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Abstract. Determination of the vibration of structure is one of the important operations in the
health examnination of a bridge. In particular, wireless DAQ equipment has many advantages
including tiny size, simple installation, and low inspection cost. However, such equipment
system has been relatively expensive and mainly imported. The main content of this paper is
to focus on the study and manufacturing a low-cost wireless DAQ device with a piezolectrics
sensor of PVDF material in order to sense the vibration of bridge structure. Additionally, the
measured vibration results at small bridge of Lam Kinh, Vietnam from the wireless DAQ are
analytically compared with those obtained from the wired based-device.
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Tom tit. Do dao dong caa két cau nhip 1a mot trong nhitng khau quan trong trong kiém dinh
cau. Thiét bj do khong day c6 nhiéu wu diém nhu kich thuéc nho gon, thiét 1ap va thao tac
don gian, va chi phi qua trinh kiém dinh thap hon. Tuy nhién, hién nay gia thanh thiét bi con
khé cao va da s6 nhap ngoai. Noi dung chinh cua bai bao tap trung nghién ctu ché tao thiét bi
DAQ khong day va chuong trinh sir dung cam bién ap dién PVDF phuyc vy viéc do dao dong
cua két cau cau. Bén canh do, két qua do dao dong tai cau Lam Kinh, Thanh Héa véi thiét bi
khong day ciing duoc phan tich va so sanh veéi gia tri thu dugc tur thiét bi tiéu chuan sir dung
cap két nbi.

Tiur khoa: Cam bién ap dién, DAQ v tuyén, do dao dong két ciu

© 2020 Truong Dai hoc Giao thdong vdn tai

1. PAT VAN DE

Po dac, quan tric dao dong két ciu 1a mot yéu cau thiét yéu nham xac dinh tinh trang suc
khoe cua cong trinh giao théng, qua do gitp cho cdng tac bao tri, bao dudng cong trinh giao
thong dugc thyc hién kip thoi, thudng xuyén va hiéu qua [1-6]. Cu thé, trong cau dudng 6 to,
Bo Giao théng Van tai dac biét quan tam dén cdng tac kiém dinh va thir nghiém két cau cho
cac cong trinh cau duoc xay dung trong hé théng qudc 16 véi viéc ban hanh quy trinh kiém
dinh cu trén duong 0 t6 22TCN 243-98. Ciing ¢ nhiéu cong bd khoa hoc gan day vé quan
trac sirc khoe cau trén co s phuong phép do dao dong trén cac cong trinh cau My Thuan [2],
Nam O [5], Ca Non [6]. Nhin chung, da s6 cac phép do thyc hién trong kiém dinh hay trong
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nghién ctru khoa hoc déu sir dung day cap dong truc két ndi b thu thap dir liéu DAQ ciia cac
hang Kyowa, Keithley, National Instrument,.. tai tram va cam bien gan trén cac ket cau cau
can do [1-6]. Hé do nay c6 mét so ton tai nhu:

e Cong téc lap dung hé dan gido cho toan bo khong gian bén dusi nhip cau hé do
kiém dan ti chi phi nhan cong, co s¢ vat chat cao va ciing lam cho thoi gian do
kiém kha lau.

o Xet vé goc do ky thuat, khi s6 luong dié:m do cang nhiéu, lugng day cap thng la
rat 16n dan téi nhicu tac dong vao hé thong qua day cap la rat dang dé, dieu nay
dan téi khdu xu ly dit liéu hau do phuc tap.

