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TOM TAT

May bdo dc tw dong RAID-M100 va mdy do phong xa RAID-XP yéu cau dong khi hit on
dinh va lién tuc dé bao dam d¢ chinh xdc cia buong phan tich phé linh déng ion (IMS). Bdi bdo
trinh by qud trinh thiét ké va ché tao bom hit khi djc kich thiede nho, dwoc phdt trién nham ddp
ung cdc yéu cau ky thudt dac thu cua hai thiét bi trén. Bom duwoc thiét ké véi két cau dé kin cao, luu
lwong nho va ap sudt hut én dinh, bao dam kha nang lcfy mau khi tin cdy trong diéu kién lam viéc
lién tuc. Noi dung nghién cvru tap trung vao thiét ké két cau, lwa chon vdt liéu, cong nghé ché tao va
danh gid cdc théng s6 lam viéc théng qua thir nghiém. Két qua cho thdy bom dat luu lu"ong on dinh,
do rori thap va lam viéc tin cdy trong dai dién dp va dp sudt yéu cau, dap vng day dii dzeu kién tich
hop vao thiét bi RAID-M100 va RAID-XP. Két qua nghién ciru gép phan chii déng nguon linh kién
trong nudc va ndng cao tinh sdn sang kj thudt cia cdc thiét bi chuyén dung.

Tir khoa: Bom it khi déc; Thiét ké ché tao; Phé linh déng ion (IMS); Hé thong ldy mdu
khi; Bom chan khong mini.

ABSTRACT

The RAID-MI100 automatic chemical agent detector and the RAID-XP radiation
measurement device require a stable and continuous gas flow to ensure the accuracy of the ion
mobility spectrometry (IMS) analysis chamber. This paper presents the design and fabrication of
a miniature toxic gas suction pump developed to meet the specific technical requirements of these
two devices. The pump is designed with a high-sealing structure, low flow rate, and stable suction
pressure, ensuring reliable gas sampling under continuous operating conditions. The study focuses
on structural design, material selection, manufacturing processes, and performance evaluation
through experimental testing. The results show that the pump achieves stable airflow, low leakage,
and reliable operation within the required voltage and pressure ranges, fully satisfying the conditions
for integration into the RAID-M100 and RAID-XP devices. The proposed solution contributes to
domestic component localization and enhances the technical readiness of specialized detection
equipment.

Keywords: Toxic gas suction pump,; Design and fabrication; lon mobility spectrometry
(IMS); Gas sampling system,; Miniature vacuum pump.
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1. MO DAU

Trong cac hé théng bao doc IMS nhu
RAID-M100 va RAID-XP, bom hut khi 1a b
phan then chét dwa mau khi vao budng phan
tich v6i luu lugng 6n dinh, anh huong truc tiép
dén qua trinh ion hoa, thoi gian tréi ion va do
chinh xéc phat hién.
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Yan Solenod
Baom 4o lm spch

Hinh 1. So do dong khi trong thiét bi RAID-M100/XP

Tuy nhién, bom ciia cac thiét bi RAID
hién phu thudc hoan toan vao linh kién nhap
khau, gia thanh cao va thiéu chu dong trong bao
dam k¥ thuat, ddn dén kho khin trong stra chita,
thoi gian thay thé dai va khong thé cai tién do
thiéu dir liéu thiét ké. Vi vay, viéc noi dia hoa
bom 1 yéu cau cép thiét nhdm duy tri trang
bi, giam phu thudc nudc ngoai, lam chu cong
nghé, tiét kiém ngan sach va tao nén tang phat
trién cac hé khi dong trong tuong lai.

1.1. Tinh cép thiét cia dé tai

Nghién ctru ché tao bom trong nudc
mang lai cac 191 ich chinh:

« Chii dong thay thé cho thiét bi
RAID-M100/XP dang khai thac.

* Giam phu thudc linh kién nhap ngoai
va nang cao an ninh k¥ thuat.

« X4y dung mé hinh thiét ké — ché tao —
kiém thir bom mini ding trong IMS.

« Ha gi4 thanh tr 2-5 1an so v6i bom
nhap khéu.

« Tao nén tang dé phat trién cac dong
bom va module khi dong thé hé moi.

1.2. Co s6 thiét ké va pham vi nghién ciru
Dé tai tp trung vao bom canh gat kich

thude nhd, dung dong co DC tbc do cao, tao
luu lugng khoang 1 L/phtt theo yéu cau IMS.

