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DAI HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAIHQC BACH KHOA Doc lap - Tu do - Hanh phuc
KHOA CO KHI GIAO THONG

NHAN XET PO AN TOT NGHIEP

I. Thoéng tin chung:

1. Ho va tén sinh vién:

Ung Kha Y Lép: 18C4A MSSV: 103180065
Nguyén Vin Binh Lép: 18C4A MSSV: 103180006
Ngé Tién Long Lép: 18C4A MSSV: 103180097

2. Tén dé tai: Nghién ctru giam strc can khi dong cho xe tai

3. Ngudi huéng dan: Phan Thanh Long Hoc ham/ hoc vi: Tién si
I1. Nhén xét do an tot nghiép:

1. V& tinh cép thiét, sang tao va ung dung cua d6 an: (diém danh gia toi da 1a 2d)

IV.Danh gia:
1. Piém danh gié: /10
2. bé nghi: Puoc bao vé dd an/ Bd sung thém dé bao vé/ Khong dugc bao vé

Pa Nang, ngay  thang  ndm 2022
Ngudi hwéng din



TRUONG PAI HOC BACH KHOA

DAl HOC PA NANG

A

_ KHOACOKHIGIAOTHONG

NHAN XET PHAN BIEN PO AN TOT NGHIEP
V. Théng tin chung:

4. Ho va tén sinh vién:

Ung Kha Y Lép: 18C4A
Nguyén Vin Binh Lop: 18C4A
Ngb Tién Long Lop: 18C4A

5. Tén dé tai: Nghién ctru giam strc can khi dong cho xe tai

6. Nguoi phan bién: Lé Minh Duc

VI.Nhén xét, danh gia d6 an tot nghiép:

CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lap - Tu do - Hanh phuc

MSSV: 103180065
MSSV: 103180006
MSSV: 103180097

Hoc ham/ hoc vi: Tién si

D.R D.R D-R
TT | Céc tiéu chi dénh gi sl el Haa
toi da| trur | con lai
’ Sinh vién c6 phwong phap nghién ciru phu hop, 80
giai quyét di nhiém vu @6 an dwoc giao
la | - Hiéu va van dung dugc kién thirc Toan va khoa hoc tu 15
nhién trong van dé nghién clru
1b | - Hi€u va van dL;lng dugc kién thire co s¢ va chuyén 75
nganh trong van dé nghién cuu
lc | - COky nang van dung thanh thao cac phan mém mo 10
phdng, tinh toan trong véan dé nghlen cuu
1d | - €06 k¥ néang doc, hleu tai liéu bang tiéng nudc ngoai 10
g dung trong vin d& nghién ciru
le | - C6 ky nang lam viéc nhém, k¥ nang gidi quyet van dé 10
1f | - Dé tai ¢ gia tri khoa hoc, cong ngh¢; co thé ung dung 10
thuc tién:
2 | Ky nang viet: 20
5 - Bb cuc hop ly, 1ap luan ro rang, chat chg, 101 van stic s
a
tich
o | Thuyét minh d6 4n khong c6 16i chinh ta, in an, dinh S
dang




3 | Tong diém danh gia: theo thang 100
Quy vé thang 10 (lay dén 1 sb 16)

3. Céc ton tai, thi€u sot can bo sung, chinh stra:

5. bé nghi: Puoc bao vé dd an/ Bd sung thém dé bao vé/ Khoéng dugc bao vé
Pa Nang, ngay — thing  nam 2022
Nguwoi phan bién



DAI HQC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HQC BACH KHOA DPoc 1ap - Tu do - Hanh phtic

A

___ KHOA COKHI GIAO THONG

CAU HOI PHAN BIEN PO AN TOT NGHIEP

I. Thong tin chung:

I. HoO VA tEN SINN VIEN: ...ttt
2. LOP: e SOthe SV: oo
3. TEN A AR ..veeeeiiiit e
4. Nguoiphdn bi€n: ..ot Hoc ham/ hoc vi: .........

II. Cac ciu héi dé nghi sinh vién tra 10i



Pa Nang, ngay — thing  nam 2022
Nguwoi phan bién



NHAN XET GIAO VIEN HUONG DAN



NHAN XET CUA NGUOI PHAN BIEN



TOM TAT

Tén d¢ tai: Nghién ctru giam sirc can khi dong hoc cho xe tii
Sinh vién thyc hién: UNG KHA Y MSSV: 103180065
Sinh vién thyuc hién: NGUYEN VAN BINH MSSV: 103180006
Sinh vién thyc hién: NGO TIEN LONG MSSV: 103180097
% Cau trac do an tot nghiép gém 6 chuong sau:
> Chwong 1: Tong quan khi dong hoc cho xe tai

- Gi6i thi¢u khi dong hoc xe

- Khi dong hoc xe tai
» Chuwong 2: Cac phwong phap giam luc cin khi dong

- Su can thiét cua viéc giam luc can khi dong

Lép: 18C4A
Lép: 18C4A
Lép: 18C4B

- Giam strc can bang phwong phéap diéu khién dong chay bi dong

- Giam sirc can bang phuong phéap diéu khién dong chay chu dong

> Chwong 3: Giéi thi¢u vé ong khi dong vong kin c& nho
- Gi6i thiéu
- Ong khi dong vong kin ¢& nho
- Hé théng do luc sau thanh phén
- Pénh gia thuc nghiém dong khi trong dng khi dong

> Chuwong 4: Nghién ctru giam sirc can bing phwong phap phun déu

- Gi6i thiéu vé phuong phap phun déu
Thiét ké hé théng phun déu

- Thuc nghiém giam strc can bang phuong phap phun déu

- Két luan

> Chuwong 5: Nghién ciru giam sirc can bing phwong phap dao dong chit léng

- Gidi thiéu vé phuong phap dao dong chat 1ong
- Thiét ké hé théng dao dong chét long

- Thyc nghiém giam sirc can bang phuong phap dao dong chét long

- Két luan

> Chuong 6: Nghién ciru giam sirc can biang phwong phap dong tia tong hop

Trang i



Gidi thiéu vé phuong phap dong tia tong hop
Thiét ké hé thong tao dong tia tong hop
Thuc nghiém giam sirc can bang phuong phap dong tia tong hop

Két luan

Trang ii



TRUONG PAI HOC BACH KHOA
KHOA CO KHi GIAO THONG

PAI HOC PA NANG

DPo6c 1ap — Tu do — Hanh phic

NHIEM VU PO AN TOT NGHIEP

TT | Ho tén sinh vién S6thé SV | Lop Nganh
. K¥ thuat co khi- Chuyén nganh
1 Ngob Tién Long 103180097 | 18C4B
co khi dong luc
. K¥ thuat co khi- Chuyén nganh
2 | Nguyén Van Binh | 103180006 | 18C4A
co khi dong luc
, K¥ thuat co khi- Chuyén nganh
3 Ung Kha' Y 103180065 | 18C4A
co khi dong luc

1. Tén de tai do an

Nghién ctru giam sirc can khi dong cho xe tai

2. Pé tai thudc dién: [7C6 ky két théa thudn sé hivu tri tué doi véi két qua thuce hién

3. Cac so liéeu va dir lieu ban dau:

- Thong s6 mo hinh xe tai

4. Néi dung cdc phan thuyét minh va tinh todn:

a, Phan chung

TT

Ho tén sinh vién

Noi dung

Ung Kha Y

Ng6 Tién Long

CHUONG 1: TONG QUAN KHI PONG HQC
CUA XE TAI

- Gioi thiéu khi dong hoc xe
- Khi dong hoc xe tai ] ]
CHUONG 2: CAC PHUONG PHAP GIAM LUC

CAN KHi PONG

- Su can thiét cﬁa‘ viéc gidm luc can lghi d@qg
- Gidm suc can bang phuong phéap diéu khién
dong chay bi dong

Trang iii
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- Giam sirc can bang phuong phéap diéu khién
dong chay chu dong o ]
CHUONG 3: GIOI THIEU VE ONG KHI PONG

VONG KIN CO NHO
- Giodi thi¢u
Nguyén Vin Binh - Ong khi dong vong kin ¢& nho
- Hé thdng do lic sau thanh phan
- Péanh gia thyc nghiém dong khi trong dng khi

dong
b, Phan riéng
TT Ho tén sinh vién N1 dung
1 CHUONG 4. NGHIEN CUU GIAM SUC CAN

BANG PHUONG PHAP PHUN DEU
Gidi thiéu vé phuong phap phun déu

) - Thiét ké hé théng phun déu
Nego Tien Long - Thuyc nghiém giam strc can bang phuong phap
phun déu

- Kétluan

2 CHUONG 5. NGHIEN CUU GIAM SUC CAN
BANG PHUONG PHAP DAO PONG CHAT
LONG
- Gi6i thiéu vé phuong phap dao dong chét long
Nguyén Vin Binh - Thiét ké hé théng dao dong chat long
- Thyc nghiém giam stc can bang phuong phap
dao dong chat long

- Kétluan

Trang iv



Ung Kha Y

CHUONG 6. NGHIEN CUU GIAM SUC CAN
BANG PHUONG PHAP DONG TIA TONG HQP
- Giodi thidu vé phurong phap dong tia tong hop
- Thiét ké hé théng tao dong tia tong hop
- Thuc nghiém giam strc can bang phuong phap
dong tia tong hop

- Két luan

5. Cdc ban vé, dé thi ( ghi ré cdc logi va kich thiede ban vé )

a, Phan chung

TT Ho tén sinh vién No6i dung
1 Ung Kha Y - Ban vé mo6 hinh xe tai ( A3)

o) Neuydn Vian Binh |~ Ban vé bé do mo hinh ( A3)

3 Ngb Tién Long - Ban vé m6 hinh cosé¢ ( A3)

b, Phan riéng

TT Ho tén sinh vién Noi dung
1 - -Bén vé loa (A3)
, - -Ban v& thiét ké thung loa (A3)
Ung Kha Y _ -Ban v& thiét ké thung xe (A3)
- -Ban v& bo tri b tao tia tong hop tong thé (A3)
2 Nguyén Vin Binh - -Ban v& thiét ké bo dao dong chat long (A3)

- -Ban v& két cdu hé thong bo dao dong chat 1ong
(A3)

- -Ban v& b tri hé théng bd dao dong chét long
trén xe tai (A3)

- -Ban v& chi tiét hé¢ théng bo dao dong chat long
(A3)

Trang v



3 Ng6 Tién Long -

Bén v& thiét ké bo phun déu sir dung khi nén
(A3)

Bén vé& bd tri b phun déu st dung khi nén trén
thung xe tai (A3)

Ban v¢€ ludi trung gian (A3)

6. Ho tén nguoi huéng dan

Phan/ Noi dung:

TS. Phan Thanh Long

Toan bo dé tai do an

7. Ngay giao nhiém vy do dn :

8. Ngay hoan thanh doé dn

Trwéng by mon

22/8/2022
11/12/2022
Pa Nang, ngay ... thang ... ndm 2022

Nguwoi hwéng din

Trang vi



LOI NOI PAU

Trong qua trinh hoc tp sudt 4 nim tai khoa Co khi Giao thong, truong Pai
hoc Bach khoa-Dai hoc Ba Nﬁng, ching em da dugc trang bi cac kién thirc vé dai
cuong, chuyén nganh. Sau mot thoi gian dai hoc tap, dugc su chi bao va huéng dan
tan tinh cua cac thay, c6 trong khoa, & ky hoc cubi cuing, chiing em thuc hién dd an
t6t nghiép dé cung cd lai kién thirc da hoc ciing nhu tim hiéu va trang bi thém nhing
kién thirc méi. Dé tai tét nghiép chung em 1a: “Nghién ciru gidm sirc cin khi dong
cho xe tdi”. Trong qua trinh thuc hién dé tai, ching em c6 co hoi duoc tiép xtc, thi
nghiém truc tiép Vo1 éng khi dong, mot thiét bi rat hiru ich cho cac thi nghiém vé
khi dong hoc trén thé gidi va dang ngay cang phat trién ¢ Viét Nam.

Tuy gip phai nhiéu kho khin vi chua c6 kinh nghiém nghién ctru thuc té
nhung v6i sy chi bao va huéng din tan tinh cta thiy Ts. Phan Thanh Long, ching
em d3 hoan thanh d6 4n dang tién do. Mic du da cb gang hoan thanh d6 4n nhung
nhoém ching em khong tranh khoi nhimng thiéu s6t. Chung em rat mong c6 duoc y
kién dong gop cia quy thay, co.

Ching em xin chan thanh cdm on!

Pa Nang, ngay 13 thang 12 nam 2022

Nhom sinh vién

UngKhaY  Ngo Tién Long Nguyén Vin Binh

Trang vii



LOI CAM DOAN

Chiing em xin cam doan ddy la dé tai riéng ciia nhom, dé tai khéng tring ldp
véi bat ky dé tai do dn tot nghiép nao trude day. Cdc thong tin, sé liéu dwoc sik dung

va tinh toan déu tir cdc tai liéu co nguon goc ro rang, theo quy dinh.

Pa Nang, ngay 13 thang 12 nam 2022

Sinh vién thwc hién

UngKhaY  Nguyén Vin Binh  Ngo Tién Long

Trang viii
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DANH MUC Ki HIEU VA VIET TAT

1. Cac ky hiéu

Ky hi¢éu | Thir nguyén Dién giai
Vo [m/s] Van téc chuyén dong ctiia dong khong khi hoic cua xe.
Fp [N] Luc can khi dong.
pL [kg/m?] Khéi lugng riéng khong khi.
A [m?] Tiét dién can chinh cua xe.
Cp Hé s6 can khi dong.
la hﬁng s6 bién trd tuy thudc vat liéu.
[m?] 1a tiét dién.
1 [m] 1a chiéu dai.

2. Cac ky ti viét tat
CFD: Computational Fluid Dynamics
V/STOL: Vertical / Short Take-Off
CE: European Conformity
IGBT: Insulated Gate Bipolar Transistor
PWM: Pulse Width Modulation
HGV: Heavy Goods Vehicle
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MO DPAU

Vén dé giam stc can cho xe tai dang 13 mot trong nhitng mébi quan tim hang
dau ciia cac nha nghién ctru hién nay. Luc can khi dong tac dung 1én vo xe tai chuyén
dong voi van tdc cao tiéu thu mot phan dang ké cong suit cua dong co. Pay 1a mot
trong nhitng nguyén nhan lam gia ting muc tiéu thu nhién liéu va 6 nhiém moi
treong khi xe tai chuyén dong trong méi trudng khi. Vi muc dich giam sire can cho
xe tai, nhom chiing em thuc hién dé tai tot nghiép: “Nghién ciru gidam sirc cin khi
dong hoc cho xe tdi”.

Vi dé tai nay, muc tiéu cia nhém la thiét ké, xay dung duogc bo thi nghiém
hoan chinh dé tién hanh thi nghiém trén dng khi dong. Bo thi nghiém sé& xac dinh
duoc cac luc khi dong nhu luc can, luc nang tac dung 1én vat thé va hién thi két
qua 1én phan mém labVIEW . Ong khi dong s& c6 thé duoc dung dé thi nghiém voi
céc vat thé, mo hinh v&i nhiéu hinh dang khac nhau, mo hinh 6 t6, cinh may bay,
tua bin gio...

Phuong phép ctia nhém dé thyc hién viéc nghién ciru voi dé tai 1a thiét ké
b6 m6 hinh thi nghiém bang 3 phwong phéap khac nhau, tién hanh thi nghiém voi
cac mo hinh, xac dinh céc lyc can khi dong. Nhom ciing doc thém céc tai liéu
chuyén mén nhim phuc vu cho viéc nghién ctru ctia minh.

Trong d6 4n sé trinh bay 3 phuong phap cai thién hé s can tir d6 tinh toan

so sanh thuc té dé rut ra két luan.
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CHUONG I: TONG QUAN KHi PONG HQC CUA XE TAI

1.1. Luc cian khi dong hoc Ién 06 t6 tai

Luc can khi dong hoc duoc hiéu 1a thanh phan luc theo hudng dong chay tac
dong 1én vat thé. Trong céc thi nghiém ¢ dai tdc d6 can am, luc can khi dong ty 1¢
thuan vé6i khéi lwong riéng ctia moi truong dong chay (¢ day 1a khong khi pr), van
tdc dong chay va dién tich hinh chiéu ding theo hudng dong chay cia vat thé. Véi

nhirng lién két nay, luc can khi dong co6 thé dugc hinh thanh nhu coéng thirc dudi:
Fp = % 0L V2. ACy (11
Trong do:
Fp - Luc can khi dong [N].
pr - Khéi lwong riéng khong khi [kg/m3], pr = 1,225 [kg/m?].
Ve - Van tdc chuyén dong ciia dong khong khi hodc cta xe [m/s].
A — Tiét dién can chinh cua xe [m?].
Cp - Hé sb can khi dong.
Phan % V2 trong cong thirc trén duoc goi 13 4p suat dong hodc ap suit tong
cua lyc td1, do do, luc khi dong ty 1€ voi ap suét dong. Tai diém dung, dong duogc
chia thanh hai ph?m. Tai diém nay van tdc v =0 va ap suét theo dinh luat Bernoulli:

Puns = P+ 22V (12)

Trong khi dong hoc, ngudi ta thudng sir dung cac hé sé khong thir nguyén
thay vi cac luc, mémen va ap suat co chiéu, vi ching khong phu thudc vao tée do
trén mot dai van téc rong. Chiing 14 nhiing con s6 dai dién cho chét lugng khi dong

hoc ctia mot hinh dang than xe.
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FD

C,= (1-3)

&vi/l
2

Va Cp 12 mot ham cua cac tham sé khong thir nguyén khac nhu s6 Reynolds
(Re), s6 Mach (Ma), sé Froude (Fr), 46 nham twong ddi ctia bé mit (¢/1) va hinh

dang vat thé.
C, = ®(shape,Re,Ma, Fr,e /1) (1-4)
Ngoai ra, sy phan bd ap suét trén bé mat xe con duoc biéu dién tai mdi diém
x bang hé sb ap suat Cp:

C — pS _poo (1_5)

P
2
va

2 o0
O diém dung, Cp = 1. Sy phan b ap suat trong hinh 1.1 cho thy ap suat &
phia trén thap hon nhiéu so v6i mat duéi. Pay 1a Iy do giai thich cho luc ning ma

0 t6 thuong co.

