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MO PHONG SO MANG BOM VA KHAO SAT THU'C NGHIEM
VAN HANH BOM LAY MAU KHi CONG SUAT NHO

NUMERICAL STUDY OF THE SAMPLING PUMP’S MEMBRANE

Tran Khanh Duong
Khoa Co khi Bong luc, Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Bai bdo trinh bay mot s6 két qua nghién ciru vé mé phong dao dong cua mang bom trong
bom ldy mdu khi céng sudt nho, phuc vu cho viéc giam sat chdt lwong khi trong cdc nha xuong.
Nghién civu diege thuee hién trén mét mau mé hinh mang 3D ding trong ché tao bom ldy mau khi va
dwoc mo phong voi viéc xét dén anh huwong cua vdt liéu ché tao mang o mot $6 bién dé dao dong
khéc nhau. Bon logi vt liéu di dwoc dwa vao khdo sdt véi cac bién dé dao dong thay doi tir 2-8
mm. Két qua nghién curu da dwa ra duoc luva chon vé vt liéu cing nhu bién do dao dong phu hop
cho cdu hinh mang bom dwgc khdo sat.

Tw khoa: Bién do; Mang; PID; Bom mau; Dao dong.
ABSTRACT

The manuscript presents numerical results of the vibrations of the membrane of a low-
power sampling pump for quality assurance of air in factories. We consider a three-dimensional
membrane undergoing the influences of its materials and vibration amplitudes. Four materials
are used to investigate with the membrane’s amplitude varied in the range of 2-8 mm. The results
provide an optimal option for the selected pump.

Keywords: Amplitude; Membrane; PID; Sampling pump; Vibration.

1. GIOI THIEU

Hé théng do ndng do khi dong vai tro
quan trong trong viéc giam sat chat luong
khong khi cho mot khu vue nhét dinh nhu trong
mot nha xudng san xuat hodc moi trudong lao
dong khép kin. Trong hé théng d6, bom dinh
lwong 14y mau khi 13 mot phan tor khong thé
thiéu va c6 tac dong truc tiép dén chit luong
14y mau khi cta hé théng. Bom dinh luong 1y
mau 12 mot loai bom thudc dong bom thé tich,
bom dugc thiét ké dé bom luu chit ¢ dang long

hoac khi mot cach chinh xac. Phuong thirc hoat
dong cua bom dinh luong 1dy mau 1a thiét bj s&
rat mot luong luu chat d3 duge do luong vao
trong budng chira va sau d6 s& bom luong luu
chét d6 vao dng dan hoic bé chua.

May bom dinh lugng c6 cac dong nhu
bom dinh lugng piston, bom dinh lugng thuy
luc, bom dinh lugng dién tir va bom dinh lugng
dang mang [1] c6 kha ning bom luu chat mot
cach chinh x4c theo ¥ muén ngudi ding. Bom
dinh luong hoat dong bang dong co dién loai
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nho hodc dong co truyén dong bang khi, thiét
bi c6 thé duoc van hanh bing hé théng diéu
khién bén ngoai (tu dong) hodc diéu khién bang
hé thong ctia chinh may bom (tha cong). Vé
phan diéu khién, ngudi dung c6 thé tuy ¥ didu
chinh bom v4n hanh theo y mudn tir luu luong,
thoi gian bom hoat dong, canh bao bom chay
kho, khtr khi, va kiém soat chit lugng cua dong
chay... Do viy, cac bo diéu khién phu hop ¢
thé dugc ap dung trong diéu khién bom lay
mau dé dat dugc nhitng yéu cau trén, ¢ thé ké
dén nhu: bo diéu khién du bao; bd diéu khién
PID [2] va cac bién thé cta no;... Trong cac
loai bom dinh lugng ké trén thi bom dinh luong
dang mang c¢6 nhiéu wu diém nhu budng lam
viéc khép kin va dugc ngan cach doc lap voi
mdi truong, kha ning diéu khién don gian va
chinh xac dé dat duoc luu lugng khi yéu cau.

Trong nghién ctru ndy, mang bom cua
bom dinh luong dang mang dugc mo phéng va
khao sat trén mot mau hinh 3D véi cac diéu
kién khac nhau vé vat liéu ché tao mang bom va
bién do dao dong cua mang bom dé tim ra loai
vat liéu phu hop vdéi pham vi va myc dich st
dung ldy mau khi. Ngoai ra, bd diéu khién PID
s& duoc ap dung trong diéu khién bom 1iy mau
nham t6i vu hoat dong ctia hé théng. M6 hinh
mang bom khéo sat dugc 1dy tir mau mang bom
cia bom mang 14y mau trong hé thong do va
giam sat ndng do khong khi thuc dé tai nghién
ctru khoa hoc tiém ning mang ma s 13/2019/
TN. Thém vao d6, mot mau bom mang ciing
da duoc tinh toan, thiét ké va ché tao cling nhu
van hanh thyc nghiém trong nghién ctru nay dé
danh gid sy phu hop cua bom mang trong viéc
ldy mau khi cho hé théng giam sat khong khi.