Lién quan dén cdng nghé cam bién, cac dau do gia téc dugc sir dung nhiéu trong kiém
dinh cdu nhu A2272, PCB352C68, 622B01 [2-4] ¢d ciu tao tir vat liéu gém ap dién vo co
PZT. Cam bién hoat dong dua trén ‘nguyén ly ap dién (piezoelectric effect), nghia la khi luc
tao ra tir rung dong hoic thay d6i vé chuyén dong (gia toc) tac dung [én I6p mang mong PZT
s& sinh ra mét tin hiéu dién tich ti 1 véi luc tac dong va gia toc. Khi tich hop cam bién voi
mach chuyén dién tich sang dién ap (con goi la bo transducer Q-V) sé& tao thanh dau do gia
téc. Nhimg nim gan day, cac dac tinh méi cua h¢ vat ligu ap dién polyme nhu PVDF,
PDMS,.. dang duoc nhiéu nha khoa hoc, cong ty nuéc ngoai quan tam nghién ctru s dung dé
ché tao cam bién [7- 14]. Cac nghién ctru nay da chi ra cam bién loai ndy c6 mot sé uu diém
nhu: chi phi ché tao thap hon, dién tich bé mat do 16n hon, d6 linh dong (mobility) caa vat
licu nho nén it chiu tac dong cua nhiét do va thich hop voi 46 tuong do tan sd thap tir mHz
dén vai chuc Hz trong linh vuc do dao dong cua két cau cong trinh.

Mt khac, theo xu hudng ky nguy@n két néi van vat loT toan cau hién nay, két hop truyén
dan khdng day va cong nghé cam bién kiéu mai mang lai y nghia rat 16n va quan trong dé tng
dung trong cong tac kiém dinh theo d&i sirc khoe cdng trinh cau ¢ Viét Nam. Bai béo trinh
bay nghién ciu ché tao thiét bi thu thap dir lieu khong day sir dung cam bién ap dién ng
dung trong do dao dong két cau. Cam bién st dung vat liéu polyme PVDF duoc ché tao bang
phuong phap ép nhiét. Bo thu thap dit liéu DAQ duoc phét trién trén co s& chip ARM cong
suat thap. Dit liéu do duoc truyén vé may tinh bang tai tram thdng qua Bluetooth. Hé do duoc
thir nghiém tai cau Lam Kinh, Thanh Héa cho két qua phan tich dao dong két cau nhip kha
gan vai gié tri do tir hé do truyén thdng sir dung trong kiém dinh cau.

2. BO DAQ KHONG DAY

So do 7kh6i thiét ké cua hé do bao trinh bay & hinh 1. Trong d6 cam bién ap dién, mach
chuyén doi, c&c chip xu ly tin hiéu, module khéng day la cac thanh phan quan trong.

2.1 Cam bién ap dién

Cam bién vai ciu tao kiéu “tu dién hai ban cuc song song” dwoc hinh hoa ¢ hinh 2a. Cam
bién duoc ché tao bang cach dat lop mang méng ap dién polyme PVDF (day ~30 um) xen
gitra 2 I6p dién cuc nhoém, va dugc ep vai lop dé polyester (0,15 mm) tai nhi¢t d6 80 °C [15].
Tiép theo, 2 day cap ddng boc nhiéu duoc gan dé ndi vai 2 dién cuc bac Ag cia cam bién voi
mach doc. Cam bién ciing c6 nguyén tic lam viéc trén co so hiéu ang &p dién twong tu cam
bién PZT néu trén. Khi ngoai luc (F=mxa) tac dong theo hudéng thang dimng tuc 1a vudng goc
vé6i ban dién cuc (hinh 2b), s& 1am cam bién bi bién dang. Huéng phan cuc cua cac ion duong
va am bén trong 16p PVDF bi thay di theo, ddn dén sy tich tu cua dién tich bé mat tai 16p tiép
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xtc gitta PVDF va dién cuc. Tong luong dién tich lay ty I¢ thuén véi gia téc cua ngoai lyc.
Mach dién tuong duong cta cam bién gom nguon dong I song song vai tu Cs Ve tai hinh 2c.
Trong d6 nguon dong dac trung cho sy thay ddi nong do electron, tu Cs dac trung cho thanh
phan dién dung nén do cam bién cd ciu tao kiéu ban cuc song song. Tham sé cua cam bién
dugc tong hop ¢ bang 1.

Khdi nguén (3,7 V)

Cam bién Chuyén . Loc thong . ADC/ Truyén v tuyén
(Ap di¢n) » Q>V thap Chip loT (Bluetooth)

TREN CAU &,

TRAM PO

Hinh 1. So d6 khéi thiét ké cho hé do dao dong két cau nhip cau khdng day.

