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Abstract

An air measuring system plays an important role in monitoring the around air quality in industrial parks as well as urban area. In this system,
a air sampling pump is a key element that directly affects the quality of the sample. In this paper, the numerical and controlling results of the
vibrations of the membrane of such a sampling pump with a low power are presented. We consider a three-dimensional membrane undergoing
the influences of its materials and vibration amplitudes. Four materials, e.g., Nitrile Rubber, Ethylene Propylene Rubber, Butadiene Rubber
and VITON, are used, and the membrane’s amplitude is varied in the range of 2mm-8mm. To control the motion of the pump membrane, a
PID controller is designed to drive an electric motor connecting to the membrane of the pump. Basing on the investigated results including
the pump performance, we find an optimal option for the selected pump. That is, the membrane amplitude is about 5 mm; the membrane
frequency is about 7.67Hz that corresponds to a 450rpm of the electric motor.
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Symbols
Ky hiéu Pon vi M6 ta
BR - Butadiene Rubber
e(t) d6 chénh 1éch
N w Cong sut
PID - Proportional Integral De-
rivative
Q 1/min luu lugng
mm bién d6 dao dong
u(t) tin hiéu diéu khién
Kp hé s6 khuéch dai
T, hang sb tich phan
Ty hang s6 vi phan
\% m3 thé tich
x(t) tin hi¢u dat
y(t) tin hi€u ra
PWM Pulse Width Modulation
Tém tit

Heé théng do ndng do khi dong vai tro quan trong trong viée gidm sat
chat luong khong khi cho mot khu vye nhét dinh nhu trong khu cong
nghi¢p hodc mdi truong khong khi xung quanh cua do thi. Trong hé
thong d6, bom dinh lugng 14y mau khi 13 mot phan tir khong thé thidu
va ¢ tac dong truc tiép dén chat luong 1dy miu khi ctia hé théng.
Bai bao trinh bay mot sb két qua nghién ciru vé mo phong va diéu
khién dao dong ciia mang bom trong bom ldy mau khi céng suit nho
ndm trong hé thng 1dy miu nay. Nghién ciru dwoc thuc hién trén
mot mau mo hinh mang 3D ding trong ché tao bom liy miu khi va

dugc mo phong véi viée xét dén anh hudng cua vat liu ché tao mang
(bao gdm Nitrile Rubber, Ethylene Propylene Rubber, Butadiene
Rubber and VITON) & mdt s6 bién d6 dao dong khac nhau (trong
khoang 2mm — 8mm). Dé didu khién chuyén dong cia bom mang,
b6 diéu khién PID da dugc thiét ké dé diéu khién mot dong co dién
duogc két ndi voi mang bom. Két qua nghién ciru da dua ra dugc lya
chon vé& vit liéu ciing nhu bién do dao dong phit hop cho ciu hinh
mang bom dugc khao sat. Cu thé, dao dong clia mang khoang 5mm,
tan s6 khoang 7.67Hz tuong tmg v6i sb vong quay cia dong co 1a
450vong/phut.

1. Giéi thi¢u

O nhiém moéi truong khong khi xung quanh tai cac khu d6 thi
no6i chung va cac khu céng nghiép noi riéng dang 1a van dé
nghiém trong. Chat lwong khong khi suy giam anh hudng truc
tiép dén moi truong séng xung quanh noéi chung va dén sue
khoe con ngudi noi riéng khi 1a nguyén nhan cua cic bénh vé
dudng hé hap. St dung cac hé thdng do, phén tich va giam sat
ndng d6 khi 1a cong cu chinh dé danh gia muc d6 6 nhiém moi
truong khong khi. Bom dinh lugng dua khi 1dy mau vao phan
tich 1a mot phan tir rat quan trong trong hé thong néi trén, no
c6 tac dong tryc tiép dén chat lugng 1dy mau khi ciing nhu sai
s6 cua hé théng do. Bom dinh lwong 14y mau 1a mét loai bom
thugc dong bom thé tich, bom dugc thiét ké dé dua luu chat ¢
dang 1ong hodc khi vao mét budng lay mau mot cach chinh
xac. Phuong thiic hoat dong ctia bom dinh lugng léy mau 1a
thiét bi s& rat mét lugng luu chit da dugc do ludng vao trong
budng chira va sau d6 s& bom luong luu chét d6 vao éng dan
hodc bé chua.
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May bom dinh luong cé cac dong nhu bom dinh lugng piston,
bom dinh lugng thiy luc, bom dinh lugng di¢n tir va bom dinh
luong dang mang c6 kha nang bom luu chat mot cach chinh
xac theo y mudn ngudi dung. Bom dinh lwong hoat dong bang
dong co dién loai nho hodc dong co truyen dong bang khi,
thiét bi c6 thé dugc van hanh bang hé théng diéu khién bén
ngoai (tu dong) hodc didu khién bang hé théng ctia chinh may
bom (tha c6ng). V& phan diéu khién ngudi dung c6 thé tiy y
didu chinh bom van hanh theo y mudn tir luu lugng, thoi gian
bom hoat dong, canh bio bom chay kho, khir khi, va kiém
soat chat lugng cua dong chay... Do vay, cic bo diéu khién
phtt hop ¢6 thé duoc 4p dung trong diéu khién bom lay mau
dé dat duoc nhing yéu cau trén co thé ké dén nhu: bo dicu
khién du bao, bo diéu khién PID [1, 2, 3] va cac bién thé cua
no;...

