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Tom tit:

Bai bao trinh bay viéc thiét ké va ché tao nguon phat cho may han siéu 4m sir dung mang rung gom ap dién wrng dung
han trén chét liéu vai khong dét. Mot mang rung siéu Aam (UVB) dwoc do dac khio sat cac thong so lam co sé cho
viéc ché tao b§ dao dong co khi cho diu han siéu 4&m (USTW). Nguon phat siéu am (USPG) dwoc ché tao bang cac
linh kién cao tan va linh kién cong suét dé ciAp ngudn dao dong dién cho UVB. Ngudn phat dao dong nay phai phu
hop voi USTW thi méi ¢ thé hoat dong voi hleu suét tdi da. Do anh hwéng cia qua trinh sén xuét va moi treong st
dung USTW, nén trong qua trinh hoat dong, tan sb cong huéng (f) sé bi thay déi. vi vay, USPG can phai theo doi
tin sb caa USTW ty dong. Viéc két hop tré khang cia USTW va USPG la rat quan trong dé co thé sir dung tbi da
cong suat USPG. Két qua ché tao cho thay, viéc sir dung ngoai vi dém thoi gian d¢ phan giii cao (HRTIM) aé tao tin
s6 diéu khién cho USPG dat d chinh xc cao véi sai s6 16n nhét 13 0,006% & 18401,12 Hz khi dwgc khio sit & dii
18-22 kHz. Cac thong s6 vé dd tré tin hiéu didu khién giira hai pha va d rong xung ciing cho két qua rit tbt. Mang
phdi hop tré khang (IM) ciing cho thiy khi ning khai thac tét USPG khi dwgrc so sanh véi USPG khéng sir dung IM.

Tir khéa: gbm ap dién, han siéu 4m, ngudn cho may han siéu am.

Chi s phén logi: 2.3

1. Dat van de yéu t6 quan trong nhét 13 kha nang theo doi tan s ciia USPG [11,
12]. Ngoai ra cac yeu to khac nhu: do phan giai cua tan so, hi¢u

suat truyén tai giita USPG va USTW ciing dong vai trd quan trong
trong mot thiét bi USPG.

Ky thuat chuyén dbi dién ning thanh dao dong bing song siéu
am duogc st dung rong rai trong nhiéu linh vuc khac nhau nhu xi
Iy nude [1, 2], y té [3], kiém tra vt lidu [4], dinh vi va huéng dan
[5], hinh anh quang 4m [6]...., mdt (ing dung pho bién str dung ky Nghién ciru nay trinh thiét ké cia mot thiét bi USPG, bao gom
thudt ndy 1a trong céc h¢ thong han siéu am. Han siéu am 1d mot b tao tan s6 bang HRTIM c6 d giai cao két hop véi mach khuéch
ky thudt noi nhanh, hi¢u qua va khong can chat bo sung. Moi ndi  dai cong suat sir dung cho khuéch dai dang song cép ngudn dao
duoc hinh thanh bang cach st dung néng luong siéu am d€ nong  dong cho USTW; IM duoc dit giita USPG va USTW dé t5i wu
chay cuc bg vét li¢u lién két, tao ra mot khdp noi bén va chdc chan.  higy sudt truyén tai; USPG duoc tich hop mét phuong phap kiém
Qua trinh nay phanh hon nhiéu so voi cac ky thuat noi khc, chang o4t tin s§ méi bing cach sir dung ngoai vi PWM (Pulse - width
han nhu han dién hogc han khi va khong yéu cau s dung cc vat o qylation) va cc Input capture trén vi diéu khién dé theo doi tan
liéu bo sung. Diéu nay dan dén giam chi phi va tang nang suat. Do~ 8 cong huong cia USTW mot cach chinh xéc.
vay trong nhiing nam gan day, k¥ thuat han bang cong nghé siéu ' )
am cho céc phan tir nhya, 14 kim loai méng va vai khong dét ¢ 2. Déi tugng va phueng phap nghién ciiu
phat trlen nhanh chong va dugc ung dung nhiéu trong cong nghlep

san xudt [7, 8]. Cac hé thong may han siéu 4m thudng c6 cong sudt LT e o
vai kW va hoat dong & tAn s6 20-70 kHz. Trong mot hé thén ¢ han gom ap di¢n va tré khang UTW (Unbalanced termination wave),

