xay dwng
mé hinh vat ly gdp nhiéu khoé khan vé phan cirng, bi mat cong nghé. Trong nghién ctru nay tac gia
st dung bd diéu khién PID [6] v&i cac thong sb P, I, D dwoc chon tir hé thdng diéu khién PID bang
thuat toan diéu khién gan cuc tw diéu hwdng (self-tuning pole assignment control) cé sén trong tai
nguyén cGa phan mém lap trinh. Tiép d6 thay truc tiép cac gia tri Kp, Ki, va Kd tim dwoc va thuc
nghiém. Dwa trén céc chi tiéu danh gia chat lwgng cha hé théng: Pd qua chinh, thoi gian diéu
chinh, sai léch tinh va s6 1an dao déng dé chon dwoc gia tri Kp, Ki, va Kd téi wu nhét.

Hinh 1 minh hoa qua trinh didu khién én dinh téc d6 dong co véi bd diéu téc dién tlr cia
hang Woodward: Bo diéu tbc dién t& nhan tin hiéu phan hdi tr cdm bién téc dd so sanh vai tin
hiéu d&t tbc do (t nat 4n hodc tlr can diéu khién tir xa), tin hiéu dau ra dwoc dwa dén co cdu chap
hanh diéu khién thay dbi nhién liéu dé duy tri &n dinh téc d6 cho déng co.

2. Sor do khoi va mé hinh toan hoc bé diéu toc
2.1. Sor d6 khéi
So dd dwoc thé hién trén hinh 2

[2,3,5], trong d6 BDK la b didu khidn,  — BDK |—» CCCH [-»{DTOK 71>
CCCH la co céu chap hanh (Thwong la

cac van dong hay ap cé tin hiéu twong tw, or

DTDK 1a déi twong diéu khién (Chinh 1a — —

doéng co diesel). Tdc dod thwc cua diesel Hinh 2. So’ d6 khéi cua bd diéu téc dién tir

dwoc cdm bién théng qua cdm bién tbc do

dang xung, tin hiéu nay dwoc so sanh vai tin hiéu dat (wo). Néu ¢ sai léch b diéu khién BDK sé
dwa tin hiéu thay d6i cho CCCH nham thay doi lwgng nhién liéu cap cho voi phun cla diesel
(BTDK) gitip cho téc d6 thwe (or) ludn bn dinh theo gia tri dat trwde

2.2. M6 hinh toan [2,3]

Hé phwong trinh toan hoc dé& mé ta ddi twong dong co diesel cé dd phi tuyén cao va rat
phtrc tap, do vay dé don gian trong tinh toan va xay dwng cac bd didu khién cho déi twong nay ta
dung phwong phap thwc nghiém. Giai phap diéu khién dé 6n dinh téc do déng co cla cac hang la
st dung bo diéu khién PID, cac tham sb cla bo diéu khién PID |a cac tham sb dong thay dbi trén
toan dai téc do lam viéc cta dong co. Tuy thudc tirng hdng sé c6 nhirng thuat toan lwa chon céac
tham s6 PID khac nhau.
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Dé don gian cho qua trinh tinh toan va xay dwng bo diéu khién, ta c6 thé coi dong co diesel
(BTPK) c6 mé hinh toan hoc don gian 1a mét khau quan tinh bac nhat c6 ham truyén dat (1).
Twong tw, dé thuan tién cho viéc tinh toan, ta coi co cAu chap hanh (CCCH) cé mé hinh toan hoc
don gian ciing 1a mét khau quan tinh bac nhat c6 ham truyén dat (2):

K
Forpx = —— 1
PR T s W

__K (2

F — 2
14 T,s

~ Tir so d6 cau trac chung cta mach diéu chinh téc d6 cho hé théng nhw trén ta c6 ham
truyén dat cia DTDK — CCCH ¢ thé duworc tinh nhu sau:

Kl I‘<2 _ Ku) (3)
1+T,.s 1+T,.s  (1+T,.8).(1+T,.)

FTD = FDTDK'FCCCH =

Theo ham truyén dat trén cta ddi twong can diéu chinh thi ta thay rang, trong ham truyén
dat clia doi twong, ta’chi can xac dinh dwoc hé so khuéch dai K va hai hang so thoi gian Tiva T2
thi ta hoan toan cé thé xay dwng dwoc bd diéu khién cho ddi twong.

