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CHE TAO VA THU NGHIEM PAC TINH CAM BIEN DAO PONG
DUNG VAT LIEU AP PIEN CUA VIET NAM SAN XUAT

Ng6 Kiéu Nhi
Trudng Pai hoc Bach Khoa - PHQG-HCM
(Bai nhdn ngay 22 thdng 3 ndm 2004)

TOM TAT: Bai bdo gidi thigu cdc két qud thit nghigm trén cdm bién do dao ding sit
dung vdt ligu gom s dp dign ciia Viét Nam sdn xudt. Bai bdo dua ra cdc mdi quan hé giita bién
dé va tdn 56, bién d¢ cida tin higu do va tin hig¢u ghi nhdn, va mitc d¢ méo sai lgch gida chiing.

I- Mg ddu

Po dao dong c6 nhu ciu rdt 16n trong nghién cifu, sin xudt va dao tao. Khi nhip dj sdn xudt, giao
thong tang thi cdc hu hdng ciia mdy méc, cong trinh, nha cita cang nhiéu bdi hién twgng dao dong. Po
dao ddng 12 khiu tién quy&t d€ gidi ddp hai vdn dé 16n ciia ky thuit:

Ki€m tra mitc dao ddng trong cdc trudng hgp:

+ Ché tao thi€t bi ma nguyén 1y 1am viéc dva trén cd s& hién tugng dao dong, khi ndy cén
phdi tao dao dong cé mifc yéu cdu.

+ Cin khéng ché€ miic dao dong khdng dugc vugt qud mifc cho phép.

Chén dodn nguyén nhin dao dong: Hién tugng dao dong dua d€n hai nguyén nhan 1am hu

hdng mdy va cong trinh d6 12 hién tugng méi va hién twgng cdng hudng. Cic sy cd hu hdng

do dao déng thudng gy ra thiét hai rdt 16n vé tai sdn va con ngudi.

P& ddm bio nhu cdu day hoc, nghién cifu khoa hoc phuc vu an todn sdn xuit, an toan ddi séng

clia ngudi lao ddng va nhan din d6i véi hién twgng dao dong thi cin thi&t phéi c6 s& lugng 16n thiét bi
do dao dong. Tuy nhién cho d&€n nay hdu hét thi€t bi do dao dong phai nhip va gid nhidp cao. Nhim
g6p phdn khic phuc kh6 khin nay, phong thi nghiém Cd hoc Ung dung trudng Pai hoc Bich Khoa
Tp.HCM (PTN CHUD) trén 10 nim nay di tim cdch nghién cifu ché€ tao cdm bié€n (transducer) dao
dong. Bai bdo nay trinh bay c4c két qua thu dugc tir thyc nghiém nhim dénh gid s bd khd ning sit
dung vat liéu g&m sit 4p dién 1am phén ti nhay (sensor) cho cdm bi&€n dao dong cd hoc.

II - Ly thuyé&t chung

2.1 - Nguyén Iy hoat déng cla cdm bi€n dao dong

M5 hinh hoat ddng cia cAm bi&€n dao ddng nhu trén hinh 1

1 o Sk Trong dé:
e 1. Vit thé c6 kh&i lugng m
> 3 % 2. Ld xoc6 do cing k
N 4_, T 3. B gidm chén ié hé s6 Ivc cdnc
Hinh 1. So d6 nguyén ly hogt dgng | y : :Ig:l_ia sonliit
cia cdm bién S

Khi vd dugc gin chit véi nén dao ddng thi khéi lugng 1 s& chuyén dong. Ky hiéu x,y 12 toa do biéu
thi chuyé&n dong tuyét ddi 1an lugt cda 1 va 5 d6i v6i hé qui chi€u cd dinh. Ky hiéu z 12 toa dd trong
chuyén ddng tudng ddi ciia 1 so véi 5:

Z=X-y Al

Phuong trinh chuyé&n ddng tuong d&i clia 1 so v6i 5 nhu sau [1]:

mz+cz+kz=-my (2
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Né&u y(t) 1a him diéu hoa:
y(t) =Ysinpt

thi phudng trinh (2) viét lai dudc & dang:
mz+cz+kz = mYp2sinpt

Nghiém cudng bifc ciia (4) dudc tim & dang:
z = Zsin(pt - ¢)

Trong d6 Z 12 bién dd, ¢ 12 géc 1éch pha cia z(t) so véi y(t).

