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TOM TAT

May trg th hién nay dang rat dugc cha trong trong viéc nghién ciru va san Xuat nham
phuc vu qua trinh diéu tri cho cac bénh nhan gap kho khan vé ho héip va cac bénh nhan bi
nhiém virus COVID-19. Trong nghién ctru ndy, may tro thd dugc ché tao dua trén nguyén ly
clia cac may trg tho thong thudng, nhung né dugc cai tién mot sb tinh nang cho phi hop Véi
moi ddi twong. Tan s6 bop bong ciia may tro the co thé thay doi trong pham vi rong tir 12 dén
40 lan/phut, ty 18 I:E t6i da bang 1:4 phi hop vé6i ca bénh nhan thong thudng va bénh nhan
nhiém COVID-19. Thiét ké co khi ciia canh tay kep bong dugc mé phong dua trén hoat dong
clia tay ngudi, luc bop dén tir hai phia mit bong Ambu nén khong bi bién dang nhiéu, téc do
bop bong nhanh, ¢6 thé diéu chinh lugng khi cung cap cho bénh nhan theo y mudn. Mach diéu
khién str dung board Arduino lam trung tim diéu khién nén d& dang phat trién thém chtc ning
méi. Ngoai ra, san pham trong nghién ctru nay duoc tich hop thém cam bién do nhip tim, diéu
nay lam tang hi¢u qua giam sat va cham s6c bénh nhan.

Tur khoa: Trg thd, bop bong Ambu, may trg thg, COVID-19.

1. GIOI THIEU

Hién nay, co rat nhiéu truong hop bénh nhan can phai duoc trg the dé duy tri sy séng
nhu truedng hop bénh nhan dwoc cip cau khi bi tai nan, trong qua trinh phau thuat, bénh nhan
trong qua trinh hdi sirc, bénh nhan bi suy ho hap, bénh nhan nhiém COVID-19 [1]. i vai
nhitng truong hop bénh nhan can bop bong trg tho trong mat thoi gian ngan thi cac y ta, bac
sT hay nguoi nha bénh nhén c6 thé tu thuc hién thao tac bép bong trg thd cho nguoi bénh,
nhung doi véi nhiing truong hop can duy tri tro tho trong mot thoi gian dai va lién tuc thi kho
dam bao duge. Ngoai ra, nhimg trudng hop ma bénh nhén bi méc cac bénh truyen nhiém, dé
lay lan qua duong ho hap, tiép xtic ngoai da thi viéc dé mot ngudi tryc tlep hd trg ho hap thi
that nguy hiém, hay truong hop bop bong tro thd khong ding tan suit ho hap, didu nay co thé
khién nguoi bénh hozc khong du oxy dé ho hap hoac bi tran 0xy qua nhiéu vao phdi [2], ca 2
truong hop nay déu rat nguy hiém. Chinh vi vay, viéc sir dung mét chiéc may trg tho 1a diéu
tat yéu can thiét. Viéc bénh nhan duoc trg thé véi cudong do ho hap thich hop s& giup ho mau
chong hdi phuc sic khoe. May tro thd khong nhitng giai quyét nhitng kho khin trén ma con
gitip tiét kiém tien bac, thoi gian, cong sirc cho ngudi nha bénh nhan. Tuy nhién, hién nay may
trg tho trong cac bénh vién con han ché do gia thanh cao va thudng phai thué thém tir cac co
sy té tu nhan va ciing chua c6 may chuyén dung cho bénh nhan nhiém COVID-19. Viéc
thiéu hut may tro tho trong thoi diém dich COVID-19 1a nhimng thach thic Ién ma cac y bac
sT phai d6i mat va dang nd luc tim ra giai phap cho tinh trang thiéu méay thd trén toan cau.
Riéng tai Hoa Ky, cac y bac si dang 1am viéc tai tuyén ddu chong dich da 1én tiéng bao dong
vé tinh trang khan hiém d6 bao ho y té va trang thiét bi diéu trj bénh nhan COVID-19, dic biét
1 tinh trang thiéu may thd. Theo 6ng Marney Gruber, bac si lam viéc tai nhiéu phong cap ctu
& thanh phd New York, cho biét cac loai thudc dang can dan gdm midazolam va fentanyl, day
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14 2 logi thudc can ding dé diéu trj nhiing bénh nhéan da bj viém phdi ngng va phai c6 may thd
ho tro ho hap [3]. Vi vy, muc tiéu ciia nghién ctru 1a thiet ke ra may tro tho voi chi phi tot dé
dap tng cho nhu cau cua bénh nhan va cé thé thich hgp dung dieu tri cho bénh nhan nhiem
COVID-19.

