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Tom tit: S6 luong t6 hop dong co - bom tham gia hoat dong va tri sé dong cong
suit cap cho ting t6 hop dé dat luu luong dit theo yéu cau cua qué trinh cdng nghé 1a
hai théng sé can dugc tim ra trong bai toan ti wu nang luong cua hé théng nhiéu bom
hoat dong song song. Hé thdng dugc md ta toan hoc va md phong bang phan mém 20 -
Sim voi ngdn ngir Bondgraph chuyén dung trong viéc mo ta ché do xac lap va qua do
cua hé thong bién ddi nang lwong da linh vuc (dién - co - thuy lyc). Bai toén tbi thiéu
ning luong tiéu thu duoc chuyén hoa thanh bai toan tdi da hiéu suit bién ddi ning
luong c6 cong suat thity luc khong ddi vai théng s ¢ dinh cua tai thity luc cho trudc.
Vian dé dugc giai quyét dwa vao dic tinh hiéu suat bién doi nang luong cua toan hé
thdng theo cdng suét dién cap.

1. Dit van dé

Nhin nhan & goc do hé thong diéu khién qué trinh cong nghé, hé théng bom ciing
nhu cac loai van dong vai trd co cdu cau chap hanh trong viéc diéu chinh luu lugng cac
chat Iong. Tiét luu dong chay bang van thudng gay ra ton that vé mat ning luong ciing
nhu giam tudi tho ctia bom khi 4p suit dau bom bi déy 1én cao hon dinh muc, tré luc bi
tang Ién trong truong hop khdng phol hop vai hé thong diéu chinh téc do dong co truyén
dong bom. Nham dap wng nhu cau trén, cac hé thong bién tan thuong duoc tich hop véi
hé dong co truyén dong bom. Viée diéu chinh luu lugng dong chay vat chat vao qué trinh
dugc thuc hién bang diéu chinh téc d6 bom theo mét ty Ié twong quan c6 tinh ddng bién
gitta luvu luong ra khoi bom va tée do truyén dong bom. Ty I& dong dang tuyén tinh cua
lru lwong va toc do trinh bay trong nhiéu tai liéu thiét ké bom da khong chi rd pham vi
&p dung cho tai c6 phan &p suat thay tinh thdp hodc cho tai thuy lec rat nho (truong hop
lwu luong ra cuc dai Qmax cua thiét ké). Nguyén tic nay khong ap dung dugc trong cac
truong hop tai thiy tinh (phan ap suat thuy tinh 16n nhu bom day chét long Ién vi tri cao
hon, cp cho hé thong loc mang cé ap suat tham thau 16n) [2, 5]. Trong thiét ké hé thong,
cac bom nay thuong duoc lya chon gidng nhau vé chung loai. Bom (pump), dong co
(motor) va b bién tan (variable frequency) duoc tich hop thanh bo va duoc goi chung la
t6 hop VF/M/P (goi tit 12 to hop). Két ndi song song cua cac té hop VE/M/P khong duoc
hiéu 1a su két ndi song song vé mat dién hoc caa bién tan hodc vé mit co hoc caa dong
co ma dugc hiéu 1a sy két ndi song song ciia cac bom vé mit thuy luc trude khi cap ra tai
thay luc. Cac nghién ciru thudng tach biét bai toan tdi wu ning lugng cho hoat dong cua
bom hoic dong co nén viéc mo hinh hoa va ti wu hoa hé thdng thuong khong duoc quan
tam thyc hién toan dién nhu cac chi tiét duoc trinh bay trong nghién ctu nay.
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2. Md hinh héa, md phéng hé théng nhiéu bom hoat ddng song song
2.1. M0 hinh héa c&c phan tie: bom Iy tdm va hé bién tan - dong co

M6 hinh toan hoc ciia bom ly tam khi bo qua ton that dugc viét lai dudi dang hé
phuong trinh (1-2) dua trén nguyén ly tam giac van toc va dinh luat bao toan nang lugng
trong bién doi co - thuy luc cung cac hé so a, b cua bom [1, 2]:

T, =(a+bQ, R, 1)