Nén Gian

bién cuc
trén (Ag)

(PVDF)

DPién cuc
dudi (Ag)

10x10  20x20

Hinh 2. (a) Cu tao, nguyén ly hoat dong,(b) hinh anh va (c) so dd twong duong ciia cam bién ap dién
su dung vét liéu polyme PVDF va dién cuc Ag.
2.2 Mach chuyén déi Q-V

Vi dau ra cua cam bién PVDF la dién tich, cho nén can c6 mach chuyén doi dién tich
thanh dién &p, day la mot khau quan trong gép phan dam bao hé thong do duoc va dung tin
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hiéu dao dong. So dd cua mach chuyén doi duoc thiét ké trén co s tham khao mach chuyén
d6i Q-V cua Analog dugc vé ¢ hinh 3, Quan hé dién ap ra Vo va cac linh kién C, Rr, Rin theo
cong thac [16]:
S R
V, =a—(1+—— 1
0 =a (4 o) ¢

IN
Trong d6 S 1a @6 nhay cua cam bién ap dién va a la gia toc can do.
Mt khac, hé sb khuéch dai tin hiéu K ctia mach duoc tinh toan tir mach dién 1a:

1. R

V6i C =1 nF, Re=10 k Q, S = 50 mV/a va Rin khi dugc chinh vé mét gid tri nhat dinh khi
str dung, thi tir cong thie (1), dién ap ra Vo ti & tuyén tinh véi gia toc can do a. Mt khac, vi
tin hiéu sau khi chuyén doi 1a rt nho, thiét ké mach dién hinh 2b véi Riv 12 bién tro tinh
chinh, cho phép diéu chinh do nhay phi hop vai timg truong hop cu thé theo cong thie (2).

100MQ
1nF WAW

5!

Cam bién

GND
Hinh 3. So d6 mach nguyén Iy caa bo chuyén di Q-V.

2.3 Céc thanh phan chinh khac

Tin hiéu dién ap do sau khi dwoc khuéch dai, cin dugc dua qua mach loc dé loc bét cac
dai tan s6 nhidu. Vi dao dong caa két cau cau 1a rat thap tir Hz dén chuc Hz, mach loc thong
thip duogc thiét ké vai tan s cat 20 Hz, gié tri nay twong ty Vai tan sb cat st dung trong cac
nghién ctiu cong bd gan day [2-4]. Bo chuyén ddi tuong tu/sé ADC sir dung ho AD7091R 12-
bit. Chip loT sir dung ARM Cortex-M3 MCU tich hop trong Kit phat trién STM32F103C8T6.

Lién quan t6i truyén dir ligu, trong cac cong nghé khdng day pho bien gom Wifi, 4G,
Bluetooth, thi Bluetooth Ia thich hop hon vi khong phai tra phi thue bdo nhu 4G, ton rat it
nang luong hon so vai ca 4G hay Wifi. Cu ly truyén dir liéu ngan caa céng nghé Bluetooth
ciing phu hop voi khoang cach tir dam dén vi tri tram do thuong vao khoang 5-100 m. Ngoai
ra, cac thiét bj thu nhu may tinh bang hay smartphone ciing tich hop san dau thu Bluetooth,
nén khong phai thiét ké thém phan ctng cho tram. Module Bluetooth BlueSMiRF Gold véi an
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ten chim va khoang céch truyén téi da 1&n téi 100 m duoc chon va sir dung trong bo DAQ
khong day nay. Co ban cac chip dién tir tir ADC, 10T, dén Bluetooth ¢ day déu l1a dong linh
kién c6 san tai thi truong Viét Nam va dé 1ap trinh théng qua cong cu hd trg ciia nha san xuét,
cdng suit tiéu thy rat thap phd hop véi méi truong khong day chay pin. Hinh anh vé bo DAQ
sau khi ché tao duoc thé hién ¢ hinh 4. Cac tham s6 co ban/tinh ning cia cam bién, DAQ,
chuong trinh do dugc tong hop & bang 1.

DAQ khi hoat déng =

Hinh 4. Hinh anh vé DAQ sau khi ché tao va may tinh bang chay chuong trinh do.

