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TOM TAT

Luan &n nghién ctu va phat trién hé théng giam chan ban cha dong st dung vat
lieu théng minh (hop kim nhé hinh va luu chét tir bién) dé c6 thé han ché tét rung
dong caa may giit cira truge. Nho kha nang diéu chinh linh hoat dic tinh hoat dong
theo kich thich ngoai, hiéu qua va do tin cay caa hé thong giam chan vat liéu théng
minh duoc cai thién dang ké. Hudng nghién ctu caa luan &n bao gém céc ndi dung
chinh sau:

— Nghién cau mét giam chan méi dung hop kim nhé hinh (SMA): thiét ké va mo
hinh héa hién twgng tré phi tuyén caa giam chan.

— Nghién cttu mét giam chan méi dung luu chat tir bién (MRF): thiét ké, nhan dang
hién tuong tré va xay dung mot mo hinh dong luc hoc tham sé6 méi du doan ang xir
ctia giam chan.

— Thiét ké hé thong diéu khién ban cha dong cho giam chan.,

— Phat trién hai giam chan MRF ty dap ung voi kich thich ngoai: giam chan MRF
tu cAp ning luong va ty kich hoat bang hanh trinh.

— Panh gia thyc nghiém cac giam chan trén may giat ctra truéc mau.

Sy dong gop sang tao cua dé tai nghién ciu géom co:

1. Céc giam chan méi kiéu truot sir dung vt liéu théng minh SMA va MRF;

2. M6 hinh dong luc hoc tham s6 méi ¢ thé du doan chinh xac hién twong tré phi
tuyén caa cac giam chan;

3. Hé thdng diéu khién giam chan voi két cau don gian va chi phi thap;

4. Giam chan MRF tu cip ning luong c6 kha nang tu dap ung vai kich thich ngoai
dé diéu chinh mirc giam chan hop ly ma khong can bat ky su diéu khién nao;

5. Su phat trién cia mot giam chan MRF ty dap tng mai véi kha nang kich hoat
bang hanh trinh, c¢é chi phi thap va s hitu dac tinh giam chan phu thudc chuyén

vi rat pht hop véi diéu kién van hanh cia may giit.

Truéc tién, luan an trinh bay téng quan vé hé thong treo ciia may giat cira trudc

va cac loai giam chan vat liéu théng minh. Dya trén mo hinh gia tinh va phuong trinh

Vil
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dong luc hoc cua khéi 1dng giit, cac giam chan vat liéu thong minh dugc md hinh
hoa. Vat liéu thdng minh thi nhat dugc nghién ctu 1a SMA. SMA ¢6 kha ning ghi
nhé hinh dang géc va tro vé hinh dang nay khi duoc cip nhiét, qua do6 tao ra mét luc
phat dong 16n. Giam chan SMA duoc thiét ké, ché tao mau va thir nghiém trén mot
hé théng kiém tra dic tinh. Ba mé hinh, gém mé hinh Bingham, Bouc—Wen va mé
hinh d& xuat trong cong b khoa hoc [3] cua tac gia duoc sir dung dé dyu doan &ng xir
tré phi tuyén cua giam chan.

MREF la vat liéu thong minh th hai dugc nghién ctu trong luan an. Khi chiu tac
dung cua tir truong ngoai, MRF hoéa rin ngin can chuyén dong twong d6i, tir d6 sinh
ra lyc giam chan. Bé dat duoc hiéu nang tét nhat, thiét ké cua giam chan MRF duoc
t61 wu hoa xét dén céc yéu té nhu luc giam chan kich hoat, lyc khéng tai, kich ¢,
khéng gian lap dat va chi phi. Tur 10i giai tdi wu, giam chin MRF duoc thiét ké, ché
tao mau va thi nghiém. Mot mé hinh déng luc hoc méi dugc xay dung dé du doan
hién tugng tré cua giam chan. Mo hinh duoc so sanh véi md hinh Spencer phé bién
va md hinh Pan géc. Sau d6, mot hé thong diéu khién ban cha dong don gian va chi
phi thap cho may giat lip giam chan MRF dugc thiét ké, md phong va danh gia.

Tir quan diém don gian hoa két ciu va giam chi phi, hai loai giam chin MRF ty
dap ung duoc phét trién trong phan ké tiép caa luan an. Cac giam chan nay co6 kha
nang tu diéu chinh lyc giam chén theo kich thich ngoai dé dap tit rung dong ma khong
can bat ky sy diéu khién ndo. Loai dau tién 1a giam chan MRF ty cdp ning lugng,
Xuat phat tir y tuong chuyén hda dao dong bi 1ang phi cua hé théng thanh niang lwong
dién tu cap cho giam chan. Loai tha hai 1a giam chan MRF ty kich hoat bang hanh
trinh sé hitu dic tinh giam chan phu thudc chuyén vi. Ca hai loai giam chan déu duoc
t6i wu hoa dé dat hiéu qua tot nhat. MAu thir caa ca hai cling duoc ché tao va kiém tra
trén hé thong thi nghiem.

Tat ca cac giam chan duoc lap dat va thir nghiém trén may giit cira truéc mau dé
danh gia hiéu qua hoat dong. Két qua thuc nghiém cho thay rung dong ciia may giat
Iip giam chan vat liéu thong minh duoc giam dang ké so véi giam chan bi dong

thuong mai, qua d6 chttng minh tinh kha thi ciia cac giam chan dé xuat.

viii



Abstract

ABSTRACT

This thesis investigates and develops new semi-active suspension systems
featuring smart materials (shape memory alloy and magneto-rheological fluid) to
effectively control vibrations of front-loaded washing machines. Relying on the
ability of tuning characteristics flexibly to external excitations, the performance and
reliability of the smart materials—based suspension systems are significantly
improved. The overall aims of the thesis are:

— Investigation of a new damper using shape memory alloy (SMA): design and
modeling of the damper nonlinear hysteresis phenomenon.

— Investigation of a new damper using magneto—rheological fluid (MRF): design,
identification of the hysteresis phenomenon and proposal of a new parametric
dynamic model to predict the damper behavior.

— Design of a semi—active control system for the dampers.

— Development of two self-adaptive MRF dampers: self—powered and stroke—by—
activated MRF dampers.

— Experimental validation of the dampers on a prototype washing machine.

The novel contributions of this thesis can be listed as follows:

1. New dampers in shear-mode featuring smart materials, SMA and MRF;

2. A new parametric dynamic model that can predict accurately the nonlinear
hysteresis behavior of the dampers;

3. A control system for the dampers with simple structure and low cost;

4. A MRF damper with self-powered ability that can adapt itself to external
excitations to produce appropriate damping levels without any control;

5. Development of a novel self-adaptive MRF damper with stroke—by-activated
ability that has low cost and possesses displacement—dependent damping
characteristic consisting well with operation of washing machines.

Firstly, an overview of front-loaded washing machine suspensions and smart

material dampers is introduced. Based on the quasi-static model and dynamic




Abstract

modeling of the tube assembly, the smart material dampers are configured. The first
researched smart material is SMA. SMA can remember its original shape and return
to this shape when heated, thereby producing a large actuating force. A prototype
SMA damper is designed, manufactured and experimentally evaluated on a test rig.
Three models, including Bingham, Bouc—Wen models and the proposed model in the
author’s published paper [3], are employed to predict the nonlinear hysteresis
behavior of the damper.

MREF is the second studied smart material. When subjected to external magnetic
field, MRF solidifies and resists relative movement, thereby generating damping
force. To achieve best performance, the MRF damper design is optimized considering
active damping force, off-state force, size, installability and cost. Based on the
optimal solution, a MRF damper prototype is designed, manufactured and tested. A
new dynamic model is proposed to predict the damper hysteresis phenomenon. The
proposed model is compared with the general Spencer’s model and the original Pan’s
model. A simple and economical semi-active control system for the washing
machines installed with the MRF dampers is then designed, simulated and assessed.

From the aspects of compact structure and low cost, two self-adaptive MRF
dampers are developed in the subsequent part of the thesis. These dampers can adjust
damping force itself to external excitations to suppress vibration without any control.
The first type is the self-powered MRF damper that comes from the idea of
converting wasted system vibration into electrical energy to power the damper. The
second type is the stroke—by-activated MRF damper that possesses displacement—
based damping characteristic. Both are optimized to obtain best performance.
Prototypes of the dampers are also fabricated and assessed on the test rig.

All the dampers are installed and tested on a prototype front—loaded washing
machine to evaluate their operating efficiency. The experimental results show that the
vibrations of the washing machine featuring the smart material dampers are
considerably reduced as compared with those using commercial passive dampers,

thereby certificating the feasibility of the proposed dampers.
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DANH SACH CAC KY HIEU KHOA HQC
VA CHU VIET TAT

KY HIEU KHOA HQC

A
Ao
Ac
As
Agm
A, Ai
Al
AlLoff
Alon
Am
Amr
Ar
As

B

Bk
Bm
Bvr
Brem
C

Co

Ceq

Tham sb tré

Hé s6 dic ta hinh dang duong cong tré

Tiét dién mit cat ngang caa cuon day

Nhiét do két thic chuyén pha Austenite

Dién tich bé mit tru caa khe ha khéng khi

Tiét dién mit cat ngang ciaa doan thir K, i

Dién tich cua toan bo phan truc tiép xtc véi MRF trong khe ho
Dién tich cua phan truc tiép xtc véi MRF khdng kich hoat
Dién tich cua phan truc tiép xtc véi MRF kich hoat

Tiét dién mat cat ngang caa nam cham

Tiét dién mat cat ngang cua doan MRF kich hoat

Tiét dién ngang cia O—ring

Nhiét d6 bat dau chuyén pha Austenite

Tham sé do cing

Mat do tr thong trong doan thu k

Mat do tir thong trung binh

Mat do tir thong trong vung MRF Kich hoat

Mat do tir thong du

Hé sb giam chan cua mdi giam chan

Hé s6 giam chan

Hé s6 giam chan tuong duong

Ci, ki, Sai, Sbi, Bi, Ci, Di, Ei, Hi  C&c hé s xac dinh cac tham sd cia mo hinh dé xuat

Cpass
C

Hé s6 giam chan bi dong tuong duong

Tham sé hinh dang
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Cs, Csky
do
Cw

D

Eemt
Ei
Et
Eu

fo
f1, f2, f3
fo

fa

s

fh

fi

fu
Fo
Fc
Fd
Feq
Fexp
F+
Fm
Fur

Fn

Cac hé sb diéu khién

Vector chi phuong

Puong kinh day dong

Tham s6 luc dinh

Hé sb dong

Tham sé do cong

bién &p cam &ng cua cudn day cam urng

bién ap cam tng trong cudn day hoat dong thir i

Sai s6 chuan hoéa giira luc mé phong va thuc nghiém theo thoi gian
Sai s6 chuan hoa gitra lyc md phong va thuc nghiém theo chuyén vi
Sai s6 chuan hoa gitra lyc mé phong va thuc nghiém theo van toc
Tan sb

Luc chénh Iéch ban dau

Cac hé s6 xac dinh luc giam chan kich hoat

Luc ma sat trén mot don vi chiéu dai gay boi sy nén chat O—ring
Lyc truyén dan qua giam chan

Luc ma séat gay boi (ng suat chay

Luc ma sét do 4p suét luu chit tac dong 18n mot don vi tiét dién ngang
Lyc truyén dan qua 10 xo
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Luc khong tai

Lyuc giam chan diéu khién mong muén

Lyc giam chan kich hoat

Lyc giam chan twong duong
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Luc mo phong

Luc giam chan kich hoat duoc diéu khién

Phan luc do vo hop tac dong nguoc lai bén miéng ném
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For
Fpass
Fi

Fspr

Fsva

hCm
hen

kspr

Ke

Ik, li

Luc ma sat Coulomb giira truc va méi O—ring
Lwc giam chan bj dong

Luc giam chan can thiét cho may giat

Luc 106 xo hdi phuc

Luc phat dong cua cac 10 xo SMA

Bién do cua téng luc truyén dan

Bién do luc kich thich

Luc do bén miéng ném tac dong 1én bo phat dong
Luc giam chan nhét

Luc giam chan gay boi ¢ng suat chay

Bién trang théi (rang budc)

Bo diéu khién sém pha

Hé s6 dac ta hinh dang duong cong tré

Chiéu cao cua cudn day tir tinh

Chiéu cao cua cuon day cam tng

Chiéu cao vat cua cudn day tir tinh

Tham s6 d6 sic

Do khang tir cia nam cham

Cuong @6 tur truong trong doan thir k cia mach tur
Cuong d6 tir trrong trong vung MRF kich hoat
Cuong do dong dién

Cuong do dong dién diéu khién

Vong lap

Do cing cua moi 10 xo

Hé s6 do cung

Do ciing caa 10 xo hoi phuc

Tham s cua luu chét

Hé s6 diéu khién

Chiéu dai hiéu qua cua doan thtr k, i
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Nturns

OoBJ
OBJo

p

Pec

Pm

o)

P1, P2
Pq

Px

O L

Chiéu dai caa nam cham

Chiéu dai ciia doan MRF kich hoat
Chiéu dai cuc tir

Chiéu dai cua toan bo khe hd MRF
Chiéu dai cua MRF khong kich hoat
Chiéu dai caa MRF kich hoat

Chiéu dai caa bé mat cao su lam kin
Chiéu dai cua doan truc cudi

Khéi luong caa khéi 16ng giat

Khéi lwong mat can bang

Nhiét do két thiic chuyén pha Martensite
Nhiét do bat dau chuyén pha Martensite
Sé diém dit liéu

S6 vong quén caa cudn day cam ung

S6 vong quan day

Ham muc tiéu

Ham muc tiéu tham chiéu

Tham s6 cua luu chét

Budc cua ranh cuon day cam tng

Budc cua cap cuc tu

Cong suat

Cong suat cua cuon day 1 va 2

Ham phat mé rong cho bién trang thai g
Ham phat cho bién thiét ké x;

Tham sé bé mat dap ang kiém soét sy thoa man rang bugc
Ham muc tiéu khong thur nguyén, khong rang budc
Ban kinh trong cia nam cham

Tham sb thuat toan

Tham sé thuat toan theo cong thirc Fletcher—Reeves
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tom
tw

th

Tham sé thuat toan theo cong thic Polak—Ribiere

Ban kinh ngoai caa nam cham

Ban kinh cua truc

Ti 1é tan s goc

Bén kinh caa giam chan

bién tré ciia moi cuon day

Bén kinh tinh tir truc xoay cua khdi lwong mat can bang
Bién Laplace

Tham sé tim kiém duong thang

Ham dong dién xac dinh hinh dang “S” trong mién trudc khi chay
Céc tham s6 tré

Thoi gian

Bé day cua khe ho MRF

Bé day cuia khe hé khong khi

Bé day cua vo truot caa bo phan giam chan MR

Bé day cua vo truot cia bo phan EH

Bé day thanh mong cua bo phan giam chan MR

Bé day thanh méng caa bo phan EH

Chu ky

Heé s6 diéu khién

Kha nang truyén lyuc tir khdi 16ng giat sang khung may
Chuyén vi

Chiéu rong ctia cudn day tir tinh

Chiéu rong cua cudn day cam tng

Chiéu rong vat ctia cudn day tir tinh

Cong trong mét chu ky sinh ra bai giam chin

Bién thiét ké

Bién do dao dong cua khdi 16ng giat

Mot trong cac thudc tinh luu bién cia MRF (&ng suét chay, do nhét)
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Yo
Yoo

ZBwW

Zexp.i
i

24

a1, o2

asy

b1, p2

Aspr
Aw

Ho

Hd
Hexp
Mk, Hi
HMR

OJ-\f

Gia tri khi khdng co tur truong

Gia tri bdo hoa

Bién doc lap

Bién tién hda Bouc-Wen

M6t trong cac tham sé co ban cia mo hinh dé xuét
Gia tri thuc nghiém thur i

Gia tri md phong thir i

G6c ¢on cua miéng ném

Hé s6 dic ta hinh dang duong cong tré

Céc gdc gitra phuong cua 10 xo va phuong y

Heé s diéu khién

Chi s6 moment bao hoa cua thong sé Y

Hé s6 dac ta hinh dang duong cong tré

Céc goc giira phuong ciia giam chan va phuong y
Bién dang truot

Hé s6 dic ta hinh dang duong cong tré

Chuyén vi cta 10 xo hoi phuc

Chuyén vi ctia cac miéng ném

Do nhot cua MRF

GAc pha

Hiéu suat tir théng

Hé sb ma sat gitra vat liéu 1am miéng ném va vat liéu 1am vo hop
Do tir tham ciia khong khi

Do tir tham twong di cua vat liéu thiét bi MRF
Luc do dac thuc nghiém trung binh

Do tir tham twong ddi cua vat lidu doan thir k, i
Do tir tham twong d6i cuia MRF

Ti s6 can

Ung suat két thic chuyén pha Austenite
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oS
Mf

Ms

ot

Ung suét bat dau chuyén pha Austenite

Ung suat két thuc chuyén pha Martensite

Ung suit bat dau chuyén pha Martensite

Ung suét két thuc tai dinh huéng detwinning

Ung suat bat dau tai dinh huéng detwinning

Ung suit truot

Ung suét trueot nhét cia MRF

Ung suit chay caa MRF

G6c giira phuong bat ky u dang xét dao dong va phuong x
Goc pha ban dau cua cudn day cam tng

Tir thong

Tur théng xuyén qua khe ho gitra cac nam cham va 10i stator
Tan s6 goc kich thich

Tan s6 goc giam chan

Tan sb goc tu nhién

CHU VIET TAT

2D
3D
DAQ
DV
EH
ERF
FE
FEA
FEM
FR
LVDT
MR

Khong gian hai chiéu (two—dimensional space)

Khéng gian ba chiéu (three—dimensional space)

Thu thap du li¢u (Data acquisition)

Bién thiét ké (Design variable)

Thu thap nang Iugng (Energy—harvesting)

Luu chét dién bién (Electro—rheological fluid)

Phan tir hitu han (Finite element)

Phan tich phan tir hitu han (Finite element analysis)
Phuong phéap phan tir hitu han (Finite element method)
Fletcher—Reeves

Cam bién chuyén vi (Linear variable differential transformer)

T bién (Magneto—rheological)
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MRF Luu chét tir bién (Magneto—rheological fluid)

MSMA  Hop kim nh¢ hinh tir bién (Magnetic shape memory alloy)
OBJ Ham muc tiéu (Objective function)

PR Polak—Ribiere

SMA Hop kim nhé hinh (Shape memory alloy)

SME Hiéu qua nhd hinh (Shape memory effect)
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MO DAU

1. Ly do chon dé tai

Rung dong cua may giat ludn la thach thac I6n véi cac nha khoa hoc. Bac biét
trong may giit ctra trude, rung dong cang khé kiém soat do tac dung trong lec cua
khdi quan &o giat mat can bang. Rung dong khién may giat dich chuyén trén nén nha
gay ra tiéng on va cam giac kho chiu cho ngudi sir dung, dong thoi lam giam tudi tho
ciia may. Céc giam chan bj dong dang dung trong méy giit c6 thé han ché dugc cong
huong cua may giat & tan sé thap, nhung lai gay ra su truyén dan luc tir tréng giat
sang khung may & tan sb cao do khong thé thay doi duoc hé sé giam chan. Vi thé, dé
han ché hiéu qua rung dong ciia may giat trong sudt qué trinh hoat dong, can phat
trién mot hé théng giam chan véi hé sé giam chan cé thé kiém soat dugc. Cung véi
su phat trién caa khoa hoc cdng nghé, cac vat liéu thong minh di ra doi. Vat lidu
théng minh cho phép hiéu chinh linh hoat dic tinh caa thiét bi sir dung va 1a chia khéa

cho hé théng giam chan ban cha dong néu trén.

2. Muc dich nghién curu

Phéat trién hé thong giam chan st dung vat liéu théng minh c6 thé kiém soéat hiéu

qua rung dong cua may giat cia trude trong sudt qua trinh hoat dong.

3. Nhiém vu nghién c@u

— Thiét ké hé thdng giam chan sir dung vat liéu théng minh.

— Xay dyng md hinh &ng xtr caa giam chan.

— Thiét ké hé thong kiém soat rung dong cua may giat cia trudc lap giam chan vat
li¢u théng minh.,

— Phat trién hé théng giam chan tu dap wng vai kich thich ngoai.

— Thtr nghiém giam chén vat liéu thdng minh trén may giat cira trudc mau va so

sanh hiéu qua giam rung dong véi giam chan bi dong.
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4. Pham vi nghién cau

— Hé thdng giam chan cho may giit cta trudce.

— Hai loai vat liéu thong minh dwoc nghién ctu ng dung vao giam chan la hop
kim nh¢ hinh (SMA) va luu chét tir bién (MRF).

— Nghién cttu mé hinh gia tinh cho bai toan thiét ké va mé hinh déng luc hoc tham
sb dé du doan ung xu cua giam chan & trang thai 6n dinh, khéng nghién ciu mé hinh
dong luc hoc phi tham sd.

— Piéu khién thdng qua giao tiép may tinh.

5. Huwdéng tiép can va phwong phap nghién ciru
£ Huong tiép cdn:

— Trudc tién phan tich su (ng dung cia SMA va MRF vao hé thong giam chan, tir
d6 tim ra cac uu diém, khuyét diém va dé xuat kha niang cai tién dé phu hop hon cho
viéc ap dung giai quyét van dé rung dong ciia may giit cira trudc.

— Tir viéc xay dung md hinh toan hoc, bai toan thiét ké dugc phan tich, mé phong
s6 va tdi uu hoa. Két qua duoc kiém chung bang cac thuc nghiém.

— So sanh véi hé thong giam chan bi dong thuong mai dang duoc lap trong may
giat va danh gia két qua dat duoc.

£ Cdc phuong phdp nghién cvru dwoc sir dung:

Phuong phap ké thira va tham kién chuyén gia.
— Phuong phap phéan tich, phan bi¢n.

Phuong phap mé hinh hoéa dung giai tich va tinh toan sd.

Phuong phap théng ké kinh nghiém, thtr sai.

Phuong phap thuc nghiém.

6. Y nghia khoa hoc va thuc tién cia dé tai nghién ciu

+ Y nghia khoa hoc:
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— Su phat trién cua hai loai giam chan vat liéu thdng minh (SMA va MRF) trong
luan &n gop phan giai quyét bai toan rung dong ctia may giit cira trudc.

— Luan an déng gop mot md hinh ttng xir tré voi do chinh xac cao cho céc bai toan
thiét ké didu khién, phan héi hay nhan dang hé thong.

— Giam chan MRF tu cip ning luong duoc nghién ciru trong dé tai gidp giai quyét
van dé vé nang lugng, két cau va chi phi.

— Dic biét, sy phat trién caa giam chan MRF tu kich hoat bang hanh trinh khéng
hiéu qua cho may giat.

— Tinh kha thi cua cac giam chan trong dé tai nghién ctru dugc kiém chung bang
cac thuc nghiém trén may giit mau.

& Y nghia thuc tién:

— M0 hinh tr& dugc dé xuat trong luan an cé thé duoc 4p dung dé diéu khién chinh
xéc cac co cau phan hoi luc hay canh tay may robot.

— Céc giam chin MRF tu dap (ng voi gia thanh khé ré s& c6 nhiéu kha nang duoc
str dung trong thuc té, khdng chi cho may giat ma con c6 thé tng dung trong hé théng

giam chan cua xe mdy, xe 0 t0, cang dap may bay hay cac cong trinh xay dung.

7. Cautric caa luan an
Mé dau
Chuong 1: Téng quan
Chuong 2: Co s ly thuyét
Chuong 3: Giam chan hop kim nhé hinh
Chuong 4: Giam chan luu chét tir bién
Chuong 5: Giam chan luu chat tir bién ty dép ¢ng
Chuong 6: Két luan va hudng phét trién
Tai liéu tham khao

Danh muc cac cong trinh da cong bd
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Churong 1: Tong quan

Chuong 1
TONG QUAN

Chuong 1 caa dé tai trinh bay tong quan vé hé thong giam chan sir dung vat liéu
thdng minh cua may giit cira trude. Dau tién, vain dé rung dong cua may giit va céc
phuong phap kiém soat rung dong s& duoc nghién ctu. Tiép theo, hai loai vat li¢u
théng minh (hop kim nhé hinh va luu chét tir bién) dugc gisi thiéu, dong thoi céc
cong trinh nghién ciru trude day vé hé thong giam chan vat liéu thdng minh, mé hinh
tré va hé théng diéu khién ciing dugc xem xét k§y. Dya trén su phan tich, dinh huéng
nghién ctru ciia dé tai dugc trinh bay, song song d6 1a sy néu bat tinh cap thiét, y
nghia khoa hoc va thuc tién. Cudi cung, muc dich, dbi twong, nhiém vu, pham vi va

phuong phap nghién ctru dugc lam ro.
1.1 Gioi thi¢u
Ngay nay, may moc da thay thé con ngudi trong rat nhiéu linh vuc, tir nhitng viéc

noi trg cho dén céc hoat dong k¥ thuat phuc tap. Mot trong nhitng san pham da dong

hanh va hd tro nhiéu nhat cho con ngudi 1a may giat. Tuy nhién, van dé rung dong

—— Stator

Thiing mday ———

] L Roftor
Trong gict 1 N
, — Long giat
Doi trong —
——  Giam chan

Hinh 1.1: M6 hinh 3D cta may giat ctra trudc [1].
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trong qua trinh giat luén la thach thirc 16n véi cac nha khoa hoc va nganh cdng nghiép
san xuat. Sy thay d6i vé méi trudng va phong céch sdng hién dai da 1am ting nhu cau
khach hang va su canh tranh gitra c4c nha san xuat thiét bi gia dinh, theo d6 may giat
c6 khuynh hudng gia ting tbc do quay cua tréng giit nham giam thai gian van hanh,
d6ng thoi vat liéu nhya composite dugc st dung dé giam chi phi va thu hat nguoi tiéu
dung. Biéu nay din dén viéc giam khéi luong may giit va c6 thé khién may giat hoat
dong khong 6n dinh, rung lac va di chuyén khi quay ¢ téc d6 cao. Rung dong truyén
sang nén nha gay ra tiéng on, khién ngudi st dung cam thay khé chiu va may giat
nhanh hong.

Hinh 1.1 biéu dién md hinh ba chiéu (3D) cua may giit ctra truéc. Trong may
giat, mot 16ng git treo lo limg dung dé chira nuéc va quan &o giat lién két véi khung
may bai hai 10 xo va hai giam chan. Mot rotor két ni truc tiép véi tréng giit xoay
trong khi mét stator dugc lap c¢6 dinh phia sau 16ng giat. Khéi lap rap 1ong giat gom
cd trong giat, quan 4o, truc xoay, ddi trong, rotor va stator. Nhiéu nghién ctru di chi
ra rang trong qua trinh vat — sy, may giat thuong chiu cong huéng ¢ tan s kha thap,
khoang 100 — 200 vong/phut [1-3]. Khi téc do quay cua tréng giit ting cao, khoang
trén 900 vong/phdt, lyc kich thich dugc truyén tir khdi 16ng giat qua hé théng giam

chan sang khung vo cua may va nén nha, gy ra rung dong va tiéng on. Cac giam

/f Viung cong huong

2

=, ;5 £ £

T Giam chan thap E—
= ;
“2 Giam chan cao S
e » A A
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Hinh 1.2: Sy truyén dan luc véi cac mtc d6 giam chan khac nhau.
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chan thuwong mai bi dong véi hé s giam chin khéng dbi co thé han ché duoc cong
huong cua may giit & tn sé thap, nhung lai gay ra su truyén dan luc tir tréng giat
sang khung may & tan sb cao do khong thé thay doi duoc hé sé giam chan. Vi thé, dé
han ché hiéu qua cong huéng cua may gidt & tan s thap trong khi rung dong ¢ tan sb
cao van duoc cach ly tét, can phat trién mot hé théng giam chan véi hé sé giam chan
c6 thé kiém soat duoc. Hinh 1.2 mé ta su truyén dan lyc cua may giat véi cac mirc
d6 giam chan khac nhau.

Cung véi su phat trién vuot bac cua khoa hoc cong nghé, nhiéu loai vat liéu thong
minh d3 ra doi va danh dau mot ky nguy@n mai trong viéc giai quyét linh hoat céc
bai toan k¥ thuat. Trong luan an nay, vat liéu thong minh sé duoc nghién curu va ung
dung vao hé thdng giam chan dé kiém soét hiéu qua rung dong cua may giat trong

suét qua trinh van hanh.

1.2 Céc cbng trinh nghién ctru khoa hec

1.2.1  Céc nghién ctru vé Kiém soat rung dong ciia may giit

Trudc diy da co nhiéu cong trinh nghién ciu vé viéc kiém soat rung dong cua

may giit va c6 thé chia thanh hai nhom phuong phap tiép can cha yéu:

Bo can bang thuy luc

Hinh 1.3: May giat lip bo can bang thay luc [2].
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Hinh 1.4: Hé théng can bang hai khéi luong [3].

a) Phwong phdp thir nhdt: kiém soat sir can bang cua khéi long gigr dé triét tiéu
nguon géc gay ra rung déng

— Bae va cac cong su [2] da thiét ké mot bo can bang thay luc dé tu can bang khéi
long giat (Hinh 1.3). B can bang chira nudc mudi dugc gan vao vanh trén cua khoi
ldng giit va dong vai trd nhu mot d6i trong. Do ban chét tw nhién, chat long di chuyén
vé phia d6i dién cua khoi lugng mat can bang, tir d6 1am giam do6 léch tam cua khoi
Ibng giit.

— Mot bd can bang dong luc hoc khac dé chdng lai rung dong da dugc phat trién
boi Papadopoulos va Papadimitriou [3] (Hinh 1.4). Trong nghién ctru nay, hai khoi
luong can bang di chuyén doc theo vanh khéi long giat. Mat phang xoay cua cac khoi
lugng can bang dé dang duogc xac dinh dé phi hop voi mét vi tri bat ky va ludn hudng
dén viéc han ché moment gay rung dong.