Biéu thifc tinh Z va Y nhu sau [1]:

r2Y
1/2
[(1-#3)2 +(2gr)2]
2
¢= arctg[l—i%]
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Quan hé clia Zva Y theor va £ cho trén hinh 2.

Z=

3)

C))

(5)

(6)

@)

®)

4

3

< | N

_*_e_

180°

120°

60°

| e Cen
= u.us—f A

= T
t=0.25— & =

' =t = 10—

‘ /\\t“—" 0.7

R N . £=05

£=07

=05

j——ﬁ =In.ﬁ
& ¢ ='0.05

|
—’r

[§¥]

Hinh 2. Pdp ing ciia thiét bj do dao djng

Ham dao dong cia nén, dai lugng y trong phuong trinh (3) cdn dugc x4c dinh, s& dugc suy tir dai

lugng ghi nhin dugc cla thi€t bi, dai lugng z trong phudng trinh (5), nhd c4c quan hé (6) + (8).
Sau nay ta s& goi tin hiéu y 12 tin higu cdn do hay tin higu vao, z — tin hi¢u ghi nhén.

Luu ¥ tir (5) + (8) ta c6 cdc nhdn xét sau:

1. Néuc=0thi § =0,khidé ¢ =0 hodc ¢ = T, tifc z bi€n thién ddéng pha hoic nghich pha

véiy.

2. T (7) ta thdy dd 1éch pha gilta tin hiéu ghi nhin, z(t), va tin hiéu cdn do, y(t), phu thudc
khong nhitng vao gid tri £ ma con phu thudc vao gid tri r. Do viy nén khi tin hiéu cdn do 12
t6 hop tir 2 hai trd 18n thi d€ ghi nhan chinh x4c dang tin hiéu cAn do cn phii luu ¥ d&n sy sai

pha giifa cdc hai tudng ng cia tin hi€u ghi nhin.

2.2-Vitliéu dp dién

Vit liéu c6 kha ndng sdn ra dién tich khi bi bi€n dang dusi tdc dung cla luc thi goi 13 vit lidu dp dién
(piezoelectric material). Mot s& loai vt liéu tu nhién va vat liéu nhén tao c6 dic tinh ndy: thach anh

don tinh thé tithium sulfate, tourmaline, gém st barium titanate BaTiO;, PZT
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Sd dd thi nghiém vé& quan hé giifa hiéu ng cd hoc va hiéu ng dién c6 thé dugc bi€u di€n nhu trén
hinh 3. Khi tdc dung luc véi 4p sudt p 1én bé mit vat thé 1am tir vét liu 4p dién thi bén trong vét thé
s& x4y ra hién tugng phan cyc dién. N&u trén hai bé mit ta gdn hai t4m kim loai thi tai hai tim kim
loai ndy s& tip trung c4c dién tich trdi d4u nhau gifta 2 tdm.

_ hp suitp Quan hé giita dién tich g trén bé mat véi 4p sudt tic
dung 1&n bé mit c6 thé bidu di&n nhu sau:
2\#'“1}1 =
q=S,Ap &)
Trong d6: A — Dién tich bé mat chiu lue
Loy h = Vo S,— Heé s& dién tich, hay hiing s& 4p dién,
(piezoelectric constant) clia vit liéu 4p dién.
2/%1—{”-? Ap ra sinh ra dudc nhd su phin cuc, ky hiéu V,, c6 thé
dudgc biéu thi nhw ham ciia 4p suit p:
Hinh 3. So d6 hé thong thit nghi¢m hiéu Vo =S.hp (10)
ung co - dign cita vat ligu dp dién Trong d6: h - B& day ciia vt thé 4p dién
1 — Mié&ng gém s 4p dién S, - D0 nhay dp (voltage sensitivity)