Mot s6 luong 16n céc thiét ké loai bom dinh lugng cong sudt
nho dya trén cong nghé thiét ké silicon da dwgc tng dung
trong mot vai thap ki gin day [4, 5]. Nhitng cong nghé thiét
ké bom c6 thé tim thay trong tai liéu tham khao [6]. Trong sb
nhimg cong ngh¢ bom ndy, bom co khi v6i mang dao dong
[7, 8] phu hop véi ing dung trong hé lay mau. Bom dinh
luong dang mang ¢ nhiéu vu diém nhu budng lam viée khép
kin va duoc ngan cach doc lap v6i moi truong, kha ning diéu
khién don gian va chinh xic dé dat duoc luu lugng khi yéu
cau. Viéc diéu khién chuyén dong ciia mang c6 thé sur dung
4p sudt luu chat hodc chuyén dong cam.

Nghién ctru mé phong lién quan dén dong chay cua bom da
dugc xem xét nhiéu. Vi du, Nguyen va Huang [9] di trinh bay
mot nghién ctru méd phong vi bom véi cac phan tir voi
phun/ng khuéch tan. Mang bom duoc mé hinh héa bing
tuong di dong hodc bang vén tde nhur 1a diéu kién bién. Twong
tac ran 1ong & day dugc boé qua. Két qua mé phong cho thiy,
dai luu lugng dugc xac dinh boi tan sb dao dong va dién ap
diéu khién ap dat vao mang bom. Yang va cong sy [10] da
danh gia chat luong hoat dong cua vi bom v6i hai khoang
dugc sap xép song song hodc ndi tiép. Nghién ctru két hop cac
phuong dién vat Iy nhu dié€n, co khi va thiy-khi dong luc vao
bom. Phuong phap ma céc tac gia st dung 1a phuong phap
phan tir hiru han. Hinh thai cia mang bom tai cac tan s6 khac
nhau, tac dong dén luu lwong bom, dwgc nghién ctru. Twong
tac rén long va tuong tac dién-co khi ciing da dwoc dua vao
nghién ctru cua Yao va cong su [11]. Trong nghien cuu nay,
c4c tac gia d3 mo phong ba chiéu truong dong ¢ ché @6 khong
dig. Mang bom duoc didu khién boi tan sé tir 8 Hz dén
500 Hz. Jeong va Kim [12] da so sanh hai m6 hinh tinh toan
cho viéc danh gia cac dic tinh ciia bom sir dung voi phun/dng
khuéch tan. M6 hinh tuong tac ran — long duoc dem so sanh
v6i mot mo hinh dugec mo ta trude. Két qua mo6 phong cho
thay, véi mot bom sir dung voi phun/ ong khuech tan v6i mot
hinh dang hinh hoc cho trude, s& ton tai mot tin s6 tdi wu cho
luu lwong 16n nhit. Tsui va Lu [13] di mé phong dong chay
trong vi bom thong qua giai phuong trinh Navier-Stokes bang
phuong phap Thé tich khéi hiru han trén lu6i khong cau tric.
Viéc chuyén dong cua mang bom dugc mé hinh hoa thong
qua cai dat van téc nhu 1a diéu kién bién. Céc tac gia chi ra
rang hiéu nang ctia bom phu thudc vao ti s6 luu lugng giita
clra vao va ctra ra cua bom.

