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NGHIEN CUrU THIET KE VI TRi CAC BPEM KHi CUA O PEM KHi
CHIU LUC HUONG TAM SU’ DUNG TRONG THIET Bl CHUAN
MO MEN LUC

RESEARCH DESIGN OF THE LOCATION OF AIR CUSHION POSITION OF AIR
BEARING RADIAL FORCE USED IN TORQUE STANDARDS DEVICE
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TOM TAT

Thiét bi chudan mé men luc la thiét bi tao ra mé men chuan, thiét bi nay co mot truc quay
@dn véi canh tay don va 6 quay. Pé tao ra mé men chudn thi yéu cau quan trong dé la mé men ma
sdt ciia 6 quay phdi rat nhé. Vi vy, gidi phdp sir dung 6 dém khi la mot phirong dn hiéu qua dé dap
1ng yéu cau trén.

Déi véi thiét bi chudn mé men kiéu truc ngang thi 6 dém khi duoc sir dung la dang 6 chiu lyc
hwéng tam, do dé6 viéc nghién ciru két cau ciia 6 dém khi chiu lec huéng tam sé dwa ra cdc phirong
dn ddp img cdc yéu cau vé kha nang chiu tai; khe hé 6 dém khi déi véi yéu cdu cu thé cia thiét bi
chudn mé men luc.

Tir khéa: O dém khi chiu liec huéng tam; Kha nang tdi ciia 6 dém khi; Khe ho 6 dém khi;
Thiét bi chudn mé men.

ABSTRACT

A torque standard device is a device that creates a standard torque, this device has a rotating
shaft attached to the lever arm and rotating bearing. To create a standard torque, the important
requirement is that the friction moment of the rotating bearing must be very small. Therefore, the
solution of using air bearings is an effective solution to meet the above requirements.

For horizontal shaft-type moment reference devices, the air bearing used is a radial force
bearing, so studying the structure of the radial force air bearing will provide options to meet
the requirements load-bearing capacity requirements; air bearing clearance for the specific
requirements of the torque standard device.

Keywords: Air bearing radial force; Load capacity of air bearing; Air bearing clearance;
Torque standard device.
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1. 0 PEM KHi CHIU LUC HUONG TAM

O dém khi 14 loai 6 quay sir dung mang
mong khi nén véi mot ap suat nhat dinh dé
can trd su tiép xuc truc tiép gitra hai bé mat.
Do khong c6 tiép xtic co khi giira bé mit bac
dém khi va bé mit truc quay nén cac van dé
vé ma sat, sy mai mon, bdi tron... s& dugc giai
quyét khi tng dung 6 dém khi [3]. Tuy nhién,
do khong khi luon dugc thoat ra tir cac khe ho
nén phai duy tri lién tuc ap suit dé tao luc nang
théng duoc luc tai 1am viéc cua d.

Céu tao co ban ciia 6 dém khi gém hai
phan chinh: rotor (truc quay) va stator (bac, 16
dém khi). Trong d6, stator dugc gia cong cac 10
dan, ranh thoat khong khi. Stator c6 bién dang
16 dong dang vai bién dang ciia rotor va co tac
dung dan khi véi 4p suat cao vao khoang tréng
giifa rotor va stato nham tao ra mot 16p mang
khi nén giita hai bé mat. M6 hinh 6 dém khi
nhu hinh 1 va hinh 2 [2].

+ O dém khi dang chit H: Khi do, bé
mat cﬁa,rotor gém bé me:lt tru ¢co cl‘liéu dai L,
dugc chan boi hai mat phang & hai dau (hinh 1).
Lép khi nén duge cip vao phan bé mit tru va
mat phang giita rotor va stator.

Iw

1 L:
¥ L'- |
Hinh 1. O dém khi dang chiv H [2]
*Chu thich hinh 1: 1 — Puong dan khi: 2 — Dia
chan; 3 — Rotor; 4 — Stator; L,— Do dai cua rotor;
L.~ B¢ dai ciia 6 dém khi.

+ O dém khi dang chir X: Bé mit nim
giira truc quay rotor va 6 d& stator c6 dang chir
X nén khong can mit chin ¢ hai dau rotor (hinh
2). Ngoai ra, dé thuan tién trong qua trinh lip
rap 6 dém khi thi stator & day thudng dugc cdu
tao gdm hai phén lip ghép voi nhau.

