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Thiét ké, ché tao thiét bi cam tay do ap luc ciia trang phuc 1én co thé nguoi

sir dung cam bién ap khi MPX10DP

Designing and Fabricating a Handy Instrument for Measuring Clothing Pressure on the Human Body

using MPX10DP Pressure Sensor
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Tom tat

B&o céo nay trinh bay két qua thiét ké va ché tao thiét bi cam tay cé kha ndng do ap luc cida trang phuc 1én
co thé ngudi str dung cdm bién MPX10DP. Thiét bj sau ché tao hoat dong dua trén khd ndng cdm nhén céc
&p lwc khi truyén tue ti khi téi cdm bién. Vi vay, thiét bj c6 khad néng do ép lwc cho céc bé mét khdng phéng,
bé méat cong nhw céc bd phan trén co thé nguoi. Thiét bi c6 kha ndng két nbi véi may tinh dé hién thi két qua,
Iwu triv di liéu théng qua két néi USB hodc Bluetooth bang phdn mém duoc xay dung trén méi trirong Window.
Thiét bj thtr nghiém sau ché tao duoc kiém chudn bdng ddng hé do 4p luc ALP K2 dang duoc st dung phé
bién trong cac may do huyét ap. Do chinh xac, dj tréi gia tri ap luc cda thiét bj trong qua trinh van hanh duoc
do dac va danh gia.

T khoéa: Ap lwc trang phuc, ap luc quan 4o bo sat, cdm bién ap khi.
Abstract

This research introduces the design and fabrication of handy instrument which can measure the pressure of
costume on the human body using a MPX10DP pressure sensor. The instrument operation is based on the
sensing capacity of gaseous pressure transferred from a small airbag to the pressure sensor. Therefore, the
device can measure pressure in many cases e.g. pressure applied to curvy surfaces like human parts. The
device can communicate with a homemade software on the computer to display and record measured data
via USB or Bluetooth communication method. The prototype device is calibrated by a pressure gauge named
ALP K2 which is frequently used on commercial blood-pressure monitors. Finally, the accuracy and the data

shift of the device during the operation is investigated and discussed.

Keywords: Clothing pressure, garment pressure, force sensors, force sensing resistors.

1. Pit van dé

Trong qué trinh méc, quan 4o luén gay mot ap luc
1én co thé ngudi. Ap luc ndy c6 thé c6 tac dung chinh
hinh co thé, dem dén cam giac thoai mai tién nghi khi
mdc, tang cuong kha nang van dong, phong chong cac
bénh gidn tinh mach va hd trg diéu tri sau phau thuat
nhung nguoc lai ciing c¢6 thé dem dén cam giac kho
chiu cho ngudi méc néu gia tri ap luc vuot qué ngudng
chiu dung tdi da cua con nguoi. Viée xac dinh ap luc
ctia trang phuc 1én timg ving co thé, 1a co s cho cac
nha thiét ké Iya chon nguyén liéu, két cAu san pham,
tinh toan kich thudc cac chi tiét pht hop véi muc dich
st dung trang phuc.

Hién nay trén thé gi6i c6 nhiéu phuong phép khac
nhau dé xac dinh 4p luc cta trang phuc 1én co thé nguoi
mdc trong qua trinh st dung. Trong d6 phuong phap
mo phong ap luc [1, 2], tinh toan &p luc [3] va phuong
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phap do dac truc tiép bang vi€e sir dung cam bién luc
[4, 5] dugc ap dung kha pho bicn.

Phuong phap mé phong va tinh toan ap lyc cua
quan 40 1én co thé nguoi trén cac phan mém may tinh
dua trén co s& md phong hinh dang bé mit va cau tric
co thé nguoi, mo phong cac dac trung co hoc cua vai.
Phwong phap nay rat phirc tap, doi hoi nguoi dung can
phai ¢6 chuyén mén cao, thiét bi va phin mém may
tinh chuyén dung.