Tuy nhién, cac nghién ciru ké trén chua dé cap dén viéc mo
phong chuyén dong ciia mang bom va dua ra duge bo diéu
khién phui hop cho bom. Ngoai ra xem xét tinh chat vt liéu
clia mang bom ciing chua duoc dé cap trong cac nghién ciru

truéc d6. Hon nira, voi mdi hé théng, viéc lya chon bom cung
cac thong s lién quan ciing dong vai tro quan trong. Nhiing
van d¢ con thiéu va cap thiét do s& duoc nghién ctru trong bai
bao nay.

Trong nghién cru nay, mang bom cia bom dinh Irgng dang
mang dugc md phong va khao sat trén mot mau hinh 3D véi
cac diéu kién khac nhau vé vat lidu ché tao mang bom va bién
d6 dao dong ciia mang bom dé tim ra loai vat liéu phu hop véi
pham vi va muc dich sir dung 1y mau khi. Ngoai ra, bo diéu
khién PID s& duoc ap dung trong diéu khién bom ldy mau
nhdm nhanh chong dua bom hoat dong ¢ luu lugng dat trude
trong thoi gian nhanh nhat. M6 hinh mang bom khao st duoc
ly tir mau mang bom ctia bom mang 1dy méu trong h¢ thong
do va giam sat ndng do khong khi thudc dé tai nghién ciu
khoa hoc tiém ning mang ma s6 13/2019/TN. Thém vio do,
mot mau bom mang ciing da duoc tinh toan, thiét ké va ché
tao ciing nhu van hanh thyc nghiém trong nghién ciru nay dé
danh gia sy phu hop cua bom mang trong viéc 14y mau khi
cho hé théng giam sat khong khi.

2.  Mb hinh khio sat ciia mang bom va cac diéu
kién khao sat

2.1. Mo hinh khao sat cia mang bom

Trong nghién ctru ndy, mdt mé hinh mang bom c6 bién
dang va kich thudce thé hién trén Hinh 1 dugc khao sat. Mang
bom c¢6 duong kinh 110mm. Bén loai vét liéu ding cho méng
bom [14] dwoc Iya chon véi cac thong sé chinh duge thé hién
trén Bang 1 [15].

I 110 mm J
[ |

Hinh 1: Hinh dang mang bom.

Véi mdi loai vt liéu khac nhau, mo hinh mang bom duoc mo
phong v6i 4 bién d6 dao dong khac nhau cua ving trung tam
mang bom lan lugtla s =2, 3, 5, 8mm.

Bang 1: Vat liéu mang bom

Gi‘('yi han Mo dqn 1132;)1
Vit liéu bén kéo dan hoi én :
(Mpa) (Mpa) (ke/m3)
Nitrile Rubber (NBR, Ac-
rylonitrile-Butadiene 15 3 1000
Rubber)
Ethylene Propylene Rub-
ber (EPM, EPDM) 12.8 42 860
Butadiene Rubber (BR) 13.7871 6.1 1000
VITON (FBR) 11 5 1932.3

Mb hinh 3D ciia mang bom duoc xdy dung bang phan mém
Solidworks va duoc mé phong bang module md rong
Simulation Add-in cta chinh phan mém nay.
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2.2. Thiét 1ap cac diéu kién md phong

Mo hinh 3D sau khi dugc nhdp sang moi truong moé phong
clia phan mém Solidworks [16] s& dugc thiét 1ap cac rang bude
va cac diéu kién dau vao cho qua trinh mé phong. Hinh 2 biéu
dién gan rang budc cb dinh - Fix trén cac bé mat vién xung
quanh mang bom, 13 vi tri mang bom dugc ¢b dinh vao than
bom.

Hinh 2: Thiét 1ap ging budc cb dinh-Fix.

Ving trung tim ciia mang bom s& duoc két nbi véi truc cam
va chinh I khu vuc tao nén hanh trinh hut-day cia mang bom.
Hinh 3 mo ta thiét 1ap bién do dao dong cua hanh trinh ving
trung tdm mang bom véi cac bién d6 s=2,3,5,8mm.

Hinh 3: Thiét 14p bién d6 dao dong mang bom.