3. Xay dwng bo diéu khién PID dung s7-200
3.1. Tinh todn cdc théng sé cua hé théng thuc

Lwa chon déng co diesel S3L2

(3TN84) dong bd v&i cac cam bién do AP
nhiét do, ap lwc, téc do dam bao twong 5 5 3 5 5 5
dwong nhw mot dong co dang st dung 2500 - e o R N e

trén thuc té. Thiét bi van hanh dé nguoi
st dung dat toc do ciing dwoc lywa chon
dé tién hanh viéc thtr nghiém va hoan
thién san phém. Dé xac dinh duoc hé I N A
s6 khuéch dai K. cho déi twong didu FSSS NSRS UOUUS HOSRIOF <GBUOO NSO NN SO SO
khién trén, ta c6 thé thwc hién bang : j 5 : : : :
cach do dac va thwc nghiém trén mo
hinh vat ly. Tin hiéu diu vao diéu khién
tbc d6 cia dong co Diesel la mét tin
hiéu dién ap diéu khién, dau ra chinh la
tbc d6 clia dong co. Cac thdng sb dwoc
do trén mo hinh vat ly duwoc thé hién
trong hinh 3.

2000 {--oon . feneenes T Iy A S

e
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Hinh 3. Béc tinh quan hé giira tin hiéu diéu khién
va téc dé cua déng co diesel

Dwa vao méi quan hé gitra tin hiéu diéu khién cho bd bién ddi va téc d6 clia dong co hinh 3
trén, ta thay réng: quan hé gitra tin hiéu ra (tdc dd dong co) va tin hiéu diéu khién cho bd bién dbi
la twong déi tuyén tinh. Néu coi hé Pong co diesel — Co ciu chap hanh cé ham truyén nhuw trén thi
hé sb khuéch dai K ctia dbi twong cé thé dwoc lay bang hé sb khuéch dai gitra tin hiéu ra téc do
va tin hiéu diéu khién. Dwa trén dic tinh & hinh 3 ta chon Ky =360.

Hai hang s6 thoi gian 1a T1 va T2 dwoc xac dinh bang thuc nghiém. Xac dinh hai thong s6
nay dwoc thuwc hién bang cach thay doi tin hiéu vao dieu khién va do khoang th&i gian tir khi tin
hiéu dau vao thay doi cho toi khi tin hiéu dau ra da chuyén sang trang thai xac l1ap mai. Dwa vao
két qua do dac ta cé cac théng so nhw sau: T1=0.001 va T2 = 0.05. Lic nay ham truyén dat cta hé

360
Fro = 4)
(1+0.001.5).0+0.05.5)
Dé téng hop bd diéu chinh tbc dd cho hé, ta cé thé ap dung tiéu chudn module téi wu [6].

Ham chuén theo tiéu chudn module téi wu Ia ham cé dang (5), Ham truyén cla di twong c6 dang

©):

théng:
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1
Fuc(s)= S
we(s) 1+21,.5+2.12.8° ©
360 ©)

Fro =
(1+0.001.5)(1+0.05.9)

Goi ham truyén dat ctia bo didu khién 1a R(s). Lic nay cAu tric cla mach vong diéu chinh
nhw hinh 4. V&i so dd cdu trac hé thédng nhw hinh vé trén ta c6 ham truyén ctia hé kin 1a (7).

__RE).Fr () @)
1+ R(S).Frp (5)
Hay R(S) = Fuc ) (8)

Fro(8)-[-Fuc(s) +1]

Pé& hé kin c6 chu trac gidng véi ham chuan cia tiéu chuidn module tdi wu thi ta co
Fo« = Fuc - Thay thé (5) va (6) vao (8) ta co:

1+0.001.5)(10.05.5
360.27,.5.(1+1,.5)
1+0.05.s
H RS = ——M— 10
& RO) = 5 360.0.00Ls (10)

Veoi 7, =0.001
Nhw vay bd diéu khién sé 1a mot khau Pl. V&i hé sb khuéch dai cla tirng khau nhuw sau:

Khau P: K, _S ~ 0.0694 , Khau I: K, L ~1.39.
72 0.72

3.2. Khai bdo bé PID trong PLC s7-200

Loop Setpaint Scalng Loop Input Options
Speciy how the loop Setpoint should be scaled. The loop Setpoint is a parameter that you will
provide to th wizard

! Specily how the loop Procsss Vaiiable (FY) should be scaled. The Loop PV is a parameter you
e subioutine generated by the oy for id

peciy fo the subrauline generated by the vizai

Scaling

Unipolr g Low Range 0

Specty the Low Frange for the Laop Setpaint 00 Uripa
I Use 20% Dffset High Range. 32000

Spesily the High Fangs for the Loop Setpaint 100
Loop Dutput Optons

Lo Paramelers Specil how the aop Dulput shouldbe scaled The Loop Outputis @ parameter you specily or the
subroutine generate

wwwwwwwww

Gain[ 1524 Inieqral Time [ 305 min.
Du Tyme Scaing
Sample Tine[ 10 sec. Deiivalive Tme | 000 min [tnaka | [Unpoer v LowRange | 0
[~ Use 20% Offsat HighPRange [ 32000
<Frev Nests Cancel Cancel
Hinh 4. Khai bdo céc théng sé cho bé PID Hinh 5. Khai béo dai hoat déng
trong s7-200 cua tin hiéu vao va tin hiéu ra