[ ]

= Le=L3 -

Hinh 2. O dém khi dang chit X [2]
*Chu thich hinh 2: 1 - Puong dan khi: 2 - Rotor;
3 - Stator, L, - B¢ dai cua rotor; L, - D¢ dai cua 6
dém khi.

Trong qua trinh 1am viéc, loai 6 nay chu
yéu chiu tai trong hudng tam. Ddi v6i 6 dém
khi tinh dung cho may chuin moé men [4], tai
trong hudng tam la trong luong cia mot s6 bod
phan trén may chuan mo men (trong luong cua
truc, canh tay don, quang treo va cac qua tai tao
mo men). Van dé dit ra khi st dung loai b trén
1a can nang cao kha ning tai cta 6.

Theo [5] thi kha ning tai cta 6 dugc xac
dinh dya trén cong thirc mang tinh nguyén tic:
Kha ning tai = (Dién tich bé mit) x (ap suat
cip) x (hiéu sudt).

Tur cong thirc trén, ta nhan théy dé b co
kha nang tai 16n thi mét trong cac giai phap la
tang dién tich bé mat try tiép xuc véi truc quay.
Pé dat duoc muc dich nay, co thé ap dung hai
giai phap sau:
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+ Tang duong kinh cua truc quay:
Phuong 4n nay 1am ting mdé men ma sat tai O
quay, nhung do hé sd ma sat khi rat nho nén
luong tang nay s& khong dang ké.

+ Tang chiéu dai cia 6 dém khi, truc
quay: Phuong 4n nay c6 kho khan khi ché tao
dém khi.

2. CAC PHUONG AN THIET KE PEM KHI
CUA O PEM KHI CHIU LUC HUONG TAM

O dém khi duoc cdu tao bdi cac dém
khi bé mat try. Theo [1], quan hé giira gia tri luc
nang (F) va khe h¢ (z) tai vi tri trung tdm cua
dém khi bé mat tru nhu hinh 3:
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Hinh 3. Quan h¢ gitta luc nang F va khe ho z* ¢
tam cua dém khi [1]

Truc dugc d& boi hai 6 dém khi & hai
dau truc. Noi dung bai b4o nay sé khdo sat )
luong va phuong an bb tri cac dém khi bé mat
tru (lam viéc véi khe hg dém khi trong khoang
tir 2,1 pm dén 9,5 um — khong c6 tiép xiic co
khi) dé cAu thanh mot 6 dém khi véi cac thong
sO:

+ Trong luc cua truc, canh tay don va
quang treo tdc dung lén mot 6 1a: F_;

+ Trong lyc cua cac qua tai tao mo men
tac dung 1én mot 6: F_;

+ F.: Lyc ddy cua dém khi i (i 1a vi tri
dat vitri, 6 day cac vitrila A, B, C...).

2.1. B6 tri 03 dém khi trén mdi diu truc (PA 1)

Phuong an don gian nhét 1a mdi dau
truc bd tri 03 dém khi. Pdng thoi, dé ting kha
nang chiu tai la trong luc, b tri phia bén dudi
hai dém khi sat vao nhau, phia bén trén b tri
mot dém khi, nhu hinh 4.

Khi do, lyc tac dung 1én truc quay cua o
dém khi gom nhiing lyc sau:
F—'A, FB’,}TC la lyc nang hodc déy cua tung dém
khi tdc dung theo phuong hudng tam.

FT la trong luc cua qua tai.

F, 1a trong lugng cua truc, canh tay don va
quang treo phan chia trén moi dau tryc.

F 1a tai trong cua o, (l?zfr+]?ﬁ).

Hinh 4. So d6 bé tri 03 dém khi trén mét dau truc.
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Tir so do luc tac dung 1én truc quay
(hinh 4}), ta co quan hé vé tri sb: F,=F_. (do
tinh d6i xtng, tri s lyc tai hai dém khi B, C
bang nhau).