Nhitng két qua nghién cau trén cho thiy rung dong cua may giit co thé duoc
giam dang ké khi st dung bo can bang dong luc hoc. Tuy nhién, két cau trong giat
phtic tap, chi phi san xuat va bao tri cao la nhitng tré ngai Ién cho viéc tng dung rong
rai phuong phap nay [4].

b) Phuwong phdp thir hai: rung déng cia may gidar duoc logi bé nho vao hé thong
giam chan

Nhu di phan tich & trén, hé théng giam chan tich hop vat liéu théng minh 1a mot

trong nhitng giai phap sang tao va tiém ning dang nhan dwoc nhiéu su quan tam cua
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Hinh 1.5: Giam chan SMA (Zuo va céc cong su [17]): (1) khép ndi tréi, (2) nap
tréi, (3) vo, (4) khéi truot ngoai, (5) khéi truot trong, (6) day SMA, (7) chét
khoa, (8) nip phai, (9) khép ni phai, (10) 16 hinh chit nhat.

gioi khoa hoc. Vit liéu théng minh 1a mot dang vat liéu dac biét so hiru mot hoac vai
dic tinh c6 thé thay doi va kiém soat dugc theo cac kich thich ngodi nhu anh sang,
nhiét do, dién truong, tir truong, wng suat, dd am. Trong luan &n nay, hai loai vat liéu
thong minh 13 Iuu chét tir bién (MRF) va hop kim nhé hinh (SMA) s& dugc nghién
ctru va ang dung cho hé théng giam chan cua may giit.

% Hop kim nhé hinh (SMA)

SMA 12 mét dang hop kim théng minh c6 thé nhé dugc hinh dang gdc cia no.
Nho dic tinh siéu dan hdi, SMA quay tro vé hinh dang d6 khi dugc cap nhiét va tao
ra mot lec phat dong. Nhiéu nghién cau vé vat lieu SMA da duoc thuc hién nham
khai thac hiéu qua doc dao nay [5-11].

Hién nay da c6 mot sb tac gia nghién ciru tng dung hec phat dong cua SMA dé
thiét ké giam chan, chang han nhu Graesser va Cozzareli [12], Clark va cac cong sy
[13], Wilde va céac cong su [14], Han va cac cong su [15], Zuo va cac cong su [16,
17] (Hinh 1.5), Sharabash va Andrawes [18], Mishra va cac cong su [19], Parulekar
va cac cong su [20], Qian va céac cong su [21] (Hinh 1.6), Huang va Chang [22]. Céac
két qua nghién ciru da cho thay trién vong va kha ning tiém tang cua loai giam chan
nay. Tuy nhién, hau hét cac nghién ctiu tap trung vao két cau cong trinh xay dung véi
c4c thiét ké kha phuc tap, kich ¢& va khéi lwong 6n, ddng thoi luc giam chan tbi da
va luc khong tai (luc khi khéng kich hoat SMA) ciing kha Ion, khéng phu hgp cho hé
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Thiét bi ma sat Daéy SMA Thiét bi ma sdt

Tam thép Tam ma sat Bulong Tam thép

Day NiTi Thanh tai dinh tam

Hinh 1.6: Giam chan SMA (Qian va céc cong su [21]).

théng giam chan cua may giat. O pham vi trong nudc, cac nghién ciru vé giam chan
SMA chua duoc tim thay.

Nhu vay, viéc nghién ciru va tng dung SMA vao hé théng giam chan cho may
giat chua duogc thuc hién, khi ma céc rang buoc vé khdng gian lap dat, luc giam chan
can thiét va luc khong tai 1a nhitng yéu t quan trong can duoc xem Xét tron ven.
Giam chan SMA c6 loi thé vé sy don gian két cau va so hiru luc khdng tai nho do chi
don thuan 13 ma sat Coulomb, nhung viéc phat dong bang nguén nhiét s& gay nhiéu
khé khan trong qua trinh diéu khién giam chan.

& Luwu chat tir bien (MRF)

MRF 12 mot dang luu chat théng minh chira cac phan tir tir tinh cuc nho 16 ling
trong mot dung mai van chuyén, thuong 1a dau. Khi chiu tac dung cua tir trudng
ngoai, MRF hoéa ran tao ra su can tro chuyén dong tuong dbi, tir d6 sinh ra luc giam
chan. Bang cach thay doi cuong do tir truong ap dat, luc giam chan nay cé thé dugc
diéu khién mot cach nhanh chéng, chinh xéac va hiéu qua. So vai luu chat dién bién
(ERF), mot loai Iwu chat thdng minh véi nguyén ly hoat dong twong tu da dugc nghién
ctru gan day, MRF yéu cau cong suat gan nhu tuong dwong nhung c6 thé van hanh ¢
mc dién 4p thap thong thuong (ERF 2000 — 5000 V, 1 — 10 mA, MRF 12 - 25V, 1
— 2 A). MRF ciing it nhay cam va&i tap chat hon ERF. Tuy nhién, diém néi bat hon
hét 14 siic manh vuot troi cuia MRF so véi ERF (ing suat chay cia ERF chi khoang
2 — 5 kPa, trong khi MRF c6 thé dat 50 — 100 kPa). Nho dic tinh doc ddo va manh
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Hinh 1.7: Giam chan MRF éng xop [45].

mé& nay, céc thiét bi MRF dang duoc nghién ctu va tng dung rong réi trong nhiéu
linh vuc cong nghiép khac nhau nhu hé thong cach chan cong trinh [23-25], hé thng
giam chan cho xe [26-31], tu hoa [32—34], cang dap may bay [35-37], phanh [38—
41], hé thdng phan hdi luc [42-44]. Vi may giat, trén thé giéi da c6 mot sé nghién
ctru vé hé théng giam chan st dung MRF, con ¢ pham vi trong nudc thi van chua
duoc tim thay.

— Carlson [45], Chrzan va Carlson [46] d& nghién ciru mot loai giam chan ban chu
dong co luc giam chan thip cho may giit (Hinh 1.7). M6t dng xdp hat nudc chua
MREF duoc sir dung dé thay doi lyc giam chan. Loai giam chan nay c6 kha nang giam
rung khé tét cho may giit cira truéc [47, 48], nhung nghién ciu ciing da cho thiy do
bén va do mai mon cua 6ng xop MRF giam dan theo s6 chu ky hoat dong khién cho
viéc kiém soét lyc giam chan tro nén kho khan.

— Aydar va c4c cong su [49] da dé xuat mot giam chan MRF kiéu dong chay dé
Kiém soat rung dong cua may giat (Hinh 1.8a). Tuy nhién thiét ké chua duoc t6i uu
hoa, luc khdng tai (luc khi khdng kich hoat tir truong dit vao MRF) 16n dén 50 N s&
khong thé cach ly hiéu qua rung dong ciia may giat & tan sé cao.

— Mbt giam chan MRF kiéu dong chay khac da duoc phat trién boi Nguyen va cac
cong su [50] (Hinh 1.8b). Puoc téi wu hoa vé két cau, luc giam chan tdi da c6 thé dat

150 N, da 16n dé loai bo hau hét rung dong caa cac may giat. Tuy nhién, luc khong
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Hinh 1.8: Giam chan MRF kiéu dong chay.

tai van con kha cao, khoang 25 N, két cau giam chan kha phuc tap va kho ché tao.
Luong MRF sir dung cho thiét ké kiéu dong chay ciing khéa nhiéu dan dén chi phi cao.
Viéc thuc nghiém trén may giat dé kiém chiing tinh kha thi cua giam chan ciing chua
dugc tién hanh.

— Can luu y rang luc giam chan can thiét dé giam cong huong cua may giat khong
qua lén, chi khoang 80 dén 120 N cho may giat 7 dén 10 kg (s& dugc phan tich ky
trong Chuong 2 tiép theo). Trong khi dé, luc khdng tai can nho nhat cé thé dé han
ché lyc truyén dan va tiéng on ¢ tan sé cao, nhu da phan tich & Myc 1.1. Vi vay, cac
giam chan MRF kiéu truot [51, 52] s& phu hop hon kiéu dong chay khi tng dung vao
may giat. Tr cAc nhan dinh trén, mot thiét ké méi caa giam chian MRF st dung kiéu
truot dd dugc Cha va Baek [53] dé xuat cho may giat ctra trude (Hinh 1.9a). Két qua
t6i wu cho thay lyc khdng tai da duoc giam dang ké, tuy nhién thiét ké ranh quan day

hinh chit nhat han ché chiéu dai kich hoat cia MRF trong khe hg, dong thoi viéc sir




Churong 1: Tong quan

. T MRF Ong frong
b0 Viing Cuc tir 1
N ’j Kich thich Truc '
r = ich thic
| r‘ "3: | Xy lanh
L A
s E — ]
=i Ong
\ Y qudn day
’ -1¢ . Cuee tir 2
et 1
: Cuon day
;.'.g‘: 1
L= o
Cire tir 3
a ava bae
Cha va Baek [53
V6 chy w Cuon day Tir thong
Truc

[

g q
N §\:\‘; RO DRRWR AR .\\\'&‘s‘;\\w
%\ ' —
h

SN
R R e K E K N
[
3 ‘ '
i S

N

N NN SN
B¢ ph \ L =/ Rp o N
0 p an &\% &\}\\\\\\\\\\\\\\\\\\\\\\% &Q\\\‘\E

lam kin

Mat tru trong
(b) Nguyen va cac cong su [54]

Hinh 1.9: Giam chan MRF kiéu truot.

dung cé&c dng nhua quan day phan nao 1am suy yéu tir trudng va gay phac tap cho
viéc gia cong lap rap.

— Vi két cau khong can 6ng quan day va thém cac canh vét vao ranh quan day,
Nguyen va cac cong su [54] di cai thién hiéu qua cua giam chan MRF kiéu truot cho
may giit ctra true (Hinh 1.9b). Két qua tdi vu cho thdy giam chan c6 thé tao ra luc
t6i da khoang 110 N va lyc khong tai kha thap, 1én dén 16 N. Tuy nhién, giam chan
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chua dugc thir nghiém trén mot may giit thue, khi ma cac danh gia vé kha ning 1am
kin MRF, hiéu qua hoat dong va kha niang giam chi phi tién dén thwong mai hda can
duogc thyc hién day du va ky ludng.

Mic du tiém ning cta hé thdng giam chin st dung MRF da dugc thé hién kha
rd, viéc nghién ciu ching mot cach day du va hé théng van con rat han ché. Viéc
khao sat va xay dung md hinh tng xtr ciia giam chan chua dwgc phat trién hiéu qua,
dic biét d6i véi cac giam chan thuong chiu kich thich dit doi nhu trong may giat. Bac
biét hon nita, giam chadn MRF can sy dot pha va sang tao dé thoét khoi 16i mon van
hanh phu thudc vao hé théng didu khién, mét trong nhiing tré ngai chinh cho muc

tiéu giam chi phi, ting kha ning chuyén giao cong nghé va canh tranh thuong mai.

1.2.2  Céc nghién ctu vé md hinh cia giam chan

Song song vai su phat trién cac hé thong giam chan su dung vat liéu théng minh,
md hinh &ng xir ctia giam chén ciing can dugc nghién ctiu cu thé dé co thé kiém soat
t6t hé théng. Pa c6 nhiéu cong trinh nghién ciu vé linh vuc nay va cé thé phan loai
thanh hai nhém chu yéu:
a) Nhom thiz nhat: cac md hinh gid tinh

— Trong mét sd nghién ctu [55-57], mé hinh Bingham da duoc sir dung dé phat
trién cac mo hinh gia tinh cho viéc phan tich giam chan MRF.

— Pé xem xét (tng xir cia MRF ¢ d6 nhot thay doi theo tée do bién dang truot, vai
tac gia [58-60] di phan tich dong chay cua luu chat trong giam chan dua trén mo
hinh Herschel-Bulkley.

Céac md hinh gia tinh rat phd hop dé thiét ké giam chan MRF, tuy nhién ching
khong mé ta day du ung xir phi tuyén cia giam chan dudi tac dung cua tai trong dong,
dic biét trong méi quan hé luc — van téc. Pé khic phuc diéu nay, cac mé hinh dong

luc hoc da ra doi.
b) Nhom thet hai: cac mé hinh déng luc hoc

— Mot s6 mo hinh dong luc hoc phi tham sb cho giam chian MRF da dugc dé xuat

dwa trén cac phan tich dir liéu thuc nghiém va nguyén ly hoat dong cua thiét bi, chang
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han nhu m6 hinh da thic [61], m6 hinh da ham [62], m& hinh mang neuron [63], m6
hinh fuzzy [64]. Tuy ring cac md hinh nay c6 thé mé ta linh hoat tng Xt tré cua giam
chan, ching khé phtc tap va khong thé hién dugc ¥ nghia vat ly trong cac tham sé.

— Nguoc lai, cac mé hinh dong hrc hoc tham s thich ung va duoc quan tm nhiéu
hon nho ¥ nghia vat 1y ré rang. Tuy nhién, chdng can cac gia thiét ban dau va rang
budc phi hop dé 15i giai c6 thé hoi tu. C6 thé liét ké mot sé mé hinh nhu Bingham
[65, 66], biviscous [67], Bouc—Wen [68, 69], Preisach [70].

Duya trén md hinh Bouc—Wen, Spencer va cac cong su [71] da phat trién mot mo
hinh hién teong maéi. M6 hinh cia Spencer dugc nghién ciru kha rong rai boi du doan
tét tng xtr phi tuyén caa giam chan MRF trong vai diéu kién van hanh khéc nhau
bang cach xay dung ba tham s6 dudi dang ham dién ap. Tuy nhién md hinh gém 2
phuong trinh vi phan véi 12 tham s6 nén viéc thiét Iap va giai bai toan mé hinh nguoc
cho thiét ké diéu khién twong ddi kho. Thém vao d6, Dominguez va cac cong su [72,
73] da chang minh rang cac tham sb con phu thudc vao cac bién kich thich khac nhu
bién d6 va tan sb. Vi vay mo hinh nay khéng thé biéu dién tron ven tng X cia giam
chan khi diéu kién kich thich thay doi lién tuc.

Giam chian MRF trong cac trudng hop van hanh khic nghiét nhu may gidt thuong
s& hitu dac tinh tré lyc — van toe khong ddi xang, biéu thi qua hai nhanh dudng cong
tré bat dbi xang trong hai chiéu van hanh. Hon nita, su chuyén trang thai cua giam
chan MRF trong may giat, thé hién qua d6 sac caa duong cong mé hinh (do cong tai
cac goc luon noi mébi quan hé luc — van tdc ting/giam dot ngot), ciing thuong khong
giong nhau trong suét qua trinh van hanh. Tir cAc nhan dinh trén, can phat trién mot
mo hinh tré v&i d6 chinh xac cao c6 thé du doan tét tng Xt cua giam chan MRF cho

may giat cura trudc.
1.2.3  Céc nghién ciru vé hé thong diéu khién giam chan

Mot yéu té quan trong dam bao tinh hiéu qua cua hé théng giam chan ban chu

dong vat liéu thdng minh 14 viéc xay dung hé thong diéu khién phi hop. Da c6 nhiéu
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bo diéu khién duoc dé xuat cho cac thiét bi MRF va c6 thé chia thanh ba hudng tiép
can nhu sau:

— Cac bo diéu khién ¢ dién, chang han nhu bd diéu khién sky—hook [74, 75] va bo
diéu khién vi tich phan ti 18 (PID) [76, 77], ¢d thé cung cip hiéu qua dau ra kha tdt,
nhung thiéu 6n dinh dudi cac ngudn nhiéu bén ngoai va sy bat dinh théng s6. Mac du
viy, cac phuong phap cb dién van duoc wa chudng trong nhitng hé thong diéu khién
ban cha dong st dung MRF bai su don gian va chi phi tinh toan thap.

— Nhuoc diém nay cua cac bo diéu khién co dién duoc khic phuc boi céc ky thuat
diéu khién hién dai. Bo diéu khién hién dai cd thé dam bao sy 6n dinh thiét thyc ciing
nhu giai quyét duoc cac nhiéu loan va sy phi tuyén cua hé théng, tuy nhién ching
kha phtrc tap va ton kém. C6 thé ké mot s6 bo diéu khién trong nhom nay nhu bo diéu
khién sliding mode [78, 79], bo diéu khién fuzzy [80, 81], bo diéu khién thich nghi
[82, 83].

— Cac phuong phép diéu khién két hop, chang han nhu bo diéu khién fuzzy neural
network [84, 85], bd diéu khién fuzzy PID [86] va bo diéu khién sky—hook sliding
mode [87], tich hop hai hozc nhiéu bo diéu khién truyén thong véi nhau dé cai thién
hiéu qua toan hé thdng. Céc bo diéu khién nay pht hop cho nhirng hé théng ky thuat
phtic tap doi hoi sy sap xép va quan ly diéu khién hiéu qua.

May giat 1a mot thiét bi gia dinh c6 chi phi san xuat khdng qua cao. Vi vdy, nhim
muc tiéu canh tranh va dinh huéng thwong mai hda, mot hé thong diéu khién rung
dong vai cau hinh don gian va chi phi thap can dugc nghién ctiu cho may giat cira

truéc 1ap giam chan vat liéu thong minh.

1.3 Tinh cép thiét caa dé tai

May giat hau nhu 14 nguoi ban khong thé thiéu caa moi nha. May giat giai phong
con ngudi khoi viéc giat giii hang ngay va c6 thém nhiéu thoi gian cho nhiing hoat
dong khac. Tuy nhién rung dong trong qué trinh giat thuong gay ra tiéng on khién
ngudi st dung cam thay kho chiu va lam giam tudi tho cua may. Giai quyét van dé

rung dong 1 bai toan kho cho cac nha khoa hoc va nganh cong nghiép thiét bi gia
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dinh. Trong céc hé théng giam chan thong thudng caa may giit véi hé sé giam chén
khong doi, rung dong chi dugc céch ly & tan sé thap (khoang 100 — 200 vong/phut),
trong khi lyc truyén tir tréng giat qua giam chan sang khung may lai gay ra tiéng 6n
& tan sb cao (khoang 900 vong/phdt hodc hon), 1am cho may giat rung lic manh va
di chuyén. Do vay, d¢é tai nghién ctru va phat trién hé thong giam chan c6 thé thay doi
duoc hé sé giam chan dé kiém soét hiéu qua rung dong ciia may giat trong sudt qué

trinh hoat dong, gop phan cai thién chat luong cudc song cia ngudi tiéu dung.

1.4 Y nghia khoa hoc va thuc tién cia dé tai
& Y nghia khoa hoc:

— Su phat trién cua hai loai giam chan vat liéu thdng minh (SMA va MRF) trong
luan an gop phan giai quyét bai toan rung dong ctia may giit cira trudc.

— Luan 4n dong gop mot mb hinh tng xir tré véi do chinh xac cao cho cac bai toan
thiét ké diéu khién, phan hdi hay nhan dang hé thong.

— Giam chan MRF tu cip ning luong duoc nghién ciru trong dé tai gidp giai quyét
van dé vé nang lugng, két cau va chi phi.

— Pac biét, sy phat trién caa giam chian MRF tu kich hoat bang hanh trinh khéng
chi dua ra 101 giai toi wu vé két cau va chi phi ma con cung cap kha ning van hanh
hiéu qua cho may giat.

— Tinh kha thi cua cac giam chan trong dé tai nghién ctru dugc kiém chung bang
cac thuc nghiém trén may giit mau.

+ Y nghia thuc tién:

— MBS hinh tré dugc dé xuat trong luan an cé thé duoc 4p dung dé diéu khién chinh
xéc cac co cau phan hdi luc hay canh tay may robot.

— Céc giam chan MRF ty dap (ng voi gia thanh khé ré sé c6 nhiéu kha nang dugc
sir dung trong thuc té, khdng chi cho may giat ma con cé thé tng dung trong hé thong

giam chan cua xe may, xe 0 t0, cang dap may bay hay c4c cdng trinh xay dung.
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1.5 Muc dich va déi twong nghién cieu
+ Muc dich nghién cizu:
Phat trién hé théng giam chan st dung vat liéu théng minh cé thé kiém soat hiéu
qua rung dong cua may giat cia trude trong sudt qué trinh hoat dong.
& Doi trong nghién cizu:

— Hé théng giam chan str dung vat liéu thdng minh cho may giit cira trudce.

M6 hinh &ng xir ciia giam chan dudi tac dung cua tai trong dong.
— Heé thdng diéu khién giam chan.

Hé thdng giam chan ty dap ang.

1.6 Nhiém vu va pham vi nghién ctru
+ Nhiém vy nghién cuzu:

Thiét ké hé théng giam chan st dung vat liéu thong minh.

Xay dung mo hinh ang xir ciia giam chan.

— Thiét ké hé thong kiém soat rung dong cua may giat cia trudc lap giam chan vat
liéu thdng minh.

— Phét trién hé théng giam chan tu dap wng vai kich thich ngoai.

— Thir nghiém giam chan vat liéu thdng minh trén may giat cira trudc mau va so
sanh hiéu qua giam rung dong vai giam chan bi dong.

+ Phgm vi nghién cizu:

— Hé thdng giam chan cho may giat ctra trudc.

— Hai loai vat liéu théng minh dugc nghién ciu wng dung vao giam chin 1a luu chét
tir bién (MRF) va hop kim nhé hinh (SMA).

— Nghién ciru mé hinh gia tinh cho bai toan thiét ké va mé hinh dong luc hoc tham
s6 dé du doan tng xr cua giam chan & trang thai on dinh, khéng nghién citu md hinh
dong luc hoc phi tham sd.

— biéu khién thdng qua giao tiép may tinh.
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1.7 Phwong phap nghién ciru

Phuong phap ké thira va tham kién chuyén gia.

Phuong phap phan tich, phan bién.

Phuong phap mé hinh héa dung giai tich va tinh toan sé.

Phuong phap théng ké kinh nghiém, tht sai.

Phuong phéap thuc nghiém.
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Chuong 2
CO SO LY THUYET

Chuong 2 cua dé tai trinh bay co s& ly thuyét 1am nén tang cho viéc thuc hién
muc dich, nhiém vu va dinh hudng nghién ciru da dugc gidi thiéu trong Chuong 1.
Trudc tién, ang xir hoat dong cua hai loai vat liéu théng minh (hop kim nhé hinh va
Iwu chét tir bién) s& duoc nghién ctu k§. Tiép theo d6 13 qua trinh tinh toan va thiét
ké t6i wu giam chan st dung vat liéu théng minh. Cudi cing, mé hinh dong luc hoc
ctia may giat cira trude 1dp giam chan vat liéu thong minh duoc xay dung va luc giam

chan can thiét duoc xac dinh dua trén phuong trinh truyén lyc caa khdi 16ng giit.

2.1 Hop kim nhé hinh (SMA)
211 Giéithigu

SMA 13 mét dang vt liéu nhé hinh doc dao vai kha nang phuc hdi lai hinh dang
goc khi ting nhiét do, nho vay tao ra mot ning luong phéat dong 16n [88]. Thém vao
d6, trong cac diéu kién dic biét, SMA c6 thé hap thu va phat tan niang luong thong
qua qué trinh bién d6i hinh dang thuan nghich dudi tac dung cua kich thich tuan hoan.
Do dic tinh doc ddo nay, SMA dugc nghién ciru tich hop vao céc thiét bi cam bién,
phat dong, hap thu va cham va giam rung dong. Ngay nay, SMA duoc tng dung rong
rai trong cac linh vuc cdng nghiép nhu hang khong, 6t6, y sinh, may moc...

Su phat hién ra Martensite trong thép boi Adolf Martens tir thap nién 1890 da
lam tién d& cho su phét trién SMA sau nay. Nhiing nim sau d6 hién tugng bién doi
Martensite duwgc nghién ciu rong rai va dén nim 1949, Kurdjumov va Khandros [89]
d3 xay dung khai niém vé su chuyén bién Martensite dan nhiét. Tuy nhién, sy kham
phé& hop kim NiTi cling nhu cac dac tinh co hoc vuot troi so vai kim loai thong thuong
vao nam 1963 boi Buehler va cac cong su [90] mai thuc su thu hat sy quan tdm cua
cac nha khoa hoc. Thuat ngr “NiTiNOL” ciing dugc dat tén cho hop kim NiTi tur do
dé ghi nhan su ra doi tai Naval Ordnance Laboratory (NOL). Ngay ndy, SMA duoc
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Hinh 2.1: Sy chuyén pha gay ra bai nhiét do caa SMA.

biét dén v6i mot sé dang phd bién nhuw Cu—AL-Ni, Ni-Ti, Fe-Mn-Si, Cu-Zn-Al...
Mic di hop kim Ni—Ti dat tién nhung lai dugc wa chudng hon do d6 6n dinh, kha
nang tng dung va biéu hién co nhiét vuot troi.

Thong thuong, SMA s hiru hai pha vai cau trdc tinh thé va dac tinh khac nhau:
pha Austenite A cau trdc lap phuong & nhiét d6 cao va pha Martensite M cau tric ti
giac, truc giao hoic ba truc khong déu ¢ nhiét do thap [88]. Mdi tinh thé Martensite
c6 thé cd mot bién thé dinh hudng khéac. Su két hop cac bién thé Martensite c6 thé
hinh thanh hai dang: Twinned Martensite cua cic bién thé ty diéu chinh, va
Detwinned Martensite cua cac bién thé dac biét tai dinh huéng. Hinh 2.1 mé ta cau
trdc tinh thé va sy chuyén pha gay ra boi nhiét do gita Twinned Martensite va
Austenite. C6 4 diém nhiét do dic tinh lién quan dén qué trinh chuyén pha cua SMA.
Trong qua trinh chuyén pha thuan, Austenite bat dau chuyén sang Twinned
Martensite & nhiér d@é bdr dau Martensite (Ms) va két thic chuyén pha ¢ nhiér dé két
thic Martensite (Mr). Tuong tu, trong qua trinh dot néng, sy chuyén pha nghich khoi
dau & nhiér dé bat dau Austenite (As) va hoan tat & nhiér do két thic Austenite (Ar).
Qua trinh chuyén pha thuan nghich giita Austenite (pha géc) va Martensite (pha san

pham) tao nén ung xir doc ddo caa SMA.
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2.1.2 Hiéu qua nhé hinh (SME)

Néu dit tai co hoc vao SMA & trang thai Twinned Martensite (nhiét do thap), qué
trinh detwinning (tai dinh huéng) xay ra va SMA chuyén sang trang thai Detwinned
Martensite chiu tai va bién dang (Hinh 2.2). Bién dang nay duoc gitt nguyén ké ca
khi tai dugc giai phong tir tir vé 0. Sau d6, dot nong SMA dén hon nhiét do As sé kich
hoat su chuyén pha nghich tir Detwinned Martensite trg vé Austenite va hinh dang
SMA dugc phuc hdi hoan toan (Hinh 2.3). Lam ngudi xudng dudi nhiét do My thi su
chuyén pha thuan xay ra véi két qua 1a Twinned Martensite lai dugc hinh thanh ma
khong c6 thém bat Ky su thay doi hinh dang nao. Qua trinh mé ta ¢ trén duoc goi la
hiéu qua nhad hinh (SME).

Ban chat cua SME c¢6 thé duoc hiéu rd hon thong qua viéc phan tich duong tai
co nhiét trong khong gian (ng suat — bién dang — nhiét 6. Hinh 2.4 md ta hiéu qua
nhé hinh ciia NiTi SMA [88]. Tur pha goc Austenite A, 1am ngudi SMA xubng dudi
nhiét do M gay ra sy chuyén bién vé Twinned Martensite B. D4t vao mot ung suat

vuot qué os, qua trinh detwinning bat dau va két thic tai ov. Sau d6 vat liéu d& tai dan

i’
#‘”

o,
*le

}

#‘

Detw 11111ed \hnenslte
(chiu tai - bien dang)

Ung suat o

[ [ I
M, A A

Nhiét do T

- e%%es ==
5 ; 099909

2l

- Se4ee

Twinned Martensite
(khong chiu tai)

Hinh 2.2: Hiéu qua nhé hinh caa SMA biéu thi qua trinh detwinning khi chiu tai

co hoc.
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Detwinned Martensite
(chiu tai - bien dang)

Ung suat o

Nhiétdo T

Austenite
(khong bien dang)

Detwinned Martensite
(khong chiu tai - bién dang)

Hinh 2.3: Hiéu qua nhé hinh caa SMA biéu thi qua trinh d& tai va sau d6 cap

nhiét chuyén thanh Austenite.

Detwinned
Martensite

[ A

AR

Ung sudt ¢

Detwinning O

Twinned {'f'f‘ ‘f %
Martensite BCRC
B D
M, W Bién dang ¢
Lam ngudi Me 222
e W —— 2820
Ay | ] Detwinned
Cap nhiét Martensite
A L 2824 5
Nhietdo T
Austenite

Hinh 2.4: Dit liéu Gng suat — bién dang — nhiét d6 thé hién hiéu qua nhé hinh
cua NiTi SMA [88].

hdi C — D va giit & trang thai Detwinned Martensite. Dudi tac dung cia ngudn nhiét

ma khéng c6 ng suat, qua trinh chuyén pha nghich bat dau khi nhiét d6 dat mac As
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tai E va két thic ¢ As tai F, noi chi c6 pha gbc Austenite ton tai. Bién dang déo khdng
sinh ra trong qué trinh detwinning, hinh dang géc cuia SMA duoc phuc hoi tai A. Hién
tugng nay duoc goi l1a hiéu qua nhd hinh mot chiéu, hay don gian 1a SME bai vi sy

phuc hdi hinh dang chi dat dugc trong qua trinh cap nhiét.