T,Q
P, = —(a2+bQ, o @)
p
Khi xét dén cac ton that gay ra boi hé sb ma sat co hoc fp trén 6 d& hodc vong bi
cta truc truyén dong téi bom; hé sé ¢ do hiéu Gmg ma sat thuy luc cuc bd cta canh
gudng, than bom, cic chi tiét khac v6i dong luu chat thi mo hinh dugc viét lai nhu sau:

T, =(aQ+bQ, R, + f,Q 3)
P _(agz 2 (4)
) = +pr)Q—ch—P0

Bo tham s dic trung a, b, ¢, Py trong hé phuong trinh (3-4) dwoc xac dinh tir
thong sé hinh hoc ctia bom ly tam: ban kinh ngoai va d6 day cta canh gudng; goc nghién
canh (ctra vao va cira ra); trong lyc riéng cua luu chit duoc bom. Ché do xac lap cua
dong co dién xoay chiéu khong dong bo ba pha ro-to 1ong séc duoc mé ta toan hoc boi
hé phuong trinh dudi day [6]:

)P, RLT, _p_MQ 4R L, [T +(f,, +f)Q]

a)e :a)r+a)sl (Tem’ f 2 3pML 2 3pML (5)
Ve =(R +iZR ]ie(T A )+ ool (A )+ o Loy =V(QT,, A ) (6)
gs S Lz r {"gs\em?“¥fy, e ds \7¥f, r L f gs VP My
3 L2 L, 3 7
Vds [R +TR jlds(ﬂ’ ) a)Gleqs( em’ﬁ’M)_Rr Fﬂ’fM =Vds(Q’TP’AfM) ( )
3 . . . . Agyg = =const
I:)|n = EI:Vqs (QaTP ’ AfM )Iqs (TP’ﬂ’fM ) +Vds (Q’TP’AfM )Ids (lfM )] = P|ﬂ (Q’TP) (8)

Hiéu suat hé théng duogc tinh toan bang ty sb giira nang lugng thuy lyc (Out) tao
ra tu bom 1én tai thuy luc ctia hé théng cho trude c6 tham sé (Ho, K) véi dlen nang (In)
cap cho cac dong co truyén dong bom. Hé thirc nay c6 thé tinh theo cong suit tirc thoi tai
ché dd xac lap:

WE RIZ® PRL(Q) _ RO _(pgH,+KQ)Q, )
WIHZ: PInZ:stab PZStab np % PEZ_:,\SAtab np % PEZ_:’\jtab

E_M_A

77 Motor _ Pump

trong dé: n, 1a s6 t6 hop dugc cap clng gia tri cong suat dién cap Pe_y tai mot thoi diém
& ché d6 xac lap.
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2.2. Thiét ldp so dé va tham sé md phong

f C
R: f, R:c P

A A R R

a.Q 5.0 N M
r._,—T,,_‘/wlv L P Mot (%yﬁ MGY— 1!

Motor 5 ;Il. .vM(%'% - '-'( o | Mech_Hyd C: Fﬁ
o, (Hé sé: a,b)

I Se

1 J P
I: Jp Se:}()) i ’

Hinh 2.1.a: Bién doi co - thity lwc ciia bom ly Hinh 2.1.b: M6 phong bom ly tam
tam bang ngon ngur Bond Graph trén phdan mém 20 - Sim

Phan mém 20 - Sim dya trén nén ngdn ngir Bond Graph rét thich hop véi viéc md
phong céc hé thdng phirc hop xay ra dong thoi nhiéu qua trinh chuyén hoa ning lugng va
chuyen hoa vat chat & ca qua trinh xac 1ap va qua trinh qua do [3]. Ngon ngi truc quan
gan véi d6i twong vat ly thé hién qua cac cip bién qué trinh dién (ap/dong) co (mo
men/van toc goc), thuy luc (ap suat/luu lugng) nhu mo ta trén Hinh 2.1.a va Hinh 2.1.b.