Ciing do tinh d6i ximg vé tai trong va
két ciu, nén ap dung phuong trinh cin bang luc
theo phuong y trong mit cit ngang ciia mot dau
truc, ta co:

F +F. +F_ = 2.FB.cosa
F . =2F,cosa-F —F_ (1)

Tdng trong lugng clia truc, canh tay don
va quang treo cua thiét bi thr nghiém duoc xac
dinh 1a 550 N. Mat khac, do truc dugc do boi
hai 6 dém khi nhu nhau tai hai dau truc, nén tai
mdi du truc, ta c6: F_=550/2=275N.

Xét truong hop chiu tai 16n nhat (F =
F,,,) thi khe ho nho nhat & B va C van phai
dam bao d€ dém khi lam vi¢c. Lwa chon z, =z
= 2,1 um. Khi do, ta co:

F,=F.=F =1000 N, thay vao (1), ta co:

F,.. = F;=2.1000.coso.— F, —275. (2)
Tt phuong trinh (2) & trén, ta nhan thay
lac nay phéi chon F, sao cho z, con nam trong
vung khdao sat cia d¢m khi, xac dinh duoc gia
tri 16n nhét cua luc F laF,, .Chonz,=9,5um,
khi d6 can cu vao duong dac tinh chiu tai cua
dém khi [1], ta tim dugc F, = 500 N. Mat khac,
do tat ca cac dém khi dugc thiét ke & day co goc
chan cung 13 ¢ = 60° nén suy ra a = 30°.
Thay s6 vao (2), ta co:
F,..=2.1000.cos30° - 500 - 275 =957 N
Suy ra, tai trong 16n nhét cua ca hai 6
dém khi & hai dau truc 1a: 1914 N.

Vi canh tay don 1a L =500 mm nén mo
men 16n nhét trong trudng hop nay la:

T, = 1914.0,5=957 N.m

Nhén thiy gia tri m6é men 16n nhét nay
16n hon gi4 tri md men chuan can tao ra theo
yéu cau (Tyeupau =500 N.m), do do khi dat gia tri
mo men chuan 1a 500 N.m thi khe ho tai B va C
s& 16n hon 2,1 pm. Diéu nay ching to s& khong
¢6 tiép xtic co khi trong truong hop c6 tai trong
tao md men chuén.

Tuy nhién, can xét thém trudng hop khi
khéng co tai trong tao mo men chudn ma chi
cO tai trong cua truc va canh tay don thi truc
s€ dugc nang 1én mot khoang 6 (theo phuong
thang dtmg). Theo phuong trinh (1), ta cé:

F =2F,.cosa—F,—275 3)

Khi khong c6 tai trong tao m6 men thi
FTZ 0, khe hé tai Qién} A s?; giam di mot khoang
bang o, theo so do bo tri 6 nhu hinh 4, khe ho
tai B va C s€ tang 1én mot khoang 1a d.cosa.
Cac gia tri luc tai cua cac dém khi tai A; B; C
tuong ung véi khe hd cua ting dém khi phai
thoa man diéu kién do 1a thay vao phuong trinh
(3) s& cho két qua F.= 0.

Phuong phap xac dinh gan dung gia tri
0, duoc trinh bay nhu sau:

Chon budc tinh 6 = n.x, trong do x la
bude tinh (x=0,1 pm), nlahésdé (n=1,2, 3....).

Lan luot léy caicgiatrin=1,2, 3,... dé
tinh cac khe hé ctia dém khi tai cac vi tri A, B,

C theo so d0 bo tri cua 6 dém khi.

Xéc dinh lyc tai cia cadc dém khi tuong

{ng theo khe ho dya trén dudng ddc tinh hinh 3.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 318, thang 8 nim 2024 131
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Thay cac gia tri lyc tai cia dém khi tai
cac vi tri twong rng vao phuong trinh (3), ta
thu dugc gia tri F,, do dich chuyén cua truc khi
khong tai dugc xac dinh gan dung la gid tri o tai
bude tinh c6 két qua theo phwong trinh (3) cho
giatri F_ gan bang khong.

Cuthé, véin=1,taco8=0,1 pum, khi
d6 khe ho tai A giam di va c¢6 gia trila: 8, =9,5
-0,1=94 um.

Theo so d6 bd tri 6 dém khi hinh 4, khe
h¢ tai B va C (dugc coi la bang nhau do tinh
chat doi xing) tdng 1€n va co gia tri 1a: 6, = §_.