Vi phuong phap do truc tlep, phin 16n cac thiét
bi déu str dung cam bién lyc dé do ap lyc cua trang
phuc 1én co thé. Cac cam bién Iyc duoc gin tryuc tiép
vao 10p giita co thé nguoi va trang phuc hodc 16p gitra
trang phuc va bé mit ma-no-canh. Gia tri dwoc hién thi
tai ting vi tri do, tir 6 ta c6 thé xay dung duoc biéu
d6 ap lyc cta trang phuyc 1én timg ving co thé ngudi
mac.
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Nghién ciru trude ciia chung toi st dung cam bién
Flexiforce ciia hing Tekscan Hoa Ky dé thiét ké ché
tao thiét bi do ap luc cua trang phuyc 1én co thé nguoi
[5]. Tuy nhién, thiét bi nay c6 han ché trong viéc do ap
luc 1én cac bé mit khong phang hodc mit cong ciia co
thé do cam bién Flexiforce chi hoat dong voi ap lyc dat
vudng goc véi bé mdt cam bién. Chinh vi vay trong
nghién ctru nay, ching toi sir dung cam bién 4p khi
MPX10DP cuia haing NXP USA Inc. san suat tai My dé
thiét ké, ché tao mot thiét bi mai c6 kha ning do ap luc
1én bé mat cong nhu bé mat cac bd phén co thé nguoi
tdt hon. Cac cam bién nay cd do nhay, do chinh xac
cao va On dinh trong qua trinh sir dung nén két qua thu
duoc hoan toan phu hgp véi cac nghién ctru trude day
vé do ap lyc cua trang phuc 1én co thé ngudi. Dé hién
thi két qua do, chung t6i da thiét ké mot phin mém
chay trén moéi truong Window dé biéu dién va luu dir
liéu do thanh cac dinh dang chuan c6 thé xir Iy bang
cac phan mém Orgin hodc Excel. Thong sb ki thuat
ctia cam bién MPX10DP dugc trinh bay trong Bang 1.

Bang 1. Cac thong s6 ky thuat cia cam bién
MPX10DP

3-6V

<+ 2.5% toan dai, cam bién
da dugc tinh chinh, 80% tai
<0.1% toan thang

~0% trong 15 phut do dau
tién. Sau 15 phat, gia tri ap
luc bi tréi 16n nhét 1a 2.6%
khi do lién tuc tai mot diém
4p sudt trong 2 gid.

Dién &p hoat dong

Do lap lai két qua do

o tré

Do troi theo thoi gian

Thoi gian dap tmg <1 msec
Nhiét d6 hoat dong -40 °C - +125 °C
Do nhay 3.5 mV/kPa
. 0 +14.67 kPa twong duong
Dii lye do 0+110 mmHg

2. Thiét ké thiét bi do ap luc sir dung cim bién

2.1. Thiét ké mach xi ly tin hi¢u dp lyc cia quan do
bo sat lén co thé nguwoi

Maodun
Khuéch Bai
Cam Bién
Ap Suit

Khdi Din
Truyén Ap Khi

Khoi Két Noi
Blugtooth

Khéi Biéu

Khbi Hin Thi
Khién LCD

Khéi Két Néi
USB

May Tinh

Hinh 1. So dd khbéi chic ning cua
mach xir 1y tin hi¢u.

Mach xtr 1y tin hiéu ap lyc cua quan 4o bo sat 1én
co thé nguoi duge xay dung dya trén 3 khdi chire ning
chinh duoc biéu dién nhu trén Hinh 1. Ba khéi chitc
ning bao gdm: khéi cam bién, khdi didu khién va khbi
hién thi. Khéi cam bién gém cac éng day truyén dan

khi khéng gidn nd dé truyén dén 4p luc tir quin 4o bo
ti cam bién ap suat. Tin hiéu dién 4p sinh ra trén cam
bién 4p suét (thay d6i tuyén tinh theo sy thay doi cua
ap suat) dugc khuéch dai va chuyén doi sang dang tin
hiéu s bﬁng mot md-dun khuéch dai. Dir liéu dang )
nay duoc ghi nhan va bién ddi nguoc thanh gia tri ap
suat thong qua khdi diéu khién. Gia tri 4p suat nay
dugc hién thi trén man hinh LCD hodc hién thi trén
may tinh thong qua cic két ndi nhu USB hoic
Bluetooth. So d6 ghép ndi cac mo-dun trong mach xir
ly tin hiéu ap lyc dwoc biéu dién trén Hinh 2. Trong
6, khéi diéu khién chinh cta thiét bi la mot mach
Arduino Uno R3. Cam bién ap sut duoc chon la
MPX10DP. Tin hi¢u dién ap tir cam bién ap suét dugc
khuéch dai va chuyén ddi sang tin hiéu s6 qua mo-dun
ADS1115. Do hoat dong cia cam bién 4ap suit
MPX10DP phu thudc vao nhiét dd moi truong bén
ngoai nén mo-dun cam bién nhiét 36 DHT11 duoc lya
chon dé kiém tra thong s6 moi truong bén ngoai. Man
hinh hién thi duoc lwa chon 1a man TFT 1,8”. Md-dun
Bluetooth HC05 dugc lya chon dé dong bo dir lidu véi
may tinh. Ngoai ra, thiét bi hoat dong véi nguén dién
9VDC dugc cung cap béi mot vién pin xac vudng 9V.