2.1.3  PDic tinh gia dan hoi

Ngoai phuong phap thay doi nhiét o, sy chuyén pha cia SMA ciing c6 thé xay
ra bang cach dat mot tai co hoc du 16n vao vat liéu ¢ trang thai pha Austenite, véi két
qua 1a pha Detwinned Martensite dwgc hinh thanh tir pha Austenite. Néu nhiét do cua
SMA cao hon Ay, vat liéu s& tro vé pha goc Austenite va phuc hdi hinh dang hoan
toan khi tai duoc giai phong. Ung xir nay mé ta dac tinh gia dan hoi cia SMA. Mot
duong tai co nhiét gia dan hdi thuong bat dau ¢ nhiét d6 da cao noi Austenite ton tai,
sau d6 phat trién dudi mot tai trong ap dat dén trang thai Detwinned Martensite va
cudi cung quay trd vé pha Austenite khi ¢ng suat giam vé 0.

Hau hét céc thi nghiém gia dan héi duoc thuc hién & mot nhiét 6 hang sé danh
nghia cao hon As [88]. Hinh 2.5 minh hoa mot duong tai co nhiét gia dan hoi cua
SMA bat dau & @ng suat bang 0 va nhiét do trén Ar. Khi tai co hoc duoc ap dit, pha

g6c Austenite dan hoi A — B. Bén mot mirc d6 ng suat nhat dinh o™, su chuyén

Detwinned Martensite
(chiu tai - bién dang)

Ung sudt o

2422
olele

Selele
0900

Austenite
(khéng bien dang)

M, My A A
Nhiét dé T

Hinh 2.5: Puong tai co nhiét thé hién dac tinh gia dan hoi cia SMA [88].
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- Mf

0 001 002 003 0.04 0.05 0.06 0.07
Bién dang &

Hinh 2.6: Chu trinh tai gia dan hoi dién hinh cua SMA [88].

pha Martensite bat dau. Luu y rang su chuyén pha gay béi tng suit tir Austenite sang
Martensite di kém véi su hinh thanh cua cac bién dang khong dan hdi, nhu dugc md
ta trong biéu do6 ung suat — bién dang Hinh 2.6. Qua trinh chuyén pha diénra B — C
dén muc tng suat oM, két thic chuyén pha. Tang (ng suat tiép tuc sau d6 khong gay
ra thém su chuyén pha ma chi hinh thanh bién dang dan hoi ciia Martensite Detwinned
C — D. Khi ung suat giam dan, Martensite d& tai dan hoi D — E. Tai E voi Gng suat
o”, Martensite tré lai Austenite, di kém véi su phuc hoi bién dang do chuyén pha.
Két thic su chuyén pha nghich vé Austenite duoc xac dinh tai diém F, twong tng véi
g suat o, khi duong cong két ndi trg lai ving dan hoi cia Austenite. Vat liéu sau
d6 d& tai dan hdi vé A. Chu trinh chuyén pha thuan nghich nay mé ta tng xu siéu dan

hoi, duoc goi bang thuat ngir gia dan hoi cia SMA.

2.1.4 Ung xir caa by phat dong 10 xo SMA

Lo xo SMA c6 thé duogc sir dung nhu bo phat dong kich hoat bang ngudn nhiét
thu nho. Lo xo SMA thuong ¢6 hai dang: nén hoic kéo. O nhiét d6 binh thuong (pha
Martensite), 10 xo nén duy tri trang thai nén thu gon trong khi 10 xo kéo git ¢ trang

thai kéo gidn. Khi duoc dbt nong vuot qua mic As (nhiét d6 bat dau chuyén pha
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Lo xo nén SMA Lo xo chénh léch
- =z %
S
I
=
Al B g
S . ~

Hanh trinh
Hanh trinh phat dong
(@) 16 xo nén SMA
Lo xo kéo SMA Lo xo chénh léch

Luee phdt dong

Hanh trinh phat dong

(b) 10 xo kéo SMA

Hinh 2.7: Ung xir ctia 16 xo phat dong SMA.,

Austenite), 10 xo nén bat dau gidn dai ra con 10 xo kéo thu ngan lai, qua d6 hinh thanh
mot luc phat dong 16n.

Ung xir dién hinh cia hai dang 10 xo SMA dwoc mé ta trong Hinh 2.7. Mot 10
x0 chénh léch duogc str dung dé xac dinh céc dic tinh caa 10 xo SMA. Khi 16 xo SMA
dugc ddt ndng, su chuyén pha tir Martensite (xanh) sang Austenite (d6) xay ra, tir d6
hanh trinh phat dong va luc phat dong duogc tao ra (A — B véi lo xonenva B — A

véi 10 xo kéo). Qua trinh lam ngudi 10 xo dién ra nguoc lai.
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2.2 Luu chit tir bién (MRF)
221 Giéithigu

MRF la mét dang chit long khéng dinh chira cac phan tir sét tir c6 duong kinh
khoang 1 — 10 um [91]. MRF gdm ba thanh phan co ban: c4c hat st tir phan tan trong
mét dung mdi cach dién, thudng la dau khoéng hoic dau silicon, va mot chat én dinh
gilp duy tri trang thai lo lirng ctia cac phan tir. Khi chwa kich hoat, cac hat chuyén
dong tu do va MRF biéu thi thudc tinh Newton. Duéi tac dung cua tir trudng, cac hat
sat tu sap xép doc theo dudng suc tir, d6 nhot biéu kién ting dén diém téi han va
MRF trg thanh mot chat ran dan nhét. Ung suat chay & trang théi kich hoat thay doi
phu thudc vao cuong do tir truong va cé thé xuat hién chi trong vai mili giay [92].
Hinh 2.8 md ta cau tao va nguyén Iy hoat dong cua MRF.

Luu chat nay da duoc tim ra boi Jacob Rabinow [94] tai Cuc Tiéu chuan Qudc
gia Hoa Ky vao nhitng nam cudi cua thap nién 1940. Vai nam sau d6, mot lan song
phan khich vé MRF di ro |én nhung ciing nhanh chong bién mat. Chi dén dau thap
nién 1990, phong trao nghién cau vé MRF mai tiép tuc trdi day, din dau boi Lord
Corporation. So véi luu chat dién bién (ERF) va luu chat sit (FF), MRF thé hién sic
manh hon han khi dugc kich hoat. Chinh vi thé, MRF duoc ¢ng dung rong réi trong
nhiéu thiét bi nhu giam chan, phanh, ly hop, van...

Phan tir Dung moi Durong sire tir
sat tir

b o o /000000
/0 0”0 /o000
°0 o N
o, o 00 Tir tricong CGDO0C00
070 kich hoat GDO0000
© 090 } < i——
o o o o 000000
00 O ° D000
0%, 000000
0° o © 000000

v v

Nam cham dién

Hinh 2.8: Ciu tao va nguyén Iy hoat dong cia MRF [93].
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LU’C ‘ Téc dé ‘

H I H I Dong chay Q

(a) kiéu dong chay (b) kidu truot

Chuyén vi Luc

(c) kiéu nén

Hinh 2.9: Cac kiéu hoat dong cia MRF [95].

Hinh 2.9 minh hoa ba kiéu van hanh cua thiét bi st dung MRF: kiéu dong chay,
kiéu truot va kiéu nén. Kiéu dong chay, kiéu truot va su két hop hai kiéu nay duoc
4p dung cho c4c giam chan MRF truot tuyén tinh hoic xoay, trong khi kiéu nén

thuong chi thay trong cac giam chan MRF trugt tuyén tinh véi hanh trinh gigi han.

2.2.2  Pic tinh luu bién cia MRF

Hinh 2.10 thé hién ang xu lién tuc caia MRF dang truot, trong d6 hinh (a-b) lan
luot biéu thi tng suat truot dudi dang ham sé cua bién dang truot va téc do truot,
hinh (c) 1a méi quan hé giita d6 nhét biéu kién va toc do truot [91]. Tur Hinh 2.10(a),
c6 thé nhan thay tng xt cia MRF dugc chia thanh hai mién: trude (pre-yield) va sau
khi chay (post—yield), phu thudc vao @ng suat cia MRF thap hoic cao hon gia tri tng
suit chay téi han zy. Ung xtr cia MRF sau khi chay 13 phi Newton dwgc md ta trong
Hinh 2.10(b). Hinh 2.10(c) chi ra rang d6 nhét biéu kién cia MRF ting do tng suat
chay tang theo cuong do tur trrong ngoai.

Poéng vai trd quan trong ddi véi su phat trién céc thiét bi st dung MRF 12 cac mo

hinh cho luu chat. Hai mé hinh thudng duoc sir dung dé md ta dic tinh cua MRF 1a
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Sau khi

chay L

Ty Bién dang trugt Y

(b) ung xur phi Newton sau khi chay

4

H =84 kA/m

|

[am—

10

100

Tbe do truot 7 (s

(c) d6 nhot biéu kién

Hinh 2.10: Bién thién ng suét trugt va do nhat biéu kién theo bién dang truot

cia MRF dudi tac dung cua céc tur truong khac nhau [91].

md hinh Bingham plastic va mé hinh Herchel-Bulkley. Ung xir cia MRF du doan

baoi hai mo6 hinh nay dugc minh hoa trong Hinh 2.11.

4 MO0 hinh Bingham plastic

M6 hinh gdm mét thanh phan plastic bién thién lién két vai mot thanh phan nhét

Newton, biéu thi mdi quan hé co ban &ng suat — bién dang [55, 95]

r=7,(H)sgn(7)+ny
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Ung sudt trueot T Trugt day (p<1)

//// Luu chét Bingham (p = 1)

0 Trugt dinh mong (p > 1)

Luu chit Newton

Téc do trirgt

i e

Hinh 2.11: Cac mé hinh nhét déo thuong st dung dé dic ta MRF [96].

trong d6 7 1a &ng suat truot trong luu chat, 7y 1a &ng suat truot chay déo phu thudc vao
tir truong H, # 13 do nhét Newton khdng phu thudc vao tir trudng vay 1a te do bién
dang truot. Luu chat & trang thai nghi va ¢ng xir dan nhét cho dén khi wng suét truot
thip hon gia tri t6i han zy. Khi vuot qua gia tri ndy, luu chat wng xi&r nhu luu chit
Newton.

+ MO hinh Herchel-Bulkley

O téc do truot 16n, hién tuwong truot dinh mong (shear thinning) va truot day
(shear thickening) duoc ghi nhan, lan luot lién quan dén sy giam va tang do nhét biéu
kién cia MRF. Dé tinh dén (ng xur truot dinh mong hodc truot day sau khi chay cua
MRF, md hinh Herchel-Bulkley [97, 98] c6 thé duoc sir dung thay thé cho md hinh

Bingham plastic va duoc biéu thi
1 )
: :[TY(HH K|;}|p}sgn(y) 2.2)

trong d6 K va p 1a cac tham sé cuia luu chat. M6 hinh dic trung cho luu chét truot
dinh mong khi p > 1 va m6 ta luu chat truot day khi p < 1. Véi truong hop p = 1, md
hinh Herchel-Bulkley tré thanh mo hinh Bingham plastic.
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Ung sudt chay t (Pa)

Do nhot n, (Pa.s)
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0.4 06 (s 1 1.2 1.4
Mt d¢ tir thong B (T)

Hinh 2.12: M6 hinh tir hda cua Zubieta va cac cong su [99].

4+ M0 hinh tir hda cua Zubieta va cac cong su

Trén thyc té, cac tham sé cia MRF con chiu anh hudng béi tir trudng. Zubieta

va cac cong su [99] da d& xuat cac mé hinh plastic phu thudc tir truong cho MRF dya

trén md hinh Bingham va Herchel-Bulkley goc (Hinh 2.12). Trong mé hinh, dic tinh

lwu bién cua MRF phu thudc tir trudng duoc udce lugng bai phuong trinh

Y =Y, +(Y,-Y, )(2e

_ e_z Bnasy )

(2.3)

trong d6 Y biéu thi mot trong cac thudc tinh luu bién cua MRF (tng suat chay, do

nhét), Y bién thién tir gia tri Yo khi khéng c6 tir truong dén gid tri bdo hoa Ya, asy 12

chi s6 moment bao hoa cua thong s6 Y va Bm 1a mat do tir thdng. Cac gia tri cua Yo,

27



Churong 2: Co sé ly thuyét

Bang 2.1: Thudc tinh luu bién cua cac MRF [54].

MRF Céc thong sb

122-2ED 7o=0,075 Pass  7,0=12 Pa = 45T
o = 2,8 Pacs Tw =25.200Pa 0, =29 T

132-DG no=0,1 Pass  170=15Pa g =45 T
o = 3,8 Pacs 7w =40.000Pa 0 =29T1

140-CG no=0,29 Pass  170=25Pa au=5T1
o = 4,4 Pacs 7w =52.000Pa 0 =3T1

Y. VA asy duge xac dinh tir thuc nghiém bang phuong phéap curve fitting va két qua
dugc trinh bay trong Bang 2.1 [54].

2.2.3  Phan tich dong chay MRF trong khe hé va tinh toan luc giam chan

Hinh 2.13 md ta dac tinh dong chay cia MRF trong khe ho gitia truc va thanh
trong cua vé giam chan. Tryc va vo chuyén dong truot twong ddi véi van toc u . Boi
vi khe ho MRF thuong dugc thiét ké rat nho, profile (bién dang) van toc cuia MRF ¢
thé duoc gia dinh 12 tuyén tinh nhu trong hinh v&. Biéu thirc van téc va toc do truot

theo phuong y vubng goc véi chuyén dong lan luot duoc cho bai

Mw=§y (2.4)
. du(y) _u
7=y T L (2.5)

trong d6 tq 12 bé day khe hd MRF. Ung suét truot nhét cia MRF duoc xac dinh

.
Ty =Y =11 (2.6)

[¢]
Trong qua trinh thiét ké, cac giam chan MRF thudng duoc md hinh hoa dua trén
mé hinh Bingham. Luc giam chan trong trudng hop nay cé thé duogc chia thanh ba

thanh phan, nhu duoc minh hoa trong Hinh 2.14
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MRF —
I

g

Vo trong /J[:\

Hinh 2.13: Dac tinh dong chay cua MRF trong khe ho.

Luc F

Van toc u

Hinh 2.14: Cac thanh phan cua lyc giam chan MRF.

Fo=F+F +F (2.7)
trong d6 F 1a luc giam chan gay boi tng suat chay cia MRF, F, 1a luc giam chéan
nhét va Fr 12 luc ma sat giita cac bo phan chuyén dong twong ddi véi nhau. Lyc giam
chan gy bai (ng suat chay F. duoc tinh boi

F.=Ar, (2.8)
trong d6 A 1a dién tich chiu lyc. Pay la thanh phan luc giam chan chi dao c6 gia tri
I6n nhat, dong thoi ciing 1a thanh phan c6 thé dugc diéu khién lién tuc bai tir truong.

Tir phuong trinh (2.6), luc giam chan nhét F,, duge xac dinh

F,=Azr, = Anti (2.9)
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2.2.4  Tinh toan tir trwdng cho cac thiét bi MRF

Bai toan mo hinh héa thiét bi MRF bao gém hai phan co ban: phén tich dién tir
va phan tich hé théng luu chat. Muyc tiéu cua bai toan 13 xac dinh méi lién hé gita
ning luong dién dau vao va ning lugng co hoc dau ra. Bé giai quyét bai toan md hinh
hoa, trudc tién mach tir cua thiét bi MRF can duoc giai. Thong thuong cé hai phuong
phap dé tinh toén tir truong cho thiét bi MRF: phuong phap giai tich va phuong phap
phan tir hitu han. Cac phuong phap nay di duoc phét trién boi Nguyen va céc cong
su [100, 101].

a) Phuong phdp gidi tich
Tong quét, mach tir c6 thé duoc phan tich theo dinh luat Kirchoff nhu sau
2 Hili = Ny (2.10)

trong d6 Hk 12 cudng d6 tir trudng trong doan thir k ciia mach, Ik 1a chiéu dai hiéu qua
ctia doan, Nurms 12 $6 vong quan day va | 1a cuong d6 dong dién dat vao. Dinh luat
bao toan tir thong & trong mach dugc cho bai

O =BA (2.11)

véi Ak va Bi 1an luot 12 tiét dién mit cit ngang va mat do tir théng caa doan thi k.
Can luu y 1 cang nhiéu doan trong mach duoc st dung, két qua cang chinh xac. Khi
tir trudng thap, mat do tir théng By tang ti 18 voi cuong do tir truong Hk

B, = s H, (2.12)
trong d6 o 1a do tir thim cua khdng khi va u 1a do tir tham twong d6i cua vat lidu
doan tha k. Khi tir trrong 16n 1€n, kha nang phan cuc vat liéu tur tinh bi giam di va
vat liéu hau nhu ¢ trang thai bdo hoa tir. Thong thudng, dudng cong phi tuyén B — H
duogc sir dung dé biéu thi dic tinh tir cua vat lieu. Xét méi quan hé tuyén tinh trong
phuong trinh (2.12), mat d¢ tu thong va cuong do tur truong cua doan tha k khi tur

truong thap co thé duoc xap xi

Bk — Ky Nrt]urns I (213)
T, - A
M il A

30



Churong 2: Co sé ly thuyét

H, = vums] (2.14)
Ik + z ﬂkA< |i
itk AGA
Gia dinh dic tinh tir caa vat liéu thiét bi MRF tuong ty nhau (U1 = P2 = ... = pn = Hd),

mat do tir thong va cuong do tu truong trong vung MRF kich hoat tré thanh

BMR — IUONturnsI (215)
IMR +izliAMR
Hyr  Ha 5 A
Nturnsl
4 Hyr Pur ZL-
Hy i

H,,. = (2.16)

IMR

trong d6 Ivr Va Awmr lan luot 12 chiéu dai va tiét dién mat cit ngang cua doan MRF
kich hoat, umr VA [ 1an Tuot 12 do tir tham twong ddi cia MRF va cua vat liéu thiét bi
MRF.

b) Phwong phdp phan tir hitu han (FEM)

Phuong phap giai tich trén chi hiéu qua véi cac thiét ké hinh hoc don gian. Trong
truong hop hinh hoc phirc tap hozc nhiéu cudn day, su phan tich todn hoc tro nén rat
kho khan. Chinh vi thé, mach tir cua thiét bi MRF trén thuc té thuong dugc giai bang
FEM. Trong luan an nay, mach tir cua giam chin MRF sé& duoc giai bang FEM tich
hop trong phan mém ANSY'S thuong mai. Phan tir dbi xang truc hai chiéu (PLANE
13) duoc st dung dé mé hinh hoa céc bo phan cua giam chan. Can luu ¥ 1a kich thudc
hinh hoc ctia giam chan MRF thay doi lién tuc trong qua trinh toi uu hoa, vi vay kich
thude ludi duoge xac dinh boi s6 phan tir trén duong thang s& phi hop hon 1a bai kich
thugc phan tir. Bai vi mat do tir thong khong phai 1a hang sé doc theo chiéu dai khe
hd MRF, gid tri trung binh can dugc str dung. Mat do tir théng trung binh xuyén qua
khe ho MRF Bm duoc tinh bang cach tich phan mat do tir théng doc theo doan khe ha
MREF kich hoat, sau d6 chia cho chiéu dai doan

1 Lon
B,=—1 B,(s)ds 2.17
g S (217)
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trong d6 Lon 12 chiéu dai khe ho MRF kich hoat, Bm(S) 12 mat do tir thong tai mdi diém
nat trén doan khe ho. Sau khi thu dugc 16i giai mach tir, mat d6 tir théng trong ving
MREF kich hoat s& dugc tinh toan. Dic tinh luu bién cua MRF kich hoat nhu tng suat
chay va d6 nhét sau dé c6 thé duge wdce lwong dya trén cac md hinh ¢ng xu cia MRF.
Tir d6, luc giam chan kich hoat va lyc khdng tai duoc xac dinh thong qua phuong

trinh co ban cua giam chan MRF.

2.2.5 Phuwong phap t6i wu héa thiét ké caa giam chan MRF

Trong phan nay, qua trinh tdi wu hoa thiét ké cua giam chin MRF dugc thuc hién
dwa trén phan tich phan tir hitu han (FEA) tich hop trong ANSYS [100, 101]. Trudc
tién, ham muc tiéu (OBJ) can dugc thiét 1ap tir muc dich thiét ké ti uu va ung dung
cua thiét bi. Luu ¥ 1a ham muc tiéu luén duoc cuc tiéu hoa. Vi vay, néu muc dich toi
vu 13 cuc dai héa mot thong sb chire nang cua thiét bi, ham muc tiéu d6 can dugc
chuyén sang mot ham twong duong sao cho khi ham nay dat cuc tiéu thi ham chirc
nang goc ban dau dat cuc dai. Sau khi xay dyng ham muyc tiéu, cac bién thiét ké (DV)
va rang budc cua bai toan téi vu can dugc xac dinh. Budc ké tiép 1a chon thuat toan
t6i wu. Phuong phap toi wu non—derivative (khong dao ham) khé dé thuc hién nhung
thuong khong duoc ap dung cho cac thiét bi MRF do dic tinh hoi tu kém. Cac phuong
phap tbi wu global (toan cuc), multi-object (da muc tiéu) hay second—order (dao ham
bac hai) c6 do hoi tu nhanh, tuy nhién ching phirc tap va tén kém chi phi. Phuong
phap tbi wu phd bién nhat thuong dung cho cac hé thdng MRF 1a first—order (dao ham
bac nhat). Mac di dac tinh hoi tu phan nao khdng bang cac phuong phap trén, phuong
phap first-order van duogc wa chudng bai tinh kinh té va khdng tén qué nhiéu thoi
gian lap trinh, tinh toan. Trong nghién ciu ndy, phwong phép first—order két hop voi
thuat toan tdi uu golden—section trong cong cu tdi vu héa ANSYS sé& duoc st dung.

Hinh 2.15 md ta lwu d6 t6i wu thiét ké cua giam chan MRF. Qué trinh tbi wu hoa
bat dau véi cac gia tri ban dau cua bién thiét ké. Bang cach chay tap tin phan tich,
méat do tir thdng Bm va sau d6 1 ang suit chay, d6 nhét sau khi chay, luc giam chan,

ham muyc tiéu lan luot duoc tinh toan. Tiép theo, cong cu téi vu héa ANSYS chuyén
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Vong lap ban dau

Gié} tri ban dﬁu cua
bién thiét ke (D7V)

+ Mat do tr thong
Chay tap tin phan tich Ung suat chay. dd nhot
+ Ham muc tiéu

Tinh toan ham muc tiéu
khong rang budc twong dwong (Q)

Y

Tim vector chi phwong DV
(nguoc dau vai gradient cua Q)

v

Tinh cac gia tri mdéi cua DV
(thuat toan golden-section)

Y

— > Chay tap tin phan tich

Tinh gia tri maoi cua DV Tinh toan ham muc tiéu £ >
= SE : 5 A Ket qua
(thuat toan khong rang budc =
3 & = o1 uu
golden-section) twong duong (O)

| Tim vector chi phwong DV

(cong thnre d¢ quy Polak-Ribiere)

Hinh 2.15: Luu d6 t6i wu thiét ké cua giam chan MRF.

bai toén tbi wu c6 rang budc thanh bai toan khong rang budc thong qua cac ham phat.

Ham muc tiéu khong thir nguyén, khong rang buéc Q duoc dinh nghia

Q(qu) =

OBy " LR +A2 R (@) @.18)
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trong d6 OBJo 12 gié tri ham muc tiéu tham chiéu duoc chon tir bo thong sé thiét ké
hién tai, g 1a tham s6 bé mat dap wng kiém soét su thoa man rang budc, Py 1a ham
phat cho bién thiét ké xi va Py 12 ham phat ma rong cho bién trang thai (rang budc) gi.
O vong lip ban dau (j = 0), phuong tim kiém cua DV duoc gia dinh nguoc diu véi
gradient caa ham muc tiéu khéng rang budc. Do vay, vector chi phuong dugc tinh
toanvoiq=1

d® = —VQ(x<°> ,1) (2.19)

Gia tri DV trong vong lap ké tiép (j + 1) thu duoc tir phuong trinh sau
XU = x4 5.4 (2.20)

trong d6 tham sd tim kiém duong thang s duoc xac dinh tir x0) twong @ng vai gia tri
t6i thiéu cua Q theo phuong d®. Tham sé nay duoc tinh toan bang céch két hop thuat
toan golden—section vai ky thuat local quadratic fitting. Tép tin phan tich sau d6 duoc
chay vaéi cé4c gia tri DV méi va su hoi tu caa ham muc tiéu duoc kiém tra. Néu hoi tu
Xay ra, gia tri DV & vong lap nay 1a toi wu. Nguoc lai, cc vong lap tiép tuc dugc thuc
hién twong tu nhu vong lip ban dau, ngoai trir viéc cac vector chi phuong dugc xac

dinh bang cong thire dé quy dua trén thuat toan gradient lién hop phi tuyén
d =—VQ(x“>,qk)+ rjfld“‘l) (2.21)
Pay 1a mot thuat toan kha pho bién cho céc bai toan téi vu quy mé 16n. Hai cong thic
co ban thudong dung dé dinh nghia tham sd rj1 1a Fletcher—Reeves (FR) [102] va
Polak—Ribiere (PR) [103, 104], lan lugt dugc biéu dién boi
2
(1)
FFR ‘VQ(X 'q)‘
S :
‘VQ(X(”),Q)

(2.22)

2

vaf¢ta)-ve(¢" )] ve(<"q
‘VQ(X(”),Q)‘Z

PR _
=

(2.23)
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Hai bién thé nay twong dwong nhau khi ham muc tiéu 1a bac hai. Tuy nhién khi mot

phuong tim kiém khong tét (gan nhu truc giao véi gradient) dugc tao ra thi
VQ(x(j),q) ~ VQ(X(H),q) va 1’ ~0, phuong phap PR s& bat dau lai véi r,_, =0.

Cac moé phong sé di cho thdy phuong phap PR c6 khuynh huéng hiéu qua hon
phuong phap FR. Vi vdy, phuwong phap PR duoc st dung trong cong cu téi uu hoa
cua ANSYS. Ma&i vong liap bao gdm mot sé cac vong lap phu véi nhiing tinh toan

phuong tim kiém va gradient.

2.3 Mo hinh dong luc hoc cia may giat

Rung dong va tiéng on thuong xuat hién trong qua trinh vat — say cua may giat.
Khi d6, trong giat quay véi tbe do kha cao khién cho quan 4o giit bi ép sat vao thanh
trong cua trong giat, hinh thanh mot khéi lugng mat can bang cho dén hét qua trinh.
Khoi lwong mat can bang nay gay ra luc ly tim va kich thich rung dong. Piac biét
trong may giat ctra trudc Vi truc xoay cua tréng giit nam ngang, quan 4o dugc dao
lén xudng lién tuc khién cho khdi lwong mat can bang rat dé xuat hién, gy ra rung

d6ng nghiém trong do hiéu qua ting thém tir trong luc. Dé kiém soat rung dong cua

Khung may

Lo xo

Khoi lwong
mdt can bang

Giam chan

7 7

Hinh 2.16: M6 hinh 2D don gian cua may giat ctra trudc.
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Bang 2.2: Thong s6 thuc nghiém véi may giat mau Samsung WF8690NGW.

Théng s6

Kich thudc (mm) 600 x 550 x 850

Cong suat giat ti da (kg) 7

Tong khéi lugng thd (kg) 58

Khéi lugng khéi 16ng giat (kg) 40

Khéi lugng mét can bang thi nghiém (kg) 7

Ban kinh dat khéi luong mat can bang (mm) 125

Hé thong treo Do cang 10 xo (KN/m) 10
Khoang cach giita hai dau chot 200
ket noi cua giam chan (mm)

Qué trinh vit —sdy  Tdc do truc chinh (vong/pht) 0—900

Thaoi gian (s) 180

may giat clra trudc, can phan tich mé hinh dong luc hoc cua may giat. Trong nghién
clru NAy, May giat ctra trudc mau 1am muc tiéu dé thiét ké hé thong giam chan 1a may
giat Samsung WF8690NGW. Thang sb thuc nghiém véi may giit mau duoc cho
trong Bang 2.2.

Hinh 2.16 biéu dién so db hai chiéu (2D) don gian dé phan tich dong luc hoc caa
may git. T hinh v&, phuong trinh dao dong duoc thiét 1ap

mi(D) +cd[sin? (p-+ 4,) +sin* (¢~ £) ]

2 (2.24)
rku®)[sin? (p+ ) +sin* (9 -a3) ] = £,

trong d6 fu(t) 1 luc kich thich gy ra chuyén vi u(t) theo phuong u bat ky cho tam
long giat, m 1a khéi lugng caa khdi 16ng giat, ¢ 1a hé s giam chan cua mdi giam chén,
k 1a do cang cua mdi 10 xo, ¢ la goc giita phuwong u dang xét dao dong va phuong X,
aiva i (i =1, 2) lan luot 12 cac gdc so voi phuong y cua 10 xo va giam chan. Ti sb

can & tan sb goc tu nhién wn va tan sé goc giam chan wq duge xac dinh
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c I:Sinz(¢+ﬂ2)+3in2(¢_ﬂl)i|1/2 5 95
c= 2+/mk [sin2(¢+al)+sin2((0—062)}]/4 &)
@, :\/%[sinz((p+a1)+sin2(¢—a2)]]/4 (2.26)
0, = o I (2.27)

Tir cac phuong trinh trén, co thé thiy cac théng sé dong hoc 1a ham caa goc bat
Ky ¢. Diéu nay chi ra rang su cong huong xay ra & cac phuong dao dong khac nhau
va rat kho dé kiém soat. Muc tiéu cua bai toan thiét ké 12 han ché téi da sy cong huong
& tat ca cac phuong. Nhu vay can phai ¢ cac rang budc ban dau vé hinh hoc thiét ké.
Trén thyc té, khi xem xét cac van dé vé ché tao va khong gian lap dat, cac 10 xo va
giam chan thuong duoc thiét ké doi xang theo tirng cip qua mat phang thang dung.
D& dang nhan ra rang, trong truong hop toi wu véi a1 = a2 = 1 = f2 = 45°, phuong
trinh (2.24) sé dugc don gian hda thanh
M) + cu(t) + ku(t) = f, (t) (2.28)

va khi @6 ti s6 can, tan s6 goc ty nhién ciing nhu tan sé goc giam chan khdng phu
thudc vao phuong dao dong

¢ LS (2.29)

95:2\/mk S m

Trong qué trinh hoat dong ctia may giat, luc kich thich do khéi lugng mat can

bang gay ra c6 thé duoc biéu dién nhu mat tai trong diéu hoa vai tan sé kich thich w
va bién do Fy
f,(t) = F, cos(at) (2.30)
Tir cac phuong trinh (2.28) va (2.30), ang xir chuyén vi trang thai 6n dinh cua
khéi 16ng giit thu duoc boi

u(t) =%Dsin(a)t—6?) (2.31)

trong d6 6 1a géc pha va Dm 1a hé s6 dong
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0 = arctan( Zgr‘”z j; D, = 21 (2.32)
1-r1 \/(1— 2) +(2¢r, )

V&i 1, 1a ti 1§ gitra tan s kich thich va tan s6 tu nhién, r, = o/w, .