<V

/////T// V4 2L B A AA Lk XA AL A LA

High pressure ~ ‘.
—
bl
N\ ST

Low pressure

v

x/|

Hinh 1. 1 Dong chay xung quanh xe va su phan b ap sut
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Trong dong chay khong nhét, s& xay ra hai diém ding, mét ¢ phia trude va
mot & phia sau xe. Khi d6 néu tinh dén tinh nhét cua chit 1ong thi diém dung tha

hai bién mat do c6 su tach dong ¢ phia sau 0 t0.

Phén tich cdc thanh phan cia luc can khi d@éng hoc

Luc can khi dong hoc cé thé duge xac dinh bﬁng cach cong cac gia tri ap sudt
bé mit va (mg suét cat bé mat. Ching ciling dwgc mé ta nhu thanh phan ap suit (boi
su phan tach dong chay va luc nang) va thanh phan ma sat (bdi tng suit cit). Do
do, nguyén nhan cua lyc can khi dong co thé duoc hiéu ro nhat béng cach so sanh

dong chay nhét thuc véi dong chdy ctia mot chat 1ong 1y tudng, khong nén dugc.

Trén cac vat thé c6 hinh dang khi dong hoc X4u, chéng han nhu hinh tru tron
(xem hinh 1.2) hodc hinh cau, su gia ting 4p suét trong dién tich phan mé rong cua
vat thé 13 16n nhat, cao dén mirc xay ra hién tuong tach dong. Két qua 1a sy phan bd

ap suat trén vat thé khong d6i xting, dan dén luc can 16n.
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Hinh 1. 2 Phan bd ap suit va mé hinh dudng dong trén mot hinh tru tron voi sd

Reynolds khac nhau

O mit trudc cia hinh try, su phan bd ap suat ciia cac truong hop b) va c) vé
co ban khép véi sy phan bd ap suat cua dong chay Iy tuong. Tuy nhién, & mit sau
ctia hinh tru c6 ap suat am dang ké do su phan tach dong chay trong trudng hop
dong chay thuc. Do d6, su phin bd ap suét tré nén khong ddi xtng so véi truc y.
Tong cac thanh phan luc theo hudng dong chay do sy phan bd ap suat 1a luc can ap

suat.

Cac diéu kién tuong tu duoc xac dinh ddi v6i phia trude va phia sau ciia mot
chiéc 6 t6: Khi 4p suét trong dong chat long khong nhét va nhét gan nhu gidng hét
nhau & phia trudc - néu nhu gia dinh & day, khong c6 sy phan tich nao xay ra & diém
nay thi c¢6 sy khac biét dang ké & phia sau. Va chung 13 1y do tai sao tich phan ap
suat khac khong. Nhu da néu & trén, sy khac biét vé ap suat gitta dong chay 1y tuong
va dong chay thyc 1a nguyén nhan gy ra luc can - chir khong phai ap lyc 1én “bé

mat c6 dong dung” & phia trudc, nhu doi khi duge cong nhan.

Dbi v6i thanh phan lyc can do ma sat. Dong c6 van toc khong 16n, khi & trong
16p bién co ché do chay thanh 16p, chat 1ong chay quanh vat déu dan (khong bi dirt
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ra). Cac duong dong co dang giéng nhu trong truong hop chay luon cua chit long
1y twong. DEé thi du ta xét su chay quanh qua ciu. Truong hop chat 1ong 1y tudng
(xem hinh 1.3), tong cac ap luc 1én mat qua cau bang khong do su dbi ximg cua cac
duong dong. Ciing do nguyén nhan dé tdng cac ap luc vudng goc véi mit cau ciing
s& bang khong ca trong trudng hop chit long nhét chay thanh 16p quanh qua ciu.
C6 nghia 1a lyc do chit 16ng tac dung vao qua cau 1a lyc ma sat, chinh x4c hon, 1a
Iuc téng hop cua cac luc ma sat dat vao mdi phan tir mat cau. Ung suét phu thudc
vao gradien van tdc, gradien van toc lai phu thudc vao chiéu day cua 16p bién. Lép
bién mong nhat & cac diém A va B. Vi vay gradien vén tdc va do d6 ca Gmg suat s&
c6 gia tri 16n nhat & cac diém C va D va nho nhét ¢ cac diém A va B. Va hudng cta

lyc ma sat thi hudng theo dong chay.

f?\

k»
e Sy

A

//——b

==

Hinh 1. 3 Dong chay 1y tudng qua hinh tru tron

Néu khong c6 sy phan tach dong chay, luc can ma sat van 1a phan chiém vu
thé trong tong luc can cliia mot vat thé ¢6 dang thudn. Trong truong hop cia tim
mong, hoan toan co6 lyc ma sat 1én ca hai mat ciia tam. Hinh 1.4 cho théy hé sb can

Cp thay d6i theo sé Reynolds khi thuc hién trén tim mong.
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Hinh 1. 4 HE¢ s6 can cua tam phang va cdnh nhu mot ham cia s6 Reynolds

(theo Schlichting & Gersten)

Néu chiing ta coi rang 16p bién & ving phia trudc clia tim mong 1a chay tang
va 16p bién chay rdi chi & vung phia sau, ching ta thu dugc do thi nhu hinh 1.4.
Nguoi ta thdy rang, ¢ 16p bién chay rdi, luc can ma sat 1én hon nhiéu so vai 16p bién
chay tang. Diéu nay 1a do cic gradient van tdc 16n hinh thanh trong duong dong
r6i. Hinh 1.4 cling cho théy do nham cta bé mat cang lam tang luc can ma sat. O
day, hé s6 can hoat dong doc 1ap vai s6 Reynolds. N6i chung, co thé gia dinh rang
mot chiéc xe c6 thanh phan lyc can ap suat tir 80 dén 90%, trong khi bién dang canh

may bay c6 thanh phan luc can ma sat xap xi 95%.

Thanh phﬁn ma sat cta luc can ddi véi xe du lich 1a nhé, diéu d6 duoc thé
hién trén hinh 1.5. Két qua cung cép trong hinh anh nay duoc danh gia trén co s
két qua tinh toan dong luc hoc chat 1ong (CFD). Viéc mé phong dong luc hoc chit
long cung cap kha ning phan tich cac thanh phan ma sat va ap suat, boi vi ca ap suat

va tng suat cit déu duoc tinh todn & mdi phan tir bé miit.
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Hinh 1. 5 Phan tich téng lyc can khi dong hoc thanh lyc can, bo tan nhiét va luc
can ma sdt (ty 1¢é phan tram) cho cdc hinh dang co thé khéc nhau (phan tich
CFD)

Truong dong chay qua cdc vit thé

Dong chay xung quanh mét chiéc 6 t6 tuong tu nhu dong chay xung quanh
than vat thé c6 hinh dang khi dong hoc x4u. Mot mat, nd bi anh hudng boi dong
chdy trén cac dién tich bé mat than 6 to, dan dén su phat trién cua lyc ma sat nhét.
Mat khac, s€ xay ra hién tuong tach 16p, din dén ton that ap suét 1on, dic biét 1a &
phia sau va gam xe. Tir nhiing thi nghiém c6 thé quan sat thy hai loai phan tich

dong chay:

Dong chay tach ra trén cac canh vudng goc voi hudng ctia dong chdy. Hinh
thanh cac xody cudn lai, tryc ctia ching thudng song song véi duong phan tach.
Phan 16n dong ning ctia chiing bi tidu tan boi sy tron 1an hon loan. Do do, kiéu
phan tach dau tién nay d6i khi dugc chi dinh 1a gan nhu hai chiéu. Phia sau sy
phan tach nay hinh thanh mét ving thé tich dugc bao quanh béi cac dong chay
tang thudng duoc goi 1a vung “tréng”. Bén trong ving tréng, dong chay cé thé
dang luu thong, hudng chay vao bé mit ctia dudi 6 to tham chi ngugce hudng cia

dong chay bén ngoai.
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Loai phan tach thir hai 1a phan tach ty nhién ba chiéu. Tai cc canh xung
quanh ma khong khi chay theo mot goc, ludng khong khi tao thanh cac xody theo
chiéu dong chay c6 dang hinh ndn twong tu nhu cac xody dugc quan sét trén canh
may bay. Cac viing ma cic xody ndy c6 xu hudng dugc tao ra nhidu nhat trén 6 to
1a cac canh nghiéng phia sau ctia 6 t6. Cac truc clia cac xody ndy vé co ban chay
theo hudng dong chay; khong giéng nhu xoay hai chiéu, chung rat giau ning

lugng.

a) Quasi-2D-Vortices

Hinh 1. 6 Hai logi phan tach dong chay

1.2.  Luwec cdn khi dong trén 0 to tai

Céc phuong tién giao théng mit dat, bao gdm cac phuong tién hang ning
khac nhau ¢6 cung cac dic diém khong on dinh va khong gian ba chiéu véi cac
phuong tién giao thong trén khong hoac hang hai khac. Tuy nhién, trai nguoc véi
mot chiéc may bay, tau thuy hodc tau ngdm thwong mai, hién twong quan trong d6i
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v6i phuong tién giao thong mit dat 1a sy phan tach 16n ciia dong chay, diéu nay
thuc su anh huong dén cac luc va dic diém khi dong hoc cua phuong tién. Hién
tugng nay rd rang hon dbi voi cac phuong tién hang ning cé dang hinh hop voi
nhiéu canh sic dé ché nhiéu hang va nhiéu hanh khach véi cac kich thude bén

ngoai dugc quy dinh.

a
lwu leong khi

» 9
b
» 9

»

Hinh 1.7 Pon gidn héa cic mé hinh phiong tién ba chiéu va mirc dé lién quan
hinh hoc cua chung voi cdac logi xe hang nang: (a) moé hinh Ahmed va (b) mo hinh

GM

Dong chay xung quanh mé hinh xe du kéo trong diéu kién goc nghiéng bang
khong bi dinh tré gan tdm ludi phia trude cua dau xe va tach ra & mép kéo ciia than
dau xe, tao thanh cac X04y nguoc chiéu bi méc ket bén trong khe ho gitra dau xe va
ro-modc. Phan phia trén bé mat cta than ro modc van duge g:fm vao va sau doé tach

ra & mép sau cua no, dan dén mot vung chay rdi phia dudi xe

Khoang trong gilta cac thin cia dau xe va ro mooc 1a mdt dac diém quan

trong anh hudng dén muc ti€u thy nhién li¢u va sy 6n dinh khi 14i xe.
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Hinh 1. 8 Dong chdy xung quanh cic mé hinh xe ddu kéo don gian dwgc mé

phong boi cong ty Navier
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CHUONG II. CAC PHUONG PHAP GIAM LUC CAN KHIi
PONG

2.1. Sv cén thiét ciia viéc giam lwe can khi dong

Trong qué trinh vén tai dudng bo, dé nang cao hiéu qua khai thac van tai phai
gidm ti€éu hao nhién liéu can thiét. Dé giam ti€u hao nhién li€u cho viéc khai thac
van chuyén thi giam lyc can 1a mot trong nhitng bién phap hiru ich, mang lai nhiéu
loi ich thiét thuc nhat hién nay. Van dé nghién ciru giam lyuc can, tiét kiém nhién
liéu dang dugc nhidu nha nghién ctru, thiét ké va khai thac kinh doanh quan tam.
Déi véi xe tai, 12 loai xe c6 phan thing tai phia sau to hon nhiéu so véi cac loai xe
tai thong thuong khac, thi van dé nghién ctru lam giam luc can gi6 tic dong 1én xe
tai cang can dugc quan tdm nhiéu hon. Trudce nhu ciu cip thiét nay, ( luc can gid)
tac dong 1én xe tai nham thong qua viéc nghién ciru giam lyc can khi dong 1én xe
tai s& nham gop phan quan trong trong van dé giam tiéu hao nhién liéu chay xe tai,

nang cao hi€u qua kinh té khai thac xe tai van chuyén.

Hinh 2. 1. M6 phong khi dong trén xe tai
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2.2. Giam strc can bang phwong phap diéu khién dong chay bi dong.
2.2.1. Dinh nghia.

Phuong phép diéu khién dong chay bi dong qua than xe 1a phuong phap sir
dung céc bd phan, chi tiét bén ngoai dé ga"m thém 1én bé mat hodc than xe. Tir d6
huéng cho dong khong khi téc do cao di chuyén qua xe theo hudng mong mudn.
Céc chi tiét dugc chia thanh hai nhom chinh: nhom chi tiét dugce ¢d dinh trén bé mat
hinh hoc thin xe va nhom duoc dit phia dudi bé mat hinh hoc can kiém soat.

2.2.2. Piéu khién dong chay bi dong trén xe tai

St dung mui ludt gié dé huéng dong khong khi di chuyén 1én phia trén d6i
vo1 xe tai co thung hang phia sau cao.

Str dung tdm che chin (tim bat che gi6) dat ¢ vi tri hai bén va gam xe. Do
ving khong gian tréng phia gdm xe thuong khé 16n.

Str dung thiét ké phan dudi, thing xe c6 hinh dang vat nhe hoic dudi con dé

giam vung khong khi 4p suat cao phia sau xe.

Hinh 2. 2 Cdnh mui ledt gié ldp trén xe tai
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2.2.3. Piéu khién dong chay bi dong trén xe du lich

St dung céc chi tiét nhu: can gi6 trude, can gié bén, tim phi gdm va canh
gi6 dudi lip cb dinh trén xe voi muc dich huéng dong chay qua than xe di chuyén
1én phia trén va hai bén. Dong thoi giam dong khong khi nhidu loan dudi gam xa,

gidm lyc nang.

Hinh 2. 3 Xe khdch co phcfn dau dwoc thiét ké khi dong hoc

2.3. Giam strc can bang phwong phap diéu khién dong chay chii dong
2.3.1. Dinh nghia

Phuong phap diéu khién dong chay chu dong dugc thyc hién bang cach sir
dung céc bd truyén dong hodc tao ra ndng lugng st dung nang lugng co san hodc
nang luong tao ra trén xe. Yéu cau ctua phuwong phap nay 1a kich thudc va khdi luong
clia cac chi tiét gin thém phai nho nhat dé khong anh hudng dén cau tao, hinh dang

cua xe.
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2.3.2. Piéu khién dong chay sir dung b phun déu

Hién nay, hau hét hinh dang cta cac mau xe 6 t6 du lich, xe tai déu c6 hinh
dang cun (than xe c6 hinh dang cac khéi vudng) dan dén dong khi di chuyén qua
thuong bi phan tach, tao ra cac lyc tac dong ro1 rac dén toan bo than xe. Hiéu ung

cO thé gdy mat 6n dinh dong cua xe.

Hinh 2. 4 Vi tri ldp bg phun déu trén mé hinh xe Ahmed

Do vay, viéc triét tiéu ving khong khi nhiéu loan phia dudi xe c¢6 thé giam
dugc dong khong khi rdi, tir d6 giam luc can, luc tac dong 1én than xe. Phuong phap
st dung bo phun déu duoc 1ap & phia dudi xe, théng qua cc ranh nhé (khoang vai
mm) va thoi dong khong khi ¢ ap suat cao hudng 1én trén dé giam bot dong khong
khi ap suét thap di chuyén qua. Wassen va Thiele d3 ap dung bo thdi déu lp o phia
dudi xe. Véi hudng thdi vudng goc voi cac canh cua xe va goc 45 dd voi cac canh
thang dimg phia dudi, ho da phat hién ra riang cach lam nay da giam luc can khi
dong hoc xuéng 10,2%.

Nhiéu nghién ctru cho thay rang hé thong kiém soat dong chay chu dong cung
cAp mot trién vong thay thé rat tot dé giam luc can khi dong hoc trén cac phuong
tién 6 to. Tarakka va Simanungkalit d4 ap dung diéu khién dong chay chii dong thoi
vao mOt mau xe van than ctin mo phong theo mau xe Ahmed di duge sira d6i, duoc

coi 1a miu xe co ban gan nhat cua dong xe du lich pho bién hién nay.
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2.3.3. Piéu khién dong chay sir dung bd dao dong chit léng

Trong nhimg nim gan dy, bd dao dong chét 1ong da dugc quan tm nhiéu
hon nhu b truyén ddng méi cho cac muc dich kiém soat dong chay chii dong. Bo
tao dao dong chat long 1a thiét bi c6 thé phat ra mot dong tia dao dong lién tuc trong

khong gian ma khong can bat ky bd phan chuyén dong nio.