9V DC
BATTERY

ADSIT115 UusB
ARDUINO
UNOR3
—_—
DHT 11 HC 05

Hinh 2. So dd khdi ghép ndi cic mo-dun,
linh kién mach xtr 1y tin hi¢u.

2.2. Xdy dung dwong dic tuyén giiva tin hiéu cim
bién va ap suat
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Hinh 3. Budng dic tuyén tin hi€u cam bién va ap suat.



Tap chi Khoa hoc va Céng nghé 133 (2019) 045-052

Puong dic tuyén giira tin hiéu cua cam bién ap
sudt hay con goi 12 d6 chénh léch dién ap v6i do chénh
1&ch ap suét dugc biéu dién trén hinh. Theo duong dac
tuyén nay, do chénh léch 4p suat va tin hiéu cam bién
la cac ham tuyén tinh va phu thudc nhiét d6 moi
truong, duge khao sat tir -40 °C dén +125 °C. Do chénh
léch dién 4p 16n nhit ma cam bién c6 thé ghi nhan 1a
60 mV tuong ing véi gia tri chénh 1éch ap suét 1,4 PSI
0 nhiét d6 -40 °C. Vi nhiét do 25 °C, d6 chénh léch
ap luc 16n nhét c6 thé ghi nhan dugc 1a 1,3 PSI. Nhu
vay, dé xay dung duoc mot duong dic tuyén hay mot
phuong trinh duy nhét giita tin hiéu cam bién va do
chénh 1éch 4p lyc, thong s6 nhiét dd moi trudng can
dugc thém vao phuong trinh dic tuyén.

Do phuong trinh dic tuyén ciia cam bién ap suit
tai tung diém nhiét d0 1la cac ham myén tinh theo
phuong trinh y = b + ax. Theo nhu Hinh 3, ta c6 thé
thdy cac hé sd b va a ciia phuong trinh dic tuyén thay
dbi gia tri theo nhiét 46 moi trudng. Chinh vi vay, dé
xdy dung mot phuong trinh duy nhét lién hé giira tin
hiéu cam bién va d6 chénh léch ap luc, cac hé sb a va
b cua phuong trinh dic tuyén phai 1a cic ham phu
thudc nhi¢t d6. Hinh 4 md ta sy phu thude cta cac hé
sbavabtr phuong trinh dac tuyén dén nhiét do moi
truong. Nhu vay, phuong trinh déc tuyén ciia cam bién
ap suét da tham chiéu thong s6 nhiét d6 moi trudng s&
c6 dang:
y={-0,76003 —0,00473T} + {0,03878 +1,59327E — 4T}x (1)
trong do, T 1a gid tri nhiét d6 moi trudong (°C) vax la

d6 chénh léch dién ap do dugc tir cam bién ap suat
(mV).
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Hinh 4. Sy phu thudc cia cac hiang sb trong phuong
trinh déc tuyén vao nhié¢t d0 moi trudng.
2.3. Thiét ké giao di¢n va chirc ning ciia phan mém
ket noi
Phan mém giao tiép véi thiét bi do ap luc quan 4o
v&i myc dich truyén nhéan thong so dicu khién nhu don
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vi do 4p luc két hop v6i hién thi va luu trir dit liéu ap
lyc theo thoi gian 1a mot san pham quan trong hd tro
qua trinh 14y dir liéu. Céc dit liéu ap luc theo thoi gian
sau d6 s& giup qué trinh phan tich va danh gia mau
duoc chinh xac va hi€u qua hon. Hién nay, c6 nhiéu
cong cu lap trinh cho phép xay dung cac phin mém
chay trén nén Window ciing nhu cac hé diéu hanh di
d()ng khac nhu Visual Studio IDE hodc Rad Studio

. Trong s6 d6, ngdn ngir Delphi nam trong bo Rad
Stud10 cho phép xay dung cac phin mém da nén tang
dua trén ng6n nglr Pascal quen thugc. Déy ciing 1a mot
trong nhiing cong cu pho bién nhat hién nay trong thiét
ké va lap trinh phan mém.