2.4 Swtruyén lwc tir khoi 16ng gidt sang khung may
Str dung phuong trinh (2.31) va dao ham bac nhit cua nd, lyc truyén dan tir khéi
lng giat sang khung may qua céc 16 xo va giam chan lan luot duge xac dinh
£, (t) = ku(t) = F,D, sin (ot — ) (2.33)
fy (t) =cu(t) = 2¢r,F,D,, cos(wt — 0) (2.34)

@ U

Bai vi goc pha giira hai lyc nay 1a 7/2, bién do cua tong luc truyén dan 1a

Fo = fomac (02 + Fo ()7 = F,D, (/14 (28T, ) (2.35)

Goi my va Ry lan luot 12 khéi luong va béan kinh tinh tir truc xoay cua khdi luong

mét can bang, Fu duoc tinh bai Fu = muw?Ry. Phuong trinh (2.35) sau d6 duoc viét

lai nhu sau

F. =m,’R,D, 1+ (25T, ) (2.36)

Kha nang truyén luc cua khdi 16ng gidt duoc dinh nghia

T, = % = D, 1+ (2¢r,)’ (2.37)

!

M&bi quan hé giira kha nang truyén lyc va tan sb kich thich véi cac ti s6 can khac
nhau dugc thé hién trong Hinh 2.17. C6 thé thay khi mirc giam chan thap (ti s6 can &
thap), kha ning truyén lyc cong hudng twong d6i 16n nhung & tan sé cao thi su truyén
luc lai kha it. Khi ting méc giam chin (ting ti s6 can &), dinh cong huéng duoc giam
bdt nhung kha ning cach ly rung dong ¢ tan sé cao bi mat. Biéu nay minh chang cho
su trao d6i duoc — mat giita kha nang kiém soat cong huong va khir rung dong o tan

sb cao trong cac hé giam chan bi dong. Bén canh do, hinh vé cho thay khi ti s6 can ¢&
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£=0.1

Kha nang truyén luc Ty
w

0 10 20 30 40
Tan s6 kich thich o (rad/s)

Hinh 2.17: Kha nang truyén lyc tir khdi 1ong giat sang khung may.

dat 0,7, dinh cong huong gan nhu da thoai thoai va khong c6 su thay do6i dang ké néu

tang hon nira. Do vay, ti s6 can 0,7 duoc chon dé thiét ké trong nghién ciu nay.

2.5 Tinh toan lwc giam chan can thiét cho may giit

Luu chat sir dung trong giam chan MRF kiéu trugt khdng nhiéu, do vay cé thé
bo qua luc ma sat do do nhot cia MRF. Khi d6, ang xir cua giam chan MRF kiéu
truot gan giéng véi giam chan ma sat Coulomb. Bé tinh toan luc giam chan can thiét
cho may giat, hé s giam chan tuong duong Ceq dugc sir dung. Cong trong mét chu

ky sinh ra boi giam chan tuong duong nay 1a [105]

(27+0)/w (27+0)/0 ,
W, :cﬁpeqdu: g/j F u(t)dt = g/j C,U2 (t)dlt (2.38)

trong d6 Feq 12 lyc gidm chén twong dwong, F,, =c,u(t). St dung dao ham bac nhat

ctia phuong trinh (2.31), biéu thuc tro thanh

(27+0)/w
W, = 0’ X ’c,, j cos’ (wt — O)dt = wX *zc,, (2.39)

/o

V6i X 12 bién do dao dong cua khdi 16ng gist
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2
X = i D, = M D, (2.40)
k m

Bang cach cho cdng nay bing véi cong do lec giam chian MRF gay ra trong mot
chu ky
W, = wX*zc,, = 4|F| X (2.41)

luc giam chan can thiét Fr c6 thé dugc tinh toan boi

242
4 2 2 (2.42)

Trong nghién ctu nay, do cing 10 xo k 1a 10 kN/m, khéi lwong caa khéi 16ng giat

m 1a 40 kg, khéi lwong mat can bang tuong duong my 13 7 kg dat ¢ ban kinh Ry 0,125
m. Dé dat ti s6 can ¢ = 0,7 khi cong huéng r, =/1- &2, luc giam chan can thiét dugc

tinh toan tir phwong trinh (2.42) 12 78,7 N. Do vay, luc giam chan muc tiéu duoc thiét
lap 12 80 N.

2.6 Tong két

Trong chuong nay, co s khoa hoc 1am nén tang dé phat trién noi dung luan an o
cac chuong tiép theo da dugc trinh bay. SMA 1a vat liéu thdng minh thtr nhat da duoc
gidi thiéu véi cac tng xur dién hinh bao gom: qua trinh chuyén pha thuan nghich giira
Austenite va Martensite gay ra boi nhiét o, hiéu qua nhg hinh va gia dan hoi. Vat
lieu thdng minh thir hai da duoc nghién ciru 1a MRF, so hitu ddc tinh luu bién phu
thugc tir truong va dugc du doan bai cac md hinh tng xur. Ké tiép, phuong phéap giai
bai todn mach tir va qua trinh thiét ké t6i wu giam chin MRF duoc md ta. Cudi cung,
mo hinh dong luc hoc cua may giat ctra tredc 1ap giam chan vat liéu théng minh da
duoc xay dung, dong thoi luc giam chan muc tiéu cho bai toan thiét ké ciing duoc

tinh toan duya trén phuong trinh truyén lec caa khéi long giat.
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Chuwong 3
GIAM CHAN HOQP KIM NHO HINH

Noi dung Chuong 3 12 phién ban duoc sap xép va dinh dang lai tir cdng bd khoa hoc

[7, 8] cua tac gia:

[7] Q. D. Bui, Q. D. Do, L. V. Hoang, D. D. Mai and Q. H. Nguyen. Design and
experimental evaluation of a novel damper for front—loaded washing machines
featuring shape memory alloy actuator and wedge mechanism. Lecture Notes in
Mechanical Engineering, pp. 873-878, 2021.

[8] D. Q. Bui, H. Q. Nguyen, V. L. Hoang and D. D. Mai. Design and hysteresis
modeling of a new damper featuring shape memory alloy actuator and wedge

mechanism. Lecture Notes in Mechanical Engineering, pp. 125-136, 2021.

3.1 Giéi thigu

Mot sé nghién ctu vé hop kim nhé hinh SMA da duoc céc nha khoa hoc thuc
hién, nhung cac ¥ twong khai thac va tng dung vao hé thong giam chan cho may git
ctra trudc chua duoc phét trién day du. T viéc phan tich cac vu diém ciua SMA,
Chuong 3 ciia dé tai huong dén dé xuat mot loai giam chan méi sir dung bo phat dong
10 xo SMA. Giam chan SMA ¢6 thé tao ra luc giam chan can thiét da Ion dé triét tiéu
rung dong cua hau hét cac may giit o tan s6 cong huong thap trong khi van duy tri
lyc khong tai nho dé ngan can su truyén dan lyc & tan s6 cao. Trudc tién, dac tinh cua
10 xo SMA sé& duoc khao sét qua thuc nghiém, sau d6 giam chan dugc tinh toan thiét
ké va ché tao véi két cau nho gon nham thoa man khong gian lap dat trong may giit.
Mot hé théng thi nghiém duoc thiét 1ap dé danh gia dac tinh giam chan, dong thoi
tng X cua giam chan duoc phan tich va du doan boi cac md hinh tré&. Giam chén
SMA sau d6 dugc lap vao mot may gidt mau va tién hanh tha nghiém dé danh gia

hiéu qua hoat dong thuc té.
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Lo xo SMA B¢ phat dong Ong truc Vo
\
\ »*
: —
B diéu chinh Miéng ném Lo xo hoi phuc

Hinh 3.1: Thiét ké 2D caa giam chan SMA.

3.2 Céau hinh va nguyén ly hoat déng giam chan SMA

Hinh 3.1 biéu dién két ciu 2D cua giam chan SMA. Thiét ké gom mét dng truc
trot doc theo vo hop hinh try. Bén trong ong truc, mot co cau ném dugc st dung,
gom mot bo phat dong truot tiép xic véi bén miéng ném dé tao ra hrc ma sat trén bé
mat trong caia vo hop. Khi duoc cap nhiét, 10 xo SMA gian dai ra va day bo phat dong
trugt vé phia phai ép bon miéng ném di chuyén ra phia ngoai tiép xuc véi mat trong
cua vo hop. Ma st giira bdn miéng ném va vo hop sinh ra luc giam chan. Lo xo SMA
c6 thé cung cap hanh trinh phat dong dai, tuy nhién luc phat dong lai thap. Nghién
clru ndy str dung co cdu ném dé khuéch dai luc phat dong nham dat duoc luc giam
chan mong mudn. Trong qué trinh ngudi di, 10 xo SMA co lai hinh dang gc va mot
10 x0 hdi phuc duoc st dung dé day bo phat dong vé vi tri ban dau. Bén miéng ném
sau d6 di chuyén vao phia trong va nhu vay ma sat giita chiing véi mat trong cua vo
hop giam xudng. Luc giam chan cuc dai va luc ma sat khong tai (khi SMA & nhiét do
phong) cia giam chan SMA ¢ thé dugc diéu chinh bang bo diéu chinh va sb luong
10 xo SMA lap dat.

3.3 M0 hinh héa giam chan SMA

3.3.1 Diactinhlo xo SMA

Hinh 3.2 md ta hé thdng thi nghiém xac dinh dic tinh caa 16 xo SMA. Hai miéng

16t cach nhiét duoc sir dung dé ngan sy tiép xuc tryc tiép giira 10 xo SMA va céc bo
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Bang 3.1: Kich thuéc hinh hoc cua cac mau thir 10 xo SMA.

Lo xo Puong kinh danh nghia Puong kinh ddy ~ Chiéu dai

1 9 0,8 15

2 6 1,2 20

3 10 2 25
My tinh DAQ

Lo xo
SMA

Cam
bién luc

B¢ cap
nguon

Cam bién
nhiét do

Hinh 3.2: Hé thong thi nghiém xac dinh dic tinh 10 xo SMA.

phan ké can. Bo cap ngudn mot chiéu cung cap cho 10 xo mot dong dién du 16n dé
qua trinh chuyén pha Austenite xay ra hoan toan. Dix liéu luc va nhiét d6 duoc do boi
cam bién luc va cam bién nhiét do, sau d6 giri dén may tinh thong qua hé thong DAQ.
Trong nghién ctu nay, ba miu 16 xo SMA san xuét bsi SAES® Getters Group
(SmartFlex ® SMA spring) dugc tién hanh thir nghiém. Kich thudc hinh hoc cua cac
10 xo dugc cho trong Bang 3.1.

Ung xir thue nghiém lec — nhiét 6 — thoi gian cua ba mau 1o xo SMA duoc trinh
bay trong Hinh 3.3. Tur hinh V&, c6 thé thdy lrc phat dong cua 1o xo SMA ting theo
nhiét do kich thich va nhiét d6 nay 1a mét dap wng nhat thoi theo thai gian. O trang
thai 6n dinh, lyc phat dong cuc dai caa ba 10 xo lan luot xap xi 8,3, 13,8 va 28,1 N.
Ba 10 X0 hau nhu dat trang thai bdo hoa lc tai cac thoi diém dap ¢ng 20, 26 va 53
giay, cho thay nhiét @ két thic chuyén pha Austenite twong @ng cua ba 10 xo 1a

khoang 50, 60 va 80°C. Tir cac két qua, c6 thé nhan thiy dap @ng cua 10 xo phat dong
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Hinh 3.3: Ung xtr thuc nghiém cta ba mau 10 xo SMA.

SMA kha cham, chu yéu do thoi gian chuyén pha cua vat liéu SMA va dap (ng nhat
thoi theo thoi gian caa nhiét do kich thich. Lo xo 1 thé hién kha nang dap wng nhanh
nhat nhung lyc phat dong thap nhat, con 16 xo 3 thi nguoc lai. Xét vé yéu to kich c&
giam chan, 10 xo 2 1a sy lya chon tét nhat. Tur cac dit liéu phan tich, qué trinh thiét ké

giam chan SMA dugc tién hanh.

3.3.2 Thiét ké giam chan SMA

Trong phan nay, giam chan SMA duoc thiét ké dua trén mé hinh can bang luc va
phuong trinh dong lrc hoc cua khéi 1dng gidt da trinh bay ¢ Muc 2.3 (Chuong 2).
Hinh 3.4 minh hoa hé lyc can bang tac dong I&n cac bo phan caa giam chan khi 10 xo
SMA duoc kich hoat.

Lo xo SMA duoc cip nhiét s& tao ra luc Fswa ddy bo phat dong sang phai lam
cho bon miéng ném dich chuyén ra ngoai. Véi thiét ké dng truc duoc bdi tron & bé

mat try trong, luc ma sét gitra bo phat dong va 6ng truc rat bé nén cé thé bo qua. Tai
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Hinh 3.4: Hé lyc can bang caa giam chan SMA.

vi tri tiép xuc gitra bdn miéng ném va bd phat dong, luc Fsma can bang véi luc Fepr
cua 10 xo hoi phuc va tong luc do bon miéng ném tac dong 1én bo phat dong Fu.
Phuong trinh can bing theo phuong doc truc

Fowa — Fpr —FuSina =0 (3.1)

S|
trong d6 a 1 goc con cua miéng ném. Luc Fspr ctia 10 xo hdi phuc dugc tinh boi

|:spr =Ko Agpr =K AW (32)

spr—"spr spr
p p ptga

VGi Kspr VA Aspr lan Tuot 13 d6 cting va chuyén vi caa 10 xo hdi phuc, Aw 1a chuyén vi
ctia cac miéng ném. Khi bon miéng ném dich chuyén ra ngoai va ép sat vao mat trong
cua vo hop, phan luc Fy duoc sinh ra tic dong nguoc lai bén miéng ném. Bo qua luc
ma sét rat bé gitra bén miéng ném va éng truc, phuong trinh can bang tai vi tri tiép
xuc giira bon miéng ném va vo hop theo phurong hudng kinh duoc thiét 1ap

F, —F,cosa =0 (3.3)
Luc ma sét giira bon miéng ném va vo hop duoc xac dinh

F, = uFy (3.4)

véi 12 hé s6 ma sat giira vat liéu 1am miéng ném va vat liéu 1am vo hop. Luc ma sat
nay ciing chinh 14 lyc giam chan kich hoat caa giam chan SMA. Két hop cac phuong

trinh (3.1 — 3.4), luc giam chan Fqg dugc tinh toén

A
F, = /U(FSMA - kSpr tg_vovchtga (3.5
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Trong nghién ciru nay, bén miéng ném va vo hop duoc 1am bang thép C45 thuong
mai c6 hé s6 ma sat p 1a 0,65, goc con cua miéng ném « 1a 10°, &6 ctiing 16 xo0 hdi
phuc kspr 14 5 N/mm va khe hé ban dau gitra cac miéng ném va vo hop c6 bé day 0,2
mm. Tir quan diém can bang giita cac yéu té luc phat dong, thoi gian chuyén trang
thai va kich c& giam chén, 10 xo SMA 2 duoc chon cho thiét ké. Bé dat duoc lec giam
chan can thiét Fr 12 80 N ¢ tan s cong huong (Muc 2.5, Chuong 2), can st dung hai
16 xo SMA. Khi d6 luc giam chan kich hoat cé thé dat d¢én 80,8 N.

3.4 Panh gia thuc nghiém giam chan SMA

Dua trén cac két qua tinh toan, giam chian SMA mau dugc ché tao nhu Hinh 3.5.
Hinh 3.6 md ta so dd thi nghiém danh gia hiéu qua hoat dong caa giam chan. Trong
hé thong nay, mot dong co servo (MSMDO022S1T, Panasonic) véi hop toc do 15:1
dugc st dung dé tao chuyén dong quay cho truc khuyu. Chuyén dong quay cua dong
co duoc bién doi thanh chuyén dong tinh tién cua truc giam chan nho vao co cau cam
léch tam. Luc giam chan duoc do bai mot cam bién luc hai chiéu (FFG—200N, lyc do
t6i da: 200 N) san xuit bai Forsentek Co., Limited, ThAm Quyén, Trung Qudc.
Chuyén vi tic thoi duge do bai mot cam bién chuyén vi LVDT (linear variable
differential transformer — ACT1000A, pham vi do: +/-25 mm) san xuat bai RPD
Electrosense. Khi thi nghiém bt dau, dong dién 4 A duoc dat vao cac 10 xo SMA cua
giam chan tir b ngudn cap dién lap trinh (PPW-8011, TWINTEX). Cc tin hiéu diéu

Hinh 3.5: Giam chan SMA mau va cé4c bo phan cua giam chan.
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o 5 iPong col
May tinh > DA o [ONE
: + Q servo
A A l
’ ‘4 E 1 Co cau
cam léch tam
LVDT
Giam chan
mat
A
Bo ) Cam
khuéch dai bien lirc -
B¢ cap
nguon

Hinh 3.6: So d6 thi nghiém kiém tra dic tinh k§ thuat cua giam chan kiéu truot.

khién bd ngudn va tin hidu dau ra tir cac cam bién duogc lién két véi may tinh thong
qua bo thu thap dix lieu DAQ (data acquisition —myRIO 1900, National Instruments).

Hinh 3.7(a) biéu thi ang xtr thuc nghiém cua giam chan mau SMA trong mién
lyc — thoi gian ¢ van téc goc kich thich 4z rad/s (2 Hz). Pay ciing 1a tan s6 thuong
xay ra cong huong. Hinh vé cho thay khi giam chan SMA khong dugc cap nhiét
(khong c6 dong dién dat vao 10 xo), luc khong tai khoang 8 N. Luc nay chi yéu do
ma sat giita vo va cac vai truc. Khi dong dién 4 A duogc cap vao 10 xo SMA, & trang
thai on dinh, luc giam chan cuc dai c6 thé dat xap xi 76,5 N (khoang 95% so vai Iy
thuyét tinh toan 1a 80,8 N), du 16n dé loai bo rung dong cua hau hét may giat & tan sé
cong huong. Két qua nay kha phi hop véi mé hinh tinh toan ly thuyét. Hinh vé ciing
chi ra riang thoi gian chuyén déi tir luc khong tai sang gia tri 6n dinh cuc dai khoang
25 gidy, tuong dong voi dit lidu do dac thuc nghiém cua 16 xo 2.

Dé dic ta rd hon ung xu caa giam chan SMA & trang thai 6n dinh (nhiét do
khoang 60°C), mdi quan hé gitra luc giam chan va chuyén vi cua truc giam chan trong
hai chu ky hanh trinh duoc trinh bay trong Hinh 3.7(b). Tir hinh v&, c6 thé thay rd
hién tuong tré cua giam chan SMA, dic biét & cudi hanh trinh. Khi chuyén dong cua

tryc dao chiéu, luc giam chan dot ngot thay d6i. Pidu nay 1a hién nhién bai vi lyc

47



Chirong 3: Giam chdan hop kim nhé hinh

90— - ‘ 90,
Dong dién t
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Hinh 3.7: Ung xur thuc nghiém cua giam chan SMA 6 tan s6 2 Hz.
90— : : 90
60/ | 60|
2 2
(S 30+ . 30
S 0 < 0
S 30+ S 30
3 3
60" -60
0002 -001 0 001 002 0502 001 0 001 002
Chuyén viu (m) ('huyéh viu(m)
(@) 3Hz (b) 5 Hz

Hinh 3.8: Ung xtr thyc nghiém ctia giam chan SMA & cac tan sé khéc.

giam chan duoc hinh thanh bai ma sat Coulomb giita cac miéng ném va mit tru trong
cua vo giam chan.

Céc phan tich tuong tu ¢6 thé duoc rut ra tir Hinh 3.8 khi thar nghiém giam chéan
SMA & céc tan sb cao hon, 3 va 5 Hz. Vai khac biét nho duoc ghi nhan & lyc giam
chan cuc dai va luc khong tai khi ching c6 khuynh hudng ting nhe theo téc do quay

cua dong co, vé co ban co thé giai thich do hiéu qua quan tinh caa truc giam chan.
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3.5 M0 hinh tré& phi tuyén caa giam chan SMA

Trong phan nay, (ng xr tré phi tuyén & trang thai 6n dinh cua giam chan SMA
(khi 16 xo SMA hoan toan kich hoat) dugc du doan bdi mé hinh dong luc hoc tham
s6 dé xuit trong [106] (cdng b khoa hoc [3] cua tac gia). Hai mé hinh phd bién khac
la Bingham [65] va Bouc-Wen [68, 69] ciing duoc dua vao dé so sanh. So do hé
théng ctia ba mé hinh dwoc minh hoa trong Hinh 3.9. M6 hinh Bingham (Hinh 3.9a)
gom mét thanh phan can nhét lién két véi mot thanh phan ma sat Coulomb. Md hinh
duoc biéu didn toan hoc boi

F, =cou+ f,sgn(u)+ f, (3.6)

M6 hinh Bouc—Wen (Hinh 3.9b) va mé hinh dé xuat (Hinh 3.9¢) vé co ban déu bao
gom mét thanh phan can nhét, mot thanh phan dan hdi va mot thanh phan tré biéu thi
su phi tuyén & dau va cudi hanh trinh (ving van téc giam dan vé 0 va dao chiéu). Tuy
nhién mé hinh Bouc—Wen sir dung toan tur tré tién héa Bouc—Wen, con mo hinh dé
Xuat c6 thanh phan tré dua trén md hinh Magic Formula [107] vé&i hai nhanh dudng
cong tré dugc kiém soat doc lap. Mo hinh dé xuat nay sé duoc nghién ciru va phan
tich ki trong Chuong 4 tiép theo. Biéu thirc toan hoc caa hai mé hinh duoc cho bai
M® hinh Bouc-Wen:

F, = U+ KU+ ayzg, (3.7a)
. . (h-1) . h .
Zow =—OU|Zgy |zBW| —,Bu|zBW| + AU (3.7b)
Mb hinh dé xuét:
B(1-E)z
F, =c,u+kyu+ Dsin< Carctan| +Earctan(Bz) |+ f, (3.8a)
+H arctan’ (Bz)
1+S_u, >0
L u+S,u G (3.8b)
u+S,u, u<0

Trong ba md hinh trén, u 1a chuyén vi, u 1a van téc, co 1a hé s6 giam chan, ko 1a hé s6

d6 cang, fr 1a luc ma séat gay boi tng suat chay, fo 1a luc chénh Iéch ban dau, zsw 1a
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Hinh 3.9: Cac mé hinh tré phi tuyén cho giam chan SMA.

bién tién héa Bouc—Wen, z 1a bién doc 1ap va ao, S, 0, h, Ao, Sa, S, B, C, D, E, H 12
cac hé sb dac ta hinh dang dudng cong tré.
Tur dit liéu thuc nghiém, cac tham sb uée luong cua ba md hinh ¢ tan sb kich

thich 2 Hz duoc liét ké trong Bang 3.2. St dung cac tham sé téi wu ndy, ang xt dy
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Bang 3.2: Céc tham s uéc lwgng ciia ba md hinh ¢ tan sé kich thich 2 Hz.

M6 hinh Céac tham sb

Bingham Co=142,1 N.s/m,fs =415N,fp=0N

Bouc-Wen Co=67,6 N.s/m, ko =277,6 N/m, ao = 1041,5 N/m,
B=0m=2y=2787m?2 q=2,A=0,88

bé xuét Co = 74,7 N.s/m, ko = 308,2 N/m, Sa = 4,63 s, S, = 6,64 51,
B=13,7s/m,C=093,D=571N,E=-0,6,H=2,11

90

Dir liéu thiec nghiém ez
60 Mo hinh Bingham .\'\.\:\
~=== M6 hinh Bouc-Wen \';

Mo hinh dé xuat

30

-30

Luec giam chan Fg (N)

-60

-90

002 001 0 001 002
Chuyén viu (m)

Hinh 3.10: So sanh tng xtr cuia ba md hinh va thuc nghiém o tan s6 2 Hz.

doan bdi ba mo6 hinh dugc so sanh vai dir liéu do dac thuc nghiém. Hinh 3.10 trinh
bay két qua so sénh luc giam chan trong mién chuyén vi & tan s6 2 Hz. C6 thé thay
ca ba mo hinh déu dap (ng tot dir liéu thuc nghiém. So véi hai mé hinh kia, mé hinh
Bingham khdng thé hoan toan dic ta duoc ang xu tré phi tuyén caa giam chan SMA
& hai diém dau va cudi hanh trinh. Tuy nhién mé hinh Bingham c6 céu trac don gian,
rat co lgi trong cac truong hop can md hinh héa nhanh véi do chinh xac twong déi,
chang han nhu qua trinh tinh toan thiét ké hoic wdc lwong ban dau dic tinh giam
chan. Nguoc lai, mé hinh Bouc—Wen va mé hinh dé xuat cé thé phan anh sy bién
thién cua lyc giam chan tét hon, nhung ddng thoi ciing phic tap hon. Vi vay, ching

phU hop cho cac bai toan thiét ké diéu khién, phan hoi hay nhan dang hé théng. Nhan

o1



Chirong 3: Giam chdan hop kim nhé hinh

Bang 3.3: Sai s chuan hoa gitra ing xt cua ba mé hinh va thuc nghiém.

Mo hinh 2 Hz 3 Hz 5Hz
Bingham 0,262 0,268 0,261
Bouc-Wen 0,074 0,086 0,06
Pé xuat 0,03 0,029 0,034
90— i ’ ; ; 90,
60" 60/
= =
,E 30 E 30t
%, -30 §' -30|
-60F -60+
90502 001 0 001 002 90502 001 0 001 002
('lm_\'éh viu(m) ('/71/}'&)7 viu(m)
(a) 3Hz (b) 5 Hz

Hinh 3.11: So sanh tng xtr cia ba md hinh va thuc nghiém & cac tan sé khac.

xét tuong tu ciing duoc rut ra tir Hinh 3.11 cho cac trudong hop tan sé kich thich cao
hon, 3 va 5 Hz.

D6 chinh x4c cua ba mé hinh dugc thé hién qua sai s chuan héa trong mién

chuyén vi gitra luc giam chan thuc nghiém va dugc du doan boi ba mé hinh

T

J(Fop=Fu)

E, = |2

u T

J.( l:exp - /uexp )2

0

du
dt
du
dt

dt

(3.9)
dt

trong d6 Fm 1a luc mo6 phong, Fexp 1a luc do dac thuc nghiém va plexp 12 luc thuc nghiém
trung binh trong chu ky T. Két qua so sanh duoc trinh bay trong Bang 3.3. C6 thé

nhan thay mé hinh Bouc—Wen va mé hinh dé xuat du doan hién tuwong tré cua giam
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chan SMA véi d6 chinh xac cao nhd vao su kiém soat chit ché va hiéu qua cac tham
sb vat ly caa mé hinh.
3.6 Thir nghiém trén may giat cira trwéc

Pé danh gia hiéu qua hoat dong, giam chan SMA duoc 1ap vao may giit cta trudc
mau Samsung WF8690NGW va tién hanh thir nghiém. Hinh 3.12 md ta so d6 hé

Bo cap
nguon

DAQ May tinh

Cam bién
gia toc

A 4
(Ficim chan
mau

Encoder

‘Khti’i
\, long giat

Hinh 3.12: Hé théng danh gia thuc nghiém trén may giit mau.

1000
750 ¢ i 1

500

250 -

Toc do quay (vong/phiit)

0 60 120 180
Thoi gian t (s)

Hinh 3.13: Qua trinh vat — sdy ciia may giit.
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Giam chan bi dong
Giam chan SMA

Gia téc phwrong x (g)

0 60 120 180
Thoi gian t (s)

Gia toc phwong y (2)
Gia téc phirong z ()
o

0 60 120 180 0 60 120 180
Thoi gian t (s) Thoi gian t (s)

Hinh 3.14: Ung xt thuc nghiém cua may giat lap giam chan SMA.

théng danh gia thuc nghiém trén may giat mau. Mot khdi luong 7 kg duoc dit ¢b dinh
vao trong giat dé tao kich thich va mot encoder dung dé do toc d6 quay. Khung may
lip mot cam bién gia téc dé danh gia kha ning truyén dan luc. Qua trinh vit — say
dugc minh hoa trong Hinh 3.13. Dit liéu wng xt dugc thu thap trong 3 phut khi téc
d6 quay cta trong giat tang tir 0 dén 900 vong/phut cho hai truong hop: lap giam chan
bi dong thwong mai va lap giam chan SMA.