Hinh 2. 5 B dao déng chdt long

B6 dao dong chét long c6 cac wu diém: Kich thudc nho gon, c4u tao don gian,
khong chira bat ky bo phan chuyén dong nao vi dao déng ctia chung 1 hoan toan ty
sinh va tu duy tri va chi phu thudc vao dong luc cua dong chay bén trong, cé kha
ning tao ra dong luong cao, bao tri thap. Nhin chung, cac dic tinh ndy mang lai hé

thong truyén dong manh mé va dang tin cay cao.
2.3.4. Piéu khién dong chay sir dung thiét bj tao tia

B0 tao tia 1a mot thiét bj nho gon, c6 kha ning tao truyén dong tuyén tinh ra
moi trudng nho viée hit va ddy khong khi lién tuc ra khoi khoang chira. Mang dao
dong c6 tan s6 dao dong 16n nén chu ki hit vira théi thuong rat ngan (khoang vai
ms). V&i cAu tao nho gon, b0 tao tia co thé duoc le“ip trén cac vi tri nhu canh may
bay, phan dudi xe tii ma khong chiém qua nhiéu dién tich ciing nhu khong can hé

théng din dong khi phirc tap.
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a. Bo tao tia don b. B¢ tao tia kép

Hinh 2. 6 Cdu tao cia bé tao tia

Uu diém ctia bo tao tia: kich thudc nho gon, khong can hé théng cung cap
ning luong phirc tap, d& dang bd tri, d& dang 1ap rap trén cic bé mit, dong khong

khi phun ra c6 van toc va ap suat 16n.

2.3.4.1. Piéu khién dong chay chii dong sir dung thiét bi tao tia tong hop
(Syntheticjet)

Tia phan luc tong hop c6 thé duoc tao ra bang cach tao ra sy giam ap suit
luan phién bang mang rung. Pé khao sat dau ra xung luong tir mot thiét bi truyén
dong don gian, mot miu thir nghiém c6 mang rung (loa) da duoc ché tao va thu
nghiém & budc dau tién. Bo truyén dong hoat dong khi mang loa duoc dit & trang
thai rung khong khi s& dugc nén ra khoi khe va tao ra cic xody tudn hoan. B truyén

dong tao ra mot phan lyc tong hop hinh sin c6 khdi lwong tinh bang khong.
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B6 truyén dong nay phai dit manh trong mién tan sé thip. Mién tan s6 nim
trong khoang tur 10 dén 30 Hz, va muc tiéu la dat dugc hé s6 dong luong 1a 0,5% <

Cp<1%.

Thiét b truyén dong nguyén mau bao gdm mdt khoang gd hinh chir nhat (V1
=W xLx H=28,3x28,4x 5 [cm]), mot loa va mdt tim nhém c6 15 (rdnh) & giita.
Am lugng khoang c6 thé duoc didu chinh bang cach di chuyén loa. Ngoai ra con co
mot sd tim nhom véi cac khe khac nhau . Chiéu dai ranh 1a 28 cm va cac do rong
ranh khac nhau (h) 1a 0,5, 1,0, 2,0 va 5,0 mm. Mt ranh (2,0 mm) dugc cit véi mot
gdc 250 s0 voi bé mit. Loa duogc sir dung c6 dudng kinh 24 cm, dién 4p chay 1a 22V
cho cong suat 80 W. Tan sb dugc dit thanh f= 16,67 Hz, 13 tan s6 thuong duoc st

dung trong mé phdng.

(a) L (b) (¢)

i

Hinh 2. 7 C4u tao thiét bi tao tia téng hop

Ba canh dao gié duoc gin & phan cudi phia sau ctia xe thir nghiém. Mit bén
c0 sau co cau truyén dong. Céac bd dao dong dugc két ndi v6i bod khuéceh dai, bdn bd
dao dong bd khuéch dai cong voi mot bod truyén dong ddc lap, va nguén dién duoc
léy tir hai tram dién nhoé nam trong xe kéo. Tan s6 va bién dd cua tin hiéu kich hoat

dugc diéu khién bai chuong trinh LabVIEW tir xe tai qua mang WIFL.
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a.Céc canh dwoc gdn sau thing xe b. Bé truyén dong tich hop
Hinh 2. 8 Xe thu nghiém toan quy mo VOLVO

2.3.4.2. Két qua.

Céc nghién ctru ndy da ching minh rd rang rang cac k¥ thuat kiém soat dong
chay chu dong c6 thé duoc sir dung dé giam dang ké luc can khi dong hoc cia cac

phuong tién mat dat trong khoang 10—15%.

Ty 1¢ tong lwong nhién liéu tidu thy ciia xe thir nghiém so véi truong hop co
ban twong tng cho thdy mirc giam 5,4% véi gbc nghiéng cua canh 1a 30° & toe do

50m/s. O goc lat cua canh nho hon 20° thi mirc giam 14 4,3%.
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CHUONG I11. GIOI THIEU VE ONG KHi PONG VONG
KIN CONHO
3.1. Tong quan, hién trang
3.1.1. Lich st hinh thanh

Nhitng duong 6ng khi dong dau tién duoc ché tao tir hon 100 nam trude, bit

dau tir duong ong do Francis Wenham thiét ké x4y dung nam 1871.

Hinh 3. 1 Ong khi dong ctia Francis Wenham

Nhitng duong dng dugc ché tao tiép sau d6 va cho dén tan mot thoi gian dai
sau nay chi dugc sir dung cho mot muc dich duy nhat 1a thiét ké va kiém nghiém khi
dong hoc cho may bay. Tuy nhién, tir nra sau TK XX, viéc nghién ctru va t6i wu khi
dong hoc da mé rong sang céac linh vuc khac nhu cong nghiép 6 t0, xay dung, gido

duc,...

Dung trén quan diém vat 1y, ngudi ta nhan ra rang kiéu thiét ké phan dudi
vudng vire nhu nhitng chiéc xe ngua hoan toan “phan khoa hoc”. Khi chiéc xe di
chuyén, phan dudi hinh vudng s& tao nén mot ving chan khong do hinh thanh dong
khong khi chuyén dong hon loan va xody. Ap sut 16n phia dau, cong véi ap suat
chan khong phia dudi xe s& ting cuong dang ké luc can khong khi, 1am chiéc xe
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phai sinh nhiéu cong hon. Pé khic phuc tré ngai d6, phan dudi dugc thiét ké lai
bang nhirng nét vudt thon theo qui dao chuyénj dong, khién dong khi tuan tu thoat

ra phia sau xe ma khong hinh thanh bat cr di€ém xody cuc bd nao.

Nho vy nganh cong nghiép xe hoi di tién mot bude rat dai. Tat ca cac kiéu
xe ngdy nay diéu chu trong dén khi dong luc hoc diéu nay khién cho xe bay gio it
tiéu hao nhién liéu hon xua. Do vdy, cac dudng ong khi dong duoc ché tao ngay

mot nhiéu va thiét ké duoc cai tién, toi vu dan theo thoi gian.
3.1.2. Cong dung va phéan loai
3.1.2.1. Cong dung

Puong ong khi dong 1 thiét bi ding dé nghién ctiru dong chay cta chat long
qua cac bé mit cling nhu su twong tac cta nhirng bé mat ndy véi dong chay. Cac bé
mat ndy thuong 1a md hinh (véi ti 1€ thu nhé hoac ti I¢ thuc) ctia nhiing vat
thé/phuong tién can thiét ké hodc kiém tra. Két qua cia nhiing thi nghiém nay mo
phong mot cach chinhxéac khi dong hoc ctia cac phuong tién/vat thé trong qua trinh
lam viéc thuc té. Ong khi dong duoc tng dung thyc té trong cac linh vuc nhu hang

khong hay cong nghiép 6 t0.

Hinh 3. 2 Ung dung trong linh vic cong nghiép 6 t6
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Khéng chi c6 muc dich 1a “th6i” cac vat thé bay ma dng khi dong con gitp
con ngudi “thdi” bat ky vat gi chiu tac dong cac lyc dang ké sinh ra bai khong khi.
Sy canh tranh giira cac nha ché tao xe dua ngay nay ciing rat khéc liét, dé nhich xa
va nhanh hon d6i thu mét chut xiu théi cling 13 van dé can cong nghé héa, cic 6 to
dua chay véi toc do 10n thudng chiu anh hudng 16n boi cac lyc khi dong, ma quan
trong nhat 13 luc can, con ngudi di chimg minh rang luc can rat ¢ ich cho cudc
song, nhung chi can giam di mot vai phan tram luc can thi ciing da cho ra doi mot
dong san pham méi, tiét kiém nhién liéu mot cach dang ké va ting kha ning canh
tranh cuia san pham. Cho nén ta ciing khong can ngac nhién khi cac xudng ché tao
thay phién nhau dua nhiing chiéc xe dua ctia minh vao dng thoi dé tim cach t6i wu

hoéa kiéu dang khi dong.

Hinh 3. 3 Mo hinh xe dua Pagani Zonda F dang dugc thi nghiém trong ng khi dong

Hi¢n dai hon nguoi ta con dua cd mdt thanh phé, mot khu do6 thi vao 6ng
thoi. Gio day co 6ng khi dong ta s& biét duoc cac ludng gié di chuyén thé nao giira
cac tda nha, khong khi trong lanh gitp tot cho sirc khoe con ngudi. Khong chi ding

lai & do, viéc dua cac tda nha cao tang vao ong thoi khi ta co6 thé kiém tra dugc toa
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nha do6 chiu dung dugc nhitng con bao cap may, lam tién dé cho cac nha cau triuc

nghién ctru cau tric tda nha.

Khéng chi duge ap dung cho thiy khi, kién trac, xdy dung, 6ng khi dong con c6
thé duoc ap dung cho thé thao. C6 18 s& c6 ngudi hoi thém riang, lam sao ma nhiing
van dong vién nhay du ho co thé lam duoc cac dong tac nhao 10n, bay luon nhu
chim trén bau troi, roi ho lai ghép thanh vong dep tron dep mat, viéc d6 1am rat 1a
khé thé ma ho lam duoc, ho da tap luyén rat cong phu maoi biéu dién duoc nhu vay.

Noi ho luyén tap 13 mot dng khi dong c& 16, cac canh quat tao gié tao ra ludng gio

thoi 1én phia trén.

Hinh 3. 4 Cdc vdn dong vién dang tap luyén véi ong khi dong
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Hinh 3. 5 Ung dung ctia 6ng khi dong trong linh vyc khac

3.1.2.2. Phan loai
Dua trén téc do dong chay, ¢ thé phan cac duong dng khi dong thanh cac loai:

- Pudng dng khi dong toc do thap, véi 0 < Ma < 0.8
- Duong 6ng v6i van tde can 4m, 0.8 <Ma < 1.2
- DPuong 6ng v&i van toe vuot am, 1.2 <Ma <5

- DPuodng ong voi van toc si€u am, Ma > 5

Hodc ciing c6 thé phan loai theo moi chat lam viéc:
- DPuong 6ng véi moi chat 1a nude

-  DPuong 6ng vdi moi chat 1a khong khi

- DPuong 6ng véi moi chat 1a Hidro, Helium,...

Tuy nhién pho bién hon ca 1a cach phan loai theo hinh déng: dudng 6ng khi

dong dang hé va duong dng khi dong dang vong kin (luu thong tuan hoan).

Nhu di giai thich & trén, 6ng khi dong hay him gié duoc mo ta nhu mot méd
hinh, thiét bi mo6 phong lai dién bién ctia dong khi hay chét long theo diéu kién gin
giéng nhét véi diéu kién thuc té. Cac md hinh, vat mau s& duogc dit vao mot khu vuc
goi 12 budng do, thong thudng budng do duoc 1am trong sudt dé co thé quan sat

dugc dong khi di qua vat thé thi nghiém.
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C6 nhiéu loai 6ng khi dong khac nhau véi cac trang bi dé thi nghiém ciing
khac nhau. Tuy nhién mot hdm gié co ban can c¢6 nhitng phan va trang bi nhu budng
nan dong, budng hit, budng do, dng khuéch tan va quat gid. Cac ham gi6 16n va
hién dai con duogc trang bi thém cac cam bién, phién huong dong, khu vuc diéu

khién, camera ghi hinh...

DPuong dng khi dong dang vong hé (Open circuit wind tunnel) ¢6 vu diém 1a
cAu tao don gian, chi phi ché tao va xay dung thép; kém theo cac nhuoc diém 1a chiu
anh hudng cua nhiét do, gié tai khu vuc bd tri, tiéu tdn nhiéu ning luong, tiéng on
16n,... Do d6, cac dudng dng dang nay chil yéu str dung trong linh vuc gido duc

hodc nghién ctru ¢ cac truong dai hoc.

Hinh 3. 6 Ong khi dong loai h&

Ong khi dong nhin chung dugc phan loai theo toc d6 dong khi trong budng
do hay phan loai theo huéng chuyén dong ctia dong khi. C6 hai loai ong khi dong
chinh va hai c4u hinh thir nghiém co ban. Tuy nhién, c6 rat nhiéu cac bién thé vé
dic trung cu thé cua cac 6ng khi dong khac nhau. Hai loai co ban 1a dng khi dong
kin va dng khi dong ho. Khong khi chay qua mot dng khi dong mach hé di theo mot
con duong thang tir 16i vao qua budng nan dong téi budng do tiép theo la dng khuéch
tan, phan quat va dau ra cua dong khong khi. Ong khi dong c6 thé c6 budng do
khong c6 phan bao ran (dong khi hé hoic loai Eiffel) hodc phan bao ran Hinh 3.6
cho thiy so d6 ctia mot dng khi dong loai hd véi mot dong khi kin.
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Hinh 3. 7 So d6 khu vue thi thi nghiém voi 6ng khi dong loai ho, Diamler-Benz

Aerospace Airbus, Bremen, Dtic

Hinh 3. 8 Ong khi dong loai vong kin
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Khong khi trong mot ong khi dong kin, kiéu Prandtl hoic kiéu Gottingen,
tuan hoan lién tuc khong hodc it co sy trao doi voi khong khi bén ngoai. Pai da )
cac 6ng khi dong mach kin c6 mot dudng khong khi trd lai duy nhét, tuy nhién cac

bién thé d3 cho ra 6ng khi dong véi nhidu duong quay lai.

Ong khi dong loai kin c6 thé c6 phan kiém tra déng hodc mé, va mot s da
dugc xay dung ma c6 thé chay bang phan thi nghiém mé  Khéng khi trong mot
6ng khi dong kin, kiéu Prandtl hodc kiéu Gottingen, tuan hoan lién tuc khong hodc
it c6 su trao doi véi khong khi bén ngoai. Pai da sd cac dng khi déng mach kin c6
mot duong khong khi tré lai duy nhat, tuy nhién cac bién thé di cho ra dng khi dong

v6i nhiéu dudng quay lai.

Ong khi dong loai kin c6 thé c6 phan kiém tra dong hodc md, va mot sb da
dugc xay dung ma cé thé chay bang phan thir nghiém mé hodc déng, néu can cho
mot chuong trinh thir nghiém cu thé. Nhu véi bat ky thiét ké k¥ thuat nao, ¢ uu
diém va nhuoc diém véi ca 6ng khi dong ho va dng khi dong kin. Néi chung, loai

dng khi dong duoc quyét dinh dya trén chi phi sin c6 va muc dich thi nghiém.
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Hinh 3. 9 Ham gi6 loai kin, Defense Establishment Research Agency ERA,
Bedford, Anh

- Ong khi dpng loai hé
+ Uu diém:

e Gia thanh xay dung ré.
e Khodng phat sinh van d€ v€ lam sach n€u can thi nghi¢m véi dong co dot trong
hay thi nghiém v&i dong khoi dé quan sat béi vi ca dau vao va dau ra cia

dong khi déu ma ra voi khong khi bén ngoai
+ Nhuoc diém

e Néu dit trong mot can phong, tiiy thudc vao ty 1& ctia dng khi dong va cin
phong, s& can c6 mot mang che dé loc khong khi trudce khi vao ong.

e V&i mot kich thude va toc do, éng khi dong s€ can nhiéu nang lugng hon dé
van hanh, dac biét l1a trong cac thi nghiém nang cao.

e Nhin chung, éng khi dong loai hé thudng on khi 1am viée, can c6 cac bién
phéap cach am hoac khtr rung.
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Vi gia thanh ban dau dé xdy dung khong cao, 6ng khi dong loai ho thuong
duogc dung cho céc truong dai hoc noi ma cac thi nghi€ém chi phuc vu cho cdc mon

hoc, hoc phén va viéc nghién clru nang cao la chua can thiét.
- Ong khi dpng loai kin
+ Uu diém

e Thong qua phién dan dong va cac tAm chin, chat lugng dong khong khi duge
kiém soat. Phan quan trong nhét phu thudc vao céac hoat dong thi nghiém va
anh huong cua diéu kién thoi tiét.

e Can it nang luong hon d6i véi mot budng do va van te gid cu thé. Picu nay
rat quan trong trong cac thi nghiém dai ngay (hai hodc ba lan mot ngdy, nim
dén sau ngay mot tuan)

e Lam viéc ém, it giy ra tiéng On
+ Nhuoc diém

e Gia thanh cao hon rat nhiéu do gia cta dng tuan hoan va phién dan dong.

e Bi anh hudng boi diéu kién 1am sach néu thi nghiém véi dong co dbt trong
hay dong khoi dé quan sat.

e Néu phai thi nghiém dai ngay, éng khi dong can phai c6 bd trao doi khong
khi hodc cac phuong phap khac dé 1am mat.

Bén canh do con c6 cac loai ong khi dong nhu:

- Ong khi dong dudi 4m va cin am. (dong khi chuyén dong véi toc do...)
- Ong khi dong siéu am.
- Ong khi dong thang dimg
- Ong khi dong cho hang khong, gdm co:
e Ong khi dong véi chi s6 Reynolds cao: & loai ndy ngudi ta dung cac cach dé

tang s Reynolds nhu tang ap suat dong khi, sir dung khi ning nhu Freon hay
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R-134a, 1am lanh dong khi, ting 6 chan khong dé mo phong khong khi & do
cao 16n.

e Ong khi dong V/STOL: ¢6 kich thudc 16n nhung tdc d6 dong khi chi can nho.

e Ong khi dong quay: may bay c6 xu huéng quay khi ding yén trén khong. Ong
khi dong nay dung d¢é mé phong hién tuong do.

