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TOM TAT

Sw bung phat cua dich Covid-19 cung voi nhitng lo ngai vé cdc benh ldy lan qua dwong ho
hdp ngay cang tang da khién cdc chuyén gia sirc khée tim kiém gidi phap vé cdc bién phap cham soc
sike khoe tai nha va trong méi truong lam viéc. Bai bdo trinh bay thiét ké va diéu khién thiét bi bdo
vé dwong hé hdp cd nhdn, goi la mdt na tho chii dong (AHMR). AHMR bao gom quat kép ti déng
Vv6i bé diéu khién dé phit hop véi nhip thé ciia nguoi deo nho cam bién hé hap trén mdt na, khéng
khi hit vao duoc loc hiéu qua bc%ng bé loc HEPA 3M va c6 thé thay thé. Thir nghiém duoc thuc hién
dé danh gia hiéu qua ciia AHMR trong viéc sir dung.

Tw khoa: Mat nag tho, Mat na tho chu dong; Bo loc HEPA 3M.
ABSTRACT

The current outbreak of Covid-19 along with concerns about respiratory diseases prompt
healthcare professionals to seek guidance on isolation precautions for healthcare at home and in
the work environment. This paper aims to design and implement a personal respiratory protective
device, Active Half Mask Respirator (AHMR). The AHMR includes dual fans that automatically
adjust the speed to match the wearer's breathing rate thanks to the respiratory sensor on the mask,
the inhaled air is effectively filtered with a replaceable HEPA filter. Some experimental scenarios
are administered to gauge the effectiveness of AHMR in use.

Keywords: Mask respirator, Active half mask respirator;, HEPA 3M filter.

1. GIOI THIEU

Su xuét hién clia cac mam bénh duong
h6 hip méi, chang han nhu hoi ching ho hap
cap tinh nghiém trong (SARS) — Coronavirus
(SARS-CoV) 1,2 [1] va dai dich cim HINI1
(pHINI) [2] lay truyén qua dudng khong khi, do
14 1ay truyén tac nhan gy bénh qua cac hat nho
lo Iimg trong khong khi. Chung c6 thé 1a vi rat,

vi khuan hodc nim va ching c6 thé lay lan qua
hit thd, n6i chuyén, ho, hét hoi, boc khéi, phun
chét long hodc bat ky hoat dong nao tao ra cac hat
hodc giot ban trong khong khi. Chung lam ting
tinh dé bi ton thuong ctia nhan vién y t& déi véi
nhiém tring duong ho hap [3]. Cac bién phap can
thiép nhu thiét bi bao vé duong ho hip (RPE),
dic biét quan trong dé giam nguy co nhiém tring
duong ho hap do nghé nghiép cho nhan vién y té
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khi chura c6 véc xin hodc cac phuong phép diéu tri
chong nhiém si€u vi cu thé [4].

Khau trang y té [5] c¢6 thé gitip bao vé
ngudi sir dung khoi cac giot dudng ho hip 16n
[6, 7]. Chung khac nhau vé d6 day va do thdm
va khong duoc ching nhan dé bao vé nguoi
dung khoi nhiém trung trong khong khi [6].
Mit na phong doc N95 duge thiét ké dic biét
dé bao vé ngudi dung khoi cac hat nho trong
khong khi, bao gom ca binh xit [6, 7]. Cac quy
dinh nghiém ngdt quy dinh hi¢u qua loc va kha
nang chéng thd cua mat na phong doc NO5,
cling yéu cau kiém tra do khit d& dam bao bit
kin quanh mdt nguoi dung [7].