TRUGNG DAT HOC BACH KHOA HA NOI
VIEN DET MAY - DA GIAY VA THOT TRANG

PHAN MEM DO AP LUC CUA QUAN Ao
BO SAT LEN CO' THE NGUOT

WXucirkernor @ ovomee  THIET LAP: PRESSURE(kPa)
st

o1
sosfr 00000l boooooo00

zzzzzz

i 46: 2800 oC | dim: 5300 % | PRESSURE(a: 0000 k3

Hinh 5. Giao dién phin mém diéu khién
trén Window.

Phan mém két ndi thiét bi do ap luc dugc thiét ké
va xdy dung bang Delphi 10. Phan mém c6 kha ning
giao tiép vai thiét bi do thong qua cong USB hodc song
Bluetooth. Thiét ké giao dién cia phan mém dugc mod
ta trén Hinh 5. Pau tién dé két ndi phan mém véi thiét
bi do, céng két ndi “COM” can duge chon. Ngudi sur
dung c6 thé két ndi hodc ngat két nbi véi thiét bi sau
khi da chon céng két n6i. Do md-dun Bluetooth hoat
dong theo giao tiép Bluetooth serial port twong ty nhu
cac cong noi tlep khac nén nguoi sir dung co the chon
cac cong nbi tiép Bluetooth & day dé két ndi. Trong
muc thiét 1ap, nguoi su dung c6 thé lya chon don vi ap
luc ma minh mudn do. Sau khi Iya chon, don vi ap luc
nay s& dugc luu vao bd nhé trong cua thiét bi va tu
dong hién thi ¢ cac 1an do sau. P thi biéu dién sy phu
thudc gitra thoi gian va ap luc do dugc chiém 70% dién
tich hién thi cua chuong trinh. Cac gia tri do thuc té
dugc ty dong danh diu trén dd thi sau mdi 5 gidy.
Trong qué trinh do, ngudi sir dung co thé bo chire ning
tu d4nh déu hodc x6a dd thi bang cach nhép chudt phai
vao dd thi va chon muc tuong tng. Thanh trang thai
ctua chuong trinh luén hién thi cac thong 6 nhiét do,
d6 4m va ap luc méi nhit. Sau khi hoan tat qua trinh
do, cac dit liéu do duogc luu lai thanh hai t€p & dinh
dang .EMF va .TXT. Hinh anh di liéu do sau khi luu
dugc biéu dién trén Hinh 6. Dir lidu dang .TXT c6 thé
dugc mo va sir dung dé dang bang cac phan mém phan
tich, v& d6 thi nhu Excel, Origin. ..
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lomidity (¥) PRESSURE (25)

(b)

22 28,00 57.00 0.000

Hinh 6. Dt licu do sau khi luvu dudi dang
do thi (a) va dang text (b).

2.4. Pdnh gid dp chinh xdc ciia thiét b

Dé kiém chuan thiét bi, chung t6i sir dung ddng
hd do ap suat ALP K2 duoc ndi vai thiét bj do va mot
xilanh khi thong qua dng silicon. Sau khi thiét 1ap hé
nhu trén Hinh 7, khong khi duogc xi lanh bom vao thiét
bi theo timg 10 mmHg, doc theo gi4 tri trén dong hd
do 4p suét. Thiét bi dugc dit & thang do mmHg. Gia tri
ap suat hién thi trén thiét bj va phan mém trén may tinh
dugc ghi vao Bang 2. Phép do duoc lap lai 10 lan tai
mdi diém ap suét.

Hinh 7. Hinh anh kiém chuan thiét bi thir nghiém.

Bang 2. Gia tri 4p suat trén thiét bi trong 10 1in do &
cac diém ap suat khac nhau.

mHg
) 20 30 | 40 [ 50 | 60 | 70 | 80 | 90 | 100 110
Lan

1 20 31 | 41 | 48 [ 59 | 70 | 80 | 91 | 100 | 109
2 21 28 1 39 [ 50 | 59 | 71 | 82 | 88 98 110
3 18 31 | 41 | 50 | 60 | 72 | 81 | 88 | 101 111
4 22 32 [ 42 | ST [ 61 |71 |8 ]9 98 109
5 18 31 | 39 [ 51 [ 60 | 71 179 |92 | 102 110
6 20 32 140 | 49 | 62 ] 69 [ 79 | 91 98 110
7 20 31 | 41 [ 49 [ 61 | 72 | 82 | 88 | 101 109
8 20 30 [ 39 | 51 [ 58] 70 [ 81 | 92 98 110
9 18 30 | 41 | 51 [ 59 | 70 | 82 | 91 | 100 | 112
10 20 28 | 41 | 49 | 61 | 69 | 78 | 91 | 102 110

Sau khi xtr ly s0 liéu, ta c6 bang gia tri trung binh
va sai sO gia tri ap suat giira thiét bi do va dong ho ALP
K2 nhu trén Bang 3.