- Ong khi dong cho 6 t6, gdm co:

e Ong khi dong mé phong dong chay ngoai.
e Ong khi dong mo phong thoi tiét: dng khi dong nay dung dé danh gia hoat dong
ctia hé thong cira, hé thong phanh...dudi cac diéu kién thoi tiét khac nhau. Hau

hét cac nha san xuét 6 t6 16n c6 hé thong dng khi dong kiéu nay.
- Ong khi dong dung dé do tiéng 6n cua dong chay.

3.1.3. Giéi thiéu vé 6ng khi dong tai Truong Pai hoc Bach khoa — Pai hoc Pa
Ning

Ong khi dong tai phong thi nghiém Thuy khi, khoa Co khi Giao thong, Dai
hoc Bach Khoa — Pai hoc Pa Ning 1a méot dng khi dong vong kin (tuan hoan), c¢&
nho, toc do thép.

Hinh 3. 10 Ong khi dong vong kin, ¢& nho, tbc do thap tai phong thi nghiém Thuy
khi

Trang 30



Nhin chung, mét dng khi dong dudi 4m dang kin c6 cac thanh phan dugc
mo ta nhu sau:
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Hinh 3. 11 So d6 bd tri chung ctia éng khi dong
1 — Budng thu; 2 —Ong phankiI; 3, 4 — Ong chuyén hudng
nho;
5 — Quat; 6 — Ong phan ki II; 7, 8 — Ong chuyén hudng
16n;
9— Phan ndi; 10 — Buf)ng 6n dinh; 11 — Noén phéu;
3.1.3.1. Budng thir

Budng thir 14 noi dit mo hinh xe thir nghiém ciing nhu noi lap dit cac thiét
bi quan sat, do dac. Phan dau vao cta budng thir duoc ndi véi cudi 6ng phéu (11),
dau ra ctia budng thir 13 ddu vao cta dng phan ki (2). Mit bén ctia budng thir c6 thé
lam ctra kinh hodc mica. Kich thuéc budng thir ciing nhu van téc dong khi di qua
budng thir quyét dinh kich thude ciia cac chi tiét khac ciling nhu kich thudc hinh hoc
tong thé cua duong dng noéi chung.

Tiét dién mat cat ngang cta budng thir c6 thé 1a hinh chir nhat, hinh vuéng,
hinh tron, luc giac, bat giac,.... Tuy nhién qua nhiéu thi nghiém va thuc té cho thay
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anh hudng cta hinh dang mit cat dén ton that cot ap 1a khong dang ké, vi vay co thé
la chon hinh dang mit cit sao cho chi phi phit hop va ché tao don gian. Trong hau
hét cac trudong hop thuc té, budng thir c6 dang hinh hop chit nhat v6i chiéu dai gip

d6i bé rong (hodc cao).

Rl T

— -

-.“ ; .

Hinh 3. 12 Ong phan ki
3.1.3.3 Ong chuyén huéng.

Trong dudng 6ng khi dong dang vong kin, cdc 6ng chuyén hudng 1a bo phan
gitip 1am chuyén huéng dong chay mot goc 90°, giup dong khi c6 thé lru théng tudn
hoan. Do vy ta sir dung 4 dng chuyén hudng: 2 éng kich thuéc nho va 2 dng kich
thudce 1on.

Bén trong cac dng nay c6 lap cc canh nin dong. S6 luong, kich thudc va
bién dang cua cac canh quyét dinh ton that cot ap dong cua dong khi khi chuyén

huodng.
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Hinh 3. 13 Ong chuyén huéng
3.1.3.4 Quat

Quat 1a ngudn dong luc giup dong khi lwu thong tuan hoan trong dudng

6ng, khic phuc ton that doc qua cac bd phan.

Quat dugc dan dong tir dong co dién 3 pha, ddn dong thong qua day dai. Toc
d6 cua quat c6 thé diéu chinh duoc thong qua bo bién tan. O 2 mit quat ta lam céc
dng ndi dé chuyén tir tiét dién tron sang tiét dién chir nhat va nguoc lai.

Quat sir dung 1 loai quat huéng truc ding trong cong nghiép, dan dong bang
dong co dién ba pha qua co cdu day dai. Quat c6 cong suit 2 kW cung luu lugng toi

da dat 39600 m>/h.
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Hinh 3. 14 Quat

3.1.3.5 Budng 6n dinh

Budng 6n dinh, chira bd huéng dong va cac ludi bén trong, dugc dit & phia
dau duong 6ng. N6 ¢6 tac dung loai bo cac nhiéu loan van tdc theo phuong khong
tring v4i phuong ctia dong chay, bang cach dua dong chay qua mét ciu trac dang
t6 ong. Cau tric to ong nay chia dong chiy vao nhiéu 6ng nho dit xép chong 1én
nhau phuong ctia dong chay, c6 tic dung “dudi” thang dong khi, loai bé cac nhidu
loan ciing nhu xody 16c. Tiét dién cit ngang cua cac 6ng nay c6 thé 1a hinh tron,

vudng hoac luc giac.
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Hinh 3. 15 Budng 6n dinh véi cau trac to ong

3.1.3.6. Nén phéu

La bd phan dugc dit phia trudc cua bu@)ng thur, sau cac ludi loc va by hudng
dong, c6 tac dung:
- Tang téc d6 dong khi ma khong gy ra réi loan, nho d6 c6 thé bb tri cac
ludi loc va bo hudng dong & ving c6 van tdc thip, giam dugc stc can va ton that

nang

- Lam giam sy khong dong déu vé toc do cua dong chay. Tir d6 tao duoc

dong chay 6n dinh, ddng nhat, it dao dong tai budng thir.
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Hinh 3. 16 Non phéu

Ngoai cac bd phan ké trén, con c¢6 nhiing doan 6ng ndi phu khic nham dam bao
rang budc hinh hoc gifra cac b phan. Nhitng doan nay géom doan noi gitta 2 ong
chuyén hudng nhé véi nhau, doan ndi gitta 2 ong chuyén hudng 16n véi nhau, va

doan nbi tir ng chuyén hudng 16n véi budng 6n dinh.
3.2 Hé thong do e sau thanh phan
3.2.1. Gi6i thiéu chung vé vi diéu khién Arduino

Arduino Uno 1a mot bang mach vi diéu khién nguén mé dua trén vi diéu
khién Microchip ATmega328 duogc phat trién boi Arduino.cc. Bang mach dugc
trang bi cac bo chan dau vao/ dau ra Digital va Analog c6 thé giao tiép véi cac bang
mach mé rong khac nhau. Mach Arduino Uno thich hgp cho nhitng nguoi méi tiép
can va dam mé vé dién tu, 1ap trinh,... Dya trén nén tang mé do Arduino.cc cung
cap ta d& dang xdy dung cho minh mét dy an nhanh nhat (14p trinh Robot, xe tu

hanh, diéu khién bat tat led,...).
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Céc dong san pham cua Arduino:

- Board: Arduino Uno, Arduino Pro, Arduino Mega, Arduino 101, Arduino Zero,
LilyPad Arduino,...

-  Module: Arduino Pro mini, Arduino Micro, Arduino LCD Module, Arduino
Relay Module, Arduino Driver Module,...

- Shield: Arduino Proto Shield, Arduino Wifi Shield 101, Arduino Ethernet
Shield, Arduino GSM Shield,...

Hinh 3. 17 Arduino Pro Micro

Arduino Pro Micro véi thiét ké nho gon, thich hop chuan két néi USB ma khong
can sir dung chip USB khéc nhu Pro Mini, ngodi ra né con c6 thé chdng cap ngugc
dién ap. Do d6 phan sau chi giéi thiéu vé dong Arduino Pro Micro.
Théng s6 Arduino Pro Micro:
- Chip ATmega32u4.
- Ngudn vao dé nghi: 6 -9 V.

Trang 37



- Dong tbi da chan 5 V: 500 mA.

- Dong tdi da chan I/O: 30 mA.

- S6 chan Digital I/O: 14 chan (5 chan PWM).
- Sb chan Analog: 4 chan.

- B0 nh¢ Flash: 32kb.

- Giao dong: 16MHz.

- SRAM: 2kb.

- EEPROM: 1kb.

- Kich thudc: 33 x 18 x 6 mm.

- USB HID: co¢.

Arduino Pro Micro né giong véi Arduino Pro Mini nhung ¢ day sir dung chip
ATMega32u4 c6 hd tro USB gitp né linh hoat hon han so v&i Pro Mini, nén nap
code khong can dung thém bd chuyén doi USB. Arduino Pro Micro dugc hd tro tir
Arduino IDE V1.0.1 tré 1én, nén viéc 14p trinh voi nd ciing rat don gian. Ngoai ra
Board c6 thé sir dung cac chirc ning dic biét nhu gia 1ap ban phim, chudt vitual

Serial/COM port ma cac board thong dung nhu Uno hay Mega khong c6.
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Power LED

RX LED

o @ED 12c S&f@ Arduino

Hinh 3. 18 So dé chadn ciia Arduino Pro Micro

Trong d6 4n nay st dung module LM-2596 ADJ dé giam dién ap tir 20V
thanh 5V cép nguén cho Arduino hoat dong dugc on dinh. Sau day s¢€ 1a mot sb
thong tin cua module nay:

- St dung trong cac mach chuyén d6i nguén DC — DC.

- Str dung trong cac mach dién tir ha dién 4p cao xudng dién ap thap.

- Dién Ap In: 3 - 40V DC (Khuyén céo sir dung dién ap dau vao < 30V DC).
- Dién Ap Out: 1.5 - 35V DC.

- Dong Ra Max: 3A. (Khuyén cdo sir dung 2/3 cong suat ciia san pham dé san
pham c6 do bén cao).

- Str dung IC LM2596 ADJ.
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- Kich Thuoc: 40x21.5x13.5MM.
- Diéu chinh dién ap dau ra bang bién tro.

- Hiéu Suét: 92%.

Hinh 3. 19 Module LM 2596 ADJ
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3.2.2. Cam bién do ap suat

3.2.2.1. Cam bién ap suat M5200 - Pressure Transducer

g Gl
Af

Hinh 3. 20 Cam bién ap suat M5200

3.2.2.2. Thong sb ky thuat

- Pham vi do: 0 ~ 1 bar.
- Ngo ra: 4~20mA (dugc bao vé ndi nguoc cuc va ngén mach).

- Nguén cap: 9-30VDC.

- Bién tro cach dién: 100M @500VDC.

- Kiéu ndi cap: Mini DIN43650.

- Nhi¢t do hoat dong: -40~125°C.

- Ap suat dot ngot: 5 1an 4p suat dinh muc.
- Than vo thép khong gi.

- Chiu rung 20G, 20~200Hz.

- Trong lugng: 85¢.

- M6i chét: nudc, dau, khi.

- Gidy hop chuan CE vé cong nghé ning.
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3.2.2.3 Nguyén ly hoat dong ciia cam bién ap suat

Céc diéu kién khac nhau, pham vi do, va vat li¢u st dung trong cAu trac cam
bién s& c6 nhiéu kiéu thiét ké cam bién khac nhau, thuong thi chung ta c6 thé chuyén
dbi tin hiéu 4p sudt sang cac dang trung gian, chang hang nhu sy dich chuyén cia
mang ap s& dugc chuyén d6i thanh tin hiéu dang 4p hay dong, tir dién tich mit mang

ap co thé tinh ra ap luc.

C6 ba loai cam bién ap sudt pho bién nhét 13 dang cau (strain gage based),
bién dung (variable capacitance) va ap bién (piezoelectric). Trong d6 dang ciu la
phé bién nhat (cﬁu Wheatstone) vi ¢6 do chinh xéc, tudi tho cao va chi phi thép. Dua
trén nguyén 1y nay ta co thé do ap suat tuyét ddi, 4p suat twong ddi va chénh ap. Khi
co ap luc tac dong 1én ciu Wheatstone, lam thay doi dién tré dan dén dién ap thay
ddi dang mV, c6 nhiéu loai cam bién s& dua ra tin hiéu mV nay dé sir dung, c6 loai
s& chuyén dbi tin hiéu nay sang 4-20mA hoic 0-10VDC thong qua bo khuéch dai
tich hop.

Hinh 3. 21 Nguyén 1y ciia cam bién cau Wheatstone

Khi c6 ap suét tac dong 1én man ap, su bién dang lam thay ddi chiéu dai, khi chiéu

dai thay d6i dién tré s& thay doi theo. Nguyén 1y nay duoc dua trén cong thirc:
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R=ps (3-1)
Trong do:
p 1 hang s bién trd tiry thudc vat lidu.
S 1a tiét dién.
1 1a chiéu dai.
Thong thudng cam bién 4p suét co ngd ra 1a 4-20mA thi co hai day ra, phai
méc ndi tiép vO1 bd ngu@)n qua thiét bi do mai su dung duogc.
3.2.3. Module chuyén déi tin hiéu

Mach chuyén tin hiéu dong ap (0/4 — 20mA to 0-3.3V/5V/10V) 1a san pham
dung dé tang dién ap va dong dién cua tin hiéu vi khi truyén dan di xa, tin hiéu s& bi
suy yéu lam cho sai 1éch & tin hiéu dau cudi gdy anh huong rat nhiéu cho du 4n cta

ban. Mach hd trg dong dién dau vao 0 — 20mA, dién ap dau vao 0-3.3V/5V/10V.

Zero setting: increase (turn clockwise)

Span setting: increase (turn clockwise)

Range selection

+ +
DC
Current source: —
0/4~20mA \oltage

Power indicator Reverse polarity protection

Current signal sampling resistor

Hinh 3. 22 Module HW-685
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Tinh nang cia module HW-685:
- Pham vi dién 4p cung cip rong, dién 4p dau ra hd tro nhiéu dai.
- C6 thé diéu chinh phii hop bang bién tré tinh chinh.
- Tinh 6n dinh cao, tuyén tinh tét, cAp cong nghiép.

Huéne dan sir dung mach chuvén tin hiéu dong dp:

- Dién ap cung cap 12 7-36V (néu dau ra 13 10V, dién ap cung cp phai 16n hon
12V).
- Sau khi bat ngudn, dén D2 phai sang, néu khong hiy kiém tra két nbi dudng
truyén. Board mach duoc bao vé nguoc chiéu chdng hu hong khi ddu nham.
- Khi dau vao dong dién & gia tri nho nhat (OmA hodc 4mA), diéu chinh chiét
ap ZERO dé 1am cho dau ra Vout ¢6 gia tri nho nhét (0.0V hodc dién ap khéc).
- Khi dau vao dong dién & gia tri cuc dai (20mA), diéu chinh chiét 4p SPAN
dé 1am cho dau ra Vout ¢ gia tri l1on nhét (3.3V hoac 5V hoac 10V, khi dau vao 1a
4-20mA, dau ra c6 thé nho dén 2.5V).
3.2.4. Cam bién do lwc

3.2.4.1. Loadcell

Loadcell hay con goi la cdm bién luc (khéi luong, moé-men xoén,..). Khi co
luc duogce tac dung 1én mot loadcell, nd s& chuyén d6i luc tic dung thanh tin hiéu
dién. Loadcell ciing dugc biét dén nhu 13 "dau do tai" (load transducer) béi vi né

cling c6 thé bién ddi mot tai trong (luc tac dung) thanh tin hiéu dién.

Trong tur dién, Loadcell dugc dinh nghia nhu mat "thiét bi do luong trong

luong can thiét dé can dién tir hién thi trong lugng thanh con s6".

Tin hi€u dién tor ngo ra cua loadcell co thé 1a mot su thay ddi dién ap, thay
ddi tin hiéu dong, tin hi¢u sb6 hodc thay ddi tan sb tuy thudc vao loai loadcell va

mach sir dung, phd bién nhét 13 loai loadcell thay ddi dién ap.
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Hinh 3. 23 Cdu tao bén ngodi ciia loadcell

1-V1i tri tac dung luc; 2-Céc day tin hi¢u va nguén

Cac loadcell c6 thé str dung sy thay doi cta dién tro (strain gauge), dién dung,
k¥ thuat bu lyc dién tir dé tao ra tin hiéu. Pho bién nhat 1a cac loadcell ¢6 sin dua
trén nguyén tic thay doi dién tré dé dap tng véi mot tai ap dung. Vi thé trong van

dé nay, ta s€ noi veé loadcell sir dung di¢n tro.

Mot loadcell thudong bao gdm cac strain gauges dugc dan vao bé mat cua
than loadcell. Than loadcell 1a mot khéi kim loai c6 d6 dan hdi va tiy theo timg loai
loadcell va muc dich sir dung loadcell, than loadcell dugc thiét ké véi cac hinh dang
dic biét khac nhau va ché tao bé“mg vat liéu kim loai khac nhau (thép khong gi, nhom

hop kim, thép hop kim).

Thong s6 cam bién loadcell:
- Tich hop 18i 0.02% FS.
- Nhay 1,0+ 0.1mv / v.
- Phi tuyén 0.02% FS.
- Tam quan trong 0.02% FS, 0.02% leo FS / 10min.
- Zero dau ra + 2% FS.
- Tré khang dau vao 405 + 10Q.
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- Tré khang dau ra ctia 350 £ 3.

- bién &p kich thich 5VDC.

- Pham vi bu nhiét d¢ 12 VDC 10°C ~ + 40°C.
- Pham vi nhiét d6 -20°C + 60°C.

- Hiéu tng nhiét d6 0 0,03% FS/ 10°C.

- Hi¢u g nhiét d6 nhay cam 0,02% FS / 10°C.
- Pham vi qua tai an toan, qua tai t6i da 120%.

- Pham vi bao v€ 150%.

Nguyén ly hoat dong ciia loadcell.
Céu tao chinh cua loadcell gdm cac dién trd strain gauges R1, R2, R3, R4 két
ndi thanh 1 ciu dién tréd Wheatstone nhu hinh dudi va duge dan vao bé mait cta than

loadcell.