Ung xtr dao dong thuc nghiém theo ba phuong X, Y, z ctia may giat lap giam chan
bi dong va giam chan SMA duoc biéu thi trong Hinh 3.14. C6 thé thay & céc tan sb
thap véi s6 vong quay truc chinh dudi 300 vong/phut (khoang 77 gidy dau tién), giam
chan SMA & trang thai kich hoat giip may giat han ché rung lic hon so véi giam chan
bi dong thwong mai. Pidu ndy cha yéu do luc giam chan caa bd giam chan SMA 16n

hon. O céc tan sb cao, khi téc do trong giat bat dau tang 1én 600 vong/pht va hon (tir
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Hinh 3.15: Pho tan s6 ang xir thuc nghiém cua may giat lap giam chan SMA.

gidy 77 trg di), giam chan SMA duy tri & trang thai nghi giup rung dong caa may giit
st dung giam chan SMA van duoc céch ly tét. Hinh 3.15 minh hoa phé tan sé ting
xur thuc nghiém cta may giat 1ap giam chan bi dong va SMA véi nhiing nhan xét
tuong tu. Két qua giam rung duoc thé hién rd hon qua céac chi sé gia téc thuc nghiém
ctia may giat trong Bang 3.4. Trong ba phuong dao dong, két qua phuong z thi khong
duoc giam nhiéu so vai hai phuong con lai. Nguy@n nhan chinh 1a do cac giam chan
chi duoc lp dat trong cling mat phang x-y.

Nhin chung, thuc nghiém da cho thay tinh kha thi ciia giam chan SMA trong viéc
kiém soét rung dong caa may giat. Tuy nhién thoi gian chuyén doi trang thai caa 10
x0 SMA khé lau (khoang 25 giay) khién cho giam chan budc dau chi phi hop dé diéu

khién on—off. Cac nghién ctu sau nay co thé huéng dén thir nghiém nhiéu loai vat
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Bang 3.4: Céc chi sb gia téc thuc nghiém cua may giat Iap giam chan bi dong va

giam chin SMA.

Gia tri cuc dai cua tri tuyét di gia toc (g)

_ , Tan s thap Tan s6 cao
Giam chan
X y Z X y z
Bi dong 0,577 057 1,229 | 1,276 15 2,262
SMA 0,25 0,218 0,557 | 0478 0,683 1,831
Gia tri trung binh cua tri tuyét doi gia toc (g)
_ . Tan sb thap Tan sé cao
Giam chan
X y Z X y z
Bi dong 0,105 0,081 0,179 | 0,321 0,17 0,419
SMA 0,03 0,033 0,082 | 0,09 0,064 0,231

licu SMA va cac phuong phap gia nhiét hiéu qua hon dé giam thoi gian kich hoat caa

giam chan.

3.7 Téng két

Trong chuong nay, mot giam chan méi sir dung hop kim nh¢é hinh (SMA) da
duoc phat trién cho hé théng treo ciia may giat cira trude. Dau tién, cau hinh cua giam
chan duogc dé xuat va ba loai 16 xo SMA dugc thi nghiém dé xac dinh dic tinh. Tu dit
lieu thi nghiém, giam chan SMA da duoc md hinh héa, ché tao mau va kiém tra. Két
qua do dac caa giam chan cho thiy su twong dong véi md hinh héa.

Ba md hinh tré, bao gdm mé hinh Bingham, Bouc—Wen va md hinh dé xuét boi
tac gia [106], da duoc sir dung dé du doan (ng xt phi tuyén cua giam chan SMA. Mo
hinh Bingham c6 c4u trtic don gian nén thudng duoc sir dung dé thiét ké. Nguoc lai,
md hinh Bouc—Wen va mé hinh dé xuat phan anh su bién thién cua luc giam chan
chinh xac hon nhung dong thoi ciing phuc tap hon, vi vay phii hop cho céc bai toan

diéu khién, phan héi hay nhan dang hé théng.
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Giam chin SMA sau d6 di duoc lip dit vao may giat cta truéc mau dé thu
nghiém. Dir liéu cho thay giam chan SMA thé hién kha ning giam rung hiéu qua hon
giam chan bi dong. Tuy nhién vai thoi gian kich hoat khé I6n, giam chian SMA buéc
dau chi phu hop cho diéu khién on—off. Cac noi dung tiép theo cua dé tai chi tap trung
nghién ciu va khai thac vé giam chan luu chét tir bién.

Két qua nghién ciru trong Chuong 3 cua luan an da duogc tac gia cong b trén 2

tap chi Scopus [108, 109].
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Chuong 4
GIAM CHAN LUU CHAT TU BIEN

Noi dung Muc 4.1 — 4.4 14 phién ban duoc sap xép va dinh dang lai tir cong b khoa
hoc [5] cua tac gia:

D. Q. Bui, V. L. Hoang, H. D. Le and H. Q. Nguyen. Design and evaluation of a
shear—-mode MR damper for suspension system of front—loading washing machines.

Lecture Notes in Mechanical Engineering, pp. 1061-1072, 2018.

41 Giéi thigu

Giam chan luu chét tir bién (MRF) di va dang dugc nghién cau rong réi. Tuy
nhién két cau phuc tap, luc giam chan cuc dai 16n hon luc can thiét cho may giat
(khoang 80 — 120 N) va luc khéng tai kha cao 1a nhitng nhugc diém van con ton tai.
Thém vao dé, cac giam chan ciing chua duoc thir nghiém trén may giat dé danh gia
hiéu qua hoat dong.

Chuong 4 cua dé tai tap trung vao phat trién mot loai giam chian MRF kiéu méi
c6 thé dat dén luc giam chan can thiét dé loai bo rung dong & tan s6 cong hudng trong
khi van gitr luc khdng tai nho dé han ché su truyén dan luc ¢ tan s cao, gidp may
giat hoat dong 6n dinh hon. Giam chan duogc dé xuat c6 thiét ké toi vu vé hinh hoc dé
dam bao cac yéu cau vé lyc giam chan, khdng gian lap dit trong may giat va két cau
don gian nham giam thiéu chi phi san xuat. Mé hinh tng xir ciia giam chan s& duoc
phan tich va mot b diéu khién hé théng ban chi dong dugc thiét ké. Thuc nghiém

trén may giit mau ciing s& duoc tién hanh dé danh gia hiéu qua van hanh cuaa hé théng.

4.2 Cau hinh va nguyén ly hoat ddng giam chan MRF

Nhu da phén tich & Muc 2.2.1 (Chuong 2), giam chan MRF c6 ba kiéu hoat dong
phd bién: kiéu truot, kiéu dong chay (hoic két hop hai loai nay) va kiéu nén. Kiéu
nén chi pht hop cho giam chan vai hanh trinh gidi han, con kiéu dong chay hozc két

hop ¢ thé tao ra luc giam chan 16n, tuy nhién ching cé két cau phuc tap, luc khdng
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Hinh 4.1: Thiét ké 2D cua giam chan MRF kiéu truot.

tai 16n va chi phi cao do can sir dung mét luong Ién MRF. Bai vi luc giam chan can
thiét cho may giat khong qué 16n trong khi luc ma sat khdng tai can nho nhat co thé
dé cach ly rung dong va tiéng on ¢ tan sb cao, kiéu van hanh truot dugce dé xuat cho
giam chan MRF trong nghién cau nay. Hinh 4.1 biéu dién cu hinh 2D cua giam chan
MRF kiéu truot. Rung dong cua may giat gay nén chuyén dong tinh tién cua truc
giam chan va tir d6 lyc giam chan duoc sinh ra théng qua sy truot truc tiép voi MRF.

Trong thiét ké nay, hai cuén day duoc quan tryuc tiép trén cc ranh caa vo trong.
MRF dugc d6 day vao khe hg gitra tryc va thanh trong. Tiét dién mat cat ngang cua
phan thanh mong gitra ranh quan day va khe ho MRF duoc thiét ké du nho sao cho
tir thdng di qua n6é nhanh chong dat dén trang thai bdo hoa va do vay budc phai di
xuyén qua khe hé MRF. Céc canh vat duoc thém vao mat cat ngang rdnh quan day
dé t6i da chiéu dai hiéu qua cua khe ho MRE. Duéi tic dung cua tir trudng ngoai,
MRF hoa ran ngin can chuyén dong tuong ddi giita truc va vo, sinh ra luc giam chan.
Vai nghién ciru str dung két ciu giam chan véi nhiéu hon hai cudén diy dé ting mat
do tir thong xuyén qua khe ho MRF, tuy nhién lai gay nhiéu khé khin va lam ting
chi phi cho viéc gia cong, 1ap rap va bao tri. Hon nita, nhiéu cudn day nghia 1a can
nhiéu ngudn cap, dan dén chi phi van hanh ting 1én va nhiét toa ra 16n hon. Xem xét

toan bo cac yéu tb trén, cau hinh hai cudn day dugc dé xuat trong nghién ctu nay.

4.3 Mb hinh héa giam chin MRF

Hinh 4.2 minh hoa cac kich thudc hinh hoc co ban cua giam chin MRF. Trong

phan nay, thiét ké cua giam chan MRF duoc thuc hién dua trén mé hinh gia tinh va
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Hinh 4.2: Kich thuéc hinh hoc co ban cua giam chan MRF.

phuong trinh dong lyc hoc cua khdi 16ng giat da trinh bay & Muc 2.3 (Chuong 2). Tur
cac phuong trinh (2.7 — 2.9), luc giam chan kich hoat Fq va luc khong tai Fo duoc xac
dinh
u u
Fd = A1.on {Ty+77t_j+'6\.oﬁ {Tyo+770 t_J+2For (41)

g

F=A (ryo + 77, tiJ +2F, (4.2)
g

trong 467y va 7 lan luot 14 (ng suét chay va d6 nhét cia MRF, ky hiéu 0 dudi dong
tuong (ng vai trang thai khong kich hoat, u 1a van téc twong ddi gitra truc va vo, tq
la bé day khe hd MRF, A, 1a dién tich cua toan bo phan truc tiép xtc voi MRF trong
khe ha, Aion VA Aot 1an lurot 12 dién tich caa phan truc tiép xtc véi MRF kich hoat va
khong kich hoat. Ai, Ai.on Va Aot dugc tinh toan boi

A =2rxrL; A, =2xrL,; A =27rLy (4.3)

Vi Lon VA Lot 1an lurot 12 chiéu dai cia MRF kich hoat va khong kich hoat. Téng hai
thong s nay la chiéu dai cua toan bo khe hé L. Vi cau hinh thiét ké da dé xuat, Lo
~ 0 va do vay Lon = L. For la luc ma sat Coulomb giira tryuc va moi O-ring, duoc tinh
toan boi [110]

F,=fA+fL (4.4)
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Hinh 4.3: Luc ma sat gay baoi sy nén chat O-ring [110].

trong d6 L 1a chiéu dai cua bé mat cao su lam kin (bang chu vi truc), fc 1a luc ma sét
trén mot don vi chiéu dai gay bai su nén chit O-ring va duge xac dinh tir Hinh 4.3,
Ar 12 tiét dién ngang ctia O—ring va fn 1 luc ma séat do ap suat luu chét tac dong lén
mét don vi tiét dién ngang. Can luu ¥ véi thiét ké giam chan MRF kiéu truot, 4p suat
nay rat nho va vi vay c6 thé bo qua, fn = 0. Thém vao do, do nén chit O—ring can duoc
thiét 1ap & mirc d6 vira phai dé luc ma sat khong tai khéng qua Ién nhung van dam
bao su lam kin trong qué trinh may giat van hanh. Trong nghién ctru nay, cac O-ring
NBR 70—durometer v&i do nén chat 15% duoc sir dung dé chan kin MRF va f; thu
duoc tur hinh vé la 175,1 N/m.

Luu chat MR 132-DG san xuat bai Lord Corporation va md hinh Bingham
plastic duoc sir dung cho thiét ké cua giam chan. Mic du khong di doan tét ¢ng xir
cia MRF & toc d6 truot thap ciing nhu khong mé ta hién tugng truot dinh méng hay
truot day & tée do trugt cao, md hinh Bingham van duoc st dung rong réi khi thiét
ké céc thiét bi MRF nho tinh don gian va kha nang mo hinh hoéa nhanh. Dya trén md
hinh Bingham, cé4c dic tinh luu bién MRF (tng suat chay z, va 6 nhét ) phu thuoc
vao tu truong ngoai dugce ude luwgng bai mo hinh tir hoa cia Zubieta va cac cong sy
[99] da trinh bay & Muc 2.2.2 (Chuong 2).
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Hinh 4.4: M hinh héa giam chan MRF trén ANSYS.

Dé dat dugc hiéu qua hoat dong tét nhat, thiét ké cua giam chan MRF can dugc
t6i wu hoa. Chi y rang luc giam chan cuc dai Fq trong phwong trinh (4.1) va luc khdng
tai Fo trong phuong trinh (4.2) xung d6t Vi nhau trong muc tiéu thiét ké. Giam kich
c& caa giam chan s& gilp giam luc khong tai va qua d6 giam su truyén dan lyc & tan
s6 cao, tuy nhién lyc giam chan cuc dai dong thoi ciing s& giam theo va c6 thé khong
da 16n dé han ché rung dong ¢ tan sé cong huong. Vi vay, muc tiéu thiét ké téi vu
trong nghién ciu nay 1a téi thiéu hoa luc khong tai Fo trong khi luc giam chan cuc
dai dat dén luc can thiét Fr 12 80 N ¢ tan sé cong huong (Muc 2.5, Chuong 2). Trong
bai toan tdi ru nay, cac bién thiét ké 1a ban kinh truc rs, chiéu cao cudn day he, chiéu
rong cudn day we, kich thudc vat hen VA wen, chidu dai cuc tir Ip va bé day vo to. Vit
lieu ché tao truc va vo cia giam chan 1a thép C45 thuong mai. Day dong trong cac
cuon day tir tinh co dwong kinh 0,34 mm. Hé sb dién day vong day trong ranh quén
day duoc thiét 1ap 1a 85% va sy mat mat tir tinh duoc gia dinh 1a 15% theo kinh
nghiém thyc té. Bé thoa man khong gian lap dit trong may giat, rang budc vé chiéu

dai giam chan can duoc thiét 1ap. Voi hanh trinh téi da caa giam chan 12 40 mm va
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Bang 4.1: Céc thdng s téi wu cua giam chan MRF.

Thong s6 thiét ké
Chiéu cao ranh /. (mm) 5,11  Bé day thanh méng #, (mm) 0,8
Chiéu rong ranh w. (mm) 22,16  Bé day vo trugt £, (mm) 3
Chiéu cao vat A, (mm) 2,58 Ban kinh tryc ry (mm) 8,25
Chiéu rong vat wer (mm) 9,77 Ban kinh ngoai R (mm) 17,96

Chiéu dai cuc tir /, (mm) 4,23 Cuong d6 dong dién 7 (A) 1
Chiéu dai khe MRF L (mm) 61,24  Luc giam chan cuc dai Fu (N) 80
Bé day khe MRF £, (mm) 0,8 Luc ma sat khong tai Fo (N) 18,4

tong chiéu dai gitta hai dau chot két ndi cua giam chan khoang 200 mm, chiéu dai
hoat dong cua khe ho MRF dugc tinh toan xap xi khéng qua 80 mm. Mic du khdng
cd cac rang budc vé ban kinh ngoai cua giam chan MRF nhung né can duoc thiét ké
nhé nhat c6 thé dé giam chi phi va khéi luong. Ban kinh ngoai cua cac giam chan
truyén thong khoang 20 mm, do vay ban kinh caa giam chan MRF duoc giéi han nho
hon gi4 tri ndy. Bén canh d6, dé gia cong duoc vo truot xylanh ma khong bi cong
vénh, chiéu cao cua rdnh quan day khong nén qua bé, va trong trudng hop nay, né
duoc thiét 1ap 16n hon 4,65 mm. Tong quét, bai toan toi wu hoa thiét ké cua giam chan
MRF cho may giat ctra trude dugc phét biéu nhu sau:
Tim c&c gia tri kich thuéc hinh hoc co ban cua giam chdn MRF dé toi thiéu hoa
lc ma sat khong tdi Fo, vdi cac rang bugc:
— lyc gidm chan cuec dai Fq > 80 N,
— chiéu dai ciza khe hé MRF L < 80 mm,
— bén kinh ngoai cia giam chdn R < 20 mm,
— chiéu cao cua ranh quan day he > 4,65 mm.
Trong nghién ciru nay, mé hinh phan ti hitu han (FE) ctia giam chdan MRF duoc

xay dung trén phan mém ANSYS (Hinh 4.4a). Dé thu duoc két qua téi uu, phuong
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200

Hinh 4.5: Thiét ké cua giam chan MRF t6i wu: (1) khap néi, (2) truc, (3) nap
dau, (4) bac dan hudng, (5) MRF, (6) cudn day, (7) vo trong, (8) vo ngoai, (9)
O-ring, (10) chan hanh trinh, (11) nap cudi.

phap first-order két hop véi thuat toan golden—section trong cong cu t6i uu hoa
ANSYS dugc st dung. Trinh tu chi tiét i duoc dé cap dén ¢ Muc 2.2.4 va 2.2.5
(Chuong 2).

Két qua toi wu dugc tong hop trong Bang 4.1. Cha 'y rang bé day khe hd MRF tq
cang nho thi luc giam chan cang 16n, ddng thai giam chi phi lwong MRF can d6 vao.
Kich c& thanh mong tw ciing can nho nhat cé thé dé day nhanh sy bdo hoa tir théng
tai day va dan hudng tir thdng xuyén qua khe hé MRF. Tuy nhién, gia tri nho cua hai
thong sb nay 1am ting do khd va chi phi ché tao. Vi thé, trong nghién ctiu nay, ca hai
khong duoc xem 12 bién thiét ké ma duoc thiét 1ap 1a 0,8 mm theo kinh nghiém. Dong
dién 4p vao cac cuodn day ciing duoc gigi han & cuong d6 1 A dé giam tiéu thu dién

nang va sinh nhiét.
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Hinh 4.4(b—c) minh hoa sy phan bé va mat do tir thdng cia giam chan MRF. Tir
Hinh 4.4(b), c6 thé thay chiéu dai hiéu qua cia MRF hau nhu chiém toan bo khe ho
sau khi t6i vu, nho vay luc giam chan duoc sinh ra 16n hon. Hinh 4.4(c) ciing cho
thay tir thdng qua phan thanh mong, vo va truc hau nhu dat trang thai bdo hoa, ching
t6 lyc giam chéan ciing da bao hoa voi cudng do dong dién 1 A. Dua trén cac kich
thudc hinh hoc tdi wu, giam chian MRF duoc thiét ké chi tiét. Ban vé& lap va md hinh

3D cua giam chan dugc thé hién trong Hinh 4.5.

4.4 Panh gia thuc nghiém giam chan MRF

Dua trén cac két qua tbi wu, giam chan MRF mau duoc ché tao nhu Hinh 4.6. Hé
thdng thi nghiém trong Hinh 3.6 (Chuong 3) duoc sir dung dé danh gia hiéu qua hoat
dong cua giam chan. Pong co duoc thiét 1ap quay véi cac van téc goc hing sb khéc
nhau. Téng cong 30 thir nghiém duya trén su két hop I1an nhau gitra cudng d6 dong
dién (0, 0,2, 0,4,0,6,0,8 va1 A) vatansé (2, 4, 6, 8 va 10 Hz) dugc thyc hién. Bién
d6 hanh trinh twong wng véi mdi tan sé duge xac dinh tir thue nghiém 1a 20, 16,5,
13,8, 11,7 va 10 mm. Ung xtr thuc nghiém cua giam chian MRF ¢ tan sé 2 Hz, bién
d6 20 mm v&i cac dong dién khac nhau duoc thé hién trong Hinh 4.7. C6 thé thay luc
giam chan phu thudc nhiéu vao tir trudng ngoai. Khi khong cap dién cho cac cudn

day (I = 0), duong cong luc — chuyén vi hau nhu giéng hinh ellipse va méi quan hé

Hinh 4.6: Giam chan MRF mau va cac b phan cua giam chan.
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Hinh 4.7: Ung xt thuc nghiém cua giam chan MRF ¢ tan s6 2 Hz, bién d6 20

mm véi cac dong dién khac nhau.

luc — van téc gan nhu tuyén tinh, chitng té giam chan gidng nhu giam chan nhét thuan

ty. Tuy nhién lyc giam chan trong truong hop nay khéng tap trung 1an can goc toa

d6 do su hién dién cua luyc ma sat gitra truc va O-ring. Luc khéng tai thuc nghiém co

chat khéc biét so vai tinh toan, véi gia tri trung binh tai vi tri on dinh (twong ddi xa
diém dau va cudi hanh trinh) 1a 19,1 N, dat khoang 104% gi4 tri ly thuyét (18,4 N).

Nguyén nhan cd thé dén tir sy u6c lugng chua chinh xac lyc ma sat O-ring. Khi ting

dong dién (1 > 0), dién tich viing luc — chuyén vi dugc maé rong dang ké cho thay hrc

giam chan da duoc sinh ra thém. O cuong d6 1 A, luc giam chan cyc dai dat dén 76,6
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N, khoang 96% gi4 tri tinh toan (80 N). Sy chénh léch cha yéu do mat mat tir tinh ra
méi trudng Xung quanh Va tai vi tri tiép xdc gitra cac bo phan. Nhu vay, két qua thuc
nghiém kha phu hop vai ly thuyét tinh toan va mé hinh hoa.

Ngoai ra, Hinh 4.7(b) cho thay tng xir luc — van téc cia giam chan MRF dugc
chia thanh hai mién luu bién: mién truéc khi chay (ving hinh chit nhat) va sau khi
chay. Mién trudc khi chay 12 mién 1an can gbc toa do khi luc va van toc dao chiéu,
biéu thi hién tuong tré manh. Mién sau khi chay I1a phan con lai cua dudng cong, hau
nhu thé hién mdi quan hé tuyén tinh. Trong mién truéc khi chay, luc giam chan
tang/giam dot ngot khi van toc nho. Hién tugng tré phi tuyén nay s& duoc nghién ctu

ki & phan tiép theo.

4.5 M0 hinh tré phi tuyén cia giam chan MRF

Noi dung Muc 4.5 1a phién ban dugc sap xép va dinh dang lai tir céng bd khoa hoc

[3, 4] cua tac gia:

[3] Q.D. Bui, Q. H. Nguyen, X. X. Bai and D. D. Mai. A new hysteresis model for
magneto—rheological dampers based on Magic Formula. Proceedings of the
Institution of Mechanical Engineers, Part C: Journal of Mechanical
Engineering Science, Vol. 235, Issue 13, pp. 2437-2451, 2021.

[4] Q. D. Bui, X. X. Bai and Q. H. Nguyen. Dynamic modeling of MR dampers
based on quasi-static model and Magic Formula hysteresis multiplier.
Engineering Structures, Vol. 245, 112855, 2021.

45.1 Thiét lap md hinh

Dé phan tich dong luc hoc tng xir cia giam chan MRF, md hinh tré phi tuyén
cua giam chan can duoc nghién ciu. Gan day, Pan va cac cong su [111] da dé xuat
mot md hinh tham sé dya trén md hinh 16p xe Magic Formula caa Pacejka [107]. M6
hinh d3 thé hién kha nang tiém tang trong viéc du doan chinh xac ng xir tré caa giam
chan MRF. Hinh 4.8 mé ta so d6 hé thong cua mé hinh Pan. Biéu thic luc giam chan

duoc cho boi
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Hinh 4.8: So @6 md hinh tré cua Pan [111].

Gia toc duong

r = U

Gia toc am F,;

AVAVAY

co T

F, =cu+k,u+DsinqC arctan[

L

Hinh 4.9: So ¢6 md hinh tré dé xuat [106].

(4.5)

B(1-E)(u+Alu|) }+f

+E arctan(B(u’ + A|u|))

trong d6 u 1a chuyén vi, u 1a van téc, co 1a hé sé giam chén, ko 1a hé sé do cung, fo 1a

lyc chénh léch ban dau va A, B, C, D, E Ia cac tham sb kiém soat hinh dang duong

cong. M6 hinh nay dé tiép can va khai thac nho ciu trac don gian, ¥ nghia vat ly rd

rang va dé xac dinh céc tham s6. Tuy nhién mé hinh chi sir dung mét tham sé A dé

biéu didn ntra bé rong thanh phan tré cho ca nhéanh trén (gia téc Am) va nhanh duéi
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Hinh 4.10: Budng cong trén xay dung tir ham sin géc caa Magic Formula [107].

(gia tbc duong), dan dén mac dinh hai nhanh nay ludn déi xang nhau. Do vay mdi
quan hé lec — van téc cia mé hinh khdng hoan toan khop véi di liéu thuc nghiém
ctia C&c giam chan c6 hai nhanh duong cong tré bt d6i xiing cao trong ving 1an can
van toc 0. Thém vao d6, d6 sac cia mé hinh tai cac goc luon khong duoc kiém soat
linh hoat cho céc trudng hop van hanh khic nghiét caa giam chan.

Trong nghién ciu nay, mot moé hinh tré méi [106] duoc tac gia dé xuat duwa trén
mé hinh Magic Formula va mé hinh Pan. Hinh 4.9 m6 ta so @6 hé thong cua md hinh
méi. Hai tham sé doc 1ap méi Sa va Sy duoc thém vao hé thong dé du doan chinh xéc
hon mdi nhanh duong cong tré. Dua trén nhan dinh cua Pacejka [107] vé kha ning
kiém soat nhirng dang duong cong phuc tap, tham sé méi H dwoc gisi thiéu dé diéu
chinh linh hoat hon 6 sic cua md hinh. Luc giam chan khi d6 duoc biéu dién

B(1-E)z
F, = U +Kkou + Dsins Carctan| +Earctan(Bz) |+ f, (4.6a)
+H arctan’ (Bz)

trong d6 z 1a bién doc lap xac dinh bai

(4.6b)

u+S,u, u=0
u+S,u, u<0
Trong md hinh, hé s giam chan co dic trung cho luc can nhét va hé sé do cing ko

minh hoa cho hiéu qua dan héi do sy truot truc tiép cia MRF. Hinh 4.10 biéu dién
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Hinh 4.11: Anh huong cua tham s6 C va E dén hinh dang duong cong.

mét nhanh cong trén duoc xay dung tir ham sin goc cua Magic Formula. Y nghia cua
cac tham s co ban ciing dugc thé hién rd trong hinh vé&. Spu 1a doan dich chuyén
ngang cho phép dudng cong dich chuyén song song véi goc toa do (tuong tu VGi Sau
cho nhanh dudi), cho biét doan dudng tré caa luc giam chan tré so véi van téc 0.
Tham sé do cang B dinh nghia d6 ddc tai goc toa do, dic trung cho khoang thoi gian
chuyén doi trang thai giam chan tai cac diém dau va cudi hanh trinh. Gié tri B cang
Ién, trang thai luc khong tai xay ra cang nhanh. D la luc dinh trong vung tré chit “S”
cua duong cong, dong thoi biéu thi sy bdo hoa tir cua luc giam chan. C 1a tham sb
hinh dang kiém soét hinh chir “S” va E x4c dinh d6 cong tai dinh. Anh huong cua
tham sé C va E dén hinh dang duong cong tré dugc minh hoa trong Hinh 4.11. Tur
hinh v&, c6 thé thay su xuat hién cta nhiéu dinh hon khi thay doi gia tri cia ching.
Hiéu qua nay c6 thé hitu ich khi mé hinh héa cac giam chan c6 luc dao dong bat
thuong, chang han nhu giam chan MRF ty cap nang luong.

Trong md hinh dé xuat, sy phan tach ra hai tham sé mai Sa va Sp tir mot tham sé
g4c A ctia mo hinh Pan giup ting do chinh xac dap tmg cho cac dudng cong tré bat
d6i xting bai vi nira bé rong mdi nhanh cong gio ¢6 thé dugc mod phong tach biét
nhau. Hon nita, tham sé mai H c6 thé kiém soat hop 1y d6 sac cua duong cong trong
mién truéc khi chay. Mac di C va E ciing c6 thé kiém soat dugc phan nao (Hinh

4.11), tac dong cua chung khdng hoan toan ré rang khi cac vung khac ctia duong cong
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80 80
= 60 = 60
S 40 ) S 40/
= H=0.1,24.8.0 g 6 mii tir 1 dén 7
5 200 / I 20
ot 0 ‘
0 0.1 0.2 -0.1 0 0.1 0.2 0.3
Van téc 1 (m/s) Van téc i (m/s)
(a) (b)

Hinh 4.12: (a) Do sac caa duong cong tang turong tng vai tham sé H va (b) Anh

huong cia s6 mii ham “arctan” theo sau H.

c6 thé bi bién dang theo, nhu trong trudng hop C = 1,6; 2; 2,4 va E = 3; 4; 5. biéu
nay khong xay ra véi tham sé H. Tang gia tri cuia H ¢6 thé 1am ting do sac cua duong
cong gan goc toa do ma khong lam léch lac phan con lai. Bé nghién cttu ki anh huong
cua tham s H, do cong ting dan tai céc gi4 tri H khac nhau duoc giai thich trong
Hinh 4.12(a). C6 thé thay H dic trung cho mirc d6 muot ma chuyén trang théai giam
chan tai cac diém dau va cudi hanh trinh. Lyuc giam chan c6 thé dot ngot ting hoac
giam khi van téc nho, dic biét khi giam chan hoat dong ¢ dong dién va tan sé kich
thich 16n (quén tinh 16n). Vi vay, su bo sung cta tham sé H rét can thiét dé du doan
hiéu qua hién tugng tré ciia giam chan trong nhiing truong hop nay. Hinh 4.12(b)
minh hoa anh hudng cua s6 mii ham “arctan” theo sau H. S6 mil nay giup kiém soét
t6t hon d6 udn lwon cua duong cong mé hinh. Dya trén hinh dang dudng cong trich
Xuat tir dir liéu thuc nghiém va sy dé xuét caa Pacejka [107], sé mii 7 dugc chon cho
mo hinh.