Bo ba t6 hop c6 ma hiéu CRN 5-20 cua hang Grundfoss dugc lap dat song song
c¢6 thong s6 dinh mirc: cong suat (3,0 KW), téc do canh gudng (2881v/p), P=103 (m);
Q=5,7 (m*/h). Bo tham s6 viét theo don vi SI 1an luot 1a: a(14,52); b(131*10%); c(0,45);
P, (2595). Nudc la chat long duoc lya chon cho cac md phong. Pac tinh tai trong céc
truong hop duogc liét ké nhu bang sau:

Bang 2.1: Théng so cia tdi thity liee s6 (Ho, K) trong cac truong hop mé phong

Thong s6 cua tai thiy lyc: P= p*g*Ho+K*Q® | TH.1 | TH2 [TH 3| TH 4
Cot ap tinh Ho (m) 30 30 30 70
Hé s6 ma sét thuy hrc K (Ns°/m”) 3.10° | 10.10° | 7.10"° | 3.10™

3. T6i wu dién niing tiéu thu cho hé thong nhiéu bom hoat dong song song
3.1. Dt van dé

Céc hé thong diéu khién qua trinh thuong yéu cau tao ra ap sut hoic luu luong
6n dinh theo diém dat cia ché d chuan cong nghé. V61 mot tai thuy luc ¢6 bo tham sO
(Ho, K), cong suat thuy luc hinh thanh sé la hang s véi luu lugng duge 6n dinh tai gia tri
dat nén bai toan tdi wru dién nang c6 thé thuc hién dua trén ham muyc tiéu 1a hi¢u suat hé
théng nhu phuong trinh (9) véi rang budc thong sd theo yéu cau cong nghé khong doi.
Ham cong sut thuy lyc & dau ra cia bom dén duong 6ng 1a ham dong bién cua luu
luong va ap suit, mat khac ham cong suat dién nang tiéu thu trén cac dong co cung la
ham dong bién cua toc do gbc va md men nén bai toan dugce chuyén hoa thanh t6i rru
hiéu suat hé thong Vo1 cong suat dién ning cap vao va dic tinh tai thuy lyc co dinh.

Hé théng c6 np t6 hop song song hoat dong dugc cap tir cong suét tong Py tai mot
thoi diém dat luu lugng 16n nhat khi cac t6 hop c6 ciing mot diém 1am viéc hay cong suat
duogc chia déu cho cac to hop (Pi= Py/np) nhu chimg minh trong nghién ctru [6]. Nhiém vu

56



0.7

0.6

Truong Dai hoc Vinh Tap chi khoa hoc, Tdp 46, Sé 3A (2017), tr. 54-59

t6i vu 1a tim tham so nguyén n, trong doan tur 1 den N (s6 t6 hgp song song). Trong
nghién ciru ndy, hé s6 N duoc chon 1a 3. Bai toan t6i wu dugc chuyén hoa sang viéc khao
st ddc tinh hoat dong cua hé thong theo Np Va cac dang tai thuy luc khac nhau twong tmg
véi cac vung gidi han P clia cong Suat sir dung hiéu qua udc tinh nhu sau:

N, Fuax = R 2N,R

MAX — " LIM — MIN (10)

Cac hé $6 Pmax, PmiN lan luot 1a tri s6 16n nhit va nho nhét cua cong suét dién
nang cép vao dé bom co thé hoat dong binh thuong. Pyax, Pmin dugc udc lugng va tinh
toan trudc dya vao tham sd cua ting t6 hop va tham s6 cua tai thiry luc chung,

3.2. Pdc tinh hiéu sudt theo cdng sudr dién néing cdp Vao va sé té hop hoat dong
v ~Két qua khao sat theo tai thuy lyc c6 tham s6 & Bang 2.1 (TH_1 dén TH_4) duoc
biéu dién bang cac ddc tinh ¢ Hinh 3.1 dén Hinh 3.4 vdi truc hoénh truc tung lan luot la

gia tri cong suat dién ning (W) duoc cap vao hé thong va hiéu suit cta hé thong.
0.7
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Hinh 3.3: Hiéu suat hé thong trong TH 3 Hinh 3.4: Hiéu suat hé thong trong TH 4

~ Cac truong hop TH_1 dén TH_3 c6 sy chuyén tiép gian doan cua cac dic tinh khi
chuyén so0 luong cac t6 hop dugc song song tham gia hoat dong tir 2 sang 3. Trong Cac
truong hop nay, viéc bo sung thém mdt by udc lugng tinh toan luu lugng ra trén tai thuy
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lyc 1a can thiét dé xac dinh 1o rang diém chuyén ddi. Trén thuc té, hiéu suét tai cac vung
chuyén d6i khong ¢ sy chénh léch 16n nén giai phap thuong duoc sir dung thay thé cho
cac truong hop nay 1a giit nguyén sb luong to hop tham gia hoat dong v6i muc dich han
ché su khai dong va dung td hop tham gia hoat dong, tr d6 han ché hién tuong qua do
v6i bién d6 16n cua hé théng & ca phan dién va thuy luc.