Hinh 3. 24 So d6 mach dién tré loadcell.
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Mot dién ap kich thich Vi, dugc cung cp cho ngd vao loadcell va dién ap tin
hiéu ra Vou 13 gia tri dugc do. Tai trang thai cin bang (trang thai khong tai), dién ap
tin hiéu ra 1 s6 khong hodc gan bang khong khi bén dién trd duge gan phi hop vé

gia tri. Tuc 1a Voue = 0 khi:

Lo (3-2)

Ry Ry

Khi co6 tai trong hodc luc tac dong Ién than loadcell 1am cho than loadcell bi
bién dang (gidn hodc nén), didu d6 dan toi sy thay doi chiéu dai va tiét dién cia cac
soi kim loai cua dién trd strain gauges dan trén than loadcell dan dén mot su thay
d6i gia tri ciia cac dién tro strain gauges. Thi Vou s& thay doi két qua c6 thé do dugc

va diéu chinh bai phuong trinh sau st dung dinh luat Ohm:

Vout=( S )-Vin (3-3)

R3+Ry R1+R;

Sy thay doi dién ap nay 1a rat nho, do d6 né chi coé thé duge do va chuyén

thanh s sau khi di qua bo khuéch dai cia cac b chi thi can dién tir (dau cén).
3.2.4.2. Mach chuyén doi HX711

Mach chuyén d6i ADC 24bit Loadcell HX711 1a module chuyén dbi analog
sang digital 24-bit. Pugc thiét ké dé chuyén ddi tin hiéu va tng dung diéu khién

cong nghi¢p dé giao ti€p truc ti€p vdi mot cam bién cau.

Mach chuyén d6i ADC HX711 khong chi c6 mot vai chirc nidng co ban, cling

c6 tich hop cao, phan ng nhanh, kha nang chéng nhiéu, va do tin cay cao.

Pay 1a mach doc gia tri cam bién loadcell véi do phan giai 24bit va chuyén

sang giao tiép 2 ddy (clock va data) dé guri di liéu cho vi diéu khién / arduino.
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Hinh 3. 25 Mach chuyén doi HX711
Cic thong so ki thudt:

- bié¢n ap hoat dong : 2.7 — 5V.

- Dong tiéu thu : < 1.5 mA.

- Téc d6 1ay mau : 10 — 80 SPS .
- Do phan giai : 24 bit ADC.

- D0 phan giai dién ap : 40mV.

- Kich thudce : 38 x 21 x 10 mm.
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Hinh 3. 26 So d6 ndi day loadcell
3.2.5. Hé thong thay ddi toc dd quat.
Bién tan Schneider Altivar 312

Nhiém vu cua bién tan: Vi quat gi6 cua ong khi dong dugc sir dung duoc

dan dong bai dong co dién khong dong bo ba

Hinh 3. 27 Bién tan Schneider Altivar 312
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Do d6, bién tan duoc st dung dé thay doi toc do dong co, tir d6 thay doi
van toc gi6 di qua dng khi dong. Day 1a mot thiét bi khong thé thiéu dbi véi éng
khi dong vi mot trong nhitng yéu cau ddi v6i ong khi dong 1a diéu khién dugc van

tdc dong khong khi di qua vat thé thi nghiém.

Nguyén li hoat déng cua bién tan: Dau tién, ngudn dién xoay chiéu 3 pha
dugc chinh luu va loc thanh ngudn 1 chiéu bang phiang. Sau dé, dién 4p mot chiéu
nay duoc bién d6i (nghich luu) thanh dién ap xoay chiéu 3 pha d6i ximg. Céng doan
nay duoc thuc hién thong qua hé IGBT (transistor ludng cuc c6 cong cach ly) bang
phuong phap diéu ché d6 rong xung (PWM). Nho tién bo ctia cong nghé vi xtr Iy va
cong nghé ban dan luyc hién nay, tan s chuyén mach xung c6 thé 1én t6i dai tan sd

siéu am nham gidm ti€ng 6n cho dong co va gidm ton that trén 161 sat dong co.
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Hinh 3. 28 So d6 khdi hoat dong cuia bién tan.

Heé thdng dién ap xoay chiéu 3 pha ¢ dau ra c6 thé thay ddi gia tri bién do va
tan s6 tuy theo bo diéu khién nghich luu. Hiéu sudt chuyén doi ngudn cia céc bd
bién tan rit cao vi st dung céc bd linh ki¢n ban dan cong suat dugc ché tao theo
cong ngh¢ hién dai. Nho vay, nang luong tiéu thu xép xi br:ing nang lugng yéu cau

boi hé thong.

Module diéu khién bién tin
PWM chuyén dién ap module LC-LM358-PWM2V chuyén d6i PWM ki

thuat sd tin hiéu vao 0 dén 10V tin hiéu twong tu.
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Module nay cé thé duoc sir dung nhu giao dién tiép nhan tin hiéu chuyén
mach cho PLC hay céc diéu khién cong nghiép bang. Dién ap du ra duoc quy dinh
theo diéu chinh nhiém vu ty 1é cia PWM. Cac module c6 kich thuéc nho va dé dang

st dung ¢ nhiing noi khac nhau.

Hinh 3. 29 Module LC-LM358-PWM2V
Tinh nang:
- MCU nhing cong nghé.
- Dé dang hoat dong, min diéu chinh boi chiét ap.
- Lua chon tin hiéu PWM cap dau vao pham vi thong qua ngan mach.
- Module nho, dé dang mang theo va st dung.

Thong sb k§ thuat:
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- Lam vi¢c dién ap: DC 12V -30V; (>100MA).
- PWM tan s thu song: 1KHz-3KHz.
- PWM muec tin hiéu dau vao pham vi
- Chuyén dbi pham vi: 0% -100% PWM dén 0-10V.
- Sai s6 cho phép: 5%.
3.3. Thiét bi
3.3.1. May do van tdc gié,lwu lwong gié dang cach quat VT-110

Trén Ong khi dong dugc thiet ké va xay dung, may do van toc gidé c6 nhiém
vu do van toc gio di qua buong do va xac dinh phan bo cta truong van toc trén trén
tiét dién cua budng do. Tur day tao nén co s& dé xac dinh dugc cac lyc khi dong tac

dung 1én vat thé.

Hinh 3. 30 May do van tdc gio, Luu luong gi6 dang cach quat VT-110

Tinh nang dic diém ciia mdy do gié VT110.
- Churc nang gitr gia tri Hold, gia tri nho nhét, 16n nhat.
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Bang 3. 1 Bdng thong sé kj thudt ciia méy do VT 110

Théng s6 ki thuit

Khoang do gio

Tu 0.15 ... 30 m/s (don vi do: m/s, fpm, km/h)

Do chinh xac

Tw 0.15 ... 3 m/s: £3% gia tr1 £0.05 m/s
T 3.1 ... 30 m/s: £3% gia tri £0.2 m/s

D0 phan giai

Tu:0.15...3m/s: 0.0l m/s
T 3.1...30m/s: 0.1 m/s

Khoang do Iuu lugng khi

T 0 ... 99 999 m*/h (don vi do: m*/h, cfm, 1/s,

m?/s)

Do chinh xac

+3% gia tr1 £0.03 * area (cm?)

D0 phan giai 1 m*h
Khoang do nhiét do T -20 ... +80°C
Do chinh xac +0.3% gia tri £0.25 °C
D0 phan giai 0.1°C
4 dong, man hinh LCD. Kich thuéc 50 x 36 mm
Hién thi 2 dong 5 s6 v6i 7 phan doan (gia tri)
2 dong 5 s6 vai 16 phan doan (don vi)
Py do Model: VT110 déjtu do hotwire bang thép khong gi
Model: VT115 dau do hotwire cong 90°
Day cap Dai 2 mét
Vit liéu ABS, cap do bao vé IP54
Phim bam Vi 5 phim bam

Tiéu chuan

EMC2004/108/CE va EN 61010-1

Nguon dién

4 pin AAA 1.5V

Diéu kién hoat dong

T 0 d&én 50°C

bicu kién bao quan

T -20 dén 80°C

Tu dong tat khi khong hoat

dong

C6 thé diéu chinh tir 0 dén 120 phut
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Trong lugng 250 gam

Lua chon don vi do, ccs don vi do gém:

+ D0 phan giai do luu lvgng khi: 1 m3/h.

+ Don vi do téc d6 gio: m/s, fpm, km/h.

+ bon vi do luu lugng khi: m?/h, cfm, I/s, m?/s.

Tu dong tinh gid tri trung binh.

Cam bién (Sensor) do gi6 dugc lap ¢b dinh trén than may.
C6 chtrc nang phat hién hudng gio.

Man hinh hién thi str dung man hinh LCD (50 x 36 mm) 4 dong; 2 dong 5 sb

v6i 7 phan doan (gia tri); 2 dong 5 s6 v&i 16 phan doan (don vi).

May duoc ing dung dé do téc do, luu luong gié & moi truong, dudng ham,

dng thong gio. .. dugc sir dung nhiéu trong cac khu ché bién, ham mo, va trong dur

bao khi tugng thuy van...

3.3.2. Sir dung phin mém LabVIEW

X4y dung chwong trinh trén LabVIEW

Giao dién chuong trinh diéu khién, thu nhan va xu ly s6 liéu thi nghiém trén

phén mém LabVIEW duoc thé hién trén hinh 3.31
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Hinh 3. 31 Giao dién chinh trén phdn mém LabVIEW
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Céc gia tri cua ap suat, luc va momen dugc hién thi trén dong ho kim, dugc
phan bi¢t voi1 nhau thong qua cac mau sac cua kim. Ngoai ra tat ca cac gia tri nay
déu duoc hién thi truc quan trén bon biéu d6 duong gitip cho ngudi van hanh dé

dang nim bit va xtr Iy théng tin.

O gitra giao dién chinh 1a thanh truot ding dé thay d6i hiéu dién thé diéu
khién truyén xudng cho vi diéu khién lam thay d6i tc d6 quat. Vi cac bude nhay
diéu khién dugc 12 0.5V. Cac dir liéu do dugc s& duoc luu lai thong qua cc nut

chtrc nang Add, Remove, Save trén thanh diéu khién.

Nt chtrc nang Zero duoc sir dung dé thiét 1ap cac thong sb do trd vé gid tri
khong. Khi muén tam nging chuong trinh do dac ta sir dung ntit STOP & phia goc
bén phai cua giao dién.

Ngoai ra trén giao dién nay ngudi sir dung c6 thé ndm bat duoc thoi gian
trong mdi vong lip ciing nhu dugc thong bao vé trang thai clia chuong trinh thong

qua 0 Status & phia trén cung.
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3.3.3 M6 hinh chung

3.3.3.1. M6 hinh co s&

Hinh 3. 32 Hinh anh mo hinh xe co s&

Ta c6 kich thudc mo hinh co sé ( thung xe ) trén hinh 3. 32.

Bang 3. 2 Théng s6 kich thudc mo hinh co s&

Théng s6 md hinh co sé

Kich thudc

134x125x400
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3.3.3.2. Kich thuéc bé dd mo hinh

Tir kich thude cia mo hinh tong thé trong hinh 3.33 ta thiét ké bé d& theo cac kich thude

sau :

14

Hinh 3. 33 Hinh anh kich thudc xe va bé do mo hinh

Bang 3. 3 Thong sd kich thudc cia bé d&

Théng s6 bé do mé hinh

Kich thugce bé 4o

300x600x5 (mm)
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3.4 Panh gia thue nghi¢ém dong khi trong 6ng khi dong
3.4.1 Xac dinh treong van toc trén cac tiét dién ciia budng do

3.4.1.1. Cach thyuc hién
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Hinh 3. 34 So d6 céc vi tri do trong budng do

Pé xac dinh phan bé truong van tdc trong budng do, cho quat hoat dong véi
mot tée d6 nhat dinh sau d6 ta tién hanh do tai cac mit: mit phang giira theo phuwong
x ctia budng do, mit phang giira theo phuong y cia budng do, Giao tuyén cua hai

mit phang gitta trén. Vi tri do duwoc danh dau bang cac sb trén hinh.
3.4.1.2. Két qua do tai mit phing giira theo phwong x ciia budng do

Bang 3. 2 Bang két qua do duoc tai mit phang gitra theo phuong x cia budng do

i Van téc (m/s)
. Toa dj diem do ;
Diém Lan do Trung
X@m) | Y(m) | Z(m) 1 2 3 binh
1 0.05 0.3 0.21 22.5 | 22.53 | 22.78 | 22.60
2 0.15 0.3 0.21 232 | 2355 | 23.84 | 23.53
3 0.25 0.3 0.21 23.8 | 23.68 | 23.77 | 23.75
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n toc (m/s)
N

N
Kl N)
»n oo

a

) N
N W
N U wow;

21,5

N
[

4 0.35 0.3 0.21 24.69 | 24.57 | 243 24.52
5 0.45 0.3 0.21 25 252 | 2495 | 25.05
6 0.55 0.3 0.21 254 | 2533 | 2542 | 25.38
7 0.65 0.3 0.21 25.6 25.7 25.8 25.70
8 0.75 0.3 0.21 25.8 | 25.56 | 25.66 | 25.67
9 0.85 0.3 0.21 25.64 | 25.7 25.5 25.61
10 0.95 0.3 0.21 25.5 25.6 | 25.55 | 25.55
Biéu d0 vén toc
26
25,5

10

DPiém

Hinh 3. 35 Biéu d6 biéu dién phan b van tdc tai mit phang giita theo phuwong x

ctia budng do
3.4.1.3. Két qua do tai mdt phang giiva theo phwong y ciia buéng do

Bang 3. 3 Bang két qua do duoc tai mit phing gitra theo phuong y ctia budng do

) , Van tdc (m/s)
biém Toa do diem do _
Lan do
X(m) | Y(m) | Z(m) 1 2 3 Trung binh
I’ 0.5 0.05 0.21 24.9 24.8 | 24.74 24.81
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Hinh 3. 36 Biéu d6 biéu dién phan b van tdc tai mit phang giita theo phuwong y

2’ 0.5 0.15 0.21 25.3 25.43 254 25.38
3’ 0.5 0.25 0.21 25.8 25.84 | 25.77 25.80
4’ 0.5 0.35 0.21 25.65 | 25.76 | 25.78 25.73
5’ 0.5 0.45 0.21 25.7 25.77 | 25.75 25.74
6’ 0.5 0.55 0.21 25.5 25.64 | 25.74 25.63
Biéu dd van toc
26

25,8 pu—
256 L —
L 254
é 25,2
(@]
Q 25
. 248
” a6

24,4

24,2

3
Diém

&

cua buon do.

3.4.1.4. Két qua do tai giao tuyén ciia hai mit phing trén

Bang 3. 4 . Bang két qua do duoc tai giao truyén cta hai mit phang giita

i Van toc (m/s)
) Toa d6 diem do _
biém Lan do
X(m) | Y(m) | Z(m) 1 2 3 Trung binh
1" 0.5 0.3 0.05 21.6 | 21.78 | 21.88 21.75
2" 0.5 0.3 0.1 22.9 22.7 22.8 22.80
3" 0.5 0.3 0.15 23.6 | 23.75 | 23.64 23.66
4" 0.5 0.3 0.2 23.58 | 235 23.2 23.43
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s" 0.5 0.3 0.25 23 23.1 23.23 23.11

6" 0.5 0.3 0.3 22.88 | 22.73 22.8 22.80

7" 0.5 0.3 0.35 22.6 227 | 22.79 22.70

Biéu do van toc

20,5
1" on 3n 4" X 6" 7n

Piem

Hinh 3. 37 Biéu d6 biéu dién phan b van tdc tai giao tuyén cta hai mit phang
gitra
3.4.2. Panh gia

- Tir két qua trén, nhan thiy van tdc trong budn do phan bd khong déu c6 su
chénh 1éch van téc trong cac mit phang, dudong thang chia diém do va giita cac mat
phang, duong thang chta diém do. Cy thé:
+  Van toc thay d6i tir 23.75 dén 25.67 tai cac diém do trén mit mang gitta theo
phuong x ctia budn do.
+ Van toc thay ddi tir 24.81 dén 25.63 tai cac diém do trén mat phéng gitra theo
phuong y cta budn do.
+ Van tdc thay d6i tir 21.75 dén 22.7 tai cac diém do trén giao tuyén cia hai
mit phang giira.
- Nguyén nhan:
+ Do d6 chinh xac cua céc thiét bi do van chua cao.
+ Céch tién hanh do chua dam bao dé tao ra sai sd.
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3.5 Tién hanh thyc nghiém
3.5.1 Trinh ty thi nghiém

Po trén miu thir

Mau thi nghiém duogc lip cb dinh trén tdm ga vat thé gin trén dau cac thanh
chéng. Khi dong co hoat dong luéng khi véi van tdc xac dinh do dong co tao nén
chuyén dong tuan hoan trong dng khi dong tac dong 1én vat thé va duoc hé théng
thu nhan lai cac gia tri do vé lyc va ap suat. Hé thong cho phép diéu chinh thay d6i

van tdc thong qua thay doi dién ap diéu chinh.

Thi nghiém 1: Tién hanh do véi cac muc dién ap khac nhau (0-10v) dé xac

dinh van toc trung binh.

Thi nghiém 2: Tién hanh do bé d& mo hinh trén hé thong ga dat dé xac dinh

luc tac dung va hé s6 can.