2 — Tam kim loai

Nhd hidu @ng qua lai gitta hién tugng cd vdi hién tugng dién ma cdc vat liéu dp dién c6 mot vi tri
quan trong trong k¥ thuét do ludng, ching dugc sit dung d€ 1am phan t& nhay (sensor). Pién tich do sy
phén cuc, thé hién trong cdng thifc (9), s& suy gidm theo thdi gian néu luc tdc dung 12 finh. Vi vdy vit
liéu 4p dién dugc ding 1am phan tir nhay d€ do dai lugng dong. Trong s6 cdc vét ligu dp dién thi cdc
loai vét liéu nhédn tao & dang gém s dudc chudng han vi cdc wu diém:

- Céc tinh chit cd 1y 8n dinh,

- Gid thanhré,

- C6 thé thay d8i kich thudc, hinh dang khi ché tao theo yéu ciu.
Tai Viét Nam, vét liéu gom sif 4p dién PZT da dugc Vién nghién cifu dién tir sdn Xudt véi s6 lu’dng
16n. Tuy nhién cdc hé s& S,, Sy cla ching rit thdp so véi vit liéu 4p dién cia nudc ngoai sdn xuit
diing trong thi€t bj do ludng hay trong thi€t bi diéu khién. V§i chdt lugng hién c6, chiing t6i ti€n hanh
khio sit khd ning sit dung chiing d€ ché tao cdm bién do dao dong.

III - N§i dung va két qua thi nghiém

3.1 - Hé th6ng thd nghiém

a. Ché tao cdm bién do dao djng
S d8 nguyén 1y c&u tao cdm bién trong d6 sit dung vat li¢u dp dién 1am phin t¥f nhay cho trén hinh
4a. Hinh dang ciia cdm bién do ching tdi ché€ tao cho trén hinh 4b.

e 0/%0

Kh6i ning

Day ndi 3| [ AL | = Vatlin grored
S ESNISS e yg

a So dé cdu tao b Cdm bién ché tao
Hinh 4

b. Ché tao hé théng do sit dung k thudt s6:
Ciing v6i cdm bi€n, d€ ghi nhin va thufn tién trong v1ec ghi nhén, x 1y s& liéu va nghién cu sau
ndy, ching tdi ciing da ch& tao mdt thiét bi do, sd 48 nhu trén hinh 5.
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Thi€t bi ghi nhdn tin hiéu

_________________________________

i i
E Mach khuéch dai i
i i
Cim bién —pi Mach chuyén d8i tin hiéu (ADC) i—) M4y tinh
: :
E Card giao ti€p véi m4y tinh i
| : .
Hinh'5, S5 33 ¢4 130 thidr bi do dao -d—r,’)'_;zg

3.2 - Thif nghiém
Céc budc thit nghiém gém thit nghiém déi vdi tin hiéu dao dong vao 1a don hai va thi nghiém d8i véi
tin hiéu vio 1a t6 hgp da hai.
a. Thit nghigm d6i vdi tin higu don hai:
e Muc tiéu thi nghiém:
Xéc dinh mién tan s8 cia tin hiéu vio ma thi€t bj do c6 kha niing tdi hién khi tin hiéu vao 12 don hai.
e K&t qua thi nghiém va cdc nhén xét:
1. Quan hé gil¥a tin hi€u ghi nhin va tin hiéu vao
Mot vai s6 liéu cda tin hiu ghi nhén va phé cia ching dudc phin tich cho trén hinh 6.

1'10"" m""""“"‘lf’ "':""
£ i :
.|| o LR ,,1 ............................
ol iliisis BEES L B e R |
OMM i i i i
0 50 100 150 200 250
Frequency(Hz)
b) Tdn 56 lyc kich thich f =15 Hz
. 4 i ; . | :
100 150 200 250 150 200 25(
Frequency(Hz) Frequency(Hz)
c) Tdn 56 luc kich thich f =60 Hz ¢) Tdn s6'lyc kich thich f =120 Hz