Khi bom hoat dong s& sinh ra mot ap suat trong dong luu chat
va &p suat nay s& tac dong 1én bé mat mang bom lam cho bién
dang mang bom thay ddi va do vdy s& anh huéng dén thé tich
thue khi bom. Ap sudt nay ciing dugc dua vao didu kién dau
vao clia qué trinh mé phong va ving chiu tic dong duoc thé
hién trén Hinh 4, d6 16n cia 4p suét duoc 1y bang ap suat lam
viéc 16n nhit cua bom, 0.035MPa.

Hinh 4: Ap sut tic dong 1én bé mit mang bom.

Sau khi cac rang budc va diéu kién dau vao duoc thiét 1ap, mo
hinh 3D dugc chia lu6i véi Mesh Control va kich thuée cac
canh cua phan tir lu6i dwoc dit 1a Imm. Hinh 5 thé hién mo
hinh 3D sau khi da chia ludi.

Hinh 5: Chia luéi m6 hinh 3D mang bom.

A

3. Ciu hinh két ciu co khi bom liy miu va hé
thong thir nghiém bom

3.1. Thong s6 k§ thuit co ban khoi thain bom

V6i céc thong sd ki thuat cia mang bom nhu d trinh bay &
phan 2.1, mot bo than bom da dwoc thiét ké va ché tao dé dap
ung viéc lép dat mang bom, phuc vu cho qua trinh van hanh
thtr nghiém bom (Hinh 6). Than bom duoc ché tao tir vat liéu
nhom A6061, c6 kich thudc ngoai dai x rdng tuong ung la
120mm x 120mm, dam bao dap tng du khong gian dé lap dat
mang bom cling nhu khong gian van hanh cua mang bom.
Phan gia d& dong co duoc lam tir vat liéu thép tim C45 va
duoc lién két v6i nhau bang cac mdi han k§ thuat, chic chén.

M ti Vit lifu S6 Lugng

him tryc
T Phanh ham 1o Thép
T | Giida dong ca [&5]

T
T Flong MY Tiox )
3| Thin bum rén Nhm AGI6T T
T (ing bom Tiosu T
4_|_Thin bom duoi Nhom AbU61 I
3 Bulong M6 Trox T
5 mm‘i:ﬁ-‘n( T
7 Vit M3 s ]
¥ Cam bom, cis T
T T
L T
T
T
T

Hinh 6: B than bom mang.
3.2. Hg thong thir nghiém bom

Bom mang sau khi ché tao va lép rap s€ dugc van hanh thwr
nghiém dé do dac cac dac tinh van hanh chinh cua bom nhu
dic tinh vé luu lugng Q va cong suat N ctia bom. Hinh 7 thé
hién so @b céu hinh ctia hé thdng thir nghiém bom.



12

Measurement, Control, and Automation

Hinh 7: So d hé théng thir nghiém bom.

1. Loc hut; 2. Bom mang; 3. Déng hd do ap; 4. Cam bién luu luong kh(")r}g
khi; 5. Van tiét luu; 6. Tiéu am; 7. Cam bién toc d§ quay; 8. Bo dieu khién
PID.

Trén so d6 Hinh 7, luu lurong khi ra khéi bom duge do boi
cam bién luu luong khong khi (4). Tin hiéu tir cam bién duoc
dura vé bo diéu khién PID (8) va tai day cac thuit toan so sanh
dugc thuc hién dé dua ra tin hiéu diéu khién tdc do cua dong
co. Van tiét Iuu (5) dugc sir dung dé gay tai tao ap sudt cho
dong khi bom ra. Téc d6 dong co duoc do bang cam bién toc
d6 quay (7). Cac thong s6 chinh s& duoc thu thap bao gom luu
luong Q, 4p suét p cta bom va s6 vong quay n ciia dong co.
Luu lugng bom dugc do & céc gia tri ap suét 1a p = 10; 30; 50;
70; 90[kPa] véi cac gia tri tbe d6 quay cua dong co kéo bom
lan Iwot 1a n = 50; 100; 150; 200; 250; 300; 350; 400;

450[vong/phut].