Thi nghiém 3: Tién hanh do mo hinh co s trén hé théng ga dat dé xac dinh

hé sb can.
Tién hanh 13p lai thi nghiém ba lan.
3.5.2. Két qua thi nghiém
3.5.2.1. Po vén toc gi6 theo gia tri dién ap diéu khién V (0-10 V)

Thi nghiém 1: Tién hanh do véi cac muc dién ap khac nhau (0-10v) dé xac

dinh vén téc trung binh.

bé do va xac dinh moi quan hé gitra van toc gid trong budng thir va dién ap

diéu khién ta tién hanh thuc hién cac budc nhu sau:

Théo cadc mo hinh va do gé khoi buong do. Pam bao v¢ sinh sach s€ ong khi dong

truwde khi tién hanh do dé tranh bui lot vao dau do cam bién gay sai sd.

Lap bang gia tri van tc thay doi theo gia tri dién ap diéu chinh.
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Bang 3. 5 Bang do van tdc theo dién ap

Mirc di€én Vin tdc gi6 dwoge do Gia tri van toc
ap (m/s) trung binh
V) Lén 1 Lén 2 Lén 3 (m/s)
0.5 0.1 0.08 0.09 0.09

1 0.22 0.21 0.24 0.223
1.5 4.1 4.2 4.4 4.23
2 5.7 5.6 5.8 5.7
2.5 7.3 7.1 7.2 7.2
3 8.3 8.4 8.3 8.3
3.5 9.5 9.6 9.7 9.6
4 10.5 10.6 10.5 10.5
4.5 11.7 11.6 11.8 11.7
5 12.9 13 12.9 12.9
5.5 14.5 14.5 14.4 14.46
6 15.9 15.8 16 15.9
6.5 16.3 16.3 16.2 16.26
7 17.4 17.5 17.4 17.43
7.5 18.9 18.8 18.8 18.83
8 20.5 20.5 20.4 20.46
8.5 22.1 22.2 22.1 22.13
9 22.9 23 23 22.96
9.5 24.1 242 24.2 24.16
10 24.7 24.8 247 24.73
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Hinh 3. 38 Po tdc do gio

Pua dau do cam bién vao budng thir (khu vuc sau ndy s& dat mo hinh) va cb
dinh chic chin sao cho dau do ndm vudng goc voi dong chay.

Diéu chinh gia tri cam bién vé thang do m/s.

Lan luot thay d6i gia tri dién ap tir 0 dén 10 V v&i bude nhay 14 0,5, Ghi
nhan gia tri van toc trong Gmg vai ting gia tri didu chinh. Tién hanh thay doi lap

lai ba lan.

3.5.2.2. Po bé d& mé hinh trén hé thong ga dat dé xac dinh luc tic dung va hé

$O can

Thi nghiém 2: Tién hanh do bé d& m6 hinh trén hé théng ga dit dé xac dinh

lyc tac dung va hé so can.
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Hinh 3. 39 H¢ théng ga dat vat mau

B tri thi nghiém nhu hinh 3.39 va tién hanh do lyc tac dung 1én hé théng ga dat.
Sau khi tién hanh do 3 1an va tinh gia tri trung binh thu dugc bang 3.6.

Bang 3. 6 Két qua do cac luc khi dong tdc dung 1€n hé théng ga dit theo van tdc

Gia tri luc do dugc (N) Trung binh
Dién ap (V) 5 5 .
Lan 1 Lan 2 Lan 3 ™)
10 0.054 0.054 0.053 0.054

Sau khi do dat duoc két qua thi nghiém theo van tdc gid, ap dung cong thirc
tinh lyc can va luc ning dé suy ra hé sd can.
Cong thirc xac dinh hé s can:

Fy
C,=—2
P Vv A

0

(3-4)

Trong d6
-Fp - Luc can khi dong [N].
-A — Tiét dién can chinh cta xe [m?].
A =(0,3.0,005)+(0,2.0,005) = 0.0025 (m?).

-pL: Khéi luong riéng khong khi [kg/m?], pL = 1,225 [kg/m?].
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- Voo : Van tdc gid = 25 m/s

Ap dung cong thirc trén tinh toan ta dugc ban sd liéu két qua do thi nghiém

va cac két qua tinh toan ¢ bang sau:

Bang 3. 7 H¢ s6 can bé d&

Heé s6 Cp1

0.06

3.5.2.3. Po mé hinh co s& trén hé thong ga dit dé xac dinh hé s6 can

Thi nghiém 3: Tién hanh do mé hinh co s& trén hé théng ga dat dé xac dinh

hé so can.

Hinh 3. 40 Hé thong ga dit vat mau

B6 tri thi nghiém nhu hinh 3.38 va tién hanh do luc tic dung 1én hé thong ga
dit. Sau khi tién hanh do 3 1an va tinh gia tri trung binh thu duoc bang 3.8.

Bang 3. 8. Két qua do cac luc khi dong tac dung Ién h¢ théng ga dat theo van tbe

Gia tri luc do duge
Dién ap ; i § Trung binh
Lan 1 Lan 2 Lan 3
10 6.435 6.221 6.321 6.325
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Sau khi do dat dugc két qua thi nghiém theo vén tdc gid, ap dung cong thic

tinh lyc can va luc nang dé suy ra hé s6 can.
Cong thure xac dinh hé s6 can:
C,=—to
Pp s (1)
—~=v A
Trong do
-Fp - Luc can khi dong [N].
-A — Tiét dién can chinh cua xe [m?].
A=0.186x 0.125 = 0.02325 (m?).
-pr: Khéi luong riéng khong khi [kg/m?], pL = 1,225 [kg/m?].
- Voo : Van téc gid =25 m/s
Vi bé do cling sinh ra lyc can nén phai tru di lyc can ctua bé do

Ap dung cong thirc trén tinh toan ta dugc ban sd liéu két qua do thi nghiém

va cac két qua tinh toan ¢ bang sau:

Béang 3. 9 Két qua hé s6 can mo hinh co s&

Hé s0 Cp
0.704
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CHUONG IV. NGHIEN CUU GIAM SUC CAN BANG
PHUONG PHAP PHUN PEU SU DUNG KHi NEN

4.1. Gi6i thiéu doi twong nghién ciru.

Hié¢n nay, hau hét hinh dang ctia cac mau xe 6 to du lich, xe tai déu co hinh
dang ciin (than xe c6 hinh dang cac khdi vuong) dan dén dong khi di chuyén qua
thuong bi phan tach, tao ra cac lyc tac dong roi rac dén toan bo than xe. Hiéu ung
c6 thé gy mat 6n dinh dong cua xe.

Céu triic dong tach va lyc can phy thudc nhiéu vao géc nghiéng phia sau ¢.
Tén tai mot goc toi han ¢ = 30° ma & d6 dong chay tach khoi gbc nghiéng cua than,
r0i gan lai trén bé mat nghiéng, va sau do lai tach ra ¢ phan cudi phia sau cia mo
hinh. Déi vé6i cac goc 16n hon 30°, dong tach dugc tach ra hoan toan. Khi goc
nghiéng ting 1én va dén gan 30¢, lyc can cua xe tang manh. Pbi voi cac goc 16m
hon, Iyc kéo lai giam xudng va né gan nhu khong doi khi ¢ tang 1én.

Déi tugng tap trung nghién ctru trong d6 an s& 1a mé hinh xe dau kéo va thung
kéo theo phia sau véi ti 1€ 1: 20.

4.1.2. Gi6i thi¢u h¢ thong giam sirc can khi dong sir dung phwong phap phun

déu

Jet Angle
Adaptor

Machined Cavity

Hinh 4. 1 M6 hinh Windsor sir dung hé thong giam lyc can bang phwong phap
phun déu
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Trong d6 4n nay hé théng giam stc can khi dong st dung phuong phun déu
dugc thiét ké co hinh dang giéng véi hé thdng giam stc can khi dong sir dung cua

R. P. Littlewood * M. A. Passmore

Hinh 4. 2 Thiét bi phun déu 3D
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4.1.3. Nguyén ly hoat dong ciia hé thong giam lwe cin khi dong sir dung
phwong phéap phun déu.

l : y 3
\ \ p
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Hinh 4. 3 Nguyén 1y hoat dong ctia hé théng gian stic can khi dong sir dung
phuong phap phun déu

1. C)ng dan; 2. Khoang ap suét; 3. TAm duc 15 ;4. Khe phun;5. BO chuyén doi
gbc phun
Nguyén 1y cta hé thong gian sirc can khi dong st dung phuong phap phun
déu duoc thé hién trén hinh 4.3 nhu sau: Khi nén dugc bom tir may nén khi qua dng
dan 1 vao trong khoang 4p suét 2. Tai day khi nén phan tan déu va di qua tdm duc

16 3 sau d6 di qua khe phun trén bo chuyén doi goc phun 4 va di ra ngoai.
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4.2. Xay dung mo hinh thi nghiém.

125

Hinh 4. 4 Kich thudc tong thé thung xe ¢6 gan bd phun déu
Céu tao chinh bao gom:
. Thung xe tai ¢6 kich thudc tong thé

Béng 4. 1 Kich thudc thung xe tai

Dai 450 mm
Rong 125 mm
Cao 134 mm
° B6 phun déu sur dung khi nén dugc lép déu 2 canh bén va phia trén & sau

thung xe
4.2.1. Céu tao bd phun déu sir dung khi nén:

Véi 2 bé phan chinh:
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4.2.1.1.Hop trung gian:

Hinh 4. 5 Hop trung gian

Hinh 4. 6 Ban v& hop trung gian

. Nguyén 1y hoat dong: 13 noi dam nhiém két ndi va chua truc tiép ludng khi

tr ong dan bén ngoai vao véi bd phun deéu.
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4.2.1.2. Mang trung gian phan b6 khi va diu phun:

117 ]
A
4
|
|
'—’{I { 4 ? _Hl
1 —
Hinh 4. 7 Mang trung gian
. Mang trung gian bao gdm mot loai cac 16 thoat khi ¢ kich thudc bang nhau

va nho hon so véi kich thudce dau din khi vao ( Rtg= 1 mm)

8
RO.5
. c 4 .
- ' -
4 T 4
 — 3
c
-4
c-Cc
119
© o000 o‘i
P ‘oooonof
34
- o= |
B - 211

Hinh 4. 8 Cum dau phun
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o Pau phun khi 14 diém cudi cing trong bd phun khi déu, sau duoc phan bd
déu khi qua mang trung gian ludng khi vé6i ap suét 6n dinh duoc di qua cac dau phun
sau d6 qua khe phun ra ngoai 1am giam ludng khi xody ¢ sau thing xe tai, tir d6 gitp

xe di chuyén 6n dinh hon.

. Ngoai ra, sau khi thir nghiém véi cac goc phun thay d6i dé gitip dat hiéu qua
lam giam ludng khi xody tot hon & mdi khe thoat khi ra cta bo phun déu s& dugce

gan thém mot cach dinh hudng goc phun khi véi @p=30°. (hinh 4.9)

Hinh 4. 9 Canh hudng khi
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4.2.2. Thiét ké hé¢ thong diéu khién thiét bi phun.

4.2.2.1. So' @6 hé thong diéu khién thiét bi phun déu.

Hinh 4. 10 So d6 hé théng diéu khién luu lugng thiét bi phun déu
1. May nén; 2. Bo diéu khién luu luong khéi k¥ thuét sb; 3. Van ty 18 ap sut

Hé théng diéu khién luu lugng cta hé thong giam stc can khi dong sir dung
phuong phap phun déu duoc nhom thiét ké dua trén tai lidu. Hé thong bao gdm may
nén 1, bd diéu khién luu lwong khoi k¥ thuat s6 2, mot van ty 1¢ 4p suat 3 va bo phan
phdi khi nén 4. Khi nén hi nén can thiét duoc cung cip bén ngoai béi may nén. Bo
diéu khién luu luong khéi ki thuat sb kiém soat ngudn cung cap. Van ty 18 ap suat
dugc lap dat dé diéu chinh thay doi ap suat. Bo phan phéi khi nén duoc dit bén trong

mo6 hinh cung cip luu luong dé qua timg dng cua thiét bi phun déu.
4.2.2.2 Tinh toan va chon céc thiét bi

4.2.2.2.1. May nén khi piston

May nén khi dugc st dung cho hé thong 1a may nén khi co

a ) Cau tao mdy nén khi piston.
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May nén khi piston 1a loai may nén khi c6 cau tao don gidn hon nhiéu so véi

may nén khi truc vit.

Hinh 4. 11 Ciu tao clia may nén khi piston

+ M to: 12 bo phan quan trong véi kha nang chuyén doi dién ning thanh co ning

nham cung cap cho cac by phan khéac van hanh.

+ Pau nén: 1a noi dién ra qua trinh nén khong khi. Trong dau nén lai gdm c6 nhiéu

chi tiét nhé nhu xilanh, piston, bac dan, tay dén, truc khuyu,...

+ Van an toan: dam bao cho may bom hoi khong bi gia ting 4p suat dot ngot gay

mat an toan.

+ Van xa nwéc: cd nhiém vu loai bo lugng nudc dong,hoi nude lan trong khi nén
nham dam bao chét lugng ngudn khi cling nhu tranh han gi cho cac chi tiét may

cling nhu cac thiét bi sir dung khi nén.

+ Pong ho do ap: hién thi ap lyc may gitip ngudi dung dé theo ddi ap suét trong

qué trinh may van hanh.

+ DAy dai, puly: thuc hién qua trinh truyén dong co ning tir mé to dén dau nén. Khi
mé to quay 1am puly quay, lic nay day dai trén puly s& truyén co ning lam puly

beeb dau nén cing quay.
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+ Loc gi6: han ché bui, cin ban theo ludng khong khi dau vao di vao trong may.

+ Binh chira: hay binh tich 4p c6 nhi€ém vu chtra khi nén sau khi da gia ap.

Ngoai nhitng bd phan ké trén thi may nén khi piston con gdbm mot s chi tiét khac

nhu hop di¢n, ro le, banh xe, tay kéo, kim chi ap,...

b) Nguyén ly hoat dong cua may nén khi piston.

Khi hit vao

Khi nén ra

Binh chia khi

Hinh 4. 12 Nguyén ly hoat dong cua may nén khi

Quia trinh nén khi ctia may nén khi piston dién ra nhu sau. May str dung mot

xy lanh c6 chtra piston & trong. Khi piston may nén khi di chuyén xudng, luong

khong khi bén ngoai s& duge hiit vao dau nén. Khi piston di chuyén 1én s& thu hep

thé tich khi lam cho ap luc khi tdng dén mot mac nhat dinh. Mrc ap luc nay duogc

xéc dinh khi 4p suat bén trong xilanh 16n hon ap suat ctia dong chay. Luc nay van

xa m& cho khong khi thoat ra ngoai di dén hé thong khi nén. Pay 1a mot qua trinh

nén khi co ban hay chinh 1 nguyén 1y 1am viéc ciia may nén khi piston 1 cap.

c) May nén
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Vian toc cia khe phun 16n nhét 1 10,3 m/s (Hinh 4.13)

Hinh 4. 13 Po van tdc ciia md hinh

Bang 4. 2 Bang thong s6 k¥ thuat ctia may nén khi

Loai May nén khi Luowei 2.5
Model LS-1024
bién ap 220V- 50Hz
Cong suat 2,5 Hp
Luu lugng 120 Lit/Phut
Dung tich binh chura 24 Lit
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Hinh 4. 14 M4y nén khi Luowei

d.Thiét bi diéu chinh dp sudt khi.

Hinh 4. 15 Thiét bi diéu chinh ap suat khi
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O mikc diéu chinh cao nhit cho thi nghigm véi:
e Van tc khi thoat ra ngoai bd phun: V,= 10,3 m/s
e Tbc d6 gi6 thi nghiém Vie= 25 m/s
e Ap suit cip vao Pey = 3 Mpa

Bang 4. 3 Bang thiét bi lép dat cho hé théng giam luc can khi dong sir dung bd dao

dong chét 1ong
Tén thiét bi S6 luong
May nén 1
Van 4p suat 1
Van chia 3

4.3. Thue nghiém giam sitc can bang phwong phap phun déu
4.3.1. Trinh tyu thi nghiém.

Mo hinh thi nghiém duogc lap ¢6 dinh trén tam gia d& mo hinh gan trén dau
cac thanh chéng. Sau d6 cho dong co hoat dong thdi ludng khi voi van tde xac dinh
do dong co tao nén chuyén dong tuan hoan trong 6ng khi dong tac dong 1én vat thé
va duoc hé théng thu nhan lai cac gia tri do vé luc va ap suat. Hé théng cho phép

diéu chinh thay ddi van tdc thong qua thay ddi dién ap diéu chinh.

Dé loai trir anh hudng ctia hé théng ga dit mau thi thi ta tién hanh thi nghiém

cho hai truong hop:

- Thi nghiém 1: Tién hanh do khi khong c6 vat mau dé xac dinh luc tac dung
1én hé théng ga dit.

- Thi nghiém 2: Tién hanh do véi mau thir lp trén hé thong ga dit dé xac dinh
lyc tac dung 1én toan bo hé théng.

- Thi nghiém 3: Tién hanh do v6i mau thir c¢6 hé thong giam lwc can sir dung
bd dao dong chét long lép trén hé théng ga dat dé xac dinh luc tac dung Ién toan bo
hé thong.
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Lay két qua do duoc & thi nghiém 2 trir di két qua & thi nghiém 1 ta xac dinh

duoc luc khi dong tac dong 1én md hinh thi nghiém.

Lay két qua do dugc & thi nghiém 3 trir di két qua ¢ thi nghiém 1 ta xac dinh
duoc luc khi dong tac dong 1én mo hinh thi nghiém c6 h¢ théng giam lyc can khi

dong.
Tién hanh 13p lai thi nghi¢m ba lan.

4.3.2. Tién hanh thi nghiém va két qua.

—

B A =
| ;\;0 MY

Hinh 4. 16 Thi nghiém véi mé hinh I1ap bd phun déu

Theo phuong trinh tinh lyc can khong khi
Fp=2p.Cp.A.V?
Trong do:
- Fq: Lyc céan tdc dung vao mo hinh
- p: Khéi luong riéng khong khi pr = 1,225 [kg/m?].