2. MO HINH KHAO SAT CUA MANG
BOM VA CAC PIEU KIEN KHAO SAT

2.1. M6 hinh khao sat cia mang bom
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Trong nghién cru nay, mot md hinh
mang bom c6 bién dang va kich thudc thé hién
trén Hinh 1 dugc khéo sat. Mang bom c6 duong
kinh 110mm. Bén loai vat liéu dung cho mang
bom [3] duoc lua chon vdi cac thong s6 chinh
duogc thé hién trén Bang 1 [4].

r_E

Hinh 1. Hinh dang mang bom

Vé&i mdi loai vat litu khac nhau, mé
hinh mang bom dugc mé phong véi bon bién
do dao dong khac nhau cua vung trung tam
mang bom lan luot 1a s =2, 3, 5, 8mm.

Bang 1. Vat liéu mang bom

ﬁ“: Mé-dun lK(ll‘ll(:l
Material oM danhdi | Sone
bén kéo (Mpa) riéng
Mpa) | PP (kg/m)
Nitrile Rubber
(NBR,
Acrylonitrile- 15 3 1000
Butadiene
Rubber)
Ethylene
Propylene
Rubber (EPM, 12.8 4.2 860
EPDM)
Butadiene
Rubber (BR) 13.7871 6.1 1000
VITON (FBR) 11 5 1932.3

M6 hinh 3D cua mang bom dugc xay
dung bang phan mém Solidworks va dugc mo
phong bang module m¢ rong Simulation Add-

in cua chinh phan mém nay.
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2.2. Thiét 1ap cac diéu kién mé phéng

M0 hinh 3D sau khi dugc nhap sang moi
truong mo phong ciia phin mém Solidworks
[5] s& duoc thiét 1ap cac rang budc va cac dicu
kién dau vao cho qua trinh mo 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 ¢ dinh vao than bom.

Hinh 2. Thiét ldp rang buoc ¢6 dinh — Fix

Vung trung tam ctia mang bom s€ dugc
két ndi v6i truc cam va chinh 1a khu vuc tao
nén hanh trinh hit-ddy ctia mang bom. Hinh 3
mo ta thiét 1ap bién d¢ dao dong cua hanh trinh
vung trung tdm mang bom vai cac bién do s =
2,3,5, 8mm.

Hinh 3. Thiét ldp bién dg dao dong mang bom

Khi bom hoat dong s& sinh ra mot ap
sudt trong dong luu chat va ap suét nay s& tac
dong 1én bé mat mang bom lam cho bién dang
mang bom thay d6i va do vdy s& anh huong dén
thé tich thuc khi bom. Ap suit nay ciing duoc
dua vao diéu kién dau vao cia qua trinh mo
phong va viing chiu tic dong dugc thé hién trén
Hinh 4, d6 16n cua ap suit duoc liy bang ap
suat 1am viéc 16n nhét ctia bom 1a 0.035MPa.

Hinh 4. Ap sudt tac dong 1én bé mét mang bom

Sau khi cic rang budc va diéu kién dau
vao duoc thiét 1ap, mo6 hinh 3D duoc chia ludi
v61 Mesh Control va kich thudce cac canh cua
phan tir lu6i dugc dat 13 lmm. Hinh 5 thé hién
mo hinh 3D sau khi da chia ludi.

Hinh 5. Chia lwdi mé hinh 3D mang bom

3. CAU HINH KET CAU CO KHi BOM
LAY MAU VA HE THONG THU NGHIEM
BOM

3.1. Thong s6 k¥ thuit co ban khdi thin bom

Véi cac thong sb6 ky thuat ciia mang
bom nhu da trinh bay & phén 2.1, mdt bo than
bom dd dugc thiét ké va ché tao dé dap ung
viée lip dat mang bom, phuc vu cho qua trinh
van hanh thu nghiém bom (Hinh 6). Than bom
dugc ché tao tir vat liéu nhom A6061, c6 kich
thude ngoai dai x rong twong ung la 120mm x
120mm, dam bao dap tmg di khong gian dé lip
dat mang bom cting nhu khong gian van hanh
clia mang bom. Phan gia d& dong co duoc lam
tir vat lidu thép tdm C45 va dugc lién két véi
nhau béng cac mdi han ky thuat, chic chan.
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Hinh 6. B¢ thdn bom mang
3.2. H¢ théng thir nghiém bom

Bom mang sau khi ché tao va lap rap
s€ dugc van hanh thu nghiém dé do dac cac
dac tinh van hanh chinh ctia bom nhu dac tinh
vé luu lugng Q va cong suat N ciia bom. Hinh
7 thé hién so d6 cu hinh cia hé thong thir
nghi¢m bom.