Céc bénh phd bién lay lan qua dudng
khong khi bao gdm Covid-19, virus soi, virus
thiy déu, mycobacterium tuberculosis, virus
ciim, enterovirus, norovirus va it phd bién hon
12 coronavirus, adenovirus, va c6 thé 1a virus
hop bao hé hap. T6 chire Y té Thé gigi (WHO)
va Trung tdm Kiém soat va Phong ngira Dich
bénh (Hoa Ky) (US CDC) khuyén cdo moi
ngudi nén deo khin che mit phi y t& ¢ nhiing
noi cong cong, noi c6 nguy co lay truyén cao
va kho duy tri cac bién phap céach ly xa hoi. Che
mat han ché am lugng va khoang cach di chuyén
cua cac giot thd ra phan tan khi néi chuyén, thd
va ho. Nhiéu qubc gia va khu vuc phap 1y dia
phuong khuyén khich hodc bét budc cac thanh
vién cong chung sir dung khau trang hodc khin
che mat dé han ché sy 1ay lan cua vi rat [1].
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Thiét bi bao vé duong ho hap (RPE) la mot dang thiét bi bao vé ca nhan dugc thiét ké dé
bao vé nguoi ding khoi cac mdi nguy hiém dudi dang khi, khéi, swong mu, bu1 hodc hoi. Trung tdm
Kiém so4t va Phong ngira Dich bénh (CDC) phan loai RPE tuy thudc vao cdu triic, chirc ning va
kha nang bao v¢,...

Bdng 1. So sanh chi tiét cac tinh nang cua thiét bi bdo vé dwong hé hdp:
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Cac dic diém gém cach su dung, uu
nhugc diém cua timg loai phuong tién bao vé
ho6 héap cho trong Bang 1. Tir d6, ta co thé lya
chon thiét ké phu hop cho timg myc dich st
dung. Bai bao nay nghién ctru thiét bi bao vé
dudng h6 hap cho nhan vién y té trong moi
truong song, sinh hoat, moi truong lam viéc
va mot sO truong hop trong cham soc y té cho
bénh nhan, dat ra cac yéu cu vé su thoai mai
va linh hoat ciing nhu tranh lay nhiém chéo
siéu vi, nAm, ché tao tai chd, tai st dung, c6 ap
luc duong va khi can, co thé nbi may CPAP, c6
thé do gidc ngti wifi trong nghién ctru gidc ngu,
10ng ghép tai nghe dé lién lac interphone,...

Dya trén mit na nea mat dan hoi
(EHMR), mdt na thé ntra mat chu dong
(AHMR) dugc thiét ké kin va duoc lam bang
vat lidu tong hop hodc cao su, néu lip cam bién
do CO,, n6i may CPAP ¢6 thé do giac ngu wifi
trong nghlen clru gidc ngu. Chung duoc thiét
ké dé tai su dung va co thé duoc 1am sach, khir
trung nhiéu 1an va dua vao hoat dong tro lai.

2.COSO LY THUYET
2.1. So d0 nguyén ly

Dua trén nghién ctru trude day vé [6, 7,
8,9, 10] va thiét bi co san trén thj trudong nhu
LG puricare, Razer mask project, Atmoblue,
Deluxe, Binatone MaskFone, bai bdo nay trinh
bay mot thiét ké cia AHMR trong linh vuc
cham séc strc khoe nhu so d6 nguyén 1y trong
Hinh 2.
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Hinh 2. So' d6 nguyén Iy mdt na thé chii dong

Khic voi khau trang thong thuong,
thiét ké dugc tich hop hai mang loc HEPA 3M
thuong dugce st dung trén may loc khong khi
gia dinh, c6 kha nang chan cac chat doc hai nhu
bui min, vi rat, vi khuan va cac chit doc hai.
Hai quat bén trong cung cép ludng khong khi
sach lién tuc, cam bién ho hép duoc st dung dé
phat hién nhip thé (ngung thd khi ngu), va tu
dong diéu chinh toc d quat khi can thiét. Mat
na nay duoc cung cap ning lugng tir pin lipo
cho phép hoat dong lién tuc trong 4 gio' ¢ toc
d6 quat thip va 1 gid ¢ toc do quat cao. Tat ca
céc thanh phan chinh cia AHMR nhu miéng
bao vé, bd loc, bd loc bén trong, day deo tai va
kep c6 dinh déu co thé d& dang thao rodi hodc
thay thé. Mat na ciing c6 mot miéng bao vé mat
bang silicon dé bao vé khoi ro ri khong khi.