sidu 4m ngoai USPG va USTW thi con di kém véin6 1a cic hé co 10 tan 80 bang HRTIM, mach cong suat, IM va theo ddi tan so tu
khi, thity luc va hé théng didu dp, tuy nhién USPG va USTW van ~ d0ng. Cu thé, thong s6 khao sat vong gom ép dién va trg khang
14 thanh phan quan trong ciia hé thong méay han. Nghién ctru cua 1. dau do siéu am dugc do bang may do chuyén dung, trong khi bd
Jones (2013) [9] chi ra rang, trong hé thdng han siéu 4m thi USTW ~ khuéch dai cong suat va mang phoi hop duoc thiét ké voi linh
dugc coi 14 linh kién c6t 181 ciia cong nghé nay vi chiing dong vai  Kién ban dan cong suat 16n. Tan s6 mach diéu khién dugc 1ap trinh
trd chuyén doi nang luong dién tir USPG thanh céc rung dong co  thong qua vi xir Iy STM32, két hop véi cac mach xur Iy tin hiéu dé
hoc. Tuy nhién, trong céc nghién ctru khéc thi cho rang, USPG  theo ddi tan so cong huong cua dau do thong qua dg 1éch pha cua
1a thiét bi cdt 16i ctua hé thong han siéu 4m cong sudt cao [10] va  dién ap va dong dién.

Thiét ké nay gdm 5 phan chinh bao gdm: do dac khao sat vong

*Tac gia lién hé: Email: hieptv58@vnu.edu.vn
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Abstract:

This paper presents the design and manufacture
of ultrasonic emitters for welding machines using
piezoelectric ceramic materials for welding on non-
woven fabrics. The ultrasonic vibrating membrane
(UVB) used for the transducer is investigated to ensure
that there are no cracks in the material structure. These
parameters serve as the basis for evaluating the quality of
the ultrasonic vibrating membrane in the fabrication of
an oscillator for ultrasonic transducer welding (USTW).
The ultrasonic power generator (USPG) is made of
high-frequency components and power components to
supply electrical oscillations to the UVB. This vibrating
source must be compatible with the USTW to operate
at maximum efficiency. Due to the influence of the
manufacturing process and USTW usage environment,
after operating for a long time, the resonant frequency (f )
will be changed. Therefore, the USPG needs to monitor
the frequency of the USTW automatically. Matching the
impedance of USTW and USPG is very important to
get the most out of USPG power. The fabrication results
show that the use of high-resolution timer to generate
the control frequency for USPG achieves high accuracy,
with the largest error of 0.006% at 18401.12 Hz when
surveyed in the range of 18 to 22 kHz. The parameters of
control signal delay between two phases and pulse width
also give very good results. Impedance-matching (IM)
networks also show good exploitation of USPG when
compared to USPG without IM.

Keywords: piezoelectric ceramic,
generator, ultrasonic welding.

Classification number: 2.3

ultrasonic power
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2.1. Po dac khdo sit vong gém dp dién va tré khdng dau
do siéu dm

Dua trén két qua khao sat sy phu thudc cua tré khang vao tan
s0 clia vong gdm ap dién trén may Tegam Programmable LCR
Meter 3550 trong khoang 1-100 kHz (hinh 1A), nhan thdy rang,
tAm gém ap dién chi c6 mot diém cong & tan s6 33 kHz va khong
¢ bat ky diém cong huong nao khic, diéu nay cho thay thm gém
ap dién khong bi nut gdy bén trong cau tric va dat yéu cau de dung
cho viéc ldp rap vio UTW. Tir két qua do (hinh 1B), tin s cong
huong cua UTW dugc xéc dinh 1a £ ~19,905 kHz, tr¢ khang ~80
Q va gid tri dung tich C_ cua dau do duorc do ¢ tan s6 1 kHz 1a 10
nF, cac thong so cla UTW lam co s& dé tinh toan mach IM va cong
suét cia USPG.

A)

10000 %

1000

Tré khang (Q)
T

100 4

T T T T
40000 60000 80000 100000

Tén sé (Hz)

T T
o} 20000

(B)

1000 A ji

Tré khang (Q)
o~
T
(=]
Géc 1éch pha (°)

100 4 "o r-50

~-100

]99'3530 20000 20050 20100
Tan so (Hz)
Hinh 1. Két qua phan tich tinh chét tr& khang theo tan sé trén may do
TEGAM Programmable LCR Meter 3550. (A) Sy phu thudc cua tré khang
theo tan sb clia vong gém &p dién; (B) Sw phu thudc clia tré khang va géc léch
pha theo tan sb ctia UTW.