2. NGHIEN CUU NGUYEN LY BOP BONG TRQ THO CHO BENH NHAN

Bong Ambu 1a mét trong nhitng dung cu khong thé thiéu trong qué trinh hdi stc cap ctu,
viéc str dung bong Ambu mét cach hiéu qua 1a budc quan trong nhat trong qua trinh cp cau
nhitng bénh nhan cé tinh trang suy ho hap nang, tha cham hoac ngung tho, nan nhéan duge gy
mé. Pé tro thd cho bénh nhan diing cach ta phai luu ¥ nhing diém sau:

- Thoi gian cho mdi chu ky bop bong thuong tir 1,5 gidy dén 5 gidy tng véi tan s bop
bong tir 40 lan/phat tre vé 12 lan/phtt [4].

- 'I:ﬁn s6 bop bong tuy theo lira tudi hogc cén ndng, dbi voi nguoi I6n va tré lon trén 15 kg
thi s0 lan bop bong tir 12 den 30 lan/phut, doi véi tré nho dudi 15 kg so lan bop bong tir 30
dén 40 lan/phtt.

- Ap luc bop bong: d6i vai tré so sinh va tré nho thi ap luc tir 15 dén 30 cmH,0, tré Ion
va ngudi 16N tir 30 dén 60 cmH20. Binh thuong ap luc bop bong 1a 40 cmH,0, bop bong déu
dan phu hop véi nhip tho cua bénh nhan, khong bop qua manh hay bop qua chdm. Bop bong
cho dén khi long nguc hay bung nhé 1én 1 cm dén 2 cm 1a du. Khi sir dung may bop bong can
phai dat méy cang gan bénh nhan cang t6t, dé ngan chan tinh trang tai tao khi CO2 do dudng
ong dan khi dai. Qua cac thong tin trén ta chi can luu ¥ dén cac théng s nhu tan sb, thoi gian
va ap luc [5].

- Ap suit tdi da tai duong the Pmax = 40 cmH.0.
- Tdc d6 ho hap tdi da Rmax = 40 lan/phut.

- Ty 18 I:E biéu thi ty 1é cia mdi chu ky hoi thé danh cho giai doan hit vao va tho ra. Thoi
gian cua mdi giai doan s& phu thudc vao ty 1& nay két hop vai toe dd ho hip chung. Tong thoi
gian cia mot chu ky ho hip duoc xac dinh bang cach 13y 60 gidy chia cho téc do ho hip. Thoi
gian hit vao va thoi gian thé ra sau d6 duoc xac dinh bang cach chia nhé chu ky ho hap dya
trén ty |& da thiét 1ap [6]. Ty Ié I:E cua bénh nhan binh thuong duoc thé hién trén Hinh 1.

Ché do tro thé tiéu chuén thuong st dung ty 16 I:E 13 1:2, hodc cao dén 1:3 hoic 1:4 trong
mot sé truong hop nhat dinh. Trong nhitng truong hop nay, giai doan thé ra duoc dét 1au hon
giai doan hit vao dé bat chudc gan giong nhip tho sinh 1y binh thuong. Ta chon truong hop
nguy hiém nhat ddi vi bénh nhan mac COVID-19 véi ty 1¢ |:E = 1:4 [7]. Vay thoi gian mot
chu ky hé hip s& duoc chia thanh 5 phan bang nhau. Thé tich khi luu thong trong mot lan hit
vao va thd ra binh thuong: Vimx = 800 cm?. Trong trudng hop t6i da, dong co can phai nén
khong khi & 4p suat 40 cmH.0 trong khoang thai gian:

60 60
thit = @ = (“5—") = 0,3 (gidy) )

Tuy nhién, mdt phan cong sudt duoc sir dung dé bép bong bi mat do bién dang tui, ma
sat va hily uée tinh rang chi khoang hon 50% duoc chuyén d6i thanh cong suit. Dua vao nhiing
yéu t6 veé thiét ké co hoc cuia b kep bop bong, cong sudt ngd ra can thiét dé co thé bop duoc
bong Ambu con phu thudc vao cac dai lugng sau:

- Tan s6 bop bong tdi da tng véi toe do ho hap tdi da Rmax = 40 lan/phut.
- Ap suét tdi da tai duong thd Pmax = 40 cmH,0.
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- Ty I¢ I:E & muc cao: I:E = 1:4.