Ciinh gt Truc quary

Hinh 2. So' do nguyén Iy hoat déng ciia bom
canh gat

Thiét ké duwa trén phan tich truong khi
dong, lya chon c4u hinh rotor-vé-canh tdi uu,
danh gia ung suit va xac dinh dung sai toi han.
Than bom str dung SUS304 dé dam bao d6 bén
va chdng dn mon; canh gat ding PEEK c6 dic
tinh nhe, bén va ma sat thap.

1.3. Két qua nghién ciru — ché tao miu thir

Nhom nghién ctru di ché tao 5 mau
bom dé danh gid do on dinh cua quy trinh. Cac
mau dat:

* Luu luong 0,6-1,0 L/phuat tai 9 VDC
(dung yéu cau 0,8 £ 0,2 L/phut).

« Ap suit hit —10 dén —15 kPa.

* Dong tiéu thu <300 mA, phu hop
ngudn RAID.

* Toc d6 dong co 8.000-15.000 vong/pht.

« Do kin khi tét, khong rod khi.

« Hoat dong lién tuc nhiéu gio khong
sut Iuu lugng hodc tang nhiét bét thuong.
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Hinh 3. Mdu bom hoan chinh sau ché tao

Két qua cho théy bom noi dia hoan toan
dap tng yéu cau ky thuat — chién thuat va c6 do
1ap lai cao gitra cac mau.

2. NOI DUNG - TiNH TOAN VA THIET
KE BOM HUT KHi CANH GAT

2.1. Co sé xuit phat va yéu cau thiét ké

Tur khao sat thiét bi va tai liéu k¥ thuat
cua nha san xuat, cac yéu cau rang budc duogc
xac lap nhu sau:

(1) Luu luong khi danh dinh:
Qyéu céu: 0’8 + 032L/phl:1t

Luu luong nay khong thé nhé hon 0,6
L/phat vi budng IMS sé& thiéu khi mau, va
khong thé 16n hon 1,0 L/phut vi 4p suat — nhiét
do trong budng thay doi dot ngot, gay nhiéu
phép do[ 1], [8].

(2) Gi6i han ngudn cip dién cia thiét bi:
U=9VDC, I, =013A

Diéu nay c6 nghia:

* Bom phai ti€u thu cuc thap.

* Dong khoi dong khong dugc vuot
0,13 A.

« Cong suat toi da chi ~2,7 W.

Pay 1a thach thic 16n dbi véi mot bom
kich thudc nho, vi bom canh gat thuong c6 ton
that ma sat cao [1], [3].

(3) Van téc quay mo-to:

Qua do kiém tryc tiép: n = 10.000 =+
13.600 vong/phut.

Thong s6 nay rat quan trong, vi bom thé
tich phu thudc hoan toan vao toc do quay [1], [8].

(4) Khong gian lip dit cuc ky han ché:

Kich thudc khoang may chi cho phép:
D, <22mm, L = 6mm.

Diéu nay khién bai toan thiét ké tro' nén
kho hon, vi phai tao luu lugng twong doi 16n
trong mot khong gian rat nho [3].

(5) Kich thudc ¢d dinh cia duong khi
IMS:

d =d =1,5mm

L4 huat/xa nho — dé ting ton that — can
kieém tra k¥ van toc dong khi [4].

2.2. Tinh toan thé tich dich chuyén t6i thiéu
(Budc nén tiang cia toan bg thiet ke)

Bom cénh gat 1a bom thé tich, nghia la
mdi vong rotor quét duge mot thé tich khi xac
dinh. Do d6, mudn biét bom phai 16n ¢& nao,
trude hét can tinh thé tich khi tbi thiéu can tao
ra moi vong.

*Cong thire luu lugng 1y thuyét:
Q,=Vyen [1],[8]

Trong d6: V, — Thé tich dich chuyén mdi
vong (L/vong); n—Toc d§ quay (vong/phut).

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 337+338, thang 1+2 ndm 2026

273

cokhivietnam.vn

@



NGHIEN CUU - TRAO DPOI

Do6i luu lugng yéu cau:
Q=0,8/60=0,0133 L/s.

Téc d6 quay trung binh clia mo-to: n, =
200 vong/s.

Suy ra thé tich yéu cau moi vong:

00133

Viudn = - =1.,65x10"°L/vong [1] (2)

Y nghia:
(1) 1a “cot moc bat budc”.

Néu bom tao ra thé tich nho hon gia tri
ndy thi luu luong cua bom khong thé dat 0,8 L/
phut, du tang toc hay giam tai.