4. Thiét ké diéu khién bom ldy miu trong hé
thong do va giam sat nong d¢ khong khi

4.1. Céu tric phin cirng

Nhu di trinh bay trong phan 1, bom liy mau dong vai tro quan
trong trong hé thong do va giam sat ndng do khong khi. No
¢6 nhiém vu bom dong khong khi tir moi trudng vao trong
binh chtra, tir d6 phan ph01 dong khi dén cac cam bién do ndng
d06 khi trong hé thong. Pé cac phép do dat do chinh xac cao,
ludng khong khi duge bom vao can phai dam bao lién tuc va
ddng déu. Do vay, dé kiém soat luu luong khi bom vao binh
chtra, cam bién luu lugng khong khi s& dugc trang bi trong hé
thong. Bén canh d6, dé ngan khong khi di vao hé thong, trong
mot sd trueong hop, van dién tur khi nén sé duoc trang bi thém.
Ngoai ra, khong khi trude khi duge bom vao binh khi sé dugc
loc thé thong qua b loc khi nén dé loai bo nhiing hat bui c6
kich thudc 16n c6 thé gy tac nghén duong dan khi. Cubi ciing,
dé xur 1y dir liéu mang thong tin luu lugng dong khi giri vé tir
cam bién do luu lugng khi, dong thoi diéu khién van dién tir
khi nén ciing nhu bom 1y mau hoat dong theo y mudn, mach
didu khién (dwoc thiét ké dua trén vi didu khién
STM32F407VET6) sé dugc sir dung. Tin hi€u dat mang gia
tri luu lugng khi s€ dugce giri dén mach diéu khién tir may tinh.
So d6 két ndi cac thiét bi phuc vu didu khién bom ldy miu
dugc thé hién trong Hinh § :

Cam bién luu
lugng khong khi

USB/UART| Mach diéu khién
(Kit STM32F4)

May tinh Binh khi

Hinh 8: So d6 két ndi phén cimg.
4.2. Thiét ké by diéu khién PID

Bo diéu khién sb PID s& dugc phat trién trén phan mém nhing
va nap vao vi diéu khién. Hinh 9 chi ra mé hinh hé théng bom
ldy mau véi bo diéu khién PID. Trong d6, x(t) 1a tin hiéu dat
mang gié tri luu lugng mong mudn; e(t) 1a d6 chénh léch giita
luu lugng khi dat tr ngudi dung va tin hiéu do luu luong tir
cam bién luu luong trong thuc té; u(t) 1a tin hiéu diéu khién
dugc guri tir vi didu khién dén dbi tugng diéu khién (bom lay
mau); y(t) 14 tin higu ra mang gia tri luu lugng thuec.

\(U X e(t) Bo LllLu u(t)
khién PID

Cam bién luu
lvong khong khi

Bom lay v(t)
mau

Hinh 9: M6 hinh hé théng véi bo didu khién PID.
Phuong trinh tong quét ctia bo diéu khién PID c6 dang:
u(t) = Kp [e(t) += f e(D)dr + Tp =2 (1)

Gia tri cac tham sb cua b(_) diéu khién PID (Kp, T, Tp) dugc
lya chon theo phuong phap Ziegler Nichols [2, 3] va dugc chi
ra trong Bang 2:

Bang 2: Gia tri cac tham s6 ciia b diéu khién PID

Tham sb bd diéu khién Gié tri
K, 6.8
T, 38.2
Tp 9.55

Dé nhung bd didu khién PID véi cac tham sb da lya chon &
trén xudng kit STM32F4, tmg dung xir 1y tin hiéu sd trong roi
rac hoa tin hiéu lién tuc. Theo d6, thoi gian 14y mau tin hiéu
(To) duoc lira chon dya theo dinh 1y 14y mau Nyquist — Shanon
va bang 10 ms. Khi d6, phuong trinh (1) dugc roi rac hoa s&
tro thanh [17]:

u(k) = Kp [e(k) +;—‘; _oe(i—1) + [e(k) —e(k —

1)]] 2
Trong d6: k 14 thoi diém 14y méu (0, 1,..., t/To). Mot chuong
trinh con thyc hién thuat toan diéu khién PID cho phép diéu
khién luu luong cia bom ldy mau bam sat gia tri dat mong
mubn ciia nguoi dung. Chuong trinh nay s& doc cac gia tri do
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dugc tir cam bién luu lugng & b nhé dém dir ligu dau vao va
so sanh chung véi gia tri dat (duoc truyén xuong tor may tinh
trung tdm) sau d6 1a cac tinh toan sai 1éch diéu khién, tinh toan
theo thuat toan diéu khién PID sd trudc khi giri ra diéu khién
bom theo nguyén 1y diéu ché d6 rong xung PWM.