2.2. Tao tin sé bang HRTIM

T T T
19800 19850 19900

HRTIM la mot ngoai vi dém thoi gian cao d6 phan giai trong
mot s6 dong vi diéu khién STM32 cua STMicroelectronics. N6
dugc thiét ké dé cung cép cac tin hiéu PWM va cac tin hiéu
dém thoi gian khac, co do chinh xac va phéan giai cao.
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Dé tao tin hiéu tan sb bé“mg HRTIM, cin sir dung ché do Output
compare cua ngoai vi ndy. Output compare cho phép so sanh gia
tri dém cuia timer voi mot gia tri dinh trudc va sinh ra mot tin hiéu
PWM tuong tmg. Nguyén 1f tao tin s6 bing phuong phap nay
dwgc mo ta ¢ hinh 2, str dung céc gié tri CP, CP,, CP, dé tao ra
xung ¢6 do tré va dg rong xung khac. Gia tri dém (Counter - CNT)
trong HRTIM xéc dinh theo tan s6 (f) va ty 18 cong suét (duty) la:

_ HRTIM¢k | _ CNT x duty CNT

CNT T 00 0 T

;CP; = CP, + CP,

Do phan giai ciia phuong phap tao tan sb bang HRTIM theo
tinh toan 1y thuyét 1a 3x10-°xf-0,3442 véi f 14 tan s6 mong mudn,
nhu vy d6 phan giai ciia tan s trong khoang 18-22 kHz 14 0,3-0,5
Hz. Do str dung }hal}h ghi 732 bit va HRTIMCLK=1,152 GHz nén do
rong xung co thé diéu khién & do chinh xéc rat cao.

Do chinh xac cua tan so cia phuwong phap nay dugc kiém
nghiém cach do tin hi¢u tAn sb trén may hién song Agilent
DSO8064A.

CNT
TP
N\.cr2_ |
CP3]

UL

-+ LT
JYATATAY
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Hinh 2. Minh hoa dang séng ctia phwong phap tao tan s6 bang HRTIM véi
CNT Ia chu ky dén ctia HRTIM. A va B 1a tin hiéu ra kénh A, B; A+B la dang
tin hiéu dau ra trén mach cau IGBT khi két hop 2 kénh diéu khién; OUT Ia dang
song qua mach IM.

2.3. Mach cong suit

Do thiét bi x4c dinh v6i mot loai dau do & tan sb ¢b dinh trong
dai nho va st dung phuong phap tao tan s bang HRTIM véi
tin s6 chuyén mach ¢ mirc trung binh. Mat khac, cac thanh phan
cam khang trong IM ¢6 thé gy ra dong dién ky sinh véi dién ap
cao, do vay cac IGBT dugc st dung dé lam thiét b chuyén mach
trong phan cong suat. IGBT v6i model 1a STGW40H120DF2 tir
STMicroelectronics dugc Iya chon trong thiét ké mach cong Suit.
Vi dién ap cho mach cong suat 1a 320 VDC, dong dinh cta IGBT
[=160 A, I, =8Q A (25°C)’th‘1 mf_ich cong suat 1a an toan cho cac
ung dung yéu cau cong suat nguon <2000 W.

Mach cong suat stt dung IGBT cau H duge diéu khién boi tin
hiéu dau ra cia MCU qua mach di€u khién. Céc yeu to can dugc
xem x¢ét trong thiét ké mach dieu khién cau H nhu sau:
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Diéu khién mira phia cao: Dicu khién nira cu thp dé hon vi
cuc phat (E) két ndi truc tiép voi GND. Tuy nhién, ¢ nua cau H
phia cao, E ctia IGBT bén cao két ndi voi cuc thu (C) ciia bén thap,
do d6 can tao nguon dién chénh giita G va E cia IGBT phia nira
cao, v6i gia tri 15£20 V dé dam bao IGBT c6 thé dong mé hiéu
qua.