Bang 1. tong hop cac tham sb hé thong do.
Thiét bi Tham sé/tinh ning
+ Tan s6 do: 0,1-10 Hz
+ Do nhay: 50 mV/g
Cam bién + Do chinh xac: + 0,05 %
+ P06 phi tuyén: +0,01 %
+ Dién tich bé mat: 1-25 cm?
+ D6 cong t6i da khi lam viéc: 30°
+ Ngudn cip: 3,7 V (Pin sac Li-Polymer)
+ ADC: 12 bit
DAQ khéng day + Kich thudc hop: 150%100%50
+ D06 chinh xéc: 0,5 %
+ Pham vi truyén dit liéu gitta DAQ va tram: 50-100 m
+ Tan s truyén: 2,400~2,524 GHz
+ Chay trén moéi trueong Android
Chuong trinh do + Hién thi truc tiép két qua do dudi dang s6 va biéu do
+ Théng ké dit lidu do
+ C6 thé két ndi co so dir lidu dién toan dam may Google
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3. THU NGHIEM TAl CAU LAM KINH-THANH HOA

Cau Lam Kinh nam trén duong H6 Chi Minh, thudc tinh Thanh Héa, véi mot sé dic diém
co ban:
Téng chiéu dai Lc = 276,45 m
KhocauB=11+2x0,5=12m
S6 nhip: 08; So dd nhip Ln = 8x33 m
Dang két cau nhip chinh: dam bé tong cét thép du tng luc, nhip gian don

Viéc thir nghiém thiét bj do tuan theo quy trinh do dao dong két cau nhip cua tiéu chuén
kiém dinh cau trén duong 6 td 22TCN 243-98. Theo tiéu chuan nay, can thuc hién do dao
ddng theo ba phuong: thiang ding, ndm ngang cau va nam doc cau. Tuy nhién, do gigi han vé
Kinh phi thtr nghiém, nghién ctu tai budc nay, tac gia chi viéc dugc phép do theo phuong
thang dung va dugc thyc hién cing vai thoi diém kiém dinh cau Lam Kinh. Cac huéng khéc
s€ dugc tac gia thir nghiém va bao céo trong tuong lai.

Hinh 4. B4 tri thiét bi do nhan dang dao dong tai ciu Lam Kinh.

Truéc tién hé do duoc trién khai lap dat nhu sau: vi tri gan cam bién tai mat cat gitra nhip
dugc 1am sach va danh gidy rap dé ting do phing, sau d6 cam bién duoc gin vao dam bing
keo con voi va dugc phu bang bang dinh; bo DAQ duoc ¢b dinh vao moc bang day dai va sau
d6 ndi véi cam bién ap dién PVDF. Tram do véi may tinh bang két néi Bluetooth dugc dit tai
khu vuc chan cau cach DAQ khoang ~10 m. Nham so sanh két qua, thiét bi do kiém dinh tiéu
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chuan bao gdm cam bién gia tbc PCB352C68 cua PCB két néi cap dong truc (co chiéu dai
gidng khi thyuc hién kiém dinh ~8 m) véi DAQ NI SCXI-1000DC cua National Instruments
cling duoc trién khai 1ap. Mot sé hinh anh vé bé tri thiét bi do nhan dang dao dong tai cau
Lam Kinh duoc thé hién trén hinh 4. Tai trong do dong sinh ra tir xe tai chay qua cu véi tc
do6 (30-35 km/h) tir nén dudng dau cau bén mb My dén nén duong phia sau mb Mz va quay tré
lai nhu minh hoa ¢ hinh 5.

L=33m
L2 L2
g000

Hinh 5. Minh hoa nguon tai trong dong khi do dao dong cau Lam Kinh.