Bang 3. Gia tri trung binh ap luc trén thiét bi do va sai

S

O~ =

Tz | 20 (30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110
P |19.7 [304 404 [499 [60 [705 [80.6 [90.2 [99.8 [110
AP | 1,02 [1,12 [0,92 [0,92 [ 1,00 [0,0 [1.28 [1,36 [ 1,44 Jo,60
% 518|368 2,28 1,84 [ 1,67 [1.28 1,59 [1.51 [1.44 J0.55

Vé6i két qua nay, sai s6 16n nhit cia thiét bi v6i
ap suat 20 mmHg 12 5.18%. Sai s6 nay dudi 1% khi ap
suét dat 1én thiét bi 16n hon dat 110 mmHg, Tir gi tri
thu duogc tir bang trén, ta v€ dugc dd thi su phu thude
giita gia tri ap sudt do dugc trén thiét bi va trén dong
hd nhu & Hinh 8.

Qua trinh khao sat véi khi bom téi 110 mmHg
twong duong 14,67 kPa phu hop véi dai do cua cam
bién. Duya vao sé liéu do, db thi va duong hiéu chinh,
ta thay gi4 tri 4p suat do dwoc trén thiét bi c6 sy phu
hop tot v6i gid tri ap sudt do dugc trén dong hd ALP
K2 véi gia tri binh phuong hiéu chinh R = 99%.

2.5. Ddnh gid dj tréi két qud do ciia thiét bi

Dé khao sat do troi gia tri ap sudt cua thiét bi do.
Chung t6i khao sat sy thay d6i gia tri 4p suét cia thiét
bi trong 120 phut sau khi dat mot ap luc ¢b dinh 1én
cam bién. Ap luc ¢b dinh nay dugc tao ra boi quﬁn tat
mic trén mot thiét bi gia dui. Két qua dugc biéu dién
trén Hinh 9.
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Hinh 8. D thi so sanh gia tri ap suit do dwoc trén dong
ho ALP K2 va trén thiét bi do.
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Hinh 9. D4 thi sy thay doi ap luc theo thoi gian do
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Hinh 10. Thiét ké vo hop thiét bi va bd tri
cac linh kién.

Hinh 12. Anh chup h¢ thong thiét bi do 4p luc cua
trang phuc 1én co thé nguoi sit dung cam bicn ap khi
MPX10DP

1- Cam bién 4p khi

2- Khéi dan truyén khi

3- M6 dun khuyéch dai

4-Khéi didu khién

5-Déy két ndi Blutooth véi may tinh

6- Phan mém hién thi théng sb trén may tinh.

2.6. Hoan thi¢n vé hip thiét bi

V6 hop thiét bi duoc gia cong tir vo nhya pPVC
v6i kich thude 72x132 mm?. Cac linh kién va thiet ke
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céc ranh khoét trén vo hop duoc thé hién trén Hinh 10.
Trong d6 cac ranh khoét trén vo hop duoc gia cong
chinh x4c bang phuong phap phay CNC. Céc linh kién
dugc dinh v&i vo hop bang keo nhiét. Vo hop dung linh
kién sau khi hoan thién duoc lIwa chon véi kich thudce
142x82x40 mm. V6 hop gdm mat day va mat trude
dugce khoét 16 cho cong USB, ngudn DC 9V, man hinh
TFT, dau ndi ng dan khi.

Anh chp thiét bi sau khi gia cong hoan thién dugc
biéu dién trén Hinh 11. Hinh 4nh mé ta hé thong thiét
bi va cam bién 4p khi MPX10DP duoc biéu dién trén
Hinh 12.

2.7. Ung dyng?thié't bi ché tao do dp luc ciia trang
Phuc lén co thé nguoi trong qud trinh mdc

Nhom nghién ctru da ché tao thanh cong thiét b
cam tay do ap lyc cua trang phuc 1én co thé nguoi.