- Lugng khong khi t6i da cung cap Vmax = 800 cm?.

- Dién tich tiép xuc t6i da cia mot bén tay kep voi bé mit bong Ambu Amax.
- Chiéu dai mot bén tay kep hiay.

- Goc quét mot bén tay kep Osweep.
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Hinh 1. Ty I¢ I:E cta bénh nhan binh thuong [8]

Tir cc thong sb trén ta tinh duoc:

Thoi gian bop bong t6i da trong 1 chu ky (gidy) dugc tinh nhu sau [7]:

60

= R0 Emar @)
Luc ép bong cua mét bén tay kep (N) dugc tinh nhu sau [7]:

F = Amax - Bnax ®)
Maé-men xoin (Nm) dugc tinh nhu sau [7]:

T=F higy - sin(asweep) 4)
Cong suat can thiét dé canh tay bop bong (W) duoc tinh nhu sau [7]:

Pray = 2T Wiqy = 27 ( ) 5)

Tuy nhién, mot phan cong suit duoc sir dung dé bop bong bi mét do bién dang tai, ma
sat va hay udc tinh rang chi khoang hon 50% duoc chuyén doi thanh cong suat. Tir ddy ta can
chon dong co c6 cong sut:

dc = 2Pray (6)
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3. THIET KE CANH TAY VA VO MAY

Cénh tay kep bop bong duoc lay y tuong tir hinh dang ciy kéo voi phan kep duoc bé
cong ra ngoai. Canh tay kep hoat dong nho vao mot con doi hinh bau duc ndi véi dong co DC
thong qua cac banh rang puly va day curoa. Khi con dgi quay s€ lam phan can cua canh tay
dugc mo rong ra va khép lai, luc nay phan kep nguoc vai phan can sé khép lai va mo rong ra.
Nho nguyén 1y nay ma con ddi chi viée xoay tron 1a dé co thé khién cho canh tay kep hoat
dong. Bé glam ma sat giira con doi va canh tay thi ¢ 2 dau cua con doi da duoc gan thém 2
banh xe bang nhua.

Nguyén nhan chon thiét ké tay bop bong theo kiéu trén 1a vi tbe d6 dong co st dung cho
may chi 1a 27 vong/phat. Nhung nho thiét ké kiéu nhu vay thi khi dong co quay dugc nua
vong la da xong mot chu ky bop bong. Nhu vay s6 lan bop bong s& nhanh gap doi s6 vong
quay cua dong co c6 thé 1én toi 54 lan. Nhung trén thuc té do ma sat va két cau co khi thi do
dugc khoang 50 lan bop bong trong mot phut. Trude khi di vao thiét ké phan co khi cho may
trg tho, ta can biét nguyén 1y hoat dong cua may thong qua luu dd thuat toan ¢ Hinh 2.

Giai thich luu dd thuat toan: Khi bat cong tic ngudn, may s& tu khoi dong vé vi tri sin
sang hoat dong tam goi la vi tri Home. Khi da khoi dong xong, méy s&€ cho cho nit Mode dugc
nhan. Sau khi nat Mode duoc nhan lan 1, thi s& vao chon ché d6 hoat dong ctiia may 1a (1) hodc
(2) twong ung véi I:E =1:2hogc LE=1 4 dong thoi s& hién thi ra man hinh quan sat. Dé chon
ché d6 dang hién thi trén man hinh thi ta nhan tiép nit Mode dé sang chon tan s6 bop bong.
Dé chon tan s bop bong dang hién thi trén man hinh, thi ta nhan nat Start. Khi niit Start dwoc
nhan, hé théng s& dira vao ché do I:E dang chon dé tinh toan thoi gian bop bong (T _kep) va
thoi gian nha bong (T_nha). Ngay sau do, canh tay bop bong s kep vao, thoi gian bat dau
dugc dém cho dén khi 16n hon thoi gian T kep thi canh tay nha bong va thoi gian bét dau dém
lai cho téi khi 16n hon thoi gian T_nha. Vong tuan hoan duoc 13p lai lién tuc cho téi khi nut
Stop dwoc nhan thi canh tay kep dirng lai va quay lai lac hé théng khéi dong vé Home. Tit
cong tic nguodn, may ngiing hoat dong.
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Khdi tac hé théng
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:

Géa d& bong Ambu

h |
|
E Gé d& bong Ambu <
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Hinh 5. Ban vé ga do tay kep va bong Ambu

Phan khung may ¢ hinh hp chit nhat va dugc lam bang van ép nham tién cho viéc thay
doi thiét ké mot cach dé dang va nhanh chong. Trén khung, & mat trudc dugc bb tri cac nat
diéu khién bao gom nat nhan STOP, MODE va START, mot bién trér dé diéu chinh s6 Ién bop
bong ciia may, mot man hinh LCD hién thi cac thong s6 va dir liéu va c6 mot cong két nbi V6i
cam bién nhip tim. Mat hong tréai dugc bé tri mot cong két ndi ngudn 12VDC va mot cong tic
nguon. Mat sau nam gan dong co DC nén duoc gin thém mot quat lam mat phia bén trong,
hut gi6 tir phia ngoai thong qua cac khe ho thdi vao 1am mat cho dong co DC. M6 hinh méay
tro tho hoan chinh dugc trinh bay ¢ Hinh 6.

Hinh 6. Hinh anh thyc té may trg thd

4. SOPO KHOI CHUC NANG MAY TRQ THO BPUQC BPE XUAT

Adapter 12V

T N

Y , . . Driver H -
Céc nat nhan | | Ha ap 5V Quat lam mat BTS7960

I

Arduino Péng co DC
//N\

Cong tic o L,

hanh trinh CB nhip tim LCD Bién tror

Hinh 7. So db két néi cac khéi chirc ning
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Khéi cac nat nhan START va STOP ¢6 chire ning gui tin hiéu cho Arduino biét 1a cho
phép méy chay hay 1a dimg; nat nhan MODE dung dé chon ché d¢ I:E 1a “1:2” hay “1:4”. Bién
trg co chirc nang diéu chinh s lan bop bong bang cach giri vé Arduino mot dién ap 0-5VDC,
tir 46 Arduino s& quy doi ra sb lan bop bong tuong @ng véi diy dién ap nhan dugc. Cac cong
tac hanh trinh s& cho biét vi tri trong d6i ciia canh tay bop bong 1a kep hay ma. Khdi driver
diéu khién dong co co chirc ning nhan xung diéu khién tir Arduino dé diéu chinh cho dong co
DC chay va diéu chinh toc d6 dong co DC. Khéi hién thi LCD c6 chtic niang 1a hién thi cac
thong tin tir Arduino dua Ién. Khdi diéu khién trung tdm Arduino & Hinh 7 chinh 13 c4i nhan
clia may trg thé nd s& nhan cac tin hiéu diéu khién va xir 1y dé dua ra tin hiéu xuit 1én man
hinh LCD va diéu khién khéi driver.

Ta c6 mdi quan hé giita “nhip ho hap: nhip tim” 1a khoang “1:4”, diéu nay c6 nghia la
v6i mdi hoi thg, tim s& dap 4 1an [9]. Cho nén cam bién nhip tim duoc thém vao dé gitp cho
nhitng ngudi chim soc bénh nhan c6 thé theo doi dwoc mot phan nao tinh trang sic khoe cua
bénh nhan, nhim c6 thé diéu chinh may trg thé & cac mirc phi hop véi tinh trang hién tai. Cam
bién do dwoc nhip tim trén Hinh 8 14 nhd vao sy hap thy quang hoc cua mau. Khi tim bop mau
s& dugc day di luu thong khap co thé, chinh lic nay cac té bao mau s& tap trung nhleu tai cac
dau ngoén tay. Luc nay cam bién s& nhan dién duoc va tao mot xung nhip truyén vé giao tiép
v6i Arduino [10]. Luu d thuat toan diéu khién cua canh tay duoc trinh bay trén Hinh 2.