Hinh 7. So do hé thong thir nghiém bom.:
1. Loc hut; 2. Bom mang; 3. Déng ho do ap;
4. Cam bién luu luwong khong khi; 5. Van tiét luu;
6. Tiéu am; 7. Cam bién toc do quay; 8. Bo diéu
khién PID
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Trén so d6 Hinh 7, luu lugng khi ra khoi
bom dugc do bai cam bién luu lugng khong khi
(4). Tin hiéu tir cam bién duoc dua vé bo diéu
khién PID (8) va tai day cac thuit toan so sanh
duoc thuc hién dé dua ra tin hiéu diéu khién toc
dd cua dong co. Van tiét luu (5) duoc su dung
dé gay tai tao ap suat cho dong khi bom ra. Téc
d6 dong co duoc do bang cam bién tdc do quay
(7). Céc thong sb chinh s& duoc thu thap bao
g6m luu luong Q, 4p sudt p ctia bom va s6 vong
quay n cua dong co. Luu lugng bom dugc do ¢
cac gid tri ap suat 1a p = 10; 30; 50; 70; 90 [kPa]
vé6i cac gia tri tbe 46 quay ctia dong co kéo bom
lan luot 1a n = 50; 100; 150; 200; 250; 300; 350;
400; 450 [vong/phut].

4. KET QUA VA THAO LUAN
4.1. Chuyén vi va trng suit ciia mang bom

Dé khao sat chuyén vi va (mg suit ctia
mang bom trong qua trinh van hanh, két qua
mo phong trén mot mit cit di qua tim mang
bom s& dugce trich xuat. Hinh 8 biéu dién mot
vi du vé chuyén vi clla mang bom trén mat cit
ngang qua tam va&i hanh trinh ving trung tam
mang bom s = Smm.

Dform

Original

Saam

Hinh 8. Vi du vé chuyén vi cua mang bom voi
s =Smm

Hinh 9 thé hién két qua mo phong
chuyén vi tai mat cat di qua tam cua mang
bom dbi voi trudng hop mang lam vat liéu BR
(Butadiene Rubber). C6 thé thay trén Hinh 9,
chuyén vi ciia mang bom c6 phan chuyén vi
duong va phan chuyén vi 4m. Chuyén vi duong
chinh 14 phan hinh thanh nén thé tich lam viéc
hitu ich cua budng bom, con chuyén vi 4m
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hinh thanh nén thé tich v6 ich trong qua trinh
bom van hanh. Dé danh gia vé twong quan giira
chuyén vi dwong va chuyén vi am, nghién ciru
nay da sir dung gia tri trung binh cic chuyén
vi trén mat cat di qua tim mang bom. Néu
trung binh cac chuyén vi c6 gia tri duong nghia
1a chuyén vi duong chiém wu thé hon so véi
chuyén vi am va nguoc lai.

—— B D scame
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Hinh 9. Két qua mé phong chuyén vi ciia
mang bom
(Vat liéu BR — Butadiene Rubber,; s = 2, 3, 5,
Smm)

Hinh 10 thé hién két qua tinh gia tri
trung binh chuyén vi cho cac két qua mo phong
mang bom voi bon loai vat liéu khac nhau va
v6i bon bién d6 dao dong khac nhau ctia mang
bom. Két qua cho thay véi mang bom lam bang
vat liéu BR (Butadiene Rubber) thi gia tri trung
binh chuyén vi ¢6 ba gia tri dwong, trong khi
do6 voi cac vat liéu khac chi ¢6 hai hoac mot.
Diéu d6 chimg t6 mang bom lam bang vat liéu
BR, c6 thong s6 mo-dun dan hoi bang 6.1MPa,
s& cho gia trj vé thé tich hiru ich ctia bom 1a tdt
hon ca trong bdn loai vat liéu.