Hinh 6: Phé ciia tin hiéu ghi nhdn
Ky hi¢u:
S : Mdc chi thi bién dd ciia tin hiéu ghi nhin
V: Bién d9 tin hiéu vao thé hién bién do van tdc dao ddng (mm/s)
K = §/V [(mic chi thi).s/mm]
f:Tin s tin hiéu vao (Hz)

Ti cdc k&t qud thu dudgc, ta v& dugc quan hé giita S va V nhu dwdc biéu di&n trén hinh 7.
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Tir d6 thi trén hinh 7 ta thiy
- ring trong ving khdo sit,
- - - quan hé gilta bién dd tin
! -+ L =oE 1 hiéu ghi nhdn va vin tdc tai
] = - mdi gid tri cda tin sO 1a
- quan h& gin tuyén tinh.

. Biéu dién quan hé giita hé
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Hinh 8. Quan'h# giita K va f trén hinh 7 theo tin s6 fta
K — Hé s& géc cdc dudng thing thuc nghiém trén hinh 7 dugc d6 thi nhut hinh 8.
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2. Mién tin s6 hoat d6ng clia cAm bién ti¥ cdc k&t qua thu dwdc [2].

» Khi tan s6 ciia tin hiéu vao nhé hon 15 Hz, thi bién do hai cla tin hiéu ghi nhin tai tin sd ciia
tin hiéu vao khdng trdi hon hin so véi cdc hii lan cén.

» Khi tin s6 tin hiéu vao 16n hdn 15Hz, hii cda tin hiéu ghi nhén tai tAn s& tin hidu vio trdi hon
hin cdc hai 1an cin. C4c tin hiéu nay sau khi hiéu chinh lai theo thi&t bi do van t&c chudn thi
ching khdp v6i tin hiéu vdo & mirc khé cao, tifc sai s& gilta tin hiéu ghi nhén so vdi tin hiéu
vao thdp. Tuy nhién khi tdn s8 cda tin hiéu vao ting 1&n ti¥ 120Hz trd 1&n thi trong phé cila tin
hiéu ghi nhan xud't hién cdc hai d ving tdn 58 thdp vdi bién dd rd't 1dn.

b. Thit nghié¢m doéi vdi tin hi¢u da hai:

e Muc tiéu thi nghi¢m:

Pai lugng chli y&€u d€ chdn doédn céc khuyét tit cia cd hé 12 mifc d phat trién bién d cla c4c hai
theo thdi gian. Do d6 khi tin hiéu dao dong 12 t8 hgp ciia nhiéu thanh phin don hai thi viéc x4c dinh
bién dd cla cdc hai thanh phdn trong t8 hdp 12 hét sifc cdn thi€t. Vi vay viéc nghién citu kha ning ghi
nhén bién dd cla cdc hai thinh phan bdi cAm bi€n c6 muc dich khing dinh kha ning s dung thi&t bi
do dugc ché tao trong bai todn chin dodn dya trén s liéu do dao dong

Vi muc dich néu trén, ching 16i tao ra cdc dao dong kich thich 13 t8 hgp clia hal hai véi tin s§ va
bién d6 cila tirng hai thanh phdn déu dugc biét trudc. Sau d6 thu nhin céc tin hiéu ndy biing hé théng
do va phén tich chiing.

e K&t qud va nhin xét:

Phé phén tich tin hiéu ghi nhin cia mot vai t& hgp thi nghiém tao tin hiéu vao dudc trinh bay trén
hinh 9. Céc k€t qui dugc tdng k€t va trinh bay trong Bing 1.
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¢)T6 hgp f=15 Hzva f= 19Hz d) T8 hgp f= 15 Hz va f = 80Hz
Hinh 9. Phé phén tich tin higu ghi nhdn cita t6 hop cdc hai tin higu vao
Bdng 1
i Hai 1 Hai2
o Bién d6 tin hiéu (mm/s) Ripeaa Bién d6 tin hiéu (mm/s)