- Cp: Hé s can khong khi
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Bang 4. 4 Két qua tinh toan hé s can.

Lan do Luwc can Fppp Lurc can gia d& Fp: | Hé s6 cian Cppa
1 5,44 0,054 0,605
2 5,41 0,054 0,601
3 5,42 0,054 0,602

- A: Tiét dién ma luc can tac dung
- A=0.186x0.125 = 0.02325 (m?).
- V: Van téc gi6 ( v=25 m/s)
Bdng 4.4. 6 liéu thi nghiém truong hop thing ldm bé phun déu
Mukc dién ap 10 Volt

. 0.605+0.601+0,602
Vay Cp tb=

= 0,602

Nhin xét.

Bang 4. 5 Bang hé sb can céac truong hop

H¢ s6 can trung Hé s6 can trung binh ciia
binh ctia mo6 hinh st | m6 hinh khong st dung b
A
dung by phun phun Co
Conp Co
0,602 0,704 0,102

Vay hé sb can sau khi st dung bo phun déu giam 14,48 % so véi ban dau
Murc giam nay 1a khé 16n so véi lac khong trang bi canh hudng dong khi va b tao

tia.
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Két qua thyc nghiém con bi sai 1éch mot phén nhd vi khi thi nghiém da bo
qua yéu t6 nhu: Bién dang xe tai con c6 sai 1éch véi ban v&, 46 nhap nhé cta bé mit

xe tai cho lap ghép, sai s6 trong do dac va ghi nhan s liéu.
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CHUONG V: NGHIEN CUU GIAM SUC CAN BANG
PHUONG PHAP DAO PONG CHAT LONG

5.1. Gi6i thiéu vé phwong phap dao dong chit léng.

5.1.1. Gidi thigu hé thong giam lwc cin khi dong siv dung bé dao déng chit long
Hé thdng giam strc can khi dong cho xe tai sir dung bd dao dong chat long

dugc R. Woszidlo va cac cong su cuia ong thiét ké ché tao va st dung trén mo hinh

xe tai duong dai GETS.

valve main hose  pressure chamber  perforated sheet flurdic oscillators  flaps
_— : I ) o,
cross section of airfoil
\
e :
S -
Ux, gap  external balance rods internal balance  airfoil profile

Hinh 5. 2 Thiét bi gidm lyc can khi dong sir dung bd dao dong chét long
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Hé théng duoc lép dat & dudi mé hinh dé tao ra céc tia dao dong trong vung

ap suat thip phia sau xe dé ting ap suit 1am giam luc can khi dong ctia mo hinh.

5.1.2. Nguyén Iy hoat déng ciia hé thong giam lyc cin sir dung bé dao dpng
chit long

Hé théng giam luc can khi dong st dung bd dao dong chat long hoat dong
v6i nguyén 1y nhu sau : Khi nén dugc cung cap déu tir may nén khi hodc binh khi
nén vao trong budng ap suit 3 théng qua duong dan 5 . Khong khi sau khi vao budng
ap suat 3 s& di qua tAm duc 16 4 va phan bd déu ra toan bd khoang ap suét . Sau d6
khong khi di qua duong din trén nap khoang ap suat 2 va di vao bo dao dong chat
long nam trén gian dao dong chat 1ong 1 va hinh thanh tia dao dong ra bén ngoai.
Céc tia phun thoat ra song song v41 mdt trén cia mo hinh xe tai va dao dong trong

mit phang nay.

I
I
(]

N
-+~

Hinh 5. 3 Nguyén Iy hoat dong ctia hé thng giam strc can sir dung bo dao dong
chat 1ong

1.Gian bo truyén dong chét 16ng; 2. Nap khoang ap suét ; 3. Khoang dong

luong ; 4. Tam duc 16 ; 5. Puong dan khi vao.
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5.2. Thiét ké hé thong dao dong chit 16ng
5.2.1. Thiét ké gian bd dao ddng chit léng
Hién nay, co6 nhiéu loai bo dao dong dugc nghién ctru va ché toa thuc nghiém.

bac bi¢t 1a hai loai bo dao dong 1a by dao dong chét long goc va b dao dong chét

long duong cong duoc sir dung rat pho bién.

(@) Feedback g Power nozzle (b) je—

a) BO dao dong goc;  b) B dao dong dudng cong
Hinh 5. 4 B6 dao dong chit 1ong
B6 dao dong chat 16ng trong d6 4n nay 1 bd dao dong chat 1ong goc. Hinh
dang va kich thudc cuia bd dao dong trong dd an nay dugc tinh toan dua trén so dd
cua bd dao dong chét long hinh 5.5 dugc xem xét trong nghién ctru ciia J. H. Seo va

cong su.

Trang 86



Feedback channel

Mixing chamber

\

Outlet junction

N

\

Uu.—

”,4

Inlet junction

A

D

v

\[x_,
]

2.5D

Qutlet nozzle

Dl— U,

v

4

n

SD

Hinh 5. 5 So d6 ctia bo dao dong chat long

Tham khao chon kich thudc 18 thoat ciia bd dao dong chét long 1a 1,4 x 2

mm. Tl so d0 trong hinh 5.5 tinh suy ra dugc kich thuéc cia bo dao dong chat 1ong.

11.0

2.0

Hinh 5. 6 Kich thudc so bd cia bd dao dong chit long

Trang 87



* Kich thwdc gian bé dao dong chit long

Tir mo hinh hé thdng dwogc 1dp trén mé hinh xe tai Gents trong nghién ciru
ctia H.-J. Schmidt va cong su, thiét ké gian bo dao dong chat 1ong c6 kich thude phu
hop dé 1ap dit trén mo hinh xe tai. Gian dao dong chta 12 bd dao dong chit long bd
tri thanh mgt day cach déu nhau mot khoang Az = 17.9 mm. Mdi mot b dao dong
duogc tao ra bang phuong phap Laser CNC trén tim mica c6 kich thuée 121 x 27 x
5 mm. Gian dao dong nay duoc ghép véi nap khoang dong lugng bang keo dan

acrylic tao thanh cac bd dao dong hoan chinh.

Hinh 5. 7 Gian bd dao dong chét long
5.2.2. Thiét ké nip budng ap suit cia gian bo dao dong chat 16ng

Nip budng ap suat 1a bo phan trung gian dé lién két voi budng ap suat va gian
bd giao dong chat 1ong. Trén nip co6 chira cac duong dan dé dan khong khi tir budng
ap suat gian bo dao dong chat 1ong. Hai mat bich cta gian bo giao dong chét long
va nip budng ap suit v4i nhau bang keo dan acrylic va keo dan 1am kin silicon. Vat

liéu ché tao la mica.
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Hinh 5. 8 Nap khoang ap suat ciia gian dao dong chat long
5.2.3. Thiét ké khoang ap suit ciia thiét bi dao dong chit léng

Khoang ap suat ma noi chtra dong luong duoc dan tir ngudn cung cip dong
lugng (may nén khi, binh nén khi ...). Khoang ap suat c6 hinh dang 1a mot hop chir
nhat c6 kich thudc ngoai la 121 x 35 x 35 mm ( dai x rdng x cao ) va co kich thude
bén trong 1a 111 x 20 x 30 mm. Khoang suat dugc nbi voi dng tron cung cip dong
lugng c6 duong kinh trong 12 6 mm dudng kinh ngoai 1a 8 mm. Khoang 4p suét két
ndi nip khoang ap suit bang keo dan acrylic va silicon tao thanh khoang kin . Vat

liéu 1am budng ap suat 1a mica.
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Hinh 5. 9 Budng 4p suat ca gian dao dong chat 1ong

~

Ngoai ra trong khoang ap suat con bé tri dit thém mot tim duc 16 day 2mm

nham can bang ap suat bén trong budng ap suat.

/—Q4.0x76 16

36.1

111.0

Hinh 5. 10 TAm duc 16 cua gian dao dong chat long

Trang 90



5.2.4. Thiét ké hé thong diéu khién gian by dao dong chit 16ng

5.2.4.1. So' @6 h¢ thong diéu khién gian b dao dong chat léng

So d6 tong quan vé thiét 1ap diéu khién luu luong tich cuc duoc hién thi trong

hinh 5.11. Khi nén can thiét duoc cung cip bén ngoai bai may nén. Van do ap suét

khi nén v&i pham vi hoat dong s€ kiém soat nguén cung cap. Hon nira, Thiét 1ap van

do 4p suat ndy mang lai co hoi thay d6i cudng do truyén dong ma khong can sira

do1 mo hinh.

o

\.5

My

/

—CL

Hinh 5. 11 So d6 hé théng diéu khién luu luong cung cap cho hé thong giam luc

can khi dong sir dung bd dao dong chét long

1. May nén khi; 2.Van do ap suit; 3. Bo chia khi nén; 4. Buéng ap suit; 5. B dao

dong chét long
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5.2.4.2. Tinh toan va hra chon thiét bi

Gié tri do duoc van tdc gi6 lon nhét tir bd dao dong chét long 1a 5,5 [m/s]

Hinh 5. 12 Po tdc d6 khi phun ra

Céc thiét bi sir dung cho hé théng giam luc can khi dong str dung bg dao dong
chat 1ong s& st dung cac thiét bi dung trong hé thong giam luc can st dung phuong

phap phun déu.

Bang 5. 1 Bang thiét bi lzflp dat cho hé théng gidm lyc can khi dong st dung bd
dao dong chat long

Tén thiét bi S6 lwong
May nén nén khi Luowei 2.5 1
Van diéu chinh ap suit khi nén 1
Van chia 3
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5.3. Thue nghiém giam sirc cian bang phwong phap dao dong chit 1éng
5.3.1.Trinh tu thuc nghiém.

Mau thi nghiém duoc lép ¢ dinh trén tAm ga vat thé gén trén dau cac thanh
chéng. Khi dong co hoat dong luéng khi véi van tdc xac dinh do dong co tao nén
chuyén dong tuan hoan trong dng khi dong tac dong 1én vat thé va duoc hé théng
thu nhan lai cac gia tri do vé lyc va ap suat. Hé thong cho phép diéu chinh thay d6i
van tdc thong qua thay doi dién ap diéu chinh.

Pé loai trir anh hudng cia hé théng ga dat mAu thir thi ta tién hanh thi nghiém cho
hai truong hop:

- Thi nghiém 1: Tién hanh do khi khong c6 vat mau dé xac dinh luc tac dung
1én hé thong g dat.

- Thi nghiém 2: Tién hanh do véi mau thir lip trén hé thong ga dat dé xac dinh
luc tac dung 1én toan b hé théng.

- Thi nghiém 3: Tién hanh do v&i mau thir ¢6 hé thong giam luc can sir dung
bd dao dong chat long lép trén hé théng ga dat dé xéac dinh luc tac dung 1én toan bd

hé thong.

Lay két qua do duoc & thi nghiém 2 trir di két qua & thi nghiém 1 ta xac dinh
duogc lyc khi dong tac dong 1én mo hinh thi nghiém.

Lay két qua do duoc & thi nghiém 3 trir di két qua & thi nghiém 1 ta xac dinh
duoc luc khi dong tac dong 1én md hinh thi nghiém cé hé théng giam luc can khi
dong.

Tién hanh lap lai thi nghiém ba lan.

5.3.2. Thwe nghiém

Tién hanh do v&i méu thir c6 hé théng giam luc can sir dung bo dao dong

chat 1ong lap trén hé thong ga dat dé xac dinh luc tac dung 1én toan bo hé thong.
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Hinh 5. 13 MAu thir c6 hé thong giam luc can sir dung bd dao dong chét long

Tuong tu, ta bo tri thi nghiém va ciing tién hanh do 3 lan va tinh gia tri

trung binh thu dugc.

Bang 5.2 Két qua do cac luc khi dong tdc dung 1é€n toan bd hé théng theo van tc.

bién ap Gia tri lyc do dwgce (N) Trung
binh

V) Lan 1 Lan 2 Lan 3 Foa(N)
10 5.539 5.535 5.536 5.537

5.3.3.Két qua thi nghiém
Dé danh gia két qua thi nghiém, ta tinh gié tri cia hé s6 lyc can do dugc theo
hé qua cua cong thuc (3-1):
_ 2x(F, - F,)
Py X AXV?

Cp (5-1)

Trong do:
- Cb: hé s6 can cua 6 to.
- Fie: luc can tdng cong bao gom luc can cua cam bién va lyc can cua 6 to.
- Fxe lyc can cta cam bién va d6 ga.

V: van tbc cua dong khi, V=25 (m/s)
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- A: dién tich can chinh dién cua 6 t6, A= 0,0235 (m?)
- pkk: Mat do khong khi pkk= 1,225 kg/m

Ap dung cong thirc trén tinh toan ta dugc ban sd liéu két qua do thi nghiém

va cac két qua tinh toan ¢ bang sau:

Bang 5. 3 Gia tri hé s6 luc can Cp

Dién 4ap (V) | Foi-Fo'(N) Chn1 Fp2-Fp' (N) Cn2
10 6,271 0,704 5.483 0,616
Két qua luc can giam % 12,5%

5.4. Kétluan.

Két qua tinh toan tuong di chinh xac, mé hinh khi c¢6 hé théng giam luc khi
dong sir dung bo dao dong chat long khi thuc hién gidm dugc 12,5% luc can khi
dong

Két qua thuc nghi€ém con bi sai Iéch mot phﬁn nhoé vi khi thi nghiém da bo
qua yéu t6 nhu: Bién dang xe tai con c6 sai l1éch véi ban vé&, d6 nhap nho cia bé mat
xe tai do 1ap ghép, banh xe khong lan trén mit dudng, khong co cac thiét bi chin

bun, sai s6 trong do dac va ghi nhan so liéu,...
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CHUONG VL. NGHIEN CUU GIAM SUC CAN BANG
PHUONG PHAP DONG TIA TONG HQP

6.1. Gi6i thiéu vé phwong phap dong tia tong hop

Hién nay, hau hét hinh dang cua céc mau xe 6 t6 du lich, xe tai déu c6 hinh
dang cun (than xe c6 hinh dang cac khéi vudng) dan dén dong khi di chuyén qua
thuong bi phan tach, tao ra cac lyc tdc dong roi1 rac dén toan bo than xe. Hiéu ung

cO thé gy mat 6n dinh dong cua xe.

Do vay, viéc triét ti€u vung khong khi nhiéu loan phia dudi xe co thé giam

dugc dong khong khi 16, tir d6 gidm luc can, luc tdc dong 1én than xe.

B0 tao tia 1a mot thiét bi nho gon, c¢o kha nang tao truyén dong myén tinh ra moi
truong nho viée hit va day khong khi lién tuc ra khoi khoang chira. Mang dao dong
c6 tan sd dao dong 16n nén chu ki hat vira théi thuong rat ngin (khoang vai ms).
Vi cu tao nho gon, bo tao tia co thé dugc lép trén cac vi tri nhu canh may bay,
phan dudi xe tai ma khong chiém qué nhiéu dién tich cling nhu khong can hé thong

dan dong khi phurc tap.

B0 tao tia 1a mot thiét bi nho gon, c6 kha ning tao truyén dong tuyén tinh ra
moi trudng nho viée hit va day khong khi lién tuc ra khoi khoang chira. Mang dao
dong c6 tan sd dao dong 16n nén chu ki hut vira thoi thuong rat ngan (khoang vai
ms). V&i céu tao nho gon, b0 tao tia cé thé duoc lép trén cac vi tri nhu canh may
bay, phan dudi xe tai ma khong chiém qua nhiéu dién tich cling nhu khong can hé

théng dan dong khi phirc tap.
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Hinh 6. 1 Hinh vé mo ta hinh dang, cdu tao ciia bo tao tia

a, bo tao tia don, b, bo tao tia kép
Trén thyuc té, dd c¢6 nhiéu nghién curu, ing dung bg tao tia vao cac myc dich
khac nhau. Do vay, qua mdi lan nghién ctru, phat trién, cdu tao vé hinh dang bd tao
tia c6 thay doi khac nhau. Nhung tt ca déu c6 cu tao twong tu nhau bao gdbm: phan

vo, tim dao dong, ving khong gian thé tich.

Synthetic jet

Wetted surface ' Orifice I
7 ] W& ' e = ‘h
»de 77
Chamber 7
ZR D R7 H
ol Y.
L v L.A..

Oscillating boundary

Opposite SJA configuration

Hinh 6. 2 BS tao tia thuc té va mdt cdt
Uu diém cua b tao tia: kich thudc nho gon, khong can hé thong cung cap
ning luong phirc tap, d& dang bd tri, d& dang 1ap rap trén cic bé mit, dong khong

khi phun ra c6 van toc va ap suat 16n.
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6.2. Thiét ké hé thong tao dong tia tong hop
6.2.1. Gi6i thiéu doi twong thiét ké

Xe tai hang ning (HGV) dong mot vai trd quan trong trong van chuyén hang
hoa nodi dia hang ngay, khoang 73,5% luong hang hoa noi dia dugc van chuyén bai

cac HGV.

Do hiéu qué khi dong hoc ctia hau hét cac xe HGV déu kha kém nén lugng
nhién li¢u dang ké dugc tiéu thu boi cac HGV dé vuot qua lyc can khi dong hoc tac
dong 1én xe khi van hanh & téc do cao.

Do an nay sé& sir dung mé hinh xe cta Phong Khoa hoc Hang khong Vi tru-
DPai hoc Glasgow dé thuc hién mé phong. Qua d6 sé dé dang danh gia dugc két qua

khi so sanh vai cac s6 li¢u da dugc ghi lai trén thi nghiém.