5. Keét qua va thao luan

5.1. Chuyén vi va (g suit ciia mang bom

Dé khao sat chuyén vi va tmg suat ciia mang bom trong qua
trinh van hanh, két qua moé phong trén mot mat cat di qua tam
mang bom s€ dugc trich xuat. Hinh 10 biéu dien vé chuyén vi

clia mang bom trén mit cit ngang qua tim voi hanh trinh ving
trung tdm mang bom s=5mm.

Deform

-

Originl

Smmum —4

Hinh 10: Chuyén vi cia mang bom v&i s=5mm.

Hinh 11 thé hién két qua mé phong chuyén vi tai mat cat di
qua tim ctia mang bom d6i v6i truong hop mang lam vat liéu
BR (Butadiene Rubber). C6 thé thay trén Hinh 11, chuyén vi
clia mang bom c6 phan chuyén vi duong va phan chuyén vi
am. Chuyén vi dwong chinh 1a phan hinh thanh nén thé tich
lam viéc hiru ich ciia budng bom, con chuyén vi am hinh thanh
nén thé tich v ich trong qua trinh bom véan hanh. Dé danh gia
vé twong quan giita chuyén vi duong va chuyén vi am, nghién
clru nay da sir dung gia trj trung binh cac chuyén vi trén mat
cit di qua tim mang bom. Néu trung binh cac chuyén vi c6
gia tri dwong nghia la chuyén vi duong chiém wu thé hon so
v6i chuyén vi 4m va nguoc lai.

10

——2mm-BR-Displacement

—&— 3mm-BR-Displacement

—s— Smm-BR-Displacement

—o— Smm-BR-Displacement

[*)

Dy (mm)

[

Location (mum)

Hinh 11: Két qua md phong chuyén vi ciia mang bom.

(Vét liéu BR-Butadiene Rubber; s=2,3,5,8mm)

Hinh 12 thé hién két qua tinh gia tri trung binh chuyén vi cho
cac két qua md phong mang bom véi bon loai vat li€u khac

nhau va v6i bén bién do dao dong khac nhau ctia mang bom.
Két qua cho thiy véi mang bom lam bang vt liéu BR thi gia
trj trung binh chuyén vi ¢6 ba gia tri duong trong khi d6 véi
cac vat liéu khac chi c6 hai hodc mot. Didu do chung té mang
bom lam b?mg vat liéu BR, co6 thong s6 M6 dun dan hoi la
6.1MPa, s€ cho gia tri vé thé tich hitu ich cua bom 1 tét hon
ca trong bdn loai vat liéu.

- VITON
-8-BR
—&—EPDM

¥}

—+-NBR

Average of Dy (i)

Amplitude (mm)

Hinh 12: Trung binh chuyén vi cia mang bom tai mit cit di qua tam.

Ciing tir Hinh 12 ¢6 thé nhan thiy véi vat liéu lam mang bom
bang BR, trung binh chuyén vi ciia mang bom c6 gia tri dwong
voi s=Smm va s=8mm, con & cac gia tri khac cia s thi trung
binh chuyén vi x4p xi bang khong hodc ¢6 gi4 tri 4m nghia 1a
thé tich hitu ich kha nhé hodc chi c6 thé tich vé ich. Véi
s=8mm thi thé tich hitu ich 1a 16n nhat, nhung diéu d6 c6 nghia
1a tbc d6 dong co van hanh bom ciing phai giam xudng dé dam
bao mdt luu lwgng trung binh ¢d dinh can thiét. Téc do dong
co giam s& din t6i tan sd dao dong ctia mang bom s& giam
theo va, do d6, thoi gian bién thién vé luu lwong khi s& ting
1&€n, khong c6 loi khi st dung cac binh tich dung tich nho, gon
nhe dé binh 6n luu lwong khi dau ra ciing nhu phat hién som
muc do thay déi néng d6 khi. Vi vay, lua chon s=5mm la phu
hop cho bién d6 dao dong ciia mang bom. Dya trén két qua
chuyén vi ciia mang bom cho truong hop s=5mm tinh ra dugc
thé tich 1am viéc cua mang bom thong qua phan mém Solid-
works 1a V= 15.22cm?. De dat luu lugng trung binh thiét ké
Q=7 [Vmin] thi dong co can c6 sb vong quay n=460 [rpm],

trong (mg vai tan s6 dao dong cia mang bom Fz=7.67Hz.