2.3. Lwa chon théng s6 hinh hoc — buéc
quyét dinh tao nén ban vé

Dua’ trén rang budc lép dat va kinh
nghiém thiét ké bom mini, nhoém nghién cuu
chon [1], [3]:

D, = 22mm, day la duong kinh buong
bom, tuong mg voi khong gian t6i da thiét b
cho phép.

D = 15mm, day la dudng kinh rotor, du
16n dé bé tri hai ranh canh.

L = 6mm, chiéu dai buéng xac dinh truc
tiép thé tich dich chuyén.

* P léch tAm e — tham s6 nhay nhit:

Do léch tAm tao nén su chénh léch thé
tich gitra cac khoang, do d6 anh huong cuc lon
dén luu luong:

« ¢ qua nho dan dén luu luong thiéu.

* € qui 16n gay ra ma sit ting manh din
td1 dong tiéu thu cao vuot dong cho phép nén
may bao 16i khong hoat dong.

Sau khao sat: e = 0,50mm — la gia tri
toi uu can bang gitra luu lugng va mo-men cén.

2.4. Tinh to4n thé tich dich chuyén thyc té V_

Theo Iy thuyét bom canh gat (ISO 5598):

b= L-(D:+D;) [1]. 31 [1013)

‘:IT
2

Chuyén céc kich thudc sang mét va
thay vao:
V,= 1,744 x 10*L/vong (4)

So sanh véi yéu cau:

Vo

—2- =262 (5)

wan cdn

Két qua ndy c6 ¥ nghia k¥ thut quan
trong: Thé tich 1y thuyét ma bom canh gat tao
ra mdi vong cao hon 2,62 14n so véi yéu cau toi
thicu.

Diéu nay rat quan trong, vi trong bom
canh gat mini: ro khi qua khe vong, ro khi qua
khe dau, ro khi qua ranh canh, ro khi qua 15 hat/
xa, khién hiéu suét thé tich thuc té chi dat 30-
40%. Viéc dam bao V,, 16n la chién luge thiét
ké dé bu cac ton that nay.

2.5. Tinh lwu lwgng thye té c6 xét ro khi
Luu luong thuc té:

Quee =M, Vpen  [2,[3,[91  (6)
Hiéu sut thé tich dic trung: n, = 0,35
dén 0,40.
Thay sb:
Véin, =0,35: Q=0,73 L/phut.
Véin, =0,40: Q = 0,836 L/phut.

*Nhan xét: Tur két qua trén c6 thé nhan
thay rang luu lugng thuc té cua bom, vdi hiéu
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suat thé tich trong khoang 0,35-0,40, dat 0,73-
0,83 L/phuat. Didu nay cho thay thiét ké hinh hoc
duogc lya chon phu hop véi diéu kién lam viéc
thuc té, dong thoi dap tmg day du dai luu lugng
0,8 + 0,2 L/phit theo yéu cau ctiia mo-dun IMS
trong thiét bi RAID-M100/XP2.6. Tiép theo 1a
kiém tra kha ning dong khi qua 16 hit/xa.

2.6. Kiém tra kha ning dong khi qua 15 hiit/xa
DPuong kinh 16 hit/xa: d = 1,5mm.
Tiét dién: A= 1,77 x 10 m? [4].
Tinh van téc: v =7,51m/s.

Két qua tinh toan cho thiy vén toc dong
khi qua 16 hat/xa @1,5 mm dat x4p xi 7,5 m/s.
Gi4 tri nay hoan toan phu hop véi tiéu chuan
lwu thong khi trong duong dng ¢& nho, khong
gy nghén dong, khong tao ap suét du c6 hai va
cho phép giit nguyén kich thudc 16 theo thiét ké
hé thong IMS.

2.7. Tinh mé-men cin va dong tiéu thu la
yeéu to quyét dinh kha nang vin hanh trong
RAID-M100

Thir nghiém cho thay:

» Dong hoat dong: 0,12 A.
* Toc do quay: 13.000 vong/phut.
» Cong suat tiéu thu: 1,98 W.

Mo-men can: M = 1,45 x 103 N-m [5].

Phan tich mé-men tai cho thdy mé-men
can cta bom chi vao khoang 1,45 x 107 N-m,
tuong duong 29% mo-men danh dinh cua mo-
to dang sir dung. Piéu ndy ham y ring ma sat
bén trong budng bom ¢ muc thip, dam bao
dong tiéu thu chi 0,04-0,08 A, nim duéi gidi
han 0,13 A cta thiét bi RAID-M100. Nhu vay,
thiét ké khong gy qua tai mo-to va bao dam

kha nang van hanh 6n dinh trong thoi gian dai.