Hinh 6. 3 M6 hinh xe So mi ro-mdoc dugc st dung phong mo6 phong

6.3. Thiét ké mé hinh mé phéng

M6 hinh xe so mi ro-mdoc cé ty 1€ 1:20 so véi xe thyc té d3 duge sir dung trong
nghién ctru thir nghiém va so do ciia né dugc thé hién trong Hinh 6.3. M6 hinh nay
duoc thiét ké dwa trén mot sb xe so mi ro-moéoc thyc té thudng thiy & Vuong qudc

Anbh.

DPé mo phong cac diéu kién hoat dong cia xe trén dudng, kich thude khe hd chuan
hoa (tirc 13 khoang tréng giita dudi xe may kéo va mit trude cia ro moode, G / A)
duoc st dung trong nghién ctru nay duoc giit & muc ti thibu 6 G/ A =0,1.
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Can luu ¥ rang G va A 1a chiéu dai khe hé (tire 1a chiéu dai giita dudi xe may kéo

va mat trudc cia ro modc) va dién tich phia trude cua mé hinh may kéo tuong ung.

520
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Hinh 6. 4 Kich thudc md hinh xe so mi ro-mooc trong moé phong
6.4. Nghién ciru diit bd tao tia tong hop trén mo hinh xe tai dé giam lrc cén

Ttr thiét ké va két qua mo phong cua b tao tia tong hop duogc trinh bay ¢
trén, em da tién hanh 4p dung 1én mé hinh xe So mi ro- mooc dé danh gia kha

nang gidm lyc can khi str dung bo nay cho céc truong hop khac nhau.
Vi tri: 1ap b tao tia & phia sau dudi xe

Tir két qua mo phong ta thdy rang vi tri phia sau dudi xe 1 noi xuat hién
vung chay r6i khong on dinh gay anh hudng 16n nhat dén tinh khi dong hoc cua
Xe€.

Chinh vi thé Iyra chon vj tri phia sau dudi dé lip bo tao tia giup giam lyc can

cho xe.
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Hinh 6. 5 Lip b tao tia & vi tri

6.5 Cac thiét bi can thiét ctia bd tao tia tong hop

Bang 6. 1 Chuan bi thiét bi

Thiét bi S6 lwong
Loa 8
Mica 2 m?
Mach khuéch dai 4
Day dién Sm

6.5.1. Loa

Chon loa 4R 3W 1am mé hinh, phu hop kich thuéc va thong sb ky thuat.
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Hinh 6. 6 Loa 4R 3W

Bang 6. 2 Bang thong s6 k¥ thuat ciia loa

Thong s k¥ thuat

Tré khéng loa: 4 ohm

Cong suit loa: 3W

Puong kinh : 36mm

6.5.1.1. Ciu tao

Trong mot Cu Loa hoan chinh s€ c6 6 bd phan nhé cAu thanh 1a: Khung suon,

vién nhun, mang nhén, nam cham, cuon am va mang loa.

Nép che Mang loa
Vién
—— Kh
Mang nhén e
Nam cham

Cudn am”’
Hinh 6. 7 Cau tao cua cu loa
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Khung swon (Frame): C6 nhi€ém vu ge‘in két cac thanh phén cua loa lai voi nhau,
c6 rat nhiéu chat liéu dé san xuit ra khung sudon nhu nhom duc, sat dap doéi hoac
1a bang nhya dé giam chi phi gia thanh khi ban ra. Tty vao ting loai chat liéu
san xuat ma phan phia sau co6 thé bit kin hodc dé hé. Chat liéu san xuat khung
suon 13 yéu td dé cac nha san xuét loa khang dinh dang cap, gia tri san phim cta
ho.
Vién nhiin (Surround hodc edge): Chic ning cua vién nhin 13 giir kin hoi va
tao 46 mém déo, linh hoat cho loa. Vién nhiin khong thé phat ra dugc am thanh
nhung ching lai c6 kha ning anh hudng dén chit lugng ciia 4m thanh khi phat
ra. Va ly do vi sao lai c6 chuyén nay, do6 1a dua vao chat liéu san xuét ra chung,
vién nhun thuong duge san xuat tir cac chat lidu nhu gidy, vai xép gap lai voi
nhau dé tao thanh mét 16p day, cing va diéu nay anh huéng dén thong sb ki
thuat cta loa kha nhiéu, néu vién nhin bi wdt thi sé rat d& bi rach va bat budc
chung ta phai thay thé mot loai vién nhun khac va diéu nay dan dén viéc am
thanh khi phat ra sé& rat khac so v4i ban dau.
Mang nhén (Spider): Trong ct loa mang nhén giir vai tro vé cung quan trong,
va la bd phan phai hoat dong nhiéu nhat. Khi tin hiéu dién duoc dua vao, mang
nhén s& hoat dong nhu mot cai 16 xo di chuyén nhanh dé truyén tin hiéu roi quay
vé vi trf can b@“mg dé nhan tin hiéu tiép theo va tiép tuc truyén tin hiéu di. D6 dao
dong cua cu loa phu thude rat 16n vao viéc nhan tin hiéu nhanh hay cham cua
mang nhén. Ngoai ra, mang nhén con 13 nhan t6 quan trong quyét dinh chat luong
cti loa va d6 bén 4m thanh ctia mot chiée loa theo thoi gian.
Nam Chédm: c6 ciu tao hinh tron duogc dit ¢d dinh & dau nhon phia sau cung cua
loa, tim ctia nam chdm nam thing hang v&i tim cua cudn ddy dong va tim cua
mang loa. Tac dung chinh cia nam cham la tao ra lyc tir trong tac vdi cudn day
dong dé tao ra nhimg xung dong am thanh va nhiing xung dong nay s& dao dong
lién tuc va tac dong dén mang loa dé phat ra 4m thanh. Khéi lugng nam cham
cang 16n thi loa van hanh véi cuong do va nang luong am thanh cang cao. Bac
biét 1a giup cho sy giai nhiét cia loa hoan hao hon khi van hanh ¢ cuong do am
thanh 16n. Pong nghia vai viéc khdi nam cham 16n thi gia tién nhiing chiéc loa
Trang 102



nay ciing s& dat tién hon. Trén thi truong hién nay c6 ba loai nam cham chinh 1a:
Alnocol, Ferrite va Neodymium.

- Cén loa (Voice coil): Con loa c6 ciu tao gom 18i kim loai 1a 6ng hinh tru (thuong
dugc lam bang nhya chiu nhiét) két hop vé6i cac ddy dong quin xung quanh no.
Con loa nay duogc ddt trong khe hé tur. Khe tir nay cang nhé mat do tur cang cao,
chét luong &m thanh cang dac biét. Con loa 1a b phan chiu nhiét cao khi c6 dong
dién di qua nén n6 dugc phu keo cb dinh véi 16i kim loai dé tao do chic chan.

- Mang loa: Mang loa 1a mot trong nhitng bd phan quan trong quyét dinh mot
chiéc loa c6 t6t hay khong. Mang loa quyét dinh dén sic thai ciing nhu cht
luong am thanh phét ra ctia mot chiéc loa. Mang loa trén thi truong hién nay
phan 16n dugc lam bang gidy, nhua, kim loai, gd... Trong do, tiy theo timg don
vi san xuat va nhu cau hudng dén cac d6i tuong ngudi ding khac nhau ma chét

liéu lam mang loa s& ¢ su thay d6i sao cho phu hop.
6.5.1.2. Nguyén Ly Hoat Pong Cuia Cu Loa

Khi c6 dong dién di vao, nam cham s€ tao ra cac tur truong, cac lyc tur truong
nay sé tac dong lam cho cudn am chuyén dong vao ra lién tuc theo dao dong co.
Cudn am khi chuyén dong sé& kéo theo mang loa chuyén dong theo, do 2 bd phan
nay dugc gan vao nhau, phin mang nhén ciing dugc gin v6i cudn 4m, vy nén mang
nhén s& c6 tan s6 ciing véi tan sd giao dong ctia mang loa va giup su chuyén dong
cua mang loa trd nén nhip nhang hon. Ca 2 bg phan (Mang loa, mang nh¢n) duogc
gan chung vao phan khung vién, khung vién s& gitp gitt ¢ dinh cho mang loa. Khi
mang loa chuyén dong tac dong vao khong khi phia trude loa bi rung dong, tir d6
tin hiéu 4m thanh (Séng 4m) dugc tao ra. Dong dién s& doi chiéu lién tuc véi tan sd
thay d6i sé tao ra m trim, 4m bong khac nhau. Chinh vi nguyén 1i d6 ma ban c6 thé

Iwa chon cach bd tri loa trong dan 4m thanh mot cach thich hop nhit.
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6.5.2. Mach khuéch dai

Béng 6. 3 Bang thong s6 mach khuéch dai PAM8403

Thong sb ( S6 luong 4 cai)

Chip khuéch dai: PAMS8403

Diéu chinh : Volum

Dién 4p hoat dong: 3.7 - 5.5VDC

Cong suit ngd ra: 3W x2 (Loa 40hm)

Kich thudc: 30x20x15mm

Tinh nang

PAMS8403 13 mot mach khuéch dai &m thanh c6 chiét ap cong tic. PAM8403
1a chip khuéch dai k¥ thuat s6 nho, chét lugng 4m thanh do nét cao lam ndi bat wu
diém cta chip k¥ thuat sd, mach st dung cau hinh ngoai vi hop 1y nhat, bo loc nguén
duogc nang cap 1én 470uf.

Bo mach khuéch dai nay thuc su da lam cho am thanh phat ra chi tiét nhat,
d6 trung thuc 3W + 3W, 1a san pham tot hiém hoi danh cho nhitng nguoi dam mé
ampli, chiét ap sir dung than chéng cong to nguyén ban, chiét ap c6 cong tic c6 thé

ngat nguon dién truc tiép nguoc chiéu kim dong ho.
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Hinh 6. 8 Mach PAM8403 va so d6 ndi mach PAM8403
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6.5.3 Vat liéu Mica

Hinh 6. 9 Anh mica

Dac tinh

Bang 6. 4 Bang dac tinh vat liéu mica

it chiu tac dong bai thoi gian, va thoi tiét

D6 bén mau rat cao: khong nga vang trong 30 niam, 6n dinh mau trong 10

nam

Bé& mit nhiéu dang: lang bong, md, nham

Chiu dugc méi truong kieém (muoi, xa bong...)

Han ché tac dong cua céc hoa chat xang dau

Rét dé cit, tao hinh da dang: rat rat it khoi, bui (néu cat béng laser),

khong tao khi doc

Chiu dugc nhiét d6 dén 80 °C- Nhiét do boc chay 1én t6i 425-430°C

Trang 106



6.5.4 Thiét ké mé hinh 3D

6.5.4.1 Ban vé kich thwéc thung loa

Hinh 6. 10 M6 hinh 3D ciia bé tao tia thiét ké
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Hinh 6. 11 Ban vé kich thudce

kich thwédc thung xe
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6.5.4.2. B

Hinh 6. 12 M6 hinh 3D cua thung xe
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Hinh 6. 13 Ban vé kich thudc thung xe
6.5.4.3 Phwong 4n bo tri

BG tri thung loa 1én cac canh ctia mat hinh chiéu dimg ctia Hinh 6.15

Hinh 6. 14 M6 hinh 3D b tri thung loa vao thing xe
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6.6 Thue nghi¢m giam strc cin bing phwong phap dong tia tong hop
6.6.1. Trinh ty thi nghiém
Thi nghiém 1: Tién hanh do van tdc tir b tia tong hop.

Thi nghiém 2: Tién hanh do c6 bd tia tong hop dé xac dinh luc tac dung 1én hé théng

ga dat voi dién ap 10v.

Thi nghiém do 3 lan.

6.6.2. Thi nghiém

Thi nghiém 1: Tién hanh do van tdc tir b tia tong hop.

Mau thi nghiém duoc lap c6 dinh trén tAm ga vat thé gan trén dau cac thanh chong.

Po van tbc mo hinh bang may do VT-110.
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Hinh 6. 15 Anh do van tbc ctia bo tia tong hop

Thi nghiém 2: Tién hanh do c¢6 bo tia tong hop dé xac dinh luc tac dung 1én
hé théng ga dit véi dién ap 10v.

Mau thi nghiém dugc lép ¢d dinh trén tim ga vat thé gén trén dau cac thanh
chéng. Khi dong co hoat dong luéng khi v6i van tde xéc dinh do dong co tao nén
chuyén dong tuan hoan trong dng khi dong tac dong 1én vat thé va dugc hé thong

thu nhan lai cac gia tri do v€ luc va 4p suat.
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Hinh 6. 16 Hinh anh thi nghiém b9 tia tong hop

6.6.3. Két qua
6.3.3.1 Thi nghiém 1

Bang 6. 5 Bang do vdn toc bé tia tong hop

S 1an do Van tdc do dugc (m/s)
1 1.5
2 1.66
3 1.16

Sau khi do van tdc bo tia tong hop van tdc 16n nhat do duoc 1.66 (m/s).
6.3.3.2. Thi nghiém 2
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Bang 6. 6 Bang do luc tac dung 1én hé thong

Pién ap Gia tri lyc do duoc Trung binh
Lan 1 Lan 2 Lan 3
10 5.869 5.753 5914 5.845

Sau khi do dat dugc két qua thi nghiém theo vén tdc gid, ap dung cong thirc tinh
ra hé sd can.

Ap dung cong thirc (1-3) x4c dinh hé s6 can

C,= Fy
=D
&viA (1-3)

Trong do:

Fp - Luc can khi dong [N], Fp= 5.845

pr - Khéi lwong riéng khong khi [kg/m?], pL = 1,225 [kg/m?].

Ve - Van tdc chuyén dong ctia dong khong khi hodc cta xe [m/s], ve = 25
[m/s]

A — Tiét dién can chinh ciia xe [m?], A = 0.186 x 0.125 = 0.02325 [m?]

Cp - Hé sb can khi dong.
Trir hé sd can cua bé do.
Ap dung cong thirc trén tinh toan ta dugc ban so liéu két qua do thi nghiém va cac
két qua tinh todn & bang sau:
Béng 6. 7 két qua tinh hé s can

Hé s6 can (Cp)

0.650

6.3.3.3. Tinh phén trim hé s6 cin

Sau khi thi nghiém ta tinh phan tram, sau khi tinh toan ta duoc két qua:
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Béng 6. 8 Két qua hé s can

Hiéu cua 2 hé so
Hé s6 Cp mo Hé s6 Cp co bd can Phan % giam cua hé
hinh co s& tia tong hop s6 Cp
Cpi1-Cm2
0.704 0.650 0.054 7,6 %
6.4. Két luin

Céc két qua dat duoc tuy 1a nhitng két qua duoc xdy dung tir mo hinh 6 to
nho hon nhiéu 1an so véi thyuc té nhung ciing cho duoc cac thong sé gan giéng vai
thuc té.

Heé sb can cua 6 to thay ddi khi toc do gio thay doi

Tir két qua do va thong s tinh toan

M6 hinh dugc trang bi bg tao tia hé sb can giam 7,6% so v41 mo hinh co so.
Két qua thuc nghiém con bi sai léch mot phan nho vi khi thi nghiém di bo qua yéu
t6 nhu: Bién dang xe tai con c6 sai I¢ch véi ban vé, do nhép nhd cua bé mit xe tai

cho lap ghép, sai so trong do dac va ghi nhéan sé liéu.
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KET LUAN

Nhu vay voi 3 phuong phap giam lyc can tac ong 1én mo hinh xe tai thi
nghiém c6 thé thdy rang phuong phap st dung bd phun khi nén s& dat dugce do giam
hé sb can cao nhat va thip nhit khi st dung bd tao tia tong hop.

Tuy nhién vé1 b phun déu sur dung khi nén mac du c6 dat dugc do giam hé
s6 can cao nhung do dic tinh ctia phuong phap nay 1a sir dung dong khi phun ra lién
tuc tir my nén khi nén khi xét vé mat hiéu suit s& thap hon so vé6i 2 phuwong phap
con lai.

Véi phuong phap sir dung dong tia tong hop c6 do giam hé sd can thap nhat
so voi 2 phuong phép trén tuy nhién do sir dung ngudn ning luge cap vao thap hon
va dé lép dit nén dat duoc hiéu suit cao hon khi st dung
Véi phuong phéap str dung bd dao dong chat 1ong c6 do giam hé sb can & mirc trung
binh sé& 1a phuong phap t6i wu nhét khi vira khac phuc duoc viée sir dung nguén
nang luong 16n cép cho hé théng giam lyc can va vura dat dugc do giam hé s6 can
cao.

Trong khi tién hanh thi nghiém s& gip nhiéu sai léch so véi thyc té do dicu
khién tién hanh thi nghiém chua dat d6 chinh xac cao nhét,nhung voi két qua dat
duogc 14 hop 1y va 6n dinh so véi cac phuong phap st dung.

Dé tai 13 co s& dé tir d6 o thé ap dung vao viée kiém nghiém thay doi thiét
ké dbi v6i 6 t6 khi cai tao hinh dang. Budc tiép theo cua dé tai 1a ¢ thé mo rong
thuc nghiém trén nhiéu phuong tién luu théng trén dudng bo, duong thuy cling nhu
cac dbi twong khéc lién quan dén dong hoc.

Nghién ctru anh huong cua luc gid ngang va luc nang khi 6 t6 chuyén dong
trén dudng, sy 6n dinh cua 6 t6 & trang thai quay vong vai toc do cao.

Céc thanh vién nhom D6 4n tot nghiém xin giri 10i cAm on chén thanh dén
thiy TS. Phan Thanh Long, ngudi da tryc tiép hudng din cac thanh vién trong
nhém hoan thanh D6 an t6t nghiép. Va xin giri 10i cam on chan thanh dén quy thay

c6 va ban bé di gitp dd nhom trong sudt thoi gian qua.
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