Trong qua trinh may giat van hanh, tan sé kich thich luén bién thién lién tuc. Bé
dat duoc hiéu qua diéu khién tét nhat, tir trudng ap vao giam chan MRF can thay doi
hop Iy theo phan &ng cua hé théng. Chinh vi thé, mé hinh tré dé xuat trong phuong

trinh (4.6) can dugc mo rong dé thich tng véi kich thich dong dién va tan sé khéac
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90
----2Hz =
4 Hz ________;‘,‘?—aai""“"-
........ 6 Hz ’;‘,‘,;;,.—-’
70 8 Hz ﬁg”‘
. --=-10 Hz /o"
; 50 4.)/
S 4
= 7 4
30 /
% 0.2 0.4 0.6 0.8 1
Dong dién I (4)
O e ]
8 _ p—
“ 6
< 4
N~
2
0 L 1 1 !
0 0.2 04 0.6 0.8 1
Dong dién I (4)

Hinh 4.13: Bién thién cua cac tham s
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Dong dién I (4)

=i
N
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Dong dién I (4)

Co, Ko, Sa, Sb, B, C, D, E va H theo cuong

d6 dong dién va tan sé kich thich.

nhau. Theo d6, cac tham s ctia mé hinh dugc xay dung 14 cac ham dong dién va tan

sb. Tham s6 fo biéu thi luc chénh léch ban dau nhan gia tri 0 bai vi giam chan MRF

& dang truot. Su bién thién cua cac tham sé con lai dugc thé hién trong Hinh 4.13 véi

cac méi quan hé dugc dé xuat nhu sau

Co=0C— Cze(%l)
ko =| K ke ][ K, — ket |
Sa = (Sal + SaZI )(_SaS + Sa4 f )

Sy = (Sbl +Sp, | )(Sbs +S;,f )

(4.7)
(4.8)

(4.9)

(4.10)
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Hinh 4.13: Bién thién ctia cac tham s6 Co, Ko, Sa, Sb, B, C, D, E va H theo cuong

d6 dong dién va tan sé kich thich (tiép theo).

B=(B,+B,I)(B,~B,f) (4.11)

C=C,+GC,| (4.12)
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Bang 4.2: Gia tri cac hé s trong phuong trinh (4.7 — 4.15).

Hé s6 Gia tri Heé s6 Gia tri Heé s6 Gia tri

¢ (N.s/m) 834 Saa (HzY) 3557 D2 (N) 7,09

c2(N.s/m) 64,4 Sp1 (s 20,6 D3 (A1) 2,24

cs (A 3,09 Sp2 (AY) 0,7 Ds 4,77

ki (N/m) 1,97 Shs 0,024 Ds 3,09

k2 (N/m) 1,59 Sea (HzY) 0,05 Ds (Hz ) 0,3

ks (A1) 2,14 B1 (s/m) 1,21 E1 2,13

Ka 270,3 B2 (AY) 1,87 E2 (A 1,98

Ks 317,6 Bs 6,63 Ha 1,23

ke (Hz %) 0,2 Bs(HzY) 0,267 H2 (A 1,11

Sa1 (sY) 0,0027 Ci 1,01 Ha 0,718

Saz (AY) 10 C2 (A 0,115 Hs (HzY) 0,03

Sas 132,1 D1 (N) 9,58
D= [Dl - Dze(‘D3')][D4 + Dse("%”] (4.13)
E=E -E,l (4.14)
H=(H,+H,l)(H,-H,f) (4.15)

Phuong phap curve—fitting két hop véi binh phuong bé nhat dugc thyc hién trén
MATLAB dé xéc dinh c4c hé sé trong cac phuong trinh trén. Tong sai s6 binh phuong

gitra gié tri thuc nghiém va moé phong dugc dinh nghia 1a ham muc tiéu OBJ
n 2
OBJ = Z(Zexp.i - Zm.i ) (416)
i=1

trong d6 n 1a s6 diém dix liéu, Z dai dién cho mot trong cac tham sé co ban cia md
hinh, Zexp.i V& Zmi lan luot 13 c&c gia tri thuc nghiém va md phong tht i. Trudc tién,
pham vi bién thién cia mdi tham sé co ban duoc xac dinh dya vao ¥ nghia hinh hoc

ctia chiing trén dudng cong tré:
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Luee giam chan Fy (N)

Chirong 4: Giam chdn lueu chat tir bién

Co va ko lan luot biéu thi 6 dbc cua duong tam va d6 ma ellipse cua duong
cong trong mién sau khi chay, vi vay c6 pham vi bién thién x4c dinh tir hinh
hoc twong tng trén dudng cong tré;

tuong tu, pham vi cia tham sé B duoc thiét 1ap tir d6 doc thuc nghiém cua
dudng cong trong mién truge khi chay;

pham vi cua cac tham sb Sa va Sy dugc xac dinh bai vi tri giao diém cua duong
cong vai truc hoanh;

tham s C xac dinh hinh chit “S” cua dudng cong va thuong khdng qua Ién

hon 1 [107, 111];

100
Thiee nghiém
==== Mo hinh dé xudt
g 50
= 0A
.5.
<100 0.1 0.2 0.3 0.4 0.5
Thoi gian t (s)
100 T T T T 100
=~ 7 N
50 = 50 / \|
2 g )
S v ___————— i
0 R g 0A )
= B 0 T S b : u:
'S :;\ """"""""" h
-50f 1 5 50 . Y
o 02 0.1 0 0.1 0.2 100502 0,01 0 0.01 0.02
Van téc 1 (m/s) Chuyén vi u (m)

Hinh 4.14: So sanh ng xtr ctia md hinh dé xuat vai thuc nghiém & tan s6 2 Hz,

bién d6 20 mm Vi cac kich thich dong dién khac nhau.

75



Chirong 4: Giam chdn lueu chat tir bién

— tham sé D dic trung luc bdo hoa cia doan “S” va vi vay nhan khoang bién
thién tir luc dinh do dac trong mién trudce khi chay;
— Hinh 4.11 chi ra rang gia tri E can nho hon 2,2 dé duy tri hinh dang thuc cua
duong cong;
— va cubi cuing, gia tri duong ctia tham sé H dugc dé xuit cho mo hinh dé tranh
vai két qua khéng hoi tu.
Cac khoang bién thién nay sau d6 duoc st dung trong phuong phéap phi tuyén binh
phuong bé nhit dé tim gia tri cac hé so trong phuong trinh (4.7 — 4.15). Két qua duoc
liét ké trong Bang 4.2.

100
Thire nghiém it
---- Mo hinh Spencer o o T
ea e [R5 Mo hinh Pan \‘I
z 50§ | -=-= M5 hinh dé xudt "' i
- -
. i "
i i
S 0of I8
g » [
S i .
Y8 § "
o i ’I
= -50 i
~ //
—
-100, ‘
0 0.1 0.2 0.3 0.4 0.5
Thoi gian t (s)
100 ‘ ' 100
il ?_}______,,,-- i — "
~ o 1_?' ~ 3
Z 50 ’,;' '.7,, f 4 Z 50 i
= Ilt'! l'll[ , L :\“ 5
~ Ve 14 l ~ I
= 4 I 4 =
S /7 ,.",’! \ ' '! = |
S o - iy S o —
s /i W Py =
§ I’IJ.; ll,'; l I S
Y; /i 4 . 8L
o /"'; II:.’. ] ’ .;,J
: -50F ’{‘J 4,'{: : -50 k
/ \.\~~~—_———‘/ Eei
-100 : ¥ -100 L L
-0.2 -0.1 0 0.1 0.2 -0.02 -0.01 0 0.01 0.02
Van toc i (m/s) Chuyén vi u (m)

Hinh 4.15: So sanh ng xtr cua ba md hinh véi thuc nghiém ¢ tan sé 2 Hz, bién

do 20 mm véi cac kich thich dong dién khac nhau.
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45.2 K&ét qua va nhan xét

Dé danh gia mo hinh tré dé xuat, eng xir cia giam chan du doan boi mé hinh sir
dung céc hé s trong Bang 4.2 dugc so sanh vai dit liéu thuc nghiém. Hinh 4.14 trinh
bay két qua so sanh ¢ tan s6 2 Hz, bién d6 20 mm véi cac kich thich dong dién khac
nhau. C6 thé thay duong cong tré mé phong béi mé hinh rat khép véi tng xt do dac
thuc nghiém, chiang té mé hinh dé& xuét cd thé du doan hiéu qua hién twong tré phi
tuyén caa giam chan MRF. Hinh 4.15 so sanh d¢ chinh xac ciia mé hinh dé xuat véi
m6 hinh Spencer va Pan & tan s6 2 Hz, bién d6 20 mm véi cac kich thich dong dién
khac nhau. Ca ba mé hinh déu twong thich véi dit liéu thuc nghiém. Tuy nhién tng
xtr lyc — van téc trong hinh vé chi ra ring mé hinh dé xuat c6 do chinh xac cao hon,
nhat I trong mién truéc khi chay khi luc — van tée dao chiéu nhd hai tham sé doc lap
ma&i Sa va Sp.

Kha ning kiém soat d sic duong cong cua tham so6 méi H duoc thé hién trong
Hinh 4.16. Tang gia tri H khién dudng cong tién gan dén duong thuc nghiém. Vi
kich thich thay ddi lién tuc, tham sé H cung cap su linh hoat, & chinh xac va tin cay

cho mo hinh.

100 100 S — T
Thwe nghiém Thuc nghiém
—H=0 — —H=0
|| H=05 f:""/’;/’"?/ """ H=05 &
= 50 H=1 - = 50f [-H=08 7 s
et ____H=15378 = ___H=1.1141 /
t (dé xuat) : (dé xuat) /
S o S o /
S 50 ; S 50| &
) /_—é"éﬁ—/""% ~ ot
//
062 01 0 01 02 100" 56 04 02 o0 02 04 06

Van toc i (m/s)

Van toc u (m/s)

(@) 2 Hz va 20 mm (b) 8 Hz va 11,7 mm

Hinh 4.16: Anh huong cua tham s H dén duong cong tré trong mién luc — van

t6c & cudong do dong dién 1 A.

77



Chirong 4: Giam chdn lueu chat tir bién

100—— : : 100
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e e o
weess M6 hinh Spencer //:; P
e Mo hinh Pan ”//,//’ = ////
Z 50 ~—= M0 hinh dé xudt I’i »j >\ 50¢ r
< ff || dr
S o SN Ay - S o [ "
S £ ! S f 7 ]
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S -50 / Ve " S .50 /
~ o ~ !
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100— j ‘ - ‘ 100
= 50} e 2 50
~ ”//af ~
~ ”~ ~
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= //' // \ ’ s . -—_..’——:/
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) e f ) /
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Hinh 4.17: So sénh ng xtr cua ba md hinh vai thuc nghiém & cac diéu kién kich
thich khac.

Hinh 4.17 so sanh g xir caa ba md hinh ¢ cac tan sd va bién do khéac. Tur cac
hinh V&, ¢ thé thiy wu diém ctia mé hinh dé xuat so véi hai mé hinh kia chi duoc thé
hién rd trong mdi quan hé luc — van tdc Hinh 4.15 va 4.17(a—b) khi giam chan MRF
trai qua cong hudng o tan sb thap va van hanh ¢ trang thai kich hoat. O tan sé cao
hon, giam chan hau nhu & trang thai nghi va biéu thi thudc tinh nhu mot giam chan
nhét thuan tay nén d6 chinh xac ciia mo hinh dé xuat khong hon hai mé hinh kia
nhiéu, nhu trong Hinh 4.17(c—d).
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W\ hinh Pan
0.06 WG hinh dé xuat
bl
= 0.04
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Hinh 4.18: Sai s6 cia ba mé hinh véi thuc nghiém o tan s6 2 Hz, bién d6 20 mm

vai cac kich thich dong dién khac nhau.

Pé danh gia rd hon do6 chinh xé&c ciia mo hinh dé xuét, sai s6 caa méi mo hinh so
Vvé6i tng xir thuc nghiém dugc tinh toan va phan tich. Pai lwong sai s6 chuan héa gitta
lyc giam chan mé phong va thuc nghiém trong mién thoi gian, chuyén vi va van téc

lan luot dugc biéu thi nhu sau

_T[(Fexp ~F,) dt ].(Fexp -F,) ‘3‘: dt ](Fexp -F,) ‘Z‘tj dt
E, TO B = TO » By = TO 3
d d
_([( l:exp - :uexp )2 dt _([( I:exp - luexp )2 dl: dt _([( I:exp luexp )2 dl: dt
(4.17)

79



Chirong 4: Giam chdn lueu chat tir bién

0.08
MG hinh Spencer
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Hinh 4.19: Sai s6 cua ba md hinh véi thuc nghiém & tan sé 8 Hz, bién d6 11,7

mm Véi cac kich thich dong dién khac nhau.

trong d6 Fm 1a luc m6 phong, Fexp la luc do dac thuc nghiém va pexp 1 luc thuc nghiém
trung binh trong chu ky T. Sai s ciia ba mé hinh so véi thuc nghiém & tan sb 2 Hz,
bién d6 20 mm véi céc kich thich dong dién khac nhau dugc biéu thi trong Hinh 4.18.
Hinh v& cho thdy mé hinh Pan chinh x4ac hon mé hinh Spencer mét it, con mé hinh
dé xuat vuot troi so véi ca hai mé hinh kia, dic biét trong mién luc — van téc. Két qua
tuong tur Véi trudng hop tan sé 8 Hz, bién do 11,7 mm trong Hinh 4.19. Tuy nhién &
day d6 chinh xac ciia md hinh dé xuat khong hon nhiéu va rd rét nhu Hinh 4.18.
Nguyén nhan chu yéu do quén tinh cua giam chén tai cac diém dau va cudi hanh trinh.
Nhu di giai thich o trén, giam chadn MRF chi yéu trong trang thai nghi & tan s6 cao;

do vay sy khac biét nay du dé thé hién tinh hiéu qua ctia mo hinh dé xuat. Trong tat
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Encoder |—= Tan so
)
L Dong dién
Lee diéu khién M6 hinh ngugc diéu khién Gidm chén Luee
(Fe) 1=f(Fe, [ u, u) MRF giam chan

|

Chuyén Vi, vdn toc

(u, u)

LVDT

Hinh 4.20: So d6 khdi hé théng diéu khién luc giam chan.

ca cac trudng hop, sai s6 16n nhat caa luc giam chan trong mién thoi gian, chuyén vi
va van téc lan luot 12 0,0228; 0,0154 va 0,0321; sai s6 trung binh la 0,0151; 0,0085
va 0,0203.

Pé thay rd hon hiéu qua ciia mo hinh tré dé xuat va danh gia kha nang kiém soéat
luc giam chan cua bo giam chan MRF téi uu, mot hé théng diéu khién vong lap ho
phan anh lyc giam chan muc tiéu dugc thiét 1ap. Hinh 4.20 mé ta so d6 khéi cua hé
théng. Luc giam chan mong muén duoc thiét 1ap dya trén diéu khién sky—hook c6
dang F, =C, U véi Csky 1a hé s6 diéu khién, trong nghién ctru nay Csy = 300. Tir md
hinh tré dé xuat, dong dién diéu khién cip vao giam chan MRF duoc tinh toan thong
qua mo hinh nguoc

—c e —k, (k, —ke ™" Jue ™ +S(1)+cui+k, (k, —ke ™ Ju—F, =0 (4.183)
trong d6 S(1) 1a ham dong dién xac dinh hinh dang “S” trong mién trude khi chay
S(1)=(D,~D,e ™" )(D, + De™")

(B,+B,1)(B,—B,f)[1-(E, —E,l)]z
*sin< (C, +C,l)arctan| +(E, — E,I )arctan[ (B, + B,1 (B, - B, f )z |
+(H,+H,l)(H,—H,f)arctan” (B, + B, )(B, - B, )z)

(4.18b)

81



Chirong 4: Giam chdn lueu chat tir bién

100 T 20 T - 1
Lirc muc tiéu : Mo hinh Spencer
Mo hinh Spencer . === Mo hinh Pan a
/\ === Mo hinh Pan 2
% B0 e Bt R e M6 hinh dé xuar :
S / | \ /| | 3
s i F o\ \1 1 E
s | J | [ / i\ 3
ARy WERE
S IVARRVARR VAR VAR E
-1 : -20 y :
000 0.5 1 15 2 0 0.5 1 15 2
Thoi gian t (s) Thoi gian t (s)
(a) luc — thot gian (b) sai so lwc giam chan

Hinh 4.21: Ung xt luc giam chan caa ba md hinh so véi luc muc tiéu ¢ tan s6 2

Hz va bién @6 20 mm.

Dua trén dit liéu caa LVDT, luc giam chan muc tiéu duoc xac dinh va cai dat trong
bo xir ly. Tir d6 dong dién diéu khién 1 cd thé duoc tinh toan dé dang véi cac thong
tin d3 biét nhu luc muc tiéu, tan sb kich thich, chuyén vi va van téc tic thoi.

Hinh 4.21 thé hién kha ning kiém soat lyc giam chan cua bo diéu khién sir dung
md hinh Spencer, Pan va mo hinh dé xuat khi giam chan mau MRF hoat dong & tan
s6 2 Hz va bién d¢6 20 mm. Ca ba mo hinh déu kiém soéat tét lwc giam chan theo hrc
muc tiéu. Hinh 4.21(a) chi ra rang lyc giam chan hau nhu khong nhé hon 18,8 N va
vi vay khong thé hoan toan khép véi dudng cong luc muc tiéu trong ving lan can goc
toa do. D& thay nguy@n nhan Ia tir sy hién dién cua luc ma sat giira truc va O—ring ké
ca khi khéng cap dién cho giam chan. Tir Hinh 4.21(b), ciing c6 thé nhan thay sai sb
luc diéu khién cia mé hinh dé xuat thip hon nhiéu so v&i hai mé hinh kia. Bidu nay
boi vi hai mé hinh kia khong thé du doan hiéu qua &ng xir ciia giam chan trong mién
truéc khi chay véi duong cong tré cé su bat ddi xtng cao. Qua d6 ching to md hinh
tré dé xuat c6 do chinh xac cao hon khi phan tich dong luc hoc hé théng, rat phi hop
cho céc bai toan nhan dang hé thdng phtc tap st dung giam chin MRF doi hoi su

kiém soat va do tin cay nghiém ngit.
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4.6 Hé théng kiém soat rung dong caa may giit lip giam chin MRF

Noi dung Muc 4.6 1a phién ban dugc sip xép va dinh dang lai tir céng b khoa hoc
[13] cua tac gia:

Q. D. Bui, Q. H. Nguyen and L. V. Hoang. A control system for MR damper—based
suspension of front—loaded washing machines featuring magnetic induction coils and
phase-lead compensator. The 1% International Conference on Advanced Smart
Materials and Structures, Ho Chi Minh City, Vietnam, 2021, pp. 79-88.

4.6.1 Thiét ké hé thong

Trong phan nay, mot hé théng diéu khién ban cha dong vong lap kin cho may
giat 1ap giam chan MRF dugc phat trién dya trén mo hinh dong luc hoc caa khdi long
giat da trinh bay & Muyc 2.3 (Chuong 2). Md hinh don gian caa may giat lap giam
chan MRF dugc minh hoa trong Hinh 4.22. Tir hinh v&, phuong trinh (2.28) duoc viét

lai nhu sau
mu(t) + F, +ku(t) = f, (t) (4.19)
Lyc giam chan Fq cua hé théng gom hai thanh phan: lyc giam chan bi dong Fpass
va lec giam chan kich hoat Fur duoc diéu khién. Luc giam chan bi dong duoc cho
bai
Frass = Cpasst (1) (4.20)
trong d6 Cpass 12 hé s6 giam chan bj dong tuong duong ctia mdi giam chan, géom thanh

phan can nhét cia MRF & trang thai nghi va thanh phan ma séat véi O—ring.

t u(t)

Khoi {7 "

long giat .
k E[ Fﬂ'(t)

"~ Gidm chin MRF

Lo xo —

Hinh 4.22: M6 hinh don gian caa may giat Iap giam chan MRF.
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Bé ., < | Lue giam chin . Lure
) \ | Gidm chan w1 H théng -—
cap nguon Ji MRF Fur truyén dan
Cam bién
emf Dign ap
Ie Bo diéu khién é Fe Bg diéu khién
Dong dr'é_n gia'm C‘/Ici'll Lue giam chan hé Ih(ﬁ:ng
diéu khién diéu khién

Hinh 4.23: : So d6 khdi hé thong diéu khién rung dong cuia may giit s dung
giam chan MRF.

Nhu di phan tich & Muc 4.4, lyc giam chan kich hoat Fur bién thién theo cuong
d6 dong dién | cap vao cac cuon day kich thich cua giam chan MRF. Bai vi MRF
biéu thi hién tuwong tré khi chuyén ddi trang thai hoat dong, mot thanh phan tré theo
thoi gian can duoc thém vao biéu thie tinh luc nay. Tu dit liéu thuc nghiém, luc giam

chan kich hoat Fur duoc thiét 1ap nhu sau
Fur = T, 1-6C%) | 1-609 | (4.21)

Véi f1, f2 va f3 1a cac hé sd dugc xac dinh bang phuong phép curve—fitting trong
MATLAB, Iin lugt nhan gié tri 1a 64,28 N, 2,65 A1 va 12,5 s,

So d6 khéi hé thdng kiém soat rung dong ciia may giat Iap giam chan MRF dugc
minh hoa trong Hinh 4.23. Hé théng gdm mét bo diéu khién hé théng va mot bo diéu
khién giam chan. B¢ diéu khién hé théng c6 nhiém vu nhan dit liéu tir cam bién va
tinh toan luc giam chan diéu khién mong mudn Fe. Lyc giam chan Fyur cta giam chan
MRF khéng thé duoc diéu khién, chi c6 dong dién | dit vao cac cudn day cua giam
chan c6 thé duoc truc tiép diéu chinh. Vi vay, b diéu khién giam chan duoc sir dung
dé gui lénh diéu khién dong dién lc cho bd cip nguén, tir d6 tao ra luc giam chan Fur
xap xi theo luc diéu khién mong muén Fe.

Trong thiét ké nay, thanh phan cam bién cua hé thong diéu khién duoc tich hop

vao phia sau caa giam chan, nhu mo ta trong Hinh 4.24. M6t nam cham vinh ctu
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Cuon day cam wrng \ / Tir thong

Dao dong

/ \ Stator

Hinh 4.24: Thanh phan cam bién tich hop vao giam chan MRF.

Nam cham vinh curu

duoc ldp vao doan cudi truc giam chan va mot cuon day cam @ng quan trén I3i stator
phia ngoai. Rung dong ctia may giat gay ra chuyén dong tinh tién twong dbi gitra nam
cham va cudn day cam ng, tir d6 sinh ra dién ap cam tng. Gia tri dién ap nay sau do
duoc giri d&én bo didu khién hé thdng. Cau hinh nay cho phép giam chi phi cua hé
thong, mot yéu té rat quan trong cia qua trinh thiét ké san pham.

Dién 4p cam wng Eems tao ra boi chuyén dong cia nam cham trong cudn day cam
ung duoc cho boi [112]

E. =N z—? — 27ANB, U (4.22)

em

trong d6 & 14 tir thdng, A 14 hiéu suit tir thdng, Brem 12 mat do tir thong du caa nam
cham, ro 1a ban kinh ngoai caa nam cham va N 1a sé vong quan cua cudn day cam

ung, dugc xac dinh baéi [113]

_2A
= i (4.23)

Vé6i dw 1 dudng kinh day ddng va Ac 1a tiét dién mat cat ngang cta cudn day.

Dién ap cam ang Eems dong vai tro 1a tin hiéu dau vao gui dén bo diéu khién heé
thng. Luc giam chin mong mudn Fc cua b didu khién hé théng duoc thiét 1ap dua
trén thuat toan diéu khién sky—hook cé dang

F =C.E (4.24)

s —emf

Vé6i Cs 12 hé s6 diéu khién, trong nghién cau nay Cs = 0,1265.
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Dua trén dit liéu lvc mong mudn Fe, bo diéu khién giam chan tinh toan cudng do
dong dién diéu khién can thiét I dé cap vao giam chan MRF. TUr phuong trinh (4.21),

mé hinh nguoc cua bo didu khién giam chan duoc xay dung

o =——Inj1-— % (4.25)
f2 fl |:1_e(* 3t):|

Pé bl hién tuong tré cia MRF, thanh phan hiéu chinh sém pha dugc sir dung trong
bo diéu khién giam chan, c6 dang
s+T.*

ok _SHT o 4.26
C.(s) K°s+(aCTc)l’ (2 <1) (429)

trong d6 s 1 bién Laplace va Ke, T, ac 1a cac hé s6 diéu khién. Trong nghién ciru nay
Ke = 6,425, Tc = 0,0258 va ac = 0,4181. So véi diéu khién truyén thdng, diéu khién
sém pha cai thién mic giam chan hé théng, giam do vot 16, thoi gian tang truong va
thiét 1ap, qua do6 cai thién dap ang nhat thoi. Véi bang thong ting 1én, hé thdng st
dung bo diéu khién sém pha ciing c6 thoi gian dap ing nhanh hon. Tuy nhién, diéu
khién som pha ciing c6 mét s6 nhuoc diém nhu hé thong doi khi chi 6n dinh tly theo

diéu kién va dé bi anh huong boi nhiéu.
4.6.2 Két qua vanhan xét

Ung xu cua hé théng dugc md phong trén Matlab Simulink vai mét kich thich
ham sin c6 tan sb thay di tuyén tinh trong khoang thoi gian 100 gidy, twong ang voi
téc 46 quay caa tréng gidt 0 — 1200 vong/phat. Trong mé hinh, céc tham sé dugc xac
dinh tir hé thdng giam chan cia may giit mau nhu sau: m = 40 Kg, Cpass = 180 N.s/m,
k=10 kN/m, my =7 kg, Ry = 0,125 m, 1 = 0,85, Ac = 40 mm?, dw = 0,34 mm, Brem =
1,17 T, ro = 14 mm. Dé so sanh hiéu qua hoat dong, trang thai khong diéu khién va
diéu khién voi dong dién hang s6 1 A cip lién tuc cho giam chan MRF ciing duoc
dua vao mo phong.

Hinh 4.25 m6 ta sy truyén dan lec caa hé thong trong méi quan hé véi thoi gian

va téc do quay & céc trang thai diéu khién khac nhau. Tir hinh V&, c6 thé thay trong
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Téc dé quay (vong/phit)
0 300 600 900 1200

800

Khong dieu khién
Bo diéu khién deé xuat

Dong dién hang so

600 -

400

Luee truyén dan F, (N)

200

0 25 50 75 100
Thoi gian t (s)

Hinh 4.25: Ung xa mo phong caa hé théng trong mién thoi gian va toc do quay.

40
‘ Khéng diéu khién
e BG diéu khién dé xudt
Dong dién hing sé
0

Luc lruyén dan F; (dBm)

A
o

@
S

0 5 10 15 20
Tan s6 kich thich f (Hz)

Hinh 4.26: Ung xa mé phong cua hé théng trong mién tan so.

viing cong hudng & tan s thap (téc do quay khoang 100 — 200 vong/pht), luc truyén
dan tir khéi long giat sang khung may va nén nha cua hé théng diéu khién dé xuat va
dong dién hang sé duoc giam dang ké so véi khi khong diéu khién. Nguoc lai & cac

tan s cao, bo diéu khién dé xuat va trang thai khong diéu khién thé hién kha ning
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Bo diéu khién deé xuat

Khong diéu khién

Dong dién hang so

Gia téc phirong x (g)

0 60 120 180
Thoi gian t (s)

Gia téc phirong y ()

Gia téc phirong z (g)

) 0 60 120 180 0 60 120 180
Thoi gian t (s) Thoi gian t (s)

Hinh 4.27: Ung xu thuc nghiém cua may giat lap giam chin MRF.

cach ly dao dong tét hon trudng hop diéu khién dong dién hang sé. Nhu vay, so voi
hai ché do diéu khién con lai, rung dong ciia may giat sir dung hé thong diéu khién
dé xuat dugc kiém soét tot trong suét qua trinh hoat dong. Bang cong cu phan tich
pho tan sb Spectrum Analyzer cia Matlab Simulink, (g xtr caa hé théng trong mién
tan sd ¢ cac trang thai diéu khién khac nhau duoc thé hién trong Hinh 4.26 véi céc
nhan xét twong ty ¢ trén.

Pé danh gia hiéu qua hoat dong cua giam chan MRF va hé thong kiém soéat rung
dong da dé xuat, giam chin MRF duoc Iap vao may giit ctra truéc mau Samsung
WF8690NGW trong Hinh 3.12 (Chwong 3). Hinh 4.27 biéu thi ang xt dao dong do
dac thuc nghiém theo ba phuong X, y va z ciia may giat 1ap giam chan MRF véi céc

ché do diéu khién khéac nhau. O cac tan sb thap, bo diéu khién dong dién hiang sb han
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Bo diéu khiéen dé xuat
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Hinh 4.28: Pho tan sb tng xu thuc nghiém cua may giat lap giam chan MRF.

ché dang ké rung dong caa may giat, nhat la trong ving cong huong (khoang 18 — 22
gidy), tuy nhién kha ning cach ly rung dong & tan s6 cao hau nhu khong dat dugc.
Trang thai khong diéu khién c6 dic diém nguoc lai. Vi hé thong diéu khién ban chi
dong dé xuat, hiéu qua giam rung dong duoc cai thién trong sudt qua trinh hoat dong.
Hinh 4.28 minh hoa phé tan s6 wng xir thuc nghiém va Bang 4.3 trinh bay két qua so
sanh céc chi sé gia téc thuc nghiém cua may giat lap giam chan MRF ¢ ba ché do
diéu khién. C6 thé thay bo diéu khién dé xuét chinh 1a sy két hop thé manh cua hai
bo diéu khién kia.

4.7 Tong két

Trong chuwong nay, mot giam chan mai kiéu truot st dung luu chat tir bién (MRF)

da duoc phat trién cho hé thdng treo ciia may giit ctra trude. Dau tién, cau hinh cua
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Bang 4.3: Céc chi sb gia toc thuc nghiém cua may giat 1ap giam chan MRF.