== VITON
—&HR
=i= EPTN

——HE

Averape of Dy (nam)
L=

Amplstude (mm)

Hinh 10. Trung binh chuyén vi ciia mang bom tai
mdt cdt di qua tam

Ciing tlr Hinh 10 c6 thé nhan thay voi
vat liéu lam mang bom bang BR, trung binh
chuyén vi cia mang bom c¢6 gia tri duwong véi s
= 5mm va s = 8mm, cOn ¢ cac gia tri khac cua
s thi trung binh chuyén vi x4p xi bang khong
hoic ¢o gia tri am, nghia 1a thé tich hitu ich kha
nhoé hodc chi co thé tich vo ich. V4i s = 8mm
thi thé tich hitu ich 1 16n nhét, nhung diéu do
co nghia la tdc do dong co van hanh bom cling
phai giam xudéng dé dam bao mot luu lugng
trung binh ¢6 dinh can thiét. Toc do dong co
giam s& dan toi tan sé dao dong cua mang bom
s& giam theo, do d6 thoi gian bién thién vé luu
lugng khi s€ tdng 1€n, khong c6 loi khi stir dung
céc binh tich dung tich nho, gon nhe dé binh 6n
luu luong khi dau ra ciing nhu phét hién som
muirc do thay doi ndong d6 khi. Vi vay, lua chon
s = Smm la phu hop cho bién do dao dong ctua
mang bom. Dya trén két qua chuyén vi cua
mang bom cho truong hop s = Smm, ta tinh
ra duoc thé tich 1am viéc ctia mang bom thong
qua phan mém Solidworks 1a V = 15.22cm?. Bé
dat luu luorng trung bmh thiét ké Q = 7 [I/min]
thi dong co can co so vong quay n =460 [rpm],
tuong (mg véi tan sd dao dong ciia mang bom
Fz="7.67Hz.
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4.2. Két qua do thwe nghiém dic tinh bom

Hinh 11 thé hién két qua cac dudng dic
tinh luu luong Q cua bom mang theo sé vong
quay n va & cac gia tri 4p suat khac nhau. Tir
két qua nay c6 thé thiy bom mang c6 luu lugng
phu thudc vao toc dd dong co kéo bom, trong
khi d6 khong phu thudc nhiéu vao sy thay doi
ctia ap suat khi & ddu ra cia bom. Piéu nay rat
¢6 loi cho qua trinh diéu khién bom dé 6n dinh
dugc luu luong c?ip vao hé théng do bui va do
nong do khi.

9
s +- 10[kPa] ]
30[kPa] pe
7 50[kPa] o
6 70[kPa] :
5 90[kPa]
=
£ 4
s
= 3
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)
1
0
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n [véng/phut]

Hinh 11. Puong ddc tinh n-Q cua bom tai cdac gid
tri dp sudt khdc nhau

Két qua mo ta mobi quan hé giita s6 vong
quay n cta dong co va cong suit bom N duoc
thé hién trén Hinh 12. Két qua thuc nghiém trén
Hinh 12 cho thiy, véi gia tri ap sudt nho tai cira
ra ctia bom thi cong suit bom thay doi khong
dang ké, nhung khi ap suit & cira ra cang cao
thi cong sut bom phu thudc rd nét vao su thay
ddi vé téc do quay ciia truc bom.
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Hinh 12. Puong ddac tinh n-N ciua bom tai cac gia
tri dp sudt khéc nhau

5. KET LUAN

Nghién ctru da dua mot mo6 hinh mang
bom 3D ctia bom 1ay mau khi vao khao sat voi
cac thong sé diéu kién dau vao mo phong gan
nhat v6i thuc t&. Mot vai loai vat liéu thong
dung lam mang bom cling dugc dua vao nghién
ciru dé tim ra loai vat liéu phu hop nhat. Két
qua md phong cho thay véi vat liéu BR s& cho
hiéu qua cao nhat vé ving thé tich hiru dung
trong bom va dé xuit bién do dao dong cua
mang bom s = 5Smm 13 phu hop cho két ciu
mang khao sat. V&i bién dg nay thi do on dinh
luu luong dau ra cia bom s& dé duge kiém soat
va diéu chinh. Céc két qua thuc nghiém do dac
cAc dic tinh cia mAu bom mang ciing da chi ra
rang, mau bom mang dugc thiét ké va ché tao
trong nghién cuu nay c6 luu lugng hoan toan
phu thudc vao sd vong quay cua dong co ma
khong phu thudc vao ap suat dau ra cta bom,
diéu d6 rat thich hop cho viéc diéu khién chinh
xac luu luong 1dy mau khi thong qua viée diéu
khién sé vong quay ctia dong co kéo bom. Mau
bom mang trong nghién ctru nay c6 khoang lam
viée kin, mirc d6 o ri rt thap do d6 c6 thé su
dung vao viéc bom céc loai chét khi khac nhau
ma khong lo bi ro ri ra mdi truong. %
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