=2,1+93.c0os30°=2,1+0,1.cos30° =2,2 pm.

Theo d6 thi quan hé giira lyc nang va
khe ho ciia dém khi (hinh 3), véi khe ho 1a 9,4
um, ta co luc tai la 550 N, véi khe ho 14 2,2 pm
cho ta luc tai cia dém khi 990 N, do do ta co:
F,=550N,F,=F_.=990 N.

Thay vao phuong trinh (3), ta c6:

F. =2¢990ec0s30° —550-275=890 N

Lap lai, lan luot cho n b;ing cac gia tri 2,
3,... ta cd gia tri tuong g nhu bang 1, nhu sau:

Bang 1. Céc gid tri twong vmg véi khe ho ciia 6 dém khi (PA 1)

TT (n) Sum) |z, (um) | z,z.m)  F,N) | F,F.N) | F®N)

0 0 9,5 2,1 500 1000 957
1 0,1 9,4 2,2 550 990 890
52 5,2 43 6,6 775 630 41

53 53 4,2 6,7 780 625 27
54 5,4 4,1 6,8 790 620 9

55 5,5 4,0 6.9 800 610 19
56 5,6 3,9 6,9 805 610 24

F, c6 gia tri &m, khi do6 luc F_ co chiéu
tur dudi Ién trén theo phuong thang dirng, nhin
vao bang gia tri trén c6 thé 1ay gia tri & = 5,4
um, khi d6 luc F_c6 gid tri gan bang khong.

Nhu vay, khi trong lyc tao m6 men
chuén thay doi tir 957 N dén 0 N (truong hop
khong c6 tai trong tao md men chuén) thi khe
hé ctia dém khi tai A giam tir 9,5 um xudng 4,1
um; khe ho tai cac vi tri B va C tang tir 2,1 pm
dén 6,8 um, tdm truc dich chuyén theo phuong
thang dimg mot khoang 13 § = 5,4 um.

2.2. B6 tri 04 dém khi trén mdi diu truc (PA 2)

Vi muc dich tang kha nang chiu tai cua
6 dém khi, PA2 thiét ké mdi dau truc s& duogc
bb tri 4 dém khi. Trong d6, mot dém & phia trén
dé ting do cimg vitng, ba dém duoc bd tri lién
nhau (goc B = 60°), so d6 bd tri dém khi duoc
thé hién trén mat cit ngang di qua tAm cac dém
khi, hinh 5.
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Hinh 5. So dé bé tri 04 dém khi trén mét dau truc.

Céc dém khi tai A, B, M, N c6 luc nang
tong hop ciia mdi dém la: F,, F,, F,,, F, . Tix
so do phan tich cac lyc tac dung Ién truc quay
trén hinh 5, ta nhan thay: F|, = F .

Ap dung phuong trinh can bang lyc
theo phuong y trong mit cit ngang ciia mot dau
truc, ta co:

F,+F +F_=F+2FM.cosf

Suyra:F =F,+2.F .cosp-F, —F_(4)

Khi F dat gi tri 16n nhat, gia thiét F, =

F,,=F,=F, = 1000 N, trong tmg khe ho bang
2,1 um; F, = F, = 500 N, twong ung khe ho

bang 9,5 pm.
Thay sb vao phuong trinh (4), ta co:

F,..=F,=1000+2.1000.cos 60° - 500

Max

—-275=1225N

Suy ra, tai trong 16n nhét cia hai 6 dém
khi & hai dau tryc 1a: 2.1225 = 2450 N

M6 men 16n nhat la: T,, = 2450.0,5 =
1225 N.m

Khi khong c6 tai trong tao moé men
chuan thi tryc dwoc ning 1én mot khoang &,
theo so d0 hinh 5 thi khe ho dém khi tai A giam
di mot khoang bang voi khoang cua khe ho
dém khi tai B tdng 1én mdt khoang 1a o, theo
tinh chét dbi ximg khe ho tai M va N ting 1én
mot lwgng nhu nhau 1a 6/cosp (f = 60°).