Kiém sodt thoi gian tré: Néu mach khong c6 diéu khién thoi
gian tré, ¢6 thé xay ra hién tuong ngan mach giita phia cao va phia
thap cia mach cdu H. Khi xay ra hién twong nay, hai IGBT tro
thanh dan dién déng thoi, 1am tang dong dién va tao ra mot luong
16n nhi¢t gay hu hong cac IGBT.

Kiém sodt dong IGBT cho mach cau H: Tinh trang ndy thuong
xéy ra khi thiét bi dang hoat dong trong tinh trang qua tai hoac khi
xdy ra su ¢d trong mach dién. Néu khong ¢6 phwong phép kiém tra
va bdo v¢ khoi tinh trang qué dong dién, s€ gdy hu hong cac linh
kién trong mach va l[am hong dong co.

pé tang do an toan va tudi tho cho mach diéu khién cong suit,
hai bién 4p didu khién kénh d6i KCB 473-F18 tir BingZi duoc
str dung dé diéu khién mach cau H. KCB 473-F18 cho phép diéu
khién cong IGBT céch ly vé6i dién 4p cép cho mach cong suit, do
st dung kénh doi nguoc nhau nén thoi gian trd duoc kiém hoan
toan. Hai bién 4p didu khién kénh doi duoc diéu khién bing 4
mach tich hop chuyén dung MIC4420 tir Micrel.

(A)
2 3,4 1
Mach : : :
diéu Mach
khién

bao
bién vé
ap lai IGBT
IGBT

P

Hinh 3. Mach céng suét cta thiét bi. (A) So d6 khéi; (B) Mach cong suét.

Hinh 3B la mach cong suit sau khi da rap du linh kién. Mach
ndy bao gom céc thanh phan sau: 4 IGBT STGW40H120DF2 (vi
tri 1) dwoc han & mat day va két ndi voi tan nhiét; 2 bién ap lai
do6i KCB 473-F18 (vi tri 2); cam bién dong cua nguon dau ra (vi
tri 3); cam bién dong ctia nguon dau vao (vi tri 4); mach tich hop
MIC4420 (dugc dat & mat sau ciia mach).
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2.4. Mang phoi hop tré khing

Mach phéi hop tré khéng 1a mot van d& 16n trong thiét ké mach
tan s6 cao, nd lién quan dén viée két hop mot phan cua mach véi
phan khac dé dat dugc sy truyén ning luong ti da gitra hai phan
[13]. Cu thé trong truong hop nay la su truyen tai nang luong gifra
nguon va dau han, do vy giita hai thanh phan nay can c6 mot IM.

Rse Cse Lse
Co
[

Hinh 4. M6 hinh dién Butterworth-Van-Dyke (BVD) twong dwong clia dau
han & tin sé cong hwéng [14]. R, biéu thj cho sy mt mét trong dao dong
trong tinh thé; L, bléu thi cho dao dong cta gém ap dién; C, biéu thi cho do
dan héi cia thm gém; C, & nhanh tinh & dién dung ky sinh cta gom.

V6i mé hinh dién BVD tuong dwong cua dau han ¢ tan so
cong huong nhu hinh 4, ta c6 tré khang dau vao tuong duong cia
mach la:

_ — [RSE + j(XLSE - XCSE)] j(_XCo)
R e 10Xty —Xe) +1(e,) O
Voi:
R = Rse _ )

w?C2 R§E+ [u)C0 (mLSE - %SE) — 1]
(ot —ge) — o [Rg”(‘”f )| 3)
WSE) -1

Khi ddu rung siéu 4m xay hién tuong cong huong thi

® = 1//LseCsg, khi d6:

w2C3RE; + [wCo (wLsg -

_ Rsg

R= ®?C2R%; + 1 (4)
_ —wCoRg
T w2CER%; + 1 )

Hinh 5. M6 hinh IM loai L vé&i loc théng thap. UT: ultrasonic transducer - dau
do siéu am.

Pé dat duoc hiéu suét tmyén tai tot nhat thi tro khang cua
nguon phai bang tré khang cua tai, tuy nhién trong thyc té thi can
str dung mach IM (hinh 5). Do tr¢ khang ctia ngudn dugc sir dung
¢ day nho hon tré khang cla tai nén IM st dung ¢ day 1a loai L véi
loc thong thap [15] nén lya chon mirc cong sudt tdi da cia ngudn
122.000 W ta c6 R=52 Q.