Trén Hinh 3.4, cac dic tinh hiéu suét hé théng co su Chéng 14n rd rét. Chi tiét hoa
duoc thé hién trén Hinh 3.5 (dai cong suit dugc cung cap tmg voi hiéu suat hé théng cuc
dai) nhu sau: duéi 1.800 W g v6inp = 1; tir 1.800 W dén 8.000 W ting v&i np =2 vatu
8.000 W tr¢ 1én Urng vé1 np =3.
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Hinh 3.5: Viing hoat dong cé suw khdc biét ré rét vé sé heong té hop hoat dong (TH 4)

Vai tro ctia toi vu dién ning tiéu thu thé hién rd nét trong dai cong suat dau vao tir
1200 W dén 9000W VoL nhiéu phuong an vé s6 luong t6 hop song song hoat df)ng Np.
Tuy nhién dé dat hiéu suat cuc dai, np can dugc thay d6i tai cac diém chuyén a va ll).

Nhin nhan mét cach rd rét khi so sanh bon truong hop thi vai tro ndi bat cua sy
t6i uu dién nang tiéu thy d6i v0i cac tai thuy tinh c6 ap suat tinh 16n; hay noi cach khac,
cac tai bom lén cao c6 ap sut tinh 16n, cc tai thim thau nguoc (RO) ¢ ap sudt thim
thau 16n. Y nghia cua tdi wu thiét ké duoc thé hién rd rang hon trong viéc tiét giam dién
nang tiéu hao & cac nha may c6 nhiéu bom cong suét 16n.

4. Két luan

Trén thyc té, van dé t6i wru ning lugng tiéu hao ng vo1 mot yéu cau cy thé ciia
tham sb cong nghé (can 6n dinh luu luong hodc 6n dinh ap sudt) hay van dé ti da hoa
luu lugng v6i mot ngudn cong sut c6 sin (trj sb cong sudt ciia ngudn hoan toan c6 thé
thay ddi trong mot pham vi rong nhu truong hop nguodn nang luong tai tao phu thude vao
diéu kién cia thoi tiét) déu c6 thé qui vé bai toan di phan tich trén muc 3.1 va dugc giai
dap trén myc 3.2. Dya trén cdc dac tinh duge xay dung cho trudong hop tai cu thé, diém
lam viée t6i uu cua hé thong diéu khién qua trinh cong ngh¢ can 6n dinh luu luong hodc
ap suat hoic ti da hi¢u sut trong truong hop nguén cong suat hitu han.

Tur két qua vé bai toan toi wu d3 thuc hién, nhiém vu thiét ké hé théng can Xac
dinh hop 1y ) luong td hop song song, vi du: ta co thé lua chon bo 5 t6 hop 1,5 kW méc
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song song cho tai thuy lyc co ap suat thuy tinh 16n véi yéu cau cong suat dat 7,5 kW
nham giam tiéu hao nang luong tiéu thu khi diéu chinh luu lugng, dong thoi nang cao
tinh tin cdy hé thong khi mét trong cac t6 hop bi 13i.
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SUMMARY

MODELLING AND ENERGY OPTIMIZATION FOR PROCESS CONTROL
SYSTEM OF MULTI PUMPS CONNECTED IN PARALLEL

Number of active motorpump combinations and value of dispatched power for
each combination to obtain set flow of liquid established by the demand of technology
process are two necessarily found parameters in the optimization problem of system of
multi pumps connected in parallel. System is modelized and simulated by 20 - Sim
software with Bondgraph language which is specialized to describe stable and transient
states of multidisciplinary energy conversion system (electric - mechanic - hydraulic).
The minimization of energy consumption is transformed to the maximization of energy
conversion efficiency with fixed hydraulic power of constant parameters of given
hydraulic load. Problem is solved by characteristic of energy conversion of the whole
system due to the value of supplied electrical power flow to the system.
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