5.2. Pap ung luu luwgng cia bom

De khao sat dap ung luu luong cia bom, mot phan mém giao
tlep gilta may tinh va h¢ thdng (GUI) duoc phat trién. Cu thé,
phan mém cho phép guri cac thong so vé luu lugng cai dat, bo
tham s6 PID dén mach diéu khién hé bom (kit STM32F4), sau
d6 nhan dir liéu gi4 tri luu lugng bom tai cac thoi diém lay
mau tir mach diéu khién tmg véi cac thong sb da cai dat. Giao
dién phan mém phét trién dugc chi ra trong Hinh 13. Budc
dau thir nghiém véi luu lwong dat 1a 60ml/s cho két qua tich
cuc. Tly vao sy thay ddi cta di tuong didu khién ma nguoi
ding c6 thé didu chinh cac thong sb cua bo diéu khién PID dé
dat duoc chét lugng diéu khién tét hon.
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Hinh 13: Giao dién phan mém diéu khién luu lwrong bom 14y miu.
5.3. Két qua do thyc nghi¢m dic tinh bom

Hinh 14 thé hién két qua cac duong dic tinh luu lugng Q cua
bom mang theo sé vong quay n va & cac gia tri ap suat khac
nhau. Tir két qua nay c6 thé thdy bom mang ¢6 luu lugng phu
thudc vao téc do dong co kéo bom, trong khi d6 khong phu
thudc nhiéu vao sy thay doi cia ap suat khi ¢ dau ra ciia bom.
Diéu nay rét ¢ loi cho qua trinh didu khién bom dé 6n dinh
duogc luu luong cép vao hé théng do n6ng @0 khi.
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Hinh 14: Pudng dic tinh n-Q cua bom tai cac gia tri 4p suit khac nhau.

Két qua md ta mdi quan hé giita sé vong quay n cta dong co
va cong suét bom N dugc thé hién trén Hinh 15. Két qua thye
nghiém trén Hinh 15 cho thiy véi gia tri 4p sudt nho tai cira
ra cua bom thi cong sudt bom thay ddi khong dang ké, nhung
khi 4p suét & cira ra cang cao thi cong suat bom phu thudc &
nét vao su thay d6i vé téc do quay cua truc bom.
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Hinh 15: Puong dic tinh n-N ctia bom tai cac gia tri 4p suét khac nhau.

6. Kétluan

Nghién ctru di dwa mot mé hinh mang bom 3D ciia bom ldy
mau khi vao khao sat véi cac thong sé diéu kién dau vao mo
phong gén nhat véi thuc té. Mot s6 loai vat lidu thong dung
lam mang bom ciing duoc dwa vao nghién ctru dé tim ra loai
vt liéu phu hop nhat. Két qua mo phong cho thay vai vat liéu
BR s& cho hiéu qua cao nhét vé ving thé tich hiru dung trong
bom va d& xuat bién do dao dong ctia mang bom s=5mm la
phtt hop cho két cau mang khao sat. Vi bién do nay thi d6 on
dinh luu luong dau ra ctiia bom s& d& duoc kiém soat va diéu
chinh. Nghién ctru cling da thiét ké va phat trién duoc mot bo
diéu khién PID vdi giao dién nguoi ding than thién, phii hop
cho viéc diéu khién bom ldy méu khi. Cac két qua thuc
nghiém do dac cic dic tinh cia mau bom mang ciing di chi
ra rang mau bom mang dugc thiét ké va ché tao trong nghién
ctru nay c6 luu lugng hoan toan phu thudc vao s vong quay
clia dong co ma khong phu thudc vao ap suat dau ra ctia bom,
diéu d6 rét thich hop cho viéc diéu khién chinh xac luu lugng
1au mau khi thong qua viéc diéu khién sé vong quay cta dong
co kéo bom. Mau bom mang trong nghién ctru nay c6 khoang
lam viéc kin, murc do ro ri rat thép do d6 c6 thé st dung vao
viéc bom cac loai chét khi khac nhau ma khong lo bi rd ri ra
moi truong.
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