Chung t6i da sir dung thiét bi trong nghién ciru
tién hanh thuc nghiém do 4p luc ciia 03 nhom ching
loai trang phuc bé sat nhu: quan legging [6], bang dai
chinh hinh co thé nir [7] va 4o 16t nguc [8] 1én co thé
nir sinh vién trudong Pai hoc Bach khoa Ha Néi. Trong
cac nghién ctru ndy, tic gia va nhom nghién ciru tién
hanh khao sat 108 nit sinh vién Viét Nam tudi tir 18
dén 22 tudi, chiu cao tir 150 cm dén 164 cm, chi s
BMI tir 18.5 < BMI < 23 theo tiéu chudn TCVN 5782
-2009). Tién hanh Iua chon ra duoc 6 dbi tugng dugce
phan ra thanh 3 nhom kich ¢& dwa theo chi sb khéi co
thé BMI. Quaé trinh thyc nghiém do ap luc cla cac
trang phuc bo sat 1én co thé nguoi mac duge thuc hién
khi doi tugng do o tu thé tinh va cac tu thé van dong
khéc nhau.

Trong nghién ctru [6], nhém tac gia tién hanh do
ap luc tai 20 diém do trén phan than dudi co thé khi
dbi twong do & tu thé tinh mic quan legging vai 3 ¢&
S, M, L dugc minh hoa trén Hinh 13.

R
M

WY
)
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Hinh 13. Vi tri 20 diém do 4p lyc phan than dudi co
thé

~ Trong bai bao ndy, chung tdi trinh bay minh hoa
két qua thue nghiém do ap lyc cua quan legging 1én 01
doi tugng ¢d trung binh dugc trinh bay trong Bang 4.



Tap chi Khoa hoc va Céng nghé 133 (2019) 045-052

Biing 4. Ap lyc ciia quan legging 1én phén than dudi
co thé (mmHg)

ban rong Scm, chidu dai bang dai gdm 3 nac do, mdi
nac chénh 1&ch 2 cm [7].

Vi tri do Piém do S M L Két qua thng ké gia tri 4p luc trung binh cia
Co chan 1 5,21 3,18 2,56 bing dai 1én co thé 6 nit sinh vién ¢ 3 nic do tai 15 vi
2 2,03 131 0,77 tri trén cac vong dinh nguc, vong chan nguc, vong eo
3 9,13 7,28 3,10 vong bung mong, vong mong nhu trong Bang 5 va thé
; 4 7,59 4,52 081 hién tryc quan trén biéu dd tan s Hinh 15.
Bép chan 5 12,56 9,97 8,20
6 13,82 11,72 10,66 Bang 5. Bang thong ké gia tri ap lyc cua bang dai 1én
7 14,07 11,87 11,03 co thé trén 3 nic do
— 8 13,21 11,24 10,42 Pbi Nic do Gié tri 4p lyc trung binh cta
Pau goi 9 15,40 14,06 8,17 twong 15 diém do (mmHg)
10 7,59 6,53 6,05 Gia tri bo Giatri | Giatri
11 5,51 4,52 3,99 trung Iéch nho 16n
12 2,83 2,16 0,79 binh | chuan | nhat nhat
bui 13 4,91 3,27 2,66 1 Nic 1 11,93 2,78 6,53 20,18
14 3,44 2,84 2.18 Nic 2 10,73 | 2.48 555 | 17,10
15 3,26 2,79 2,07 Néc 3 6,30 2,25 1,20 11,40
16 2,84 1,98 1,52 2 | Nac1 10,88 | 2,78 548 | 19,13
Mong 17 391 2,44 2,27 Nic 2 9,68 2,48 4,50 16,13
Hong 18 5,05 3,76 3,08 Naic 3 698 | 2725 1,88 | 12,30
Cap 19 10,54 9,42 7,94 3 Néc 1 10,43 2,78 5,03 18,75
Bung 20 3,26 2,23 1.215 Néc 2 9,23 2,48 4,13 15,68
Nac 3 743 2,33 225 | 12,68
4 Nic 1 9,75 278 4,35 18,00
ﬁ . ’ Nic 2 8,55 248 3,38 14,93
4 Néc 3 8,18 2,33 2,93 13,43
o g . s 5 | Nacl 930 | 278 | 390 | 17.55
s BRI e e Q Nac 2 8,10 | 2,40 3,00 | 14,48
R — E = ) Néc 3 855 | 233 | 338 | 13.88
AW 0 | 6 e re o o ies
y | Nic 7, ] , 5
4 e \ Néc 3 9,60 | 233 | 443 | 14,85
7 Gi4 tri trung binh | 10,78 | 3.01 450 | 18,71
Hinh 14. Vi tri cac diém do ap luc cua bang dai 1én
phan trén co thé nit sinh vién Viét Nam [7]. g
Két qua trén cho ta thdy, gia tri ap luc 16n nhat ) Wk
nam & cac diém 5-9 va 19, tirc 1a ving bép chan, mat lg \,\
trude dau gbi va cap quan. Cac vung ¢b chan, dui, ';H !
mong, bung, ap lyc nho hon dang ké. Xét gia tri ap luc 2= !
clia quan co size khac nhau én co thé ngudi trén cung ;
mét diém do ta thay, khi mau mic quan c6 kich thudc o ;/
nho hon thi 4p luc tuong tac 1én co thé 16n hon, ngudi .
mac cling cam nhan rd diéu dé phu thudoc mrc 3o bo S i = :