Gia tri cuc dai cua tri tuyét doi gia toc (g)

e Tan sb thap Tan sb cao
Trang thai diéu khién
X y Z X y z
Khéng diéu khién 1577 1,105 1,434 | 0,895 0,733 1,444

Bo diéu khién dé xuat | 0,687 0,374 1,103 | 1,002 0,537 1,3
Dong dién hang s6 0685 0,36 1,171 | 1,744 1,201 2,026

Gié tri trung binh cua tri tuyét déi gia toc (g)

o Tan sb thap Tan sb cao
Trang thai dieu khién
X y z X y z
Khong diéu khién 0,116 0,065 0,181 | 0,189 0,115 0,294

Bo diéu khién dé xuat | 0,061 0,036 0,087 | 0,172 0,085 0,304

Dong dién hang so 0,067 0,035 0,084 | 0,329 0,164 0,461

giam chan duoc dé xuét va giam chan duoc thiét ké dua trén md hinh gia tinh va
phuong trinh dong luc hoc cua khdi long giat. Bé dat hiéu nang tét nhat, giam chan
MRF d3 duogc t6i vu hoa xét dén cac yéu té vé lyc giam chan, kich ¢, khdng gian
lip dat va chi phi. Tir 10i giai téi uu, giam chan MRF duoc thiét ké chi tiét, ché tao
mau va kiém tra. Két qua da cho thay su trong dong giira tng xir do dac thuc nghiém
va mo phong.

Dua trén md hinh Magic Formula va Pan, mét mé hinh dong luc hoc tham sé mai
d3 duoc xay dung dé du doan hién twong tré phi tuyén caa giam chan MRF. Két qua
mo phong cho thay, so v&i mé hinh Spencer va Pan, mé hinh dé xuat khéng chi du
doan chinh xac hon dic tinh tré bat doi xtimg va do sic tai cac goc luon cua dudng
cong trong mién trudc khi chay ma con twong thich hon véi cac diéu kién van hanh

khac nhau.
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Mot hé thong kiém soat rung dong ban chu dong da duoc phét trién cho may giat
lip giam chan MRF. Thanh phan cam bién dugc tich hop vao phia sau giam chan
gitip don gian hoa két cau va giam chi phi. Dit liéu md phong va thyc nghiém da cho
thiy hé théng diéu khién dé xuat kiém soat hiéu qua rung déng cia may giit trong
sudt qué trinh van hanh bai ké thira uu diém cua trang thai khong diéu khién va diéu
khién dong dién hang so.

Két qua nghién ciru trong Chuong 4 cta luan an da duogc tac gia cong b trén 2
tap chi ISI [106, 114], 1 tap chi Scopus [115] va 1 Ky yéu hoi nghi khoa hoc [116].
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Chwong 5
GIAM CHAN LUU CHAT TU BIEN TU PAP UNG

Trong Chuong 4, hé thdng giam chan ban chu dong st dung luu chat tir bién da
dugc phét trién va cho thay tinh kha thi trong viéc kiém soat rung dong ciia may giit.
Tuy nhién, hé¢ théng nay can nhitng thiét bi phu di kém nhu cam bién, bo diéu khién
va bo cap nguon dé cd thé hoat dong. Picu d6 lam tang su phic tap cua hé théng, gay
kho khin cho viéc san xuat va bao tri. Vi vy, Chuong 5 cua dé tai huéng dén phat
trién loai giam chan MRF c6 thé tu dap @ng véi kich thich rung dong ma khong can
bat ky cam bién hay bo diéu khién nao, tir &6 giam chi phi san xuat va tang kha nang

thuong mai hoa.

5.1 Giam chan MRF ty cip ning hrong

Noi dung Muc 5.1.1 — 5.1.4 14 phién ban duogc sap xép va dinh dang lai tir cong b

khoa hoc [1, 12] cua tac gia:

[1] Q. D. Bui, Q. H. Nguyen, T. T. Nguyen and D. D. Mai. Development of a
magnetorheological damper with self-powered ability for washing
machines. Applied Sciences, Vol. 10, Issue 12, 4099, 2020.

[12] D. Q. Bui, T. B. Diep, V. L. Hoang, D. D. Mai and H. Q. Nguyen. Design of a
self-power magneto—rheological damper in shear mode for front—loaded
washing machine. Hgi nghi khoa hoc toan quéc lan thiz nhat vé Péng luc hoc
va Piéu khién, Da Nang City, Vietnam, 2019, pp. 297—303.

511 Giéi thigu

Ngoai két cau hé thong phuc tap va chi phi cao, mot nhugce diém khac caa giam
chan MRF truyén thong 1a ning lugng dao dong co hoc cua may giat bi 1ang phi vao
s mai mon va nung nong cac bd phan hon 1a dwoc tai st dung cho giam chan. Tir sy
phan tich nay, dé ti mé rong viéc nghién ciru giam chan MRF vao linh vuc thu thap

nang luong va phat trién mot loai giam chan MRF tu cip ning luong, tich hop cong
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nghé giam chin MR va thu thap ning lurong vao mot thiét bi duy nhat dé co thé tai sir
dung nang lugng dao dong du thira cho ngudn cap giam chan dong thoi van dam bao
kha nang ldp dat trong may giit. Dao dong cang manh, ning luong tai tao cang 16n
va mtrc d6 giam chin tuong tng duoc tw dong hinh thanh. Két qua 1a hé thdng giam
chan cé thé ty dap tng thdng minh theo céc kich thich ngoai ma khéng can bat ky

thiét bi phu nao khac.

5.1.2  Cau hinh va nguyén ly hoat déng giam chan MRF tw cap ning lwong

Giam chan MRF kiéu truot tu cip ning lwong bao gom hai bd phan chinh: bo
phan giam chan MR va b phan thu thap nang luong (EH). Cau hinh ciia giam chan
MRF tu cap ning luong duoc mo ta trong Hinh 5.1. V&i thiét ké nay, su giao thoa tir
truong giira bo phan giam chan va thu thap ning luong dugc han ché téi thiéu.

Bo6 phan giam chan MR c6 thiét ké hai cuon day tir tinh giong nhu thiét ké caa
giam chan MRF truyén théng & Chuong 4. B6 phan EH gom cac nam cham vinh ctu
lip xen k& véi cac miéng cuc tir vao doan cudi truc, phia ngoai 1a mot 15i stator duoc
x¢é cac ranh quan day. Mdi nam cham va cuc tir duoc nhdém thanh maot cap cuc tu.
Cac nam cham c6 dang hinh nhan va c6 huéng tur tinh doc truc, vi vay chung duoc
dat d6i cuc voi nhau dé budc tir thong di xuyén qua cac cuc tir va bang ngang khe ho
giita cac nam cham véi 16i stator. Cac cudn day cam tng duoc quan tryc tiép trén cac

ranh cia 15i stator. Dao dong tir 16ng giat khién cho truc giam chan chuyén dong va

Cugn ddy \ i Cuén ddy
MRF\ tir tinh / T th()ng \ / cam Lé'l’lg \\ /StﬂtOi’
|
Truc
Dao dong ;
/ i
Vo — j ’\ - ) \ A
Thanh mong Mat phang \_ ) ;ing Cuc tir Nam cham

doi ximg vinh cieu

Hinh 5.1: Thiét ké 2D cua giam chian MRF tu cip ning lugng.
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dong dién cam tng duoc sinh ra trong cac cudn day. Niang luong dién nay dugc cip
Va0 cé&c cudn day tir tinh cia bo phan giam chan MR dé tao ra lyc giam chan twong

ting chdng lai rung dong.

5.1.3 M0 hinh héa giam chan MRF tw cip ning lwong

Trong phan nay, hai b phan chinh caa giam chan MRF tu cip ning luong — bo
phan EH va bo phan giam chin MR s& dugc mé hinh héa. Béi vi hai bo phan dugc
tich hop véi nhau, dir liéu dau ra ciia bo phan EH (dién ap, cong suat, kich thudc hinh
hoc) s& dong vai tro 1a dir liéu dau vao dé thiét ké bo phan giam chan MR nham thoa
man lyc giam chan muc tiéu va kich c& khdng gian lap dit trong may giit.

a) B¢ phan thu thdp nang luong (EH)

Hinh 5.2 biéu dién thiét ké 2D véi céac kich thudc hinh hoc co ban caa b phan
EH. Cac cuc tir va 16i stator dugc ché tao bang thép C45, loai thép thdng dung co do
tir tham cao. C4c nam cham hinh nhan NdFeB loai N35 dugc lap vao mot doan truc
nhom xen k& vai cdc cuc tir. Nam cham cé duong kinh ngoai 28 mm, duong Kinh
trong 6 mm va chiéu dai 7 mm. Dya vao khoang tréng lap dit giam chan trong may
giat, s6 lugng nam cham va cudn day cam tmg dugc chon lan luot 13 2 va 7. Nhu vay,

s6 cudn day téi da nam trong vung 1am viéc tir tinh 1a 4.

Pc
Cuon day 1 Cuén day 2
Wem o o -3
Stator BN pha () \ [ pha 90 *31
\
L]
EI Q0000| [00000| |00000 00080 00800 Q0000| |[00000
) C0000| [00000| |O0000| |00000| |O0000| |CO0000| |00000
~= C0000| |[00000] |00000| |C0000| |00000] |C0000]!|00000 AL
A
Dao dong o 5 s
— ~ AT_ b 3
_ an = _ AN B 1
; !
Doan m \ Cure i1
‘. we t
truc cuoi pm
Ls Nam chdam

Hinh 5.2: Kich thudc hinh hoc co ban cua bo phan EH.
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Tur thong xuyén qua khe ho khong khi hinh tru gitra cac nam cham va 15i stator
duoc cho boi [113, 117]

Bl uH
q)g A rem'm Ao coeAgm (51)
2tgm Brem + Im/uo H coe (Agm /A“ )

trong d6 A 1a hidu suat tir théng, Brem 1a mat do tir thong du, Heoe 13 do khang tir cia

nam cham, o 1 do tir tham tuong d6i co gia tri 4z*10°7 N/AZ, I 12 chiéu dai cia nam
cham, tgm 12 bé day cua khe h khong khi, Agm 12 dién tich bé mat tru cua khe ho

khdng khi va Am la tiét dién mat cit ngang ciia nam cham. Agm va Am duogc xac dinh

Ayn = 27{r0 +%7m]['°mT_'mj (5.2)

Aﬂ :ﬂ(roz—riz) (5.3)
véi pm 12 budc cua cap cuc tir, ri Va ro lan luot 1a ban kinh trong va ngoai cia nam
cham. Bién ap cam ung E; trong cudn day hoat dong thir i dugc tinh toan [118]

T T du
E =—N® —sin| —u+ — 54
' ? Pn (p %} dt 54)

m
trong d6 U va du/dt lan luot 12 chuyén vi va van téc twong d6i giita truc va vo, o la
goc pha ban dau caa cudn day va N 1a s6 vong quan caa cudn day cam tmg duoc Xac
dinh tir phuong trinh (4.23). Trong thiét ké nay, budc cta cap cuc tir pm gap doi budc
cua ranh cudn day pe, do d6 goc pha giira hai cuon day ké can 1a z/2. bién &p cam

ring trong bén cuon day hoat dong 1a

Elz—NCDgpimsin[pimuj?j—l: (5.5)

E2=—N®glcos(iqu—u (5.6)
Pr Pn ) dt

E,=-E, (5.7)

E, =-E, (5.8)
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Bang 5.1: C4c thdng sb ti vu cua bo phan EH.

Thong s6 thiét ké

Chiéu cao ranh /., (mm) 4.4 Bé day khe ho tgm (mm) 0,8

Chiéu rong rinh wen (mm) 4,56  Bé day thanh mong fm (mm) 0,8

Buéc cudn day p. (mm) 6,74  Bé day vo trugt fo, (mm) 2
Chiéu dai nam cham /,, (mm) 7 Bén kinh ngoai R (mm) 22
Budc cédp cuc tr pp (mm) 13,48  Cong suat P (W) 19,3

Bo qua do tu cam cua cudn day trong treong hop tan sé kich thich thap, cuon day

duoc xem nhu mot dién trg thuan. Cong suat caa bon cuon day hoat dong P 1a

R R dt

2
N® ”J
P:Z(P1+P2)=2{E—12+E—22j=2—( P (d”jz 59
trong d6 R 1a dién tré caa mdi cudn day, P1 va P2 lan luot 1a cdng suat caa cudn 1 va
2. Phuong trinh (5.9) biéu dién cong suat cua bon cudn day lam viéc dudi dang ham
bac hai cta van toc kich thich. Phuong trinh ciing cho thy anh huong cua céc kich
thuge hinh hoc dén cdng suat. Chinh vi vy, dé dat duoc hiéu nang tét nhat, thiét ké
ctia bo phan EH can duoc ti vu hoa.

Trong cau hinh nay, chiéu cao cudn day hem, chiéu rong cuon day wem, budc cudn
day pe, budc cip cuc tir pm Va bé day vo truot tom 13 cac kich thude hinh hoc co ban
duoc thiét 1ap bién thiét ké. Vi tong chiéu dai giam chan & vi tri can bang khoang
230 mm, chiéu dai cia doan truc cudi mang céc cap cuc tir Ls dwoc gisi han t6i da 1a
30 mm. V& ly thuyét, ting kich c& bo phan EH sé& c6 thé tang nang luong dién tai tao,
tuy nhién s& lam ting khdi lugng, chi phi va khong d¢am bao kha nang lap dat trong
may giat. Vi vay, gia tri 22 mm duogc chon la gidi han trén cuaa ban kinh b phan EH
R dé khong qua 16n hon cac giam chan bi dong thuong mai va giam chan MRF truyén

théng. Tong quéat, bai toan tdi vu thiét ké b phan EH duoc phat biéu:
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Khe ho

Truc khéng .729E-16

kh,’Q .276617

[ .553234

Cugn | 82985

day 1 i '

Nam 5 e
cham dc‘g} 5 1.383]

1.66

1.936

2.213

Cuc tir
2.49
(@) mé hinh FE (b) duong stcc tr ~ (c) mat do tr thong

Hinh 5.3: M hinh hoa bd phan EH.

Tim cac gia tri kich thiréc hinh hoc co bdn cua bg phdan EH dé téi da cong sudt,
Véi C4c rang bugc chiéu dai cia doan truc cudi Ls nhé hon 30 mm va ban kinh ngoai
R nho hon 22 mm.

Két qua toi uu duoc tong hop trong Bang 5.1. M6 hinh phan ti hitu han, su phan
bd va mat do tir thong duoc thé hién trong Hinh 5.3. Tir Hinh 5.3(b), ¢6 thé thiy céac
duong suc tir di xuyén qua khe hé khong khi va dién 4p cam ung sé duoc sinh ra
trong cac cudn day cua bo phan EH. Ngoai ra, tir thong ciing hau nhu bdo hoa trén
duong quay vé cuc nam ciia nam cham, nhu vi tri danh dau trén Hinh 5.3(c). Qua d6
ching t6 hiéu nang cua bo phan EH da duoc cai thién dang ké sau khi ti uu hoa.

b) Bg phdn gidm chan MR

CAc gié trj dién &p va cong suit cua bo phan EH sau d6 dong vai tro 1a dit liéu
dau vao cho bai toan mé hinh héa bo phan giam chan MR. Kich thuéc hinh hoc cua
bo phan EH duoc sir dung dé xac dinh cac rang budc vé ban kinh va chiéu dai trong
bai toan téi wu hoa bd phan giam chian MR. Qua trinh thiét ké duoc thuc hién tuong
tu nhu giam chan MRF truyén thong ¢ Chuong 4. Két qua tdi wu bo phan giam chéan
MR duoc trinh bay trong Bang 5.2 va Hinh 5.4,

97



Chirong 5: Giam chdn lieu chat tir bién tu ddp 1ng

Bang 5.2: C4c thdng sb tdi vu caa bo phan giam chan MR.

Thong s6 thiét ké

Chiéu cao ranh /. (mm) 8,57 Bé day thanh mong £, (mm) 0,8
Chiéu rong ranh w. (mm) 13,81  Bé day vo trugt £, (mm) 3,58
Chiéu cao vat A (mm) 3,05  Ban kinh truc r; (mm) 8,25
Chiéu rong vat we, (mm) 5,9 Ban kinh ngoai R (mm) 22
Chiéu dai cyc tir /, (mm) 6,88  Dong dién cuc dai 7 (A) 0,34

Chiéu dai khe MRF L (mm) 55,13  Luyc giam chan cuc dai Fz(N) 80,2
Bé day khe MRF £, (mm) 0,8 Luc ma sat khong tai Fp (N) 18,4

.922E-15
.21174

.423479|

.635219'

.846958

I

1.059
1.27[

1.482]

1.694]

1.906

(a) duong suc tu (b) mat do tu thong

Hinh 5.4: M6 hinh h6a bo phan giam chan MR.

5.1.4 Panh gia thuc nghiém giam chan MRF tw cip ning luong

Dua trén cac két qua tdi wu, giam chan mau MRF ty cdp ning lugng duoc ché
tao nhu Hinh 5.5 va duoc danh gia trén hé thong thi nghiém Hinh 3.6 (Chuong 3).
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Hinh 5.5: Giam chan mau va céc b phan cua giam chan.

a) Hiéu nang bo phan thu thdap nang lwong

Phuong trinh (5.5 — 5.8) cho thay dién &p cam ng cua hai cuon day lién ké biéu
thi thugc tinh ctua bo phan EH. Dé danh gia hiéu nang tao dién, mot kich thich diéu
hoa tan s6 2.4 Hz dugc dit vao giam chan MRF ty cap ning luong mau. Hinh 5.6 so
sanh dién &p cam ung tinh toan Iy thuyét va do dac thuc nghiém cua cudn day 1 va 2.
Hinh v& cho thiy dién &p trung binh cua cac cuon day dat khoang 94% gia tri mo
phong. Su khac biét chii yéu do hién twong nhidu va sy ro ri tir thong. Ngoai ra, trong
mét chu ky dién ap xuét hién kha nhiéu dinh. Pay 1a hiéu qua nhan tan sé dién ap
cam ¢ng [113]. Hiéu qua nay 1am ting ning luong thu thap tong thé nén rat co loi
cho bo phan EH.

Hinh 5.7 so séanh két qua mé phong va do dac thuc nghiém cuaa cdng suat trong
mdi quan hé véi van tdc kich thich. Tur hinh v&, cd thé thay cong suat caa bo phan
EH phan bb bac hai theo van téc. Sai s6 trung binh gitta méd phong va thuc nghiém
khoang 8,4%. Nhu vay dit liéu thuc nghiém kha tuong dong véi phan tich mé phong.
b) Hiéu nang gidm chan duwdi tir trucong khéng doi

Hiéu nang cta bo phan giam chan MR duoc thir nghiém khi khéng két ndi voi bo
phan EH va duéi cac tir truong khong doi tao ra tir bd cdp ngudn ngoai. Hinh 5.8 biéu
thi tng xtr luc — van téc va luc — chuyén vi cua giam chan & tan sé 2,4 Hz vai cac

dong dién hang s6 0, 0,2, 0,34 (gié tri cuc dai md phong trong Bang 5.2) va 0,4 A.
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Dién ap cam g E; (V)

o 02

0.4
Thoi gian t (s)

(a) cuon day 1

Mo phong
====Thitc nghiém|

Dién ap cam img E> (V)

0.8 %0 0.2

06

(b)

0.4 06

Thoi gian t (s)

0.8

cuon day 2

Hinh 5.6: Bién &p cam g cua c4c cudn day & tan sb 2,4 Hz.

20
o Mo phong 4
E) .
< o Thire nghiém '.-.;
5
's L]
15 e
=~ . -
s v
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= .e
.
=~ % J .
3 10t - e
2 o \" of o°
[ .
= . =
< N\
~ . Jyoe.
e
5 o\ B
. 3 -. A o
do¥ o
. B s
e _.""'sl i
-8,5 0.25 0 0.25 0.5

Véin téc i (m/s)

Hinh 5.7: Cdng suat cia bo phan EH & tan s6 2,4 Hz.

Can luu ¥ 1a thiét ké cua bo phan giam chan MR tuong ty nhu giam chan MRF

truyén théng & Chuong 4, do d6 két qua ung xu thuc nghiém cua ching ciing giéng

nhau. Tir hinh v&, ¢d thé thay luc giam chan hau nhu bdo hoa & dong dién kich thich

0,34 A boi vi khi tang 1én 0,4 A lyc giam chan khong thay doi dang ké.

¢) Kha néng tw déap g luc giam chan

Bo6 phan EH duoc két ndi vao giam chan miu dé danh gia kha nang ty dap tng

luc giam chan. Ung xir thuc nghiém & tan sé 2,4 Hz duoc trinh bay trong Hinh 5.9.
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Chirong 5: Giam chdn lieu chat tir bién tu ddp 1ng

Luee giam chan Fa (N)

40f

Mién
trudc khi chay

Van téc it (m/s)

(a) luc — van téc

0.5

Luc giam chan Fg (N)

80,

40

-80

0
Chuyén vi u (m)

(b) luc — chuyén vi

Hinh 5.8: Ung xtr thuc nghiém cta giam chan MRF khong c6 bo phan EH ¢ tan

s6 2,4 Hz véi cac dong dién khong doi 0, 0,2, 0,34 (nét lién tir trong ra ngoai) va

, ,
0,4 A (nét dut).
80 = 80 ‘
3 5 sk 8. 4
Bé cap nguon o ‘)’) 2 0.34 4
= B5 /j/m’n EH > \ /
> 40 s e < D) |
= 0.344 =/ s | |
3 4 = | j
= f “\' = N li \ i
S o 04 % 0 :l' 04 X
g = ! j
S — 3 k. B 4
[ 5 ! {
S Q {
W A0t 3 40} ‘.\\
3. -0.25 0 0.25 05 80503 002 001 0 001 002 003

Van toc u (m/s)

(a) lyc — van téc

Chuyén viu (m)

(b) luc — chuyén vi

Hinh 5.9: Ung xt thuc nghiém cta giam chan MRF két ndi véi bo phan EH &
tan s6 2,4 Hz.

Hinh v& cho thay luc giam chan trong truong hop nay bién thién gitra mtc dong

dién 0 va 0,34 A. Luc giam chan cyc dai dat 75,1 N, hau nhu tuong duwong véi truong

hop cap dong dién khong d6i 0,34 A (76,2 N) véi sai s6 khoang 1,4%. Tir Hinh 5.9(a),

c6 thé thay duong cong luc — van tdc biéu thi hién tugng tré trong mién trudc khi
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chay nhung lai khéng tuyén tinh trong mién sau khi chay. D& thiy nguyén nhan 1a do
dién ap cam &ng trong cac cudn day cua bo phan EH bién thién lién tuc. Hinh vé ciing
chi ra rang ving dién tich luc — chuyén vi nhé hon so vai truong hop dong dién khdng
d6i. Giam chin MRF dugc cip ngudn ngoai sinh cong khoang 8,7 J trong khi vai bo
phan EH chi khoang 7,4 J. N6i cach khac, giam chan MRF tu cip ning lugng tiéu tan
ning luong it hon giam chin MRF truyén thdng. Biéu ndy gilp giam cong suat tiéu

thu va sinh nhiét trong qué trinh van hanh.

5.1.5 Cai tién giam chan MRF tw cap ning lweng véi 4 cudn day cam wng

Noi dung Muc 5.1.5 12 phién ban duoc sap xép va dinh dang lai tir cong bb khoa hoc
[6] cua tac gia:

Q. D. Bui, L. V. Hoang, D. D. Mai and Q. H. Nguyen. Design and testing of a new
shear—-mode magneto—rheological damper with self-power component for front—
loaded washing machines. Lecture Notes in Mechanical Engineering, pp. 860866,
2021.

Giam chan MRF ty cdp ning luong d3 trinh bay & trén c6 thé giai quyét dugc van
dé két cau phuc tap va chi phi cao ciia giam chan MRF truyén théng. Tuy nhién sé
cudn day cam wng kha cao (7 cudn) van gay mot sé kho khin cho viéc ché tao va bao
dudng. S6 cudn day lon ciing khién chiing khé két ndi véi nhau va c6 thé can ky thuat

chinh luu dé d¢am bao kiém soat hiéu qua chiéu dong dién. Piéu nay s& lam ting do

Bang 5.3: Céc thdng s6 t6i wu ctua bo phan EH 4 cudn day cam Gng.

Thong s6 thiét ké

Chiéu cao ranh /., (mm) 3,91  Bé day khe ho g, (mm) 0,8

Chiéu rong rinh we, (mm) 11,52  Bé day thanh mong ., (mm) 0.8

Buéc cudn day p. (mm) 13,84  BE day vo truot f,, (mm) 2
Chiéu dai nam cham 7, (mm) 5 Bén kinh ngoai R (mm) 20
Budc cap cuc tir pn (mm) 13,84  Cong suit P (W) 19,3
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80 , - 80

—— 7 cuon day cam ing

====4 cuon day can itng

-,
——————
-

40f 40

Luec giam chdn F (N)
o

Luec giam chan Fy (N)
o

5 025 0 0.25 05 9003 002 001 0 001 002 003
Van téc 1 (m/s) (& I111yé'/1 vi u(m)
(@) luc — van toc (b) luc — chuyén vi

Hinh 5.11: So sanh tng xir thuc nghiém caa giam chan MRF 7 cudn day va 4

cudn day cam ng.

phtic tap va chi phi hé théng, din dén kho kiém chiing thuc nghiém trén may giat.
Chinh vi vay, giam chan MRF tu cip ning luong can duoc nghién ciru thém véi sb
cudn day cam @ng toi wu hop ly.

Xem xét cac yéu té vé hiéu ning tao dién, sy don gian két ciu, d& dang két ndi
va khdng gian lap dat trong may giat, s6 nam cham va cudn day cam ung duoc Xac
dinh t6i wu 1an luot 12 2 va 4 bang phuong phap tht sai. Khi d6, dién ap cam tng

trong hai cuon day lién ké s& nguoc dau nhau. Luu ¥ 13 hai cudn day tir tinh caa bo
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Griam chan bi dong

Giam chan tie cap nang lrong

Gia toc phirong x (g)

0 60 120 180
Thoi gian t (s)

1 2

o
2}

o
o

Gia toc phwong y (g)
=
Gia toc phiwong z (g)

0 60 120 180 0 60 120 180
Thoi gian t (s) Thoi gian t (s)

Hinh 5.12: Ung xt thuc nghiém cua may giat lap giam chan MRF ty cip ning

luong 4 cudn day cam ang.

phan giam chan MR phai d6i cuc dé dam bao tir thong di chuyén dung hudéng. Do
vay, thiét ké moi nay co diém thuan loi 1a cac cudn day cam ung rat d& két ndi voi
nhau va dugc cp truc tiép cho giam chan ma khdng can bét ky su chinh luu nao.
Diéu nay dong nghia khong co ton that dién ap trén cac diode va hiéu niang duoc cai
thién, giam kich thuéc va khdi luong cua giam chan. Cu thé, ban kinh ngoai cua giam
chan giam di 2 mm so véi thiét ké cii 7 cuon day (Bang 5.3).

Giam chan mau duoc ché tao trong Hinh 5.10 va tng xir thuc nghiém cua luc
giam chan duoc so sanh véi giam chan MRF tu cip ning lugng 7 cudn day trong
Hinh 5.11. Hinh v& cho thay hiéu niang giam chan trong trudng hop 4 cudn day gan

nhu twong duong vai 7 cuon day, mac du bo phan EH s hiru it cuon day hon. Nhu
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Hinh 5.13: Phé tan sb tng xt thuc nghiém cua may giit 1ap giam chan MRF ty

cap nang luong 4 cudn day cam Gng.

vay, so v4i giam chan MRF tu cp ning luong 7 cudn day, thiét ké mai 4 cuon day
c6 chi phi thip hon va dé dang hon khi san xuét, bao tri cling nhu danh gia thuc
nghiém trén may giat trong khi van dam bao hiéu qua van hanh.

Giam chan MRF ty cp nang lugng 4 cudn day duoc lap dat vao may giat dé thir
nghiém kha ning hoat dong. Két qua ang xur thuc nghiém trén mién thoi gian va tan
s6 lan luot duoc thé hién trong Hinh 5.12 va 5.13. C6 thé thay dao dong theo cac
phuong ciia may giat lap giam chan MRF tu cip ning luong duoc han ché kha tét so
Vi giam chan bi dong thuong mai. Bang 5.4 trinh bay su so sanh céc chi sé gia toc
thuc nghiém cia may giat lap giam chan bi dong va giam chan MRF ty cip ning

lwong 4 cudn day. Tuong tu nhu giam chan SMA va giam chan MRF truyén thong ¢
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Bang 5.4: Céc chi sb gia toc thuc nghiém cua may giat Iap giam chan bi dong va

giam chin MRF ty cap ning luong 4 cudn day cam ung.

Gia tri cuc dai cua tri tuyét di gia toc (g)

L Tan sb thap Tan s6 cao
Giam chan
X y Z X y z
Bi dong 0,816 0,494 1,026 | 1,186 1,166 2,268
MRF tu Cép 0,438 0,211 0432 | 0,801 0,594 1,828
nang luong
Gié tri trung binh cua tri tuyét déi gia toc (g)
L Tan sb thap Tan s6 cao
Giam chan
X y z X y z
B1 dong 0,111 0,081 0,157 | 0,267 0,17 0,405
MRF tu cap 0,057 0,033 0,074 0,2 0,099 0,369
nang luong

cac chuong truée, dao dong phuong z khong dwoc giam nhiéu do vj tri ldp dat giam

chan nam trong mat phang x-y.

5.2 Giam chan MRF ty kich hoat bang hanh trinh

Noi dung Muc 5.2 1a phién ban dugc sap xép va dinh dang lai tir céng bé khoa hoc
[2] cua tac gia:

Q. D. Bui, Q. H. Nguyen, L. V. Hoang and D. D. Mai. A new self-adaptive magneto—
rheological damper for washing machines. Smart Materials and Structures, Vol. 30,
Issue 3, 037001, 2021.