Rgm—— RSB (6)
w?(Cy + Cp)zRéE +1
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(Co + Cp)REg
w?(Cy + Cp)?RE; + 1

Ls = (7)

Tir cac thong s6 C, va R, da do dugc, Iya chon gia tri R;=50
nF va L =280 uH. IM duorc danh gia dya trén mo hinh dién du’orc
b0 tri nhu: & hinh 6.

Ngudn
phat

Vonké |fe——m

Hinh 6. Cau hinh thir nghiém dao dong [16].

Két qua do tirmay LRC cho thy tan s6 cong huong cta dau do
trong md hinh nay 1a £=19974 kHz va goc 1éch pha 1a 23°.

2.5. Theo déi tan s6 tw djng

Dau do siéu 4m 1a mot hé thong thay doi phi tuyén theo thoi
gian. O tan s6 hoat dong khac nhau, sy khéac biét gitta cac dac tinh
tré khang va rung co hoc 1a rat 16n. Khi tan sb hoat dong bing véi
tin s6 cong hudng, dau do c6 ton thit dién nang thap nhit, bién
d¢ dao dong lon nhét va tan sd hoat dong t6t nhét. Vi vy, viéc lua
chon thdng s6 mach phéi hop phit hop ¢ ¥ nghia hét siic quan
trong [17].

Phuong phap theo ddi tan sb tw dong duoc thyc hién bang cach
ldy miu dinh cta dién ap va dong dién cap cho dau do két hop véi
goc léch pha cua dién ap va dong dién. Sau d6 dua vao két qua
tinh toan d¢ 1éch pha ma MCU diéu chinh tan s6 d4u ra va tim tan
s6 cong huong cua dau do (hinh 7, 8). Mot tin hiéu goc léch pha
gia 1ap tao ra bang may tao song da nang BK Precision - 4070 A
dugc sir dung dé danh gia kha ning phat hién chinh xac goc léch
pha giita dién 4p va dong dién, gié trj tinh toan duoc MCU truyén
ra bang UART.

T
Phan Piu
ap han
Cam
bién
dong

Hinh 7. M6 hinh ldy mau ctia dong dién va dién ap cho dau do.

>

aen 1>

Hinh 8. M6 hinh x Iy tin hiéu dong dién va dién ap dé tinh toan tin sé
cdng hwéng.

2]



(A)

(B)

Hinh 9. Hinh anh mach diéu khién va tao tan sé (A); mach IM cia USPG (B).

Hinh 9A cho théy, mach diéu khién va tao tan s6 sau khi da rap
linh kién. Mach nay bao gf”)m cac thanh phﬁn: mach dém va loc (vi
tri 1) st dung vi mach TLC2272; mach bt dinh tan sd cao (vi tri
2) sir dung 2 vi mach TLC2272; mach xtr 1y pha (vi tri 3) gdm 2
vi mach LM311 dung so sanh va vi mach XOR SN74LVC1G86;
mach phat hi¢n qua dong, qué ap (vi tri 4); MCU va RS485 (vi tri
5, 6). Hinh 9B cho thay, mach phéi hop tro khang (vi tri 1), mach
phan ap véi ty I€ dién ap vao trén dién ap ra la 1000:1 (vi tri 2) va
cam bién dong (vi tri 3).

3. Két qua va ban luan

Két qua phan tich do chinh xac cta phuong phép tao tan sb
bang HRTIM (hinh 10) cho thdy, ngoai vi nay c6 thé tao tin sd
voi d6 6n dinh va chinh x4c cao v6i sai s6 16n nhét trong phép thir
nghiém nay 1a 0,006% ¢ 18401,12 Hz. Két qua do ciing cho thay
& cac tan sb thap sai sd cta tan s6 ¢6 xu hudng cao hon khi phét ¢
tan s6 cao. Diéu nay c6 thé Iy giai do sai s6 ctia by xung dong trong
HRTIM, khi ¢ tan s6 thap HRTIM phai dém nhiéu gi4 tri hon nén
dan dén sai s6 liy ké.
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22000 4 y=a+bx
Tan sé thue té do dugc
No Weighting
-153,86357 + 236,14672
1,00833 = 0,01201
8534,38192
099943

Equation
Plot
Weight
Intercept
Siope
Resicual Sum of Squares
Pearson's r
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Hinh 10. Sai khac giira gia tri tan s phat trén thiét bj va gia tri tan sb do
dwerc trén may hién séng Agilent DSO8064A.