sat cua quan doi vdi co thé.

Trong nghién ctu [7], tdc gia va nhom nghién
ctru tién hanh do 4p luyc cua bang dai chinh hinh co thé
1én phﬁn trén co thé véi 15 diém do tai vong dinh nguc,
vong chan nguc, vong bung trén, vong eo, vong bung
—hong va vong mong cua ddi twong do duge minh hoa
trén Hinh 14. Str dung san pham bang dai cta hing
Triumph ciia CHLB Dirc - mot hang do 16t thoi trang
danh tiéng. Thong sb vat lidu cua bang dai dugc xac
dinh tai trung tadm thi nghiém vt li¢u Dét may cia
Vién Dét May — Da gidy & Thoi trang cua truong Dai
hoc Bach Khoa Ha Noi. Tir mau bang dai nay, chung
t6i thiét ké va gia cong cac mau bang dai thi nghiém ¢
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Hinh 15. Biéu d0 tan so gia tri ap luc cua bang dai 1én
co thé nir sinh vién

Gia tri trung binh cua ap luc & mutc 10.776
mmHg. Gia tri 4p lyc 16n nhit trung binh 1a 18.711
mmHg, gia tri 4p lyc nho nhat trung binh: 4.495
mmHg. Gié tri 4p lyc 16n nhat 1a 20.147 mmHg, gia tri
ap luc nho nhat 14 1.193mmHg. Dya vao hinh dang cua
biéu d6 tan s6 cua gia tri ap luc trung binh 1én co thé
ngudi mic bang dai do tai 15 diém do cua 8 tu thé do
ching ta thdy rang, 4p luc trung binh cua cac bang dai
1én co thé nguoi tuan theo quy luat phan b chuan.
Ddng thoi, gid tri 4p luc trung binh cua bang dai 1én co
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thé & Nac 1 > Nic 2 > Nac 3, gia tri ap lyc trung binh
clia bang dai tai Nac 1 16n nhit trong 6 ddi tugng do so
v6i hai nic con lai. Diu nay c6 thé duoc 1y giai rang:
Néc 1 1a nic c6 kich thude bang dai nho nhat do d6 kha
ning bo sat clia bang dai Nac 1 cao hon Nic 2 va Nic
3.

Trong nghién ctru [8], nhom tac gia tién hanh do
ap luc cua a0 16t nguc 1én phan nguc cua ddi tuong do.
Ba mau 4o 16t nguc dugce lya chon co kiéu dang va vét
liéu gidng nhau, c6 kich thudc lan luot Al: 70A, A2:
75A, A3: 80A ciia hang BON BON Phép san xuét tai
Viét Nam, mdi 40 16t nguc déu co 3 nic cai dé didu
chinh chiéu dai vong day lung ciia 40. Tién hanh do 4p
lyc tai 9 diém do nhu trén Hinh 16 va ¢ 5 tu thé van
dong nhu trén Hinh 17.

Hinh 16. M6 ta so do vi tri cac diém do ap luc.

i

Hinh 17. Hinh anh 5 tu thé van dong co ban.