Ap dung phu:ong phép xac dinh 6 twong
ty nhu truong hop 6 dbi v6i phuong an 1, dé
xac dinh khe hd tai cac dém khi tai cac vi tri
thudc & dém khi, dua vao do thi quan hé gitra
luc nang va khe ho cta dém khi (hinh 3) dé xac
dinh dugc luc tai cia cac dém khi twong tng
v6i khe ho. Sau do, ta thay céc gia tri lyc tai vao
phuong trinh (4) dé xac dinh gan dang 3, cho
két qua nhu bang 2.

Bang 2. Cdc gid tri twong itng voi khe hé ciia 6 dém khi (PA 2)

TT(m) | (um) | z,(um) | zum) | z,zm) | F,N) | ) [ F RN | FON
0 0,0 9,5 2,1 2,1 500 1000 1000 1225
1 0,1 9,4 2,2 2,2 505 990 990 1200
66 6,6 2,9 8,7 5,4 905 530 690 40
67 6,7 2,8 8,8 5,5 920 530 685 20
68 6,8 2,7 8,9 5,5 930 525 685 5
69 6,9 2,6 9,0 5,6 940 520 680 -15
70 7,0 2,5 9,1 5,6 950 515 680 -30
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Nhu vay, khi trong lyc tao mo men
chuan thay ddi tir 1225 N dén 0 N (truong hop
khong c6 tai trong tao md men chuén) thi khe
ho cia dém khi tai A giam tir 9,5 pm xudng
2,7 um; khe ho tai cac vi tri B tang tir 2,1 um
dén 8,9 pm, tam truc dich chuyén theo phuong
thang dmg mot khoang 13 & = 6,8 um.

2.3. Bo tri 05 dém khi trén mdi dau truc (PA 3)
Trong phuong an nay, vdi muc dich ting

d0 on dinh cua 6 dém khi, moi dau cua truc duogc
bo tri 05 dém khi cach déu nhau, nhu hinh 6.

Hinh 6. So dé bé tri 05 dém khi trén mét dau truc

Cac dém khi B; M; N; C; D ¢6 luc nang

ctiamdi dém lan luotla F,, F,,, F,, F., F, . Tu
so dd dat luc ¢ hinh 6 nhan théy: F,=F;F.=
F_ (do tinh chat doi ximg).

Ap dung phuong trinh cén bang luc
theo phurong y trong mit cit ngang ctia mot dau
truc, ta co:

F +F_+2F_cos(y/2) =F,+ 2.F,.cos(y)
F =F, +2.F cos(y)-F —2.F_.cos(y/2) (5)

Trong truong hop nay, do 5 dém bd tri
cach déu nhau trén chu vi cua truc nén ta co:

360°

y = =72°

Tuong tu nhu cac truong hop 1 va
truong hop 2, chon F, = F = F =F = 1000
N, twong trng v&i khe hor2 1 pum; F F =500
N tuong ung v6i khe ho 9,5 pm. Khl do 6 chiu
tai trong 16n nhét. Thay céc gid tri tinh toan vao
phuong trinh can bang (5) ¢ trén, ta co:
F,...=F;=1000+2.1000.cos72° —

Max

c0s36° =534 N

275-2.500.

Tong tai trong 16n nhat cua hai 6 dém
khi ¢ hai dau tryc la: 2.F =2.534 = 1068 N

Pé xac dinh cac théng sd khi khong co
khdi lwgng qua tai, khao sat cac vi tri ctia khe ho
dém khi, dua vao d6 thi quan h¢ gitra lyc nang
va khe ho cua dém khi (hinh 3) dé xéac dinh duge
lyc tai cua cac dém khi twong g véi khe ho.
Thay céc gia tri lyc tai vao phuong trinh (5) de
duoc xac dinh khi gia tri F gan bang khong, ta
6 két qua cac gia tri nhu bang 3.

Bdng 3. Cdc gid tri twong g voi khe hé ciia 6 dém khi (PA 3)

TT(m) | é(um) | z,(um) | z,Z (um) z.,z (um) | F®N) | F,F ) F,F®N) | F(N)
0 0,0 2,1 2,1 9,5 1000 1000 500 534
1 0,1 2,2 2,2 9,4 990 990 505 516
29 2,9 5,0 3,0 7,2 730 890 590 50,4
30 3,0 5,1 3,0 7,1 720 890 595 323
31 3,1 5,2 3,1 7,0 710 885 600 11,1
32 3,2 5,3 3,1 6,9 700 885 610 -15,0
33 33 5,4 3,1 6,8 690 885 620 -41,2
ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
IKY8  TAP CHI CO KHI VIET NAM, S6 318, thang 8 nam 2024

cokhivietnam.vn / tapchicokhi.com.vn




NGHIEN CU’U - TRAO BOI

3.LUA CHON PHUONG AN THIET KE THIET KE O PEM KHi CUAMAY CHUAN MO MEN
3.1. Mot s6 thong s6 co ban ciia cac phwong an thiét ké 6 dém khi