Theo nhu tinh toan 1y thuyét cho thiy, véi do phan giai 32 bit
ciia HRTIM thi viéc diéu khién cong sudt bang do rong xung co
thé dit chinh x4c rit cao cho nén céc gia tri tinh toan diéu khién do
rong xung gan nhu khép vai két qua do trén may (hinh 11). Yéu
t6 do léch pha giira hai kénh tin hiéu didu khién ciing duoc kiém
chimg, két qua cho thiy do léch nho nhat 13 179,9° va 16n nhit 1a
180,4°, viéc d¢ 1éch pha c6 sai 1éch co thé gay ra hién tuong doan
mach do thoi gian tré qué thap, do vay dé dam bao do tré cho thoi
gian dong ngit IGBT, thiét bi dugc gidi han & mirc <49%.
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Hinh 11. Két qua kiém nghiém dd chinh xac trong viéc diéu khién do rong
xung cta HRTIM va sw én dinh clia géc léch pha gitva 2 kénh tin hiéu A va B.

Hinh 12. Sw phu thudc ctia goc léch pha theo tan sé khi quét trén thiét bi.
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Két qua quét tan s6 cong huong dua trén goc léch pha (hinh 12)
cho théy, thiét bi c6 thé tim duoc kha chinh x4c tan sd cong hudng
theo goc Iéch pha gid tri f tim dwoc bang thiét bi vao khoang
19902,5 Hz v6i goe 1éch pha 1a 3,6° khop voi gia tri f trong hinh
1. Gid tri f, dat 19928,7 Hz v6i goc 1éch pha 1a 9°, gia trl f thuong
khé xac dlnh hon do tré khang cua dau do tai diém nay vo cung
16n, do vay diém nay thudng duoc bo qua néu khong can tinh toan
cac thong s6 khac lién quan (hinh 13).
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Hinh 13. Sw khac biét giiva bién dé dién ap do dwoc trong cau hinh thi
nghiém dao dong khi str dung IM va khéng str dung IM.
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Céu hinh thtr nghiém dao dong dién co cla dau do cho théy, o
cung mot thong s0 cai dit cua thiét bi 1a do rong xung 40%, tan so
19-21 kHz thi ngudn phat véi mach c6 sir dung IM cho bién d6 dao
dong 16n so v6i khong st dung IM, diéu nay thé hién bang bién
do dién ap thu duoc trén ddu do tai ghép ndi dau do phat (hinh 6)
trong tinh chat co - dién. Tan s dinh khi sir dung IM ¢6 xu hudng
thay doi, diéu nay 1a do céc thong sd trong IM dugc tinh toan cho
UTW ma khéng phai m hinh nay dn dén su dich chuyén nay va
¢6 thé chua khai thac hét hiéu suét cua nguén [18].

Gia tri léch pha giira tin hiéu di¢n 4p va dong dién mé phong
14 0-60%, twong tmg vai goc léch 0-108° (hinh 14) cho thy ngoai
vi ¢6 thé doc do rong xung c6 gia tri 1-60%, véi sai s6 1on nhat 1
5,3% 6 1%, tuong (g voi 1,8° va sai s trung binh 1 1,1%.
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Hinh 14. Sai sb cua gia tri pha thwe té tao b&i may tao séng da niang BK
Precision - 4070 A va géc léch pha do dwgrc trén mach diéu khién.
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4. Két luan

Thiét bi nguyén miu duoc ché tao voi phuong phap tao tin
56 cho viée didu khién mach cong sudt bang HRTIM cho thay, do
chinh x4c 1a 0,006% trong dai 18-22 kHz, kha ning diéu khién tan
s va do rong xung dé dang. Két qua thir nghiém dao dong trén UST
cho th?iy tAm quan trong cua mang IM. Theo doi tan sb tu dong
bing cach ldy mau dinh cua dién 4p va dong dién cap cho dau do
két hop véi goc 1éch pha cua dién 4p va dong dién cho théy do on
dinh cao dé dang thuc hién. Tuy nhién, phuong phap nay van con
nhu’oc diém do t6i wu viée do goc lech & gan diém cong hudng c6
sai s6 kha cao 1én dén 5,3% va sai s6 trung binh 1a 1,1%.
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