2.2. Loc nhiéu tin hi¢u dau vao

B¢ loc thong thép l1a bo loc cho tin hiéu
¢6 tan so thap hon tan s cit da chon va lam suy
giam tin hiéu c6 tan s6 cao hon tan sb cat. O day,
bd loc théng thip duoc ding dé loc bo tan sd
nhidu cua tin hiéu cam bién ap suat. Theo cong
thirc Hunter (1986), bing cach ap dung lap lai
cong thirc nay cho nhu'ng thoi diém khac nhau,
cudi cung ching ta ¢6 thé viét S, dudi dang tong
trong s cla cac diém dir liéu Y nhu sau:

X Ft_-_z + "'+ (1_ ﬂ:)kyt_k]
(1 - @)**1S; sy

Tham sb a dung dé hiéu chinh do nhay
cua bd loc thong thap.
2.3. Xac dinh tin s6 hd hip

Duya trén thoi gian hit vao, thd ra cua
nguoi st dung va data ap suat do dugc, tan so
hoé hap tic thoi duge xac dinh.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
Y8 TAP CHI CO KHI VIET NAM, S6 295, thang 10 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

2.4. B diéu khién PI fuzzy

Dua trén céu trac diéu khién cua PID,
bo diéu khién PI dugc sir dung dé diéu chinh
luu luwong dong khi, tuc tbe do cua dong co
quat. Trong cdu tric ciia bo diéu khién mo, dau
vao dau tién cta bo diéu khién mo 14 e, dugc
lam mo& bai 5 bo {NB, NS, ZE, PS, PB} va dau
vao thu hai 1a de, dugc [am mo bdi 3 bo {LOW,
MED, HIG}. Ham lién thudc cua cac tdp mo
dau vao dugc st dung 1a mgt ham Gaussian,
duoc dinh nghia boi:

(gi—=x)®

pi(x) =e 2%

voi ¢, va o, lan luot 1a toa do trong tam
va chiéu rong ctia tip mo. Mién cia cac bién
dau vao cua bd diéu khién mo duoc xac dinh
tiy thudc vao b didu khién PI cuy thé:
e € [—800,800], de € [0,100].

Céc dau ra cia bd didu khién mo lan
luotla K va K, duoc lam mo theo 5 b6 {VL, L,
MED, H VH}. Ham lién thudc cua tip mo dau
ra dugc st dung nhu mét tam giac, dugc xac
dinh boi:

0 x<a
¥ —a
a a<x<bhb
pa(x)=\%x—¢
b=x<c
b—rc
0 cC>x

véi a, b, ¢ 1a toa do ba dinh cua tap mo
tam giac A’ tvong tng. Mién cua cac bién dau
ra {K , K} cua b diéu khién md dugce x4c dinh
xung quanh gia tri {K } dat duogc, cho

) P_ZN’ 1 ZN
boi:
<
aKP ZN - P - BI<17ZN
<
(X'KI ZN P - B KT_ZN

v6i (o, B) 1a cac hé sb duoc xac dinh tuy
thudc vao timg ddi tuong diéu khién va duogc
chon sao cho khoang tinh chinh du rong dé tim
gi4 tri toi uu cho {K K} xung quanh gia tri
K, K ZN} Trong mau médt na thu nghiém &
nghién ctru nay, a=0,1 va p = 5.

2.5. Thiét ké hé thong dién

Hé théng dién bao gom: (1) Khdi vi
diéu khién chiu trach nhiém diéu khién hoat
dong cua thiét bi; (2) Khdi ngudn sir dung pin
2s v6i mach sac va quan 1y pin cung cp ngudn
7,4V t6i 8,4V thong qua on ap vé 5V va 3V cap
ngudn cho vi diéu khién va cam bién, thong qua
mach tang ap 12V cdp ngudn cho driver diéu
khién quat; (3) Khdi cam bién gdbm cam bién
ap sudt, nhiét do thu s6 liéu ho hap, tir 46 qua
mach chuyén ddi dién ap cung cip tin hiéu sd
cho vi diéu khién qua cong giao tiép 12C; (4)
Khéi driver dugc cung cép mach dém bao vé vi
diéu khién khoi chénh léch dién ap va dam bao
chiéu tin hiéu, dong thoi tin hiéu phan hdi duoc
tra vé bo didu khién cua vi diéu khién. Ngoai
ra, con c¢6 khéi twrong tac ngoai nhu nat nhan va
khéi nap sir dung giao thirc nap ICSP.
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Hinh 3. So dé khoi hé thong dién

3. KET QUA MO PHONG VA THUC
NGHIEM

Két qua thiét ké mo phong va thuc
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nghi¢m mat na trén thuc té dugc thé hién trén
Hinh 4.