2.8. Tir tinh toan dén hinh thanh b ban vé
thiét ké

Dua trén cac két qua tinh toan da trinh
bay, bo ban vé thiét ké bom dugc xay dung theo
quy trinh chit ch& nhim bao dam moi thong
s6 hinh hoc va dung sai déu tuan tha mo hinh
toan hoc. Mt cat budong bom dugc xéac dinh tir
cac thong s6 chinh: duong kinh budng 22 mm,
rotor 15 mm va do 1éch tdm 0,50 mm, bao dam
thé tich dich chuyén phu hop va dap tmg khong
gian lip dit cia RAID-M100/XP.

Ranh canh va canh gat duogc thiét ké
voi kich thude 2,2 x 6 mm va khe ho 0,02-0,04
mm, vira bado dam do kin, vira giam ma sat. Vi
tri 16 hut va 16 xa duoc xac dinh dua trén mo
phong bién thién thé tich theo goc quay rotor;
duong kinh 13 gitr nguyén 1,5 mm dé phu hop
v6i hé IMS.

Dung sai dong tam dugc khéng ché
<0,03 mm va do nham Ra = 0,8-1,6 pm nhim
giam ro khi va mai mon. Bo ban vé tong thé
duoc hoan thién bﬁng cach tich hop toan bd
thong sb trén, bao dam tinh chinh xéc, kha ning
ché tao va do tin cay khi van hanh.

2.9. Thir nghiém

Nam mau bom duge ché tao theo ban vé
thiét ké va thir nghiém tai dién ap 9 VDC. Cac
thong s6 do gdm Iuu luong Q, tée d6 quay n, dong
I, 4p sudt hut va nhiét do. Yéu cau danh gia gom:

* Luu luong: 0,8 £ 0,2 L/phut.

* Dong: <130 mA.

« Ap suit hat: 3-18 kPa.

* Nhiét do vo: <50°C sau 60 phut.

Két qua cho thay ca 5 mau déu dat yéu
cau ve luu luong (0,78-0,84 L/phtt), dong tiéu

thu (40-60 mA), ap suat hat (khoang 12,8-13,2 <~
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kPa) va nhiét do (37-40°C). Khong xuét hién
hién tuong rung, ket canh hodc gidm hiéu suat
theo thoi gian.

Két luan thir nghiém: Cac mau bom dap
mg day du yéu cau k¥ thuat cia RAID-M100/
XP, xac nhan tinh ding dédn cua thiét ké va kha
nang trién khai ché tao loat.

3. PANH GIA VA THAO LUAN

3.1. Sy phu hgp giira mo hinh tinh toan va
thuc nghiém

Luu lugng thuc do sai Iéch <7% so véi
ly thuyét, chimg to6 mo hinh tinh toan va lya
chon théng sb (Vi e, dung sai) 1a chinh xac.
Dong ti€u thu thap hon gidi han cho phép, phu
hop v6i moé-men can tinh toan. Thiét ké dap
g 6n dinh ngudén 9 VDC cua RAID.

3.2.Nguyén nhén sailéch Iy thuyét—thuwe nghiém
Sai 1éch nho xuét phat tur:

« R0 khi qua khe ho dii ndm trong dung
sai cho phép.

« Ma sat canh gat thay doi theo thoi gian
chay ra.

« Anh huong diéu kién méi truong.

« Sai s6 thiét bi do luu luong.

Nhing sai 1éch nay déu nam trong mirc
chap nhan dugc ciia bom ¢& nho.

3.3. Uu diém caa thiét ké

« Hiéu suét thé tich dat yéu cau trong kich
thude rat nho, nho wa chon hop 1y do 1éch tam.

* Hoat dong on dinh véi nguén gid1 han
0dén9V-0,13A.

« Dung sai va d6 nham t6i uu theo tiéu
chuan ISO, nang cao do bén va do tin cay.

« C6 thé thay thé hoan toan bom nhéap
khau trong hé¢ RAID-M100/XP.

3.4. Huéng cai tién trong twong lai

« Cai tién vat liéu canh gat (PEEK-
graphite, PEEK-CF) dé giam ma sat va ting
tudi tho.

« Néng cép cong nghé gia cong (CNC 5
truc, superfinishing) nham giam rod khi va nang
hi¢u suat them 5-8%.

« T6i vu hoa hinh hoc biang mé phong
CFD dé giam ton that cuc bo va dao dong ap
suét.

« Phat trién cdu hinh nhiéu canh nham
tang do 6n dinh luu luong.

« Tich hop cam bién va diéu khién vong
kin dé tao bom “théng minh” c6 kha ning tu
hi¢u chinh luu lugng. <+
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