Dang xung

diode quan
LED qmane

— N

Téng quan vé cim bién quang phé

Phit hién quang

Module cim bién quang phé

Binh
tim I]lu Tung

\\ \/\

tam trieong

] F

Hinh 8. Cach cam bién nhip tim hoat dong [11, 12]
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Bdng 1. So sanh tinh ndng may trg thd cia nhom tac gia véi cic phién ban trudc

May trg thé cua nhoém

tac gid May tro tho [14] May tro tho [13] May tro tho [15]
Tan s6 bop .
bone (ldn/phiit) 12 - 40 12-20 Chua rd 17-23
Ty Ié I:E tdi da 1:4 1:3 Chua 16 Chua 16
Chtrc nang khac|  Theo d&i nhip tim Khéng co Khong co Khoéng co
Co khi bop - Dya trén m6 phong tay| - Bop bong thong qua di| - Bop bong thong qua | - Dya trén mo phong tay
béng ngudi. Luc tic dung déu|chuyén tay kep t6i lui | con di tac dong 1én ngudi. Lyuc tac dung déu
tr 2 phia mat bong trén tryc vitme lam giam| canh tay don. Luc tic | tir 2 phia mét bong
Ambu khf)ng bi bién toc do, b(’)ng Ambubi |dung tor mot phia lam | Ambu khéng bi bién
dang nhiéu; bién dapg Ve mot bén; béng Ambu bién dang dang nhiéu;
- Toc d6 dap tng nhanh;| - C6 thé dieu chinh vé mot bén; - Toc d6 dap ng nhanh;
- C6 thé diéu chinh luong khi cung cap. - Téc do dap Gng nhanh;| - C6 thé diéu chinh

luong khi cung cép. luong khi cung cép.

- Khéng diéu chinh
dgqc lugng khi cung
cap.

5. KET LUAN

Trong nghién ctru nay, nhom tac gia da ché tao mo hinh may trg thé c¢6 kém thém chic
nang do nhip tim, déy la diém ndi bat cua no so véi nhitng may tro th hién nay. Nghién ctu
da duara giai thuat diéu khién canh tay bop bong sao cho nhip thé do canh tay tao ra gan giong
Vi nhip tho sinh 1y binh thudng. Cé thé chon ché do trg the riéng cho bénh nhan COVID-19
véi ty 16 TE 1a 1:4.

Qua trinh thtr nghiém mo6 hinh hoat dong lién tuc trong mot ngay va dugc lap di lap lai
nhiéu 1an da cho thiy may hoat dong tét, dung véi ¥ tudng va thiét ké ban dau dé ra. May do
duoc nhip tim cia bénh nhan va hién thi 1én LCD, nit MODE cho phép chon ché d6 st dung
phti hop cho timg dbi twong. Ngoai ra, bién tro dung dé chinh sé nhip thd phu hop cho tinh
trang cua tirng bénh nhan va sé nhip tho cling dugc hién thi 1én LCD dé ngudi cham soc bénh
nhan d& dang giam sat. May duoc thiét ké co hé thong giai nhiét t6t giup mady hoat dong trong
thoi gian dai ma khong bi nong. Gia thanh san xuat thap hon thi truong rat nhleu nén dé dang
thuong mai thanh san pham thyc té phuc vu cong dong. Tuy nhién, san pham van con mot vai
nhuoc diém can cai thién truée khi duge dua vao thuong mai hoa nhu phan vé hop nén thiét
ké lai va thay thé vat liéu g bang vat liéu kim loai thi may s& hoan thién hon.
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ABSTRACT

RESEARCH ON DESIGNING THE VENTILATOR

*

Tran Trong Hieu, Nguyen Hoang Anh Vu, Le Thanh Toi
Ho Chi Minh City University of Food Industry
*Email: toilt@hufi.edu.vn

Ventilators are currently very focused on research and production to serve the treatment
process for patients with respiratory difficulties and patients infected with the COVID-19 virus
in particular. In this study, the ventilator is fabricated on the principles of conventional
ventilators, but it is improved in a number of features to suit all subjects. The frequency of the
ventilator can vary widely from 12 to 40 beats/min, and the maximum I:E ratio (equal 1: 4) is
suitable for both normal and COVID-19 infected patients. Mechanically, the arm of the
machine is simulated based on the human arm, the squeezing force comes from both sides of
the Ambu ball so it does not deform much, and the squeezing speed of the machine is fast,
which can adjust the amount of air provided to the patients. The ventilator in this study is
integrated an extra heart-beat measuring sensor, which is useful for caring and supervising
patients. In addition, our ventilator uses the Arduino board as a central control unit, so it is
easy to develop many new functions.

Keywords: Breathing aids, Ambu bag squeezing, ventilators, Covid-19.
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