Hinh 4. Thiét ké 3D va thuc té ciia mdt na thé
chu dong

3.1. Thue nghiém diéu khién PI fuzzy

Dap tmg cua bo dicu khién duoc thé
hién trong hinh vé&i nhiéu duge thém vao moi
gidy ty 1¢ phan hoi khao sat. Ty 1¢ dap tng dat
yéu cau tdc do dap tmg di nhanh dé cung cap
khi thé v6i nhip ho hip trung binh cta ngudi
16n 14 2+3 gidy mdi nhip hay 1520 nhip trén
phut nhu ¢ Hinh 5.
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Hinh 5. Thyc nghiém bo diéu khién PI fuzzy

3.2. Thuwc nghiém mdi quan hé giita lru
lwong va toc dd quat

Cam bién ap sudt va luu luong duoc
dung tinh toan tan s6 hod hap va luu lugng khi
ung voi tung thoi diém nhat dinh. Két qua cho

bdi Hinh 6.

Tir két qua thuc nghiém, ta ¢6 ham lién
hé:

Quat trai:
Flow =0.0739 x PWM - 5.5933
- Quat phai:

Flow = 0.074 x PWM — 6.0305
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Hé thdng diéu khién dam bao dap ung
luu lwong 5170 lit/phat, bo didu khién PI
fuzzy dap tng tot chu ky thd dong va luu lugng
can thiét theo chu ky thd ctia nguoi ding.

Rsistionship betwesn pwm and flow

Fiw

Retstionchip betwesn pwm angd Now

L
306 1= [ = == -l

2l

Hinh 6. Két qud thyc nghiém lién hé luu luong va
toc do quat

3.3. M6 phong va thir nghiém b¢ loc thong
thap va tinh toan nhip thé

Dé dam bao tinh todn diéu khién hé
thong, cac mo phong sir dung cong cu Matlab
dugc tién hanh (Hinh 7). Vé6i sb liéu thuc
nghi¢m tr mat na in 3D dugc nhap vao Matlab
dé tinh toan hé sd loc tap am a=0,01 thi viéc loc
toan bo thong tin tan sb ho hap 1a dat yéu cau.
Cu thé 14 phan biét dinh th va dinh hit vao cta
chu ky tho. Tir két qua do, ta dua vao tinh toan
duoc tan sd ho hép tic thoi ctia ngudi str dung.

e
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Hinh 7. Két qua mé phong va thir nghiém bé loc
thong thap va tinh toan nhip tho

4. KET LUAN

Trong nghién ctru ndy, bai toan thiét ké
va diéu khién thiét bi bao vé duong ho hip ca
nhan (AHMR) duoc trinh bay. AHMR bao gém
quat kép tu dong v6i bo diéu khién diéu phu
hop vé6i nhip thd cia nguoi dung nho cam bién
lru lwong va ap sut trén mit na. Khong khi hit
vao dugc loc hiéu qua bé'mg bo loc HEPA 3M
va c6 thé thay thé sau thoi gian sir dung. M6
hinh mat na cha dong loc khi di duoc thiét ké
va thir nghiém cho thay thiét ké dap ing co ban
vé chirc nang dé ra. Hé théng diéu khién dam
bao luu lugng 5+170 lit/phat dap tung tét theo
chu ky thé ciia nguoi dung. Nghién ctru van
dang duoc tiép tuc hoan thién tai DCSELab.

Lo1i cam on:

Nghién ctru nay duoc tai tro bdi Pai hoc
Qudc gia TP. H6 Chi Minh trong khuén kho Dé
tai ma s TX2022-20b-01. Chang t6i xin cam
on Phong Thi nghiém Trong diém Diéu khién
s6 va K¥ thuat H¢ théng, Truong Pai hoc Bach
khoa, Pai hoc Quéc gia TP. Ho Chi Minh d4 hd
trg thoi gian, phuong tién va co sé vat chat cho
nghién ctru nay. <+
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