Trén co sé tinh todn cho cac phuong 4n & trén, ta ¢6 bang tong hop két qua thong s6 co ban
cua cac dang 6 dém khi, theo bang 4.

Bdng 4. Nhitng théng sé co ban ciia cdc dang 6 khi

TT So dd bd tri dém khi 2.F.  (N) 5 (um)

*" Tmax

A

1 . _ 1914 5,4

2450 6,8

1068 3,1
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3.2. Lwa chon phwong an bo tri bac dém khi
trén truc dung trong chuan mé men lue

Trén co sé bang cac thong s6 co ban
cua ba dang 6 dém khi (bang 4), ta nhan thay:

- Truong hop bd tri cac dém khi theo
phuong an 2, 6 dém khi c6 kha ning tai 1on
nhat, khoang cach dich chuyén cua tim truc
quay gitlra truong hop c6 tai va khong tai lai co
gi tri 16n nhat.

- Truong hop bd tri cac dém khi theo
phuong an 3, 6 dém khi c6 kha ning tai nho du
dé tao ra m6é men chudn dén 500 N.m, nhung
khoang nang ha cua truc khi c6 tai va khong cé
tai lai nho nhat. Nguyén nhan do luc nang cia
dém khi tai B; M; N doéng gop vao luc nang voi
hé s6 (1 + 2.c0s72°) = 1,618 nhung luc ning
ctia dém khi tai C va D lai c6 tac dung day truc
xudng vai hé s 1a 2.cos36° = 1,618.

4. KET LUAN

V6i thiét ké dém khi theo phuong an
3, trong mdi 6 dém khi c6 03 dém khi & phia
dudi co tac dung tao luc nang, 02 dém khi &
phia trén tao luc nguoc chiéu véi lyc nang co
tac dung ting do cimg ving cua hé théng. Hai
cap dém khi ¢ hai dau truc duoc bé tri dbi xtng
nhau qua dudng thang theo phuong thang dimg
di qua tam truc. Ngoai ra, & mdi mat day cua
truc bd tri mot dém khi dé han ché bac tu do
tinh tién theo phuwong thang dimg. Khi d6, nhan
thay céc luc tic dung ctia 05 dém khi bé tri trén
mit try ¢ hai dau truc quay s& hudng vao tim
truc quay. %

Ngay nhan bai: 19/6/2024
Ngay phan bién: 01/7/2024

Tai liéu tham khdo:

[1]. Vii Van Duy, Vii Toan Thing, Vii Van Quang;
“Xac dinh lyc nang cia dém khi mat tru chiu
luc huong tam theo phwong phap dién khi
twong dwrong”, Tap chi Co khi Viét Nam, $6 4,
nam 2017.

[2]. Calibration Engineering Hohmann Company
(2013); “New X type air bearing for torque
calibration machines up to 20 kN.m with
higher load capacity”. Datasheet catalog.

[3]. Diedert Peschel, Dietmar Mauersberger,
Physikalisch-Technische Bundesanstalt,
Braunschweig, Germany (1994).

“Determination of the friction of aerostatic
radial bearings for the lever-mass system of
torque standard machines”. XIII IMEKO
WORLD  CONGRESS, Torino, Italy,
September 5 — 9, 1994,

[4]. H. Gassmann, T. Allgeier and U. Kolwinski.
“A new design of primary torque standard
machines”.  GTM  Gassmann  Thesis
Messtechnik, GmbH 64404 Bickenbach,
Germany.

[5]. HL.WUNSCH (1961). “The design of air
bearing and their application to measuring
instruments and machine tools”. Int. J. Math.
Tool Des. Res. Vol. 1, 10p. 198-212. Printed in

Great Britain.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
136 TAP CHI CO KHI VIET NAM, So6 318, thang 8 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