2 L TR Ghi | Saisd

Td hgp (Hz) Vio ihin %) (Hz) Viao hha %)
1 15 50 46 8.00 40 20 22.5 12.50

3 19 55 56 1.82 40 20 22 10.00

3 15 50 50 0.00 19 55 55 0.00

4 15 50 49 2.00 80 10 9.8 2.00

5 20 62 60 3.23 120 4.25 5 17.65

6 15 50 48 4.00 120 4.25 525 |- 2353

7 60 35 37.5 7.14 110 12.5 17 36.00

K&t qui khio sit hinh 9 va Bdng 1 cho th{y trong mi€n tin s6 hoat ddng ciia cdm bién thi:

» Trong phd phin tich tin hiéu ghi nhin chita khong nhifng cdc hai tai cdc tin s6 cla tin hiéu
vio ma cdn chifa cdc hai khéc 1an cin chiing. Tuy nhién bién dd ciia cdc hai c6 tin s§ cla tin
hiéu vao trdi hon hin so vdi cdc hai khdc. Piéu nay dugc 1y gidi nhu sau: thi€t bj kich thich
dao ddng khong c6 khd ning tao tin hiéu vao 1a cic t6 hgp 2 hai duy nhit ma vin chita cdc
nhidu vdi bién d6 bé va tdn s6 1an can tin s& tin hiéu vao. Do vdy trén phd phan tich tin hiéu
ghi nhan ngoai 2 hai chinh cdn ¢6 cdc hai phy c6 bién d bé hon déng ké tap trung quanh cdc
tdn s6 cdc hai mong mudn ciia tin hiéu vao.

» Bién dd ciia cdc hai sau khi phin tich c6 thé dat dugc dd chinh xdc kh4 cao (sai s6 xdp xi 0%,
nhu t8 hdp 3), song ciing ¢6 thé c6 sai s& rit 16n (36%, nhyt t8 hop 7). Sai s6 dugc giy ra bdi
nhiéu nguyén nhén, ngodi nguyén nhin do két ciu ciia thi€t bi kich thich dao ddng, cdn c6 sai
s& do noi suy, do tuy&n tinh héa quan hé S - V trong hinh 7, k&t cdu clia cdm bién, ...

» Tuy ring thiét bi kich thich khéng tao ra dugc cdc tin hiéu vao chi 12 t8 hgp ciia cdc hai cho
trudc, song cdc k&t qua thu dugc cho thdy tin hiéu ghi nhan di thé hién dudc céc dic trung
cilia tin hiéu vio.

3.3 - K&t ludn
a. V& chdt lugng vét ligu gém sit dp dign dang duge ché tao tai Viét Nam
e Nhudc diém:
+ M6 dun 4p dién va do nhay tuong d6i y&u
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+ Hinh dang va kich thudc cla tim 4p dién bi han ch€ bdi qui trinh cdng nghé ché tao hién
co.
e Uudiém:
+ D6 bén cd hoc cao :
+ Céc thong s6 k¥ thuit 8n dinh theo thdi gian
+ Gi4 thanh thdp, diéu kién cung c4p don gidn
b. Pham vi va diéu kién ung dung cdm bién: V6i cdm bi€n dugc ch€ tao vi thit nghiém néu ra
trong bai bdo nay thi:
+ Khd ning st dung chiing gidi han d&i véi tin hiéu dao dong 12 t8 hop cdc hai c6 tin s6 trong
mién 15Hz va duéi 120Hz.
+ Kich thu6c clia cdm bién (trong Iugng khodng 300g), cho nén chi sit dung dudc véi cdc két
cdu 16n.
c. Hudng khdc phuc: .
+ Da dang héa chiing loai cdm bi€n vé két c4u, kich thudc d€ c6 thé phii dudc viing tin s&
rong hon.
+ St dung vatliéu 4p dién c6 hiing s6 4p dién va dd nhay 4p cao hon.

MANUFACTURE AND EXPERIMENT VIBRATION TRANSDUCER’S
CHARACTERISTICS USING PIEZOELECTRIC MATERIALS
MADE IN VIET NAM

Ngo Kieu Nhi

ABSTRACT: This paper introduces the experimental result of vibration transducer. The
transducer’s sensor is made of piezoelectric material made in Vietnam. The relationships between
amplitude and frequency, amplitude of measurement and signal, difference between them are verified.
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