Khi khai bao cho bd PID trong bd diéu khién s7-200 cia hang Siemens thi ta can phai khai
bao dai cta diém dat (gia tri mong mudn) cho bd PID. Trong bang Loop Parameters ta can phai
khai bdo day du cac théng sb cho cac khau P, |, D va thoi gian &y mau Sample time nhw hinh 4.
Sau khi khai bao day du cac thong sb cho mét b PID thi ta can phai khai bao thém loai cho tin
hiéu dau vao (tin hiéu can diéu khién), dai lam viéc cla tin hiéu dau vao, loai cho tin hiéu dau ra,
va dai lam viéc twong trng cho tin hiéu dau ra. Viéc khai bao dai cho tng tin hiéu co thé dwoc
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thwe hién twong ty nhw hinh 5. Khi viéc khai bao két thuc, va ta lwu qua trinh vira khai bao lai thi
trong chwong trinh chinh cGa phan diéu khién sé tw dong dwa ra cho ta mét c4u tric ctia mot vong
lap PID. Khi can st dung ta chi can gioi ra la 1énh PID sé duwoc thwe hién. Trong qua trinh hoat
dong cla hé théng, khi cé sy sai léch hodc can didu chinh cac théng sb cua hé, trong khi bd diéu
khién lam viéc thi hé thdng van cho phép thuc hién thay déi lai cac théng sé cia bd PID cho phu
hop.

Khi khai bao cho bd PID trong bd diéu khién s7-200 clia hang Siemens thi ta can phai khai bao
dai cha diém dat (gia tri mong muén) cho bd PID. Trong bang Loop Parameters ta can phai khai bao
day da cac thong sb cho cac khau P, |, D va thoi gian 14y mau Sample time nhw hinh 4. Sau khi khai
bao day da cac théng sb cho mét bd PID thi ta can phai khai bao thém loai cho tin hiéu dau vao (tin
hiéu can diéu khién), dai lam viéc cla tin hiéu dau vao, loai cho tin hiéu dau ra, va dai lam viéc twong
&ng cho tin hiéu dau ra. Viéc khai bao dai cho tirng tin hiéu cé thé dwoc thuc hién twong ty nhw hinh
5. Khi viéc khai bao két thuic, va ta lwu qua trinh vira khai béo lai thi trong chwong trinh chinh cGa phan
diéu khién sé tw dong dwa ra cho ta mét cAu tric clia mét vong I&p PID. Khi can st dung ta chi can gioi
ra 1a Iénh PID sé& dwoc thuc hién. Trong qué trinh hoat ddng ctia hé théng, khi cé sy sai léch hodc can
diéu chinh céac théng sb clia hé, trong khi bd diéu khién lam viéc thi hé théng van cho phép thyc hién
thay déi lai cac thong sb ctia bd PID cho phu hop.

3.3. Thiét ké so’ d6 chirc ndng téng quat

Khi thiét ké hé thdng thuc phan clrng duwoc xay dung trén bd PLC s7-200 c6 cac khéi sau:
Khdi ngudn, Khdi do (Ia mét mach doc tin hiéu téc d6 ctia dong co’), Khdi khuéch dai tin hiéu dau
ra co' cau chap hanh diéu khién nhién liéu, Khéi chuyén déi tin hiéu A/D, Khéi chuyén dbi tin hiéu
D/A, Khéi tin hiéu vao/ra sé 1/0, Khéi xir ly trung tdm CPU, Khéi giao dién may tinh RS485, Khéi
giao dién truyén thong.

4. Két luan

Bai bao da gidi thiéu cach thiét ké bd didu téc dién tir cho dbi twong la cac dong co Diesel
lai chan vit chinh dwoc s dung trén cac tau cta Hai Quan. Bo diéu téc str dung bd diéu khién PID
v&i cac tham sé dwoc tinh toan cu thé dwa trén cac tiéu chudn module ti wu két hop véi phwong
phap thwc nghiém. Két qua trién khai gébm: Thiét ké téng quat, so' dd thyc hién, cac két qua thyc
nghiém khi 4p dung bd diéu khién trén tau thly, phan tich cac han ché con tdn tai va cac phwong
phép nang cao chat lwong bd diéu khién déng thoi tbi wu héa tham sbé cho bo diéu khién nham dap
&ng céac chi tiéu ctia bo diéu tdc tiém can dén bod diéu tbc cla cac hang nwdc ngoai nhw MTU,
MAN va Caterpillar vv... s& dwoc trinh bay chi tiét & bai bao tiép theo.
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