Hinh 6 thé hign mot doan tin gia toc theo thoi gian tir by do khong day. C6 thé thdy tin
hiéu thu duoc kha dién hinh trong do két cdu cau [1-6] bao gom bao gom cac thanh phan tin
hiéu nhiéu, dao dong cudng birc va dao dong tu do. Piéu nay chiing minh rang hé do khong
day duoc thiét ké va ché tao dang va phi hgp. Do d6 phuc tap cua tin hiéu thu dugc, chuong
trinh may tinh tac gia xay dung tai phién ban nay chua thé tu dong loc ra duoc tin hiéu dao
dong tu do ciing nhu tinh toan cac tham s6 yéu cau khac nhu ¢ng suat, chuyén vi. Trén co s&
tin hiéu gia tc theo thoi gian hién thi trén may tinh bang tai tram, k¥ thuat vién sé tién hanh
phan tich, va xac dinh chu ky dao dong ty do T caa nhip, sau d6 tan sé F dugc tinh (F=1/T).
Bang 2 théng ké chu ky va tan s dao dong két cau cia 8 nhip cau Lam Kinh (N1, Na,..,Ns). S&
licu tir bang cho thay gia tri do tir thiét bi khdng day rat gan véi tir thiét bi kiém dinh véi sai
s6 tuong dbi nho hon 5 %. Qua d6 cho thay thiét bi do duoc nghién ciu ché tao & day hoan
toan c6 thé sir dung dé xac dinh dao dong két cdu nhip cau trong cong tac kiém dinh ciing nhu
quan tric thuong xuyén stc khoe cau.

1.0 T A T T
__05- i
o) b -
g 00- N %ﬁvﬂw%
©
5 -0.5 v ]

L0 Nhieu Cuong buc Dao dong

3.0 3.5 4.0 4.5 5.0 55 6.0

Thoi gian (s)
Hinh 6. MAu tin hiéu do gia toc theo phuong thing ding sau khi chuin héa bién do.
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Bang 2. Hét qua udce luong dao dong két cau nhip theo phuong thang ding tai cau Lam Kinh.

] _T(s) ’ _ F(Hy) ’

Bophin [ Thiétbikiem | Thiétbikhéng | ThiétbiKkiémdinh | Thiétbikhong |

do dinh tiéu chuan* | day trong bai tiéu chuan* day trong bai °
bao bao

N1 0,182 0,184 5,448 5,435 -1,087
N2 0,238 0,234 4,203 4,274 1,709
N3 0,0683 0,066 14,65 15,152 3,485
N4 0,337 0,338 2,966 2,959 -0,296
Ns 0,242 0,242 4,136 4,132 0,000
Ne 0,141 0,148 7,092 6,757 -4,730
N7 0,232 0,236 4,320 4,237 -1,695
Ns 0,228 0,224 4,389 4,464 1,786

*Thiét bi kiém dinh tiéu chuan: Cam bién gia toc PCB352C68 ciia PCB két noi cap tin hiéu véi DAQ
NI SCXI-1000DC cua National Instruments

4. KET LUAN

Bai bao trinh bay nghién ctu thuc nghiém ché tao hé thiét bi thu thap dit liéu khéng day
trén co s cong nghé Bluetooth va cam bién ap dién PVDF dé do dao dong két cau. Hé do
khong day duoc thir nghiém do dao dong két cau nhip theo phuong thang dung tai cau Lam
Kinh, Thanh Hoa. Sai sé tuong dbi cta tan s6 dao dong két cau thu duoc tir hé khdng day so
véi thiét bi kiém dinh tiéu chuan dang sir dung phd biét trong kiém dinh cau nhé hon 5 %. Két
qua nghién ctru thyc nghiém nay cho thy tiém nang rat 16n va kha cua tng dung cong nghé
khong day va cam bién polymer ap dién trong kiém dinh hay quan tric thuong xuyén két ciu
cau tai Viét Nam véi wu diém 1a Iap dat trién khai hé do nhanh chong, sir dung don gian, va
gia thanh thap Cac nghién ctu tiép theo s tap trung vao viéc hoan thi¢n dir liéu do theo cac
phuong nam ngang cau va nam doc cau; mo rong do thi nghi¢m tai cac cau khac tai Viét
Nam; hoan thién phan mém dé c6 thé ty dong tinh toan tan sé dao dong riéng, chuyén vi caa
két cau, va &p dung tri tué nhan tao vao viéc tu dong nhan dang mau tin hiéu do.
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