Tir két xac dinh 4p lyc trung binh 16n nhét cta 3
4o 16t nguc 1én 6 dbi twong tai 9 vi tri do cac tic gia
thiy rang, gia tri ap luc trung binh ctia Nic 1< Nic 2<
Niéc 3, gia tri ap luc trung binh cia d0 Al >A2 >A3.
Diéu nay c6 thé dugc 1y giai rang: 40 Al ¢6 kich thudc
vong déy lung nho nhat, 40 A3 ¢6 kich thudc vong day
lung 16n nhat do vay mirc d6 bé sat ctia 40 Al véi co
thé va dp luc clia 4o 1én co thé 1a 16n hon so véi hai 4o
con lai. Twong tw, Nac s6 1 ¢6 chiéu dai vong day lung
rong nhét, Nac 3 c¢6 chiéu dai vong ddy lung nhé nhat
vy nén do bo sat ciing nhu ap luc ciia nic 3 1én co thé
1a 16n nhét. Gia tri ap lyc trung binh 16n nhét 1én doi
tuong do khi dbi twong co kich thude co thé 16n nhit
& 164A mic 40 ¢ nho nhit A1:70A cai ¢ nic 3.
Nhom tac gia da su dung phuong phap khao sat danh
gia chu quan cam nhén cua nguoi mac va phuong phap
do thyc nghiém dé x4c dinh ap luc tién nghi 1én co thé
khi mic 4o 16t ngue. Két qua di xac 1ap dwoc khoang
gia tri ap luc tién nghi cda 4o 16t nguc 1én vong nguc
dbi twong do 1a tir 5.370 dén 9.818 mmHg twong dwong
0.716 dén 1.309 kPa. Qua so sanh két qua thyc nghiém
do 4p luc tién nghi trong cac nghién ctru [6-8] cho thay
két qua nay hoan toan phu hop vdi nhimg cong trinh
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da cong bd trude day. Cac két qua nghién ciru [6-8]
cho thay rang, thiét bi do ap luc cua trang phuc 1én co
thé nguodi s dung cam bién ap lyc MPX10DP do
nhom nghién clru ché tao co kha nang do duoc ap luc
tai cac vi tri dac trung trén co thé ngudi nhu vung nguc,
ving bung, ving moéng va phan than dudi co thé, dic
biét do duge ca cac vi tri trén bé mat cong cua cac bo
phén co thé ngudi vai do tin cdy, do chinh xac cao.

3. Két luan

Trong nghién ctru nay ching t6i lya chon duoc
cam bién ap lyc MPX10DP cua hing NXP USA Inc -
Hoa Ky dé ché tao thiét bi do ap luc cta trang phuc
tryc tiép trén co thé ngudi mic. Mach xt 1y tin hiéu ap
luc da duoc thiét ké va xay dung dua trén 3 khéi co
ban: khéi cam bién, khéi diéu khién va khdi hién thi.
Do hoat dong ciia cam bién ap luc phu thudc vao thong
$6 moi truong 1a nhiét do nén mach xt 1y dugc tich
hop thém cam bién nhiét do dé tir d6 xay dung duong
dic tuyén lién hé gitra tin hiéu chénh 1éch dién 4p thu
dugce tir cam bién 4p suat voi gia tri ap luc twong g,
Phan mém két ndi mach xir 1y tin hi¢u da duoc thiét ké
va xdy dung véi giao dién tryc quan, don gian nham
hd tro hién thi va luu trir két qua do trén may tinh.

Thiét bi thir nghiém sau khi lap rap duoc kiém
chuan bang dong ho do ap suat ALP K2 véi sai s6 dudi
10 % & murc do ap suét thap, dudi 20 mmHg. Gié trj do
duoc tir thiét bi thir nghiém c6 sy phu hop tot véi gia
tri doc duoc trén dong hd ALP K2 véi binh phwong
hiéu chinh R = 99%. Thiét bi cho két qua do véi do
troi dit lidu nho nhit xép xi 0% trong 15 phat do diu
tién. Sau thoi gian nay, gié tri ap luc bi troi 16n nhét 1a
2.6% khi do lién tuc tai mot diém ap suit trong 2 gio.
Thiét bi thir nghiém sau khi hiéu chinh dugc thiét ké
lai vo hop véi kich thude 142x82x40 mm. Két qua do
ap lyc cua thiét bi cho théy sai s6 cta két qua do nam
trong pham vi cho phép va pht hop yéu cau do ap luc
clia trang phuc 1én co thé ngudi trong qua trinh mic.

Thiét bi hoat dong 6n dinh va st dung don gian,
phén mém co giao dién than thién va tién dung ddi voi
nguoi dung cho phép do ap lyc cua trang phuc 1én co
thé trong qué trinh mdc & trang théi tinh va cac trang
thai van dong co ban.

Loi cam on

Nghién ctru nay dwoc thue hién trong khuén kho
dé tai Khoa hoc va Cong nghé cip Bo mi s6 B2017-
BKA-54. Chung t6i xin tran trong cadm on B9 Gido duc
va Pao tao, Truong Pai hoc Bach khoa Ha Noi da hd
trg dé chiing t6i hoan thanh nghién ciru nay.
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