521 Giéithigu
So véi giam chan MRF truyén thong, giam chan MRF ty cip niang lugng da thé

hién tiém ning trong viéc kiém soat rung déng cua may giit voi kha niang tu diéu

chinh mirc d6 giam chan phi hop véi kich thich dao dong ngoai. Tuy nhién, sy phirc
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tap vé két cdu chwa duoc giai quyét triét dé khi cac cudn day quan phan nao van gay
kho khin cho viéc san xuat va bao tri. Mot van dé khéc 1a cac giam chan MRF tu cap
nang luong sir dung kich thich van toc nhu dit liéu dau vao dé tao ra luyc giam chéan
trong tng. Thong thudng, van tdc va chuyén vi cua tréng giat déu 16n trong ving
cong hudng & tan sé thap, do vay mot mace d6 giam chan 16n 12 hop ly. Tuy nhién ¢
c4c tan s cao, van tdc cd gia tri 16n nhung chuyén vi c6 thé lai khéng, dan dén trang
thai kich hoat luc giam chan va su truyén dan luc khéng mong mudn tir cac giam
chan ty cap nang lugng.

Tir cac phan tich trén, dé tai phat trién mot loai giam chan MRF kiéu trugt méi
v6i kha ning tu kich hoat biang hanh trinh cho may giit cta trudc. Giam chan moi
nay thay thé cac cuon day tir tinh thuong thay trong giam chan MRF truyén thong
bang cic nam cham vinh ciru & hai dau tryc dé tao ra luc giam chan khi cac nam cham
di vao ving luu chat. Véi thiét ké nay, bién do dao dong cang Ién, mac giam chéan

cang 16n. Mot diém dang chu ¥ 1a giam chin dé xuét cé dac tinh giam chan phu thudc

3 MRF \ f Vo r O-ring
Tmc : Dao dbﬂg “.‘I‘ ’."‘I / ‘I‘i CU'C t]'/‘f
\ \ /
/o ] f
\ B ] 7 H - 7 ﬂu B
/ L
I‘a,L Nam cham
vinh ciru

(b) trang thai kich hoat

Hinh 5.14: Két cdu va nguyén ly hoat dong cua giam chan MRF tu kich hoat
bang hanh trinh.
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chuyén vi, rat phi hop véi diéu kién van hanh cua may giat. So vai cac giam chan
MRF khéc, giam chan dé xuat c6 két cau don gian va chi phi thap hon boi vi khdng
can bt cir ngudn cap, cam bién hay bo diéu khién nao. Pay 1a mot tiéu chi then chét

thu hit cac nha san xuat thiét bi dung cu gia dinh.

5.2.2 Céu hinh va nguyén Iy hoat déng giam chin MRF tu kich hoat bang
hanh trinh

Hinh 5.14 md ta két cau va nguyén ly 1am viéc cua giam chan MRF ty kich hoat
bang hanh trinh. Giam chan gdm mét truc chita cac nam cham vinh ciru va cuc tir 1ap
xen k& nhau va mot vé ngoai dé bao phu va dong kin mach tir. Cac nam cham dugc
phan bd trén hai doan dau truc, chira mot doan truc tron ¢ gitta. MRF duogc d6 day
vao khe h¢ gitra truc va mat tru trong cta vo.

Tir Hinh 5.14(a), c6 thé thay khi kich thich dao dong nho, chura c6 nam cham nao
tuong tic véi MRF va vi vay giam chan & trang thai nghi. Dudi cac bién do dao dong
I6n hon, ciac nam cham bat dau di chuyén vao viing MRF va tir truong dugc hinh
thanh xuyén qua Iuu chat, nhu Hinh 5.14(b). Vi tir tinh doc truc, hai nam cham ké
tiép nhau duoc sap xép ddi cuc sao cho tir thong dugc dan xuyén qua cac cuc tir va
khe ho MRF, di ¢én vo ngoai va sau dé quay trg vé cuc nam. Tir thong wu tién di qua

thanh mong gitta lwu chat va nam cham trude, vi vay bé day thanh mong duoc thiét

lp Im  2lp / Vo

Dao dong J T

& E

— R
O-ring \K Cuc tur XX MRF Truc

Nam cham

to

t w

Hinh 5.15: Kich thudc hinh hoc co ban cua giam chan MRF tu kich hoat bang
hanh trinh.
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ké nho nhét cd thé dé nhanh chong dat trang thai bdo hoa tir va budc tir théng bang
qua khe ho luu chét. Vi cau hinh nay, bién d6 kich thich cang Ién, cang nhiéu MRF
duoc kich hoat va luc giam chan cang lén duoc sinh ra. O tan sb tu nhién cua dang
thirc dao dong ctrng (100 — 200 vong/phut), bién do dao dong cua may giat lon va
mot luc giam chan da 16n duoc hinh thanh dé giam dao déng. Tuy nhién & céc tan sé
cao (900 vong/pht hozc hon), luc giam chin dugc giam xudng boi bién do kich thich
nho va lyc truyén dan sang nén nha ciing s& dugc han ché. Két qua la giam chan c6

thé tu dap tng véi kich thich dao dong ngoai ma khong can bat ky su diéu khién nao.

5.2.3 M0 hinh hoa giam chan MRF tw kich hoat bang hanh trinh

Hinh 5.15 mé ta cac kich thudc hinh hoc co ban caa giam chan MRF tu kich hoat
bang hanh trinh. Xem xét kha ning lap dat trong may giat, luc giam chan can thiét va
lyc khéng tai, s6 nam cham duoc x4c dinh 1a 3. Trong thiét ké nay, truc, vo va cuc tir
dugc lam tir thép C45 thuong mai. Cac nam chdm dang dia tron c6 vat liéu la NdFeB
loai N35. MRF trong khe hé duoc bit kin bang cac O—ring cao su NBR 70 durometer.

Tuong tu nhu giam chan MRF truyén thong & Chuong 4, luc giam chan kich hoat

Fa va luc khong tai Fo cia giam chan MRF ty kich hoat bang hanh trinh dwgc tinh

Nam-cham

MRE

Cure fir

Vo

Hinh 5.16: M hinh FE cua giam chan MRF ty kich hoat bang hanh trinh.
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toan boi cac phuong trinh (4.1 — 4.4). Trong thiét ké nay, chiéu dai caa MRF kich
hoat Lon = 61, va khong kich hoat Lo = 3lm, V6i Ip va Im 1an Iuot 14 chiéu dai cua mdi
cuc tir va nam cham. Ba loai MRF thwong mai (san xuét bai Lord Corporation) duoc
xem xét dé tinh toan 1a 122-2ED, 132-DG va 140—-CG. Pic tinh luu bién (tng suat
chay va d6 nhét) cia ba loai nay ting dan theo thir tu sdp xép va duoc cho trong Bang
2.1 (Chuong 2).

Quaé trinh t4i wu hoa thiét ké cua giam chan MRF tyu kich hoat bang hanh trinh
duoc thyc hién tuong ty nhu giam chan MRF ¢ cac chuong truéc. Bai toan toi uu
duoc phat biéu:

Tim cac gia tri kich thieéc hinh hoc co ban cua giam chdn dé toi thiéu héa luc
khéng tdi Fo, véi cac rang bugc luc giam chdn cue dai 16m hon 80 N, chiéu dai khe

ho MRF nho hon 35 mm va ban kinh ngoai R nho hon 20 mm.

Bang 5.5: Két qua téi wu cua giam chan MRF tu kich hoat bang hanh trinh.

Céc thong s6 (mm) 122-2ED 132-DG 140-CG
Nam cham Chiéu dai I 2,4 2,4 2
Ban kinh rm 13,5 10,2 9
Cuc tir I 9,1 9,1 9,1
Truc Thanh mong tw 0,8 0,8 0,8
Ban kinh rs 14,3 11 9,8
Khe hé MRF  Chiéu dai L 34,6 34,5 33,3
Bé day tq 0,8 0,8 0,8
Vo Bé day to 5 4,2 45
Ban kinh ngoai R 20 16 15,1
Hiéu ning Lyc giam chan cyc dai Fa (N) 80,1 80,1 80,1
Luc khong tai Fo (N) 31,7 24,4 22
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Hinh 5.17: Téi wu hoa giam chan bang phuong phap sub—problem.

M6 hinh phan tir hitu han (FE) dugc thé hién trong Hinh 5.16. Két qua t6i wu cua
giam chan st dung ba loai MRF dugc tong hop trong Bang 5.5. C6 thé thay rd hiéu
qua hoat dong cua giam chan MRF 140—CG tot hon hai loai kia voi tat ca cac thong
s6. Vi vay MRF 140-CG duoc lya chon cho nghién ctu nay. Tir bang két qua, ciing
can chl y rang béan kinh ngoai, mot trong nhiing tiéu chi thuong mai quan trong, cua
giam chan MRF 140-CG (15,1 mm) duoc giam dang ké so véi giam chan MRF
truyén théng (18 mm) va giam chan MRF tu cp niang lugng (20 mm).

Qua trinh téi wu hoa thiét ké cho truong hop giam chan MRF 140-CG duoc md
ta chi tiét nhu sau. Trudc tién, tir c4c gia tri bién ban dau bat ky (thuong duya trén kinh
nghiém), phuong phap téi wu hoa sub—problem tich hop trong céng cu téi wu hoa

ANSYS duoc sir dung dé xac dinh so bo cac thong sb thiét ké tdi wu cua giam chan.
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Hinh 5.18: Téi wu hoa giam chan bing phuong phép first—order.

Muyc tiéu cta bude nay 1a xac dinh pham vi t6i vu toan cuc. Hinh 5.17 md ta su toi
vu hoa giam chan bing phuong phap sub—problem. Tur hinh V&, ¢ thé thay 10i giai
hoi tu sau 50 vong lap vai gia tri nho nhat caa ham muc tiéu Fo 1a 22,3 N. Cac bién
thiét ké cd gia tri: In = 1,2 mm, rm = 9,1 mm, I, = 10,4 mm, t, = 4,1 mm va cac bién
trang thai c6 gia tri: Fg = 80,3 N, L = 34,9 mm, R = 14,8 mm. Céc gia tri bién thiét ké
nay dugc gan cho di liéu dau vao cua budc tdi vu chinh xac ké tiép, trong d6 phuong
phap first-order két hop véi thuat toan golden—section cia ANSYS duoc str dung
(Muyc 2.2.4 va 2.2.5, Chuong 2). Loi giai t6i uu cua giam chan duoc minh hoa trong
Hinh 5.18. Két qua hoi tu sau 26 vong lap véi ham muc tiéu tdi thiéu Fo 12 21,9 N.
Luu ¥ 1a chiéu dai va ban kinh cia nam cham vinh ctru can duoc lam tron dén gié tri

tiéu chuan gan nhat dé thuan tién cho viéc san xuat. Vi vay, bang cach cb dinh hai
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Hinh 5.19: Mé hinh héa giam chin MRF ty kich hoat bang hanh trinh.
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Hinh 5.20: Thiét ké cua giam chan MRF ty kich hoat bang hanh trinh: (1) khép
ndi, (2) truc, (3) ndp dau, (4) bac dan hudng, (5) O-ring, (6) MRF, (7) vo, (8)

cuc tir, (9) nam cham vinh ctru, (10) chan hanh trinh, (11) nap cudi.

thong sé nay theo tiéu chuan, budc tdi wu cudi cing duoc thyuc hién dé tinh toan lai

.....

cac thong sé khac. Loi giai téi uu cudi cung duoc trinh bay trong Bang 5.5 va Hinh
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5.19. Dua trén cac két qua toi uu, giam chan MRF ty kich hoat bing hanh trinh st
dung MRF 140-CG duoc thiét ké chi tiét nhu Hinh 5.20.

5.2.4 Panh gia thuc nghiém giam chin MRF tw kich hoat bing hanh trinh

T thiét ké toi wu, giam chan mau MRF tu kich hoat bang hanh trinh duoc ché
tao va danh gia dic tinh hoat dong trén hé thdng thi nghiém Hinh 3.6 (Chwong 3).

Ung xa thyc nghiém caa giam chan tu dap wng ¢ tan sé 2 Hz trong hai chu ky
hanh trinh dugc mé ta trong Hinh 5.21. Biéu do cho thay lyc giam chan do dac thuc
nghiém ting theo chuyén vi, phi hop véi phan tich ly thuyét. Luc giam chan thyuc
nghiém nho hon mot it so véi gia tri md phong tir FEA. Luc giam chan kich hoat hoan
toan & c&c vi tri cudi hanh trinh dat khoang 74,6 N (93% gia tri tinh toan). Su chénh
léch cha yéu do mat mat tir théng tai noi tiép xdc gitra cac bo phan va ro ri ra moi
truong xung quanh. Trong ving lan can chuyeén vi 0, sy khac biét Ién hon duoc ghi
nhan. Giam chan tai c4c vi tri ndy hau nhu & trang thai nghi véi luc giam chan trung
binh khoang 26,6 N (121% gia tri ly thuyét). Nguyén nhan co ban 1a do mot phan tir
truong cta nam cham vén tac dong 1én MRF va tao ra lyc giam chan cho di cc nam

cham chua di vao ving luu chét.

80 80

40 > 40f

Luwee giam chan Fq (N)
o

Luec giam chan F, (N)
o

.40

S 0.25 05 0.75 1 Bos 0.02 0 0.02 0.04
Thoi gian t (s) Chuyén vi u (m)

(a) luc — thoi gian (b) luc — chuyén vi
Hinh 5.21: Ung xt thuc nghiém cua giam chan MRF tu kich hoat bang hanh

trinh & tan sé 2 Hz.
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Hinh 5.22: Ung xu thuc nghiém cua giam chan MRF tu kich hoat bang hanh

trinh & cé4c tan s cao.

Hinh 5.21(b) biéu thi rd hién tuong tré theo chiéu kim dong ho vai thoi gian, dic
biét & dau va cudi hanh trinh. Hién tuong nay da duoc nghién cau kj & Chuong 4.
Khi truc giam chan di chuyén dén doan gitra hanh trinh va luc giam chan giam dan
vé trang thai nghi, mot sy tré nhe ciing xuat hién va c6 thé duoc quan sat boi sy dich
chuyén vé phia phai caa nhitng diém thap nhat so véi truc chuyén vi 0 & nhanh duong
cong trén (dich chuyén vé phia trai d6i v6i nhanh dudi).

Hinh 5.22 mé ta &ng xur caa giam chan tu dap tng khi thir nghiém & céc tan s6

cao hon, 5, 10 va 15 Hz véi cac phan tich twong ty. Ciing nhu cac giam chan MRF
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Hinh 5.23: Ung xt thuc nghiém cua may giat lap giam chan MRF tu kich hoat
bang hanh trinh.

khac da phat trién trong dé tai, hiéu qua quén tinh caa truc giam chan khién cho lyc
giam chan c6 khuynh huéng ting nhe véi téc do quay cua trong giat.

Giam chan mau MRF ty kich hoat bang hanh trinh duoc thir nghiém va danh gia
hiéu qua hoat dong trén may giit mau Samsung WF8690NGW. Két qua wng xir thuc
nghiém trén mién thoi gian va tan sb lan lugt duoc thé hién trong Hinh 5.23 va 5.24.
C6 thé thiy rung dong cua may giat l1ip giam chan MRF tu dap tng duoc cai thién
dang ké so véi giam chan bi dong thuong mai. Dé phan tich day du hon, cac chi s6
gia toc thuc nghiém cua may giat 1ap giam chan bj dong va giam chéan tu dap tng
dugc so sanh trong Bang 5.6. Dix liéu cho thay giam chan dé xuat gan nhu giam mot
nira dao dong so vai giam chan bi dong & ca tan sé thap va cao. Nguyén nhan co ban

la do lyc giam chan cua giam chan ty dap ang 16n hon giam chan bj dong va dong
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Hinh 5.24: Ph6 tan s6 tng xt thuc nghiém cua may giat lap giam chan MRF ty
kich hoat bang hanh trinh.

thoi duoc kiém soét rat hiéu qua theo bién d6 dao dong hanh trinh. Twong ty nhu cac
giam chan da phat trién, rung dong phuong z duoc giam khéng nhiéu so véi phuong
x va y. biéu nay c6 thé duogc cai thién khi hiéu chinh lai két cau treo cua hé théng
giam chan. Mot diém quan trong nhat dang cht ¥ ctia giam chan dé xuat 1a chi phi
thap hon cac giam chan MRF khéc va hoan toan c6 kha niang san xuat thuong mai
hoa. Nhu vy, giam chan MRF ty kich hoat bang hanh trinh da chung to tinh kha thi
thuong mai cho may giat cira trude noi riéng va céac thiét bi st dung hé thong kiém

soat rung dong noi chung.
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Bang 5.6: Cac chi sb gia toc thuc nghiém cua may giat Iap giam chan bi dong va
giam chan MRF tu kich hoat bang hanh trinh.

Gia tri cuc dai cua tri tuyét ddi gia toc (g)

» . Tan sb thap Tan sb cao
Giam chan
X y z X y z
Bi dong 0,719 0,512 1,016 | 1,145 1,039 2,109

MRF tu kich hoat | 0,603 0,211 0,599 | 0,718 0,808 1,718
bang hanh trinh

Gié tri trung binh cua tri tuyét déi gia toc (g)

. . Tan sb thap Tan s6 cao
Giam chan
X y z X y z
Bi dong 0,105 0,062 0,157 | 0,254 0,162 0,406

MRF tu kich hoat | 0,057 0,033 0,086 | 0,143 0,084 0,257
bang hanh trinh

5.3 Tong két

Trong chuong nay, hai loai giam chan MRF kiéu truot tu dap tng da dugc phat
trién cho hé théng treo ciia may giit cira trugc. Cac giam chan nay c6 kha ning tu
diéu chinh lyc giam chan theo kich thich ngoai dé dap tat rung dong ma khong can
bat ky su diéu khién nao, nho vay giam dang ké chi phi san xuat. Loai dau tién Ia
giam chan MRF ty cp nang lugng, Xuat phét tir ¥ tuang chuyén hda dao dong bi lang
phi cia hé théng thanh ning lwong dién dé tu cAp ngudn. Hai ciu hinh véi 7 va 4
cudn day cam ung da duoc nghién ciu, thiét ké téi uu va ché tao mau. Két qua thi
nghiém cho thay luc giam chan cuc dai cua ca hai gan nhu twong dwong véi giam
chan MRF truyén thong, trong d6 cau hinh 4 cudn day c6 uu thé hon vé kich ¢, kha

nang két ndi va chi phi.
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Loai tha hai 1a giam chin MRF tu kich hoat bang hanh trinh, s¢ hiru dic tinh
giam chan phu thudc chuyén vi rat phi hop véi su van hanh caa may giat. Giam chan
cling da duoc thiét ké tbi uu, ché tao mau va kiém tra trén hé théng thi nghiém véi
két qua kha trong ddng véi mo phong tinh toén.

Ca hai loai giam chan MRF tu dap Gng déu da duoc lap dat va the nghiém trén
may giat cira truéc mau dé danh gia hiéu qua hoat dong. Dit liéu thuc nghiém cho
thiy rung dong cua may giit lap cac giam chan MRF ty dap ung duoc giam déng ké
S0 V&i giam chan bi dong thuong mai.

Két qua nghién ciru trong Chuong 5 cia luan an da duoc tac gia cong bo trén 2
tap chi ISI [119, 120], 1 tap chi Scopus [121] va 1 Ky yéu hai nghi khoa hoc [122].
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Chwong 6
KET LUAN VA HUONG PHAT TRIEN

6.1 Kétluan

Luédn 4n d3 cung cap tdm nhin va su hiéu biét sau sic vé hé théng giam chén tich
hop vat liéu thong minh dé kiém soét hiéu qua rung dong ctia may giat, vén la mot
trong nhitng van dé thach thac cua giéi khoa hoc. Véi kha nang diéu chinh va kiém
soat linh hoat dac tinh hoat dong theo kich thich ngoai, cac hé thong giam chan ban
chu dong str dung vat liéu théng minh dugc phat trién trong luan an da danh dau budc
tién mai cho nganh cong nghiép tu dong hda. Két qua nghién ciu tir luan an da lam
séng to nhitng diém chinh sau:

1. Vat liéu thdng minh thi nhat da dugc nghién ciu va ang dung vao hé thong giam
chan cua may giat cira truge 1a SMA. Ung xir thuc nghiém cua giam chan SMA kha
phu hop vai sy mo hinh héa, khi luc kich hoat c6 thé dat 76,5 N (95% gi4 tri tinh
toan), du Ion dé loai bo rung dong cua hau hét may giat. So vai giam chan MRF, giam
chan SMA c¢6 két cau don gian hon, chi phi thdp hon va sé hitu lrc khong tai nho hon
(chi khoang 8 N), qua d6 cho thay tiém ning cua loai giam chan nay. Két qua thuc
nghiém trén may giit cling da thé hién kha nang giam rung hiéu qua cia giam chan
SMA so véi giam chan bi dong. Tuy nhién vai thoi gian chuyén doi trang thai kha
I6n (khoang 25 gidy), giam chan SMA budc dau chi phd hop cho diéu khién on—off.
2. Dit liéu thuc nghiém cho thay giam chan SMA biéu thi hién tuong tré, dic biét ¢
dau va cudi hanh trinh. M6 hinh tré dé xuat trong [106] (cong b khoa hoc [3] cua tac
gi4) va hai mé hinh phé bién Bingham, Bouc—Wen di duoc sir dung dé dir doan tng
xur phi tuyén cua giam chan. Két qua mé phong cho thay, so voi hai mé hinh kia, mo
hinh Bingham khéng thé hoan toan dic ta chinh xac duoc Gng xir tré phi tuyén cua
giam chan SMA, nhat la trong viing van toc nho, tuy nhién véi ciu trac don gian, mo
hinh ¢6 loi cho cac truong hop thiét ké va udc lugng ban dau. Nguoc lai, md hinh

Bouc—-Wen va md hinh dé xuit phan &nh su bién thién cua lyc giam chin tét hon
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nhung dong thoi ciing phuc tap hon, vi vay phi hop cho céc bai toan thiét ké diéu
khién, phan hdi hay nhan dang hé thong.

3. Loai vat liéu théng minh thir hai da dwoc nghién cuiru trong luan an la MRF. Giam
chan MRF kiéu truot d3 duogc toi wu vé thiét ké dé dat hiéu ning hoat dong tot nhat
trong khi vian dam bao cac tiéu chi vé luc giam chan, kich c&, khéng gian lap dit trong
may giat va chi phi san xuat thip. Két qua thuc nghiém va moé hinh hoa khé tuong
d6ng nhau khi lrc giam chan cuc dai dat 76,6 N (khoang 96% gia tri mé phong) va
luc khéng tai 12 19,1 N — Ién hon mat it so véi tinh toan ly thuyét (khoang 104%).

4. Dit liéu tng xtr luc — van téc va luc — chuyén vi caa giam chan MRF ghi nhan
mot su tré manh trong mién trude khi chay 1an can gdc toa do. Dya trén md hinh
Magic Formula va Pan, mot mé hinh tng xir méi da duoc xay dung dé biéu thi hién
tuong tré phi tuyén nay, trong d6 luc giam chan dugc dinh nghia nhue mot ham cua
bién chuyén vi, van téc, cuong do dong dién va tan sé kich thich. Két qua mo phong
cho thdy, so voi mé hinh Spencer va Pan, mé hinh dé xuat khong chi du doan chinh
x&c hon dac tinh tré bat dbi xtmg va do sic tai cac goc lugn cua dudng cong trong
mién trudc khi chay ma con twong thich hon véi cac diéu kién van hanh khac nhau.
Cac tham sé ciia mé hinh c6 ¥ nghia vat Iy rd rang, tao thuan loi cho viéc tiép can
nghién ciu va hoan toan c6 thé tng dung mo hinh cho cac hé thong kiém soét ban
chu déng khéc.

5. Mot hé thong diéu khién vong lap hé dua trén thuat todn sky—hook da dugc thiét
ké dé danh gia hiéu qua cia mo hinh dé xuat. Két qua thuc nghiém cho thay mé hinh
dé xuat kiém soét lyc giam chan twong ung theo lyc diéu khién mong muén tét hon
so véi mo hinh Spencer va Pan.

6. Mot hé thong kiém soat rung dong béan chu dong da dugc phét trién cho may giat
lip giam chan MRF, gom maot bo diéu khién hé théng va mot bo diéu khién giam
chan som pha. Thanh phan cam bién caa hé théng st dung mét cudn day cam tng
tich hop vao phia sau giam chan giap don gian hoa két cau va giam chi phi. Tir cac
két qua md phong va thuc nghiém, cé thé thay hé thong diéu khién dé xuat 1 su két

hop thé manh cua trang thai khong diéu khién va diéu khién dong dién hang sb. Bo
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diéu khién dé xuat da thé hién kha niang giam dao dong hiéu qua & tan sé thip, dic
biét trong viing cong hudng, trong khi vin ¢am bao han ché su truyén dan lyc ¢ tan
s6 cao.

7. Mic du giam chdn MRF d3 chiing to kha ning giai quyét vin dé rung dong cua
may giit, nhung két cau phuc tap va chi phi cao dén tir cac thiét bi phu di kém lai Ia
nhitng rao can cho su thwong mai héa. Vi vay, dé tai di phat trién loai giam chan
MRF tu cap nang luong, Xuat phét tir y tuéng tan dung nang luong dao dong co hoc
du thira cua may giat dé tu cap ngudn. Hai kiéu két cau, 7 va 4 cudn day cam ung,
cua bo phan EH dugc nghién ciu va thiét ké tdi wu dé dam bao kha ning tich hop
trong may giat. Két qua thuc nghiém cho thay luc giam chan cuc dai cua ca hai gan
nhu tuong duong vai giam chan MRF truyén théng, trong d6 thiét ké 4 cudn day nho
gon, két ndi dé dang va it tbn kém hon trong viéc ché tao va bao dudng. Piém nhan
la giam chan MRF ty cap nang lugng ¢ thé tu dap ung vai kich thich ngoai va tao ra
muc giam chan twong thich ma khong can bat ky sy diéu khién nao, qua dé giam dang
ké chi phi san xuat. Pay 1a yéu to rat quan trong cho su phét trién thuong mai hoa.
Két qua thyc nghiém trén may giit ciing cho thay giam chan tu cip ning luong 4
cudn day han ché rung dong kha tot ¢ cac tan sé so véi giam chan bi dong.

8. S& hitu cac cuon day quan tir tinh, giam chan MRF ty cap niang luong phan nao
mang dau an truyén thong khi chua thé giai quyét hoan toan su phic tap két cau. Van
khoi nguén cam hing tir y tuéng tu dap @ng, mot loai giam chan MRF kiéu truot méi
vé6i kha nang ty kich hoat bang hanh trinh da duoc phét trién. Dit liéu thuc nghiém
cho thay lyc giam chan ting theo bién do6 dao dong kich thich, twong déng véi su
phan tich ly thuyét. So véi giam chan MRF truyén thong va tu cap niang luong, dic
tinh giam chan phu thudc chuyén vi nay rat phii hop voi diéu kién van hanh caa may
giat. Thém vao do, giam chan MRF tu kich hoat bang hanh trinh c6 két cau rat don
gian va chi phi thap hon cac giam chan MRF khéc, c6 thé tao budc dot pha cho qué
trinh thuong mai hoa. Cac két qua thir nghiém giam rung dong trén may giit ciing da
cho thiy hiéu qua cua giam chan nay so vai giam chan bj dong, qua d6 chting minh

tinh kha thi va tiém ning trong viéc ung dung thuc tién.
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Bang 6.1: So sanh cac loai giam chan vat liéu thong minh.

MRF tu MRF tu
, MRF 1 c4p nang | Kich hoat
Giam chan SMA truyen aphang | K .
4 luong 4 | bang hanh
thong NI e
cuon day trinh
Kich c&
CAhIéLi.dal gitra hai dau chot 200 200 202 201.7
ket noi (mm)
Ban kinh (mm) 20 18 20 15,1
Vat ligu va thiét bi hd trg
TP . 210 xo0 2,7 ml 2,5ml 1,8 mi
Vit liéu thng minh SMA MRE MRE MRE
Lam kin vat liéu Khdng 2 0-ring | 20-ring | 2 O-ring
2 cuon
2 cuon day kich 6 nam
B6 phan tao tur truong Khéng day kich | thich +4 | chdm vinh
thich cuon day ctu
cam tng
B6 cap ngudn Co Co Khong Khéng
Hé thong diéu khién Co Co Khéng Khéng

9. Bang 6.1 so sanh cac dic tinh co ban cua bon loai giam chan da duoc phat trién
trong luan an véi nhitng nhan xét nhu sau:

— Chiéu dai gitra hai dau chét két néi caa bén giam chan tuong dwong nhau (xap xi
200 mm) nhiam dam bao khdng gian lap dat trong may giat. Tuy nhién, giam chan
MRF tu kich hoat bang hanh trinh ¢6 ban kinh nhé gon nhat.

— Céc vat liéu théng minh str dung trong bén giam chan déu dugc nhap tir nude
ngoai vai chi phi cho mot giam chan khdng chénh léch dang ké. Vé két cdu, ba giam
chan MRF can O-ring dé 1am kin luu chat va can bo phan tao tir truong, con giam

chan SMA thi khéng, do vay thiét ké c6 phan don gian hon. Tuy nhién, giam chan
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Bang 6.1: So sanh cac loai giam chan vat liéu théng minh (tiép theo).

MRF tu MRF tu
, MRF | c4p nang | Kich hoat
Giam chan SMA truyen aphang | K .
4 luong 4 | bang hanh
thong NI e
cuon day trinh
Hiéu nang hoat dong
Luc giam chan cuc dai (N) 76,5 76,6 75,5 74,6
Luc ma sat khéng tai (N) 8 19,1 19,5 26,6
Thaoi gian kich hoat (s) 25 0,2 0,2 0,2
Thir nghiém trén may giat
.| X 0,25 0,687 0,438 0,603
T@n
SO |y 0,218 0,374 0,211 0,211
. . |[thi
Gia tri cuc dal P z 0,557 1,103 0,432 0,599
cua tri tuyét doi
gia téc (g) - X 0,478 1,002 0,801 0,718
an
s6 |y 0,683 0,537 0,594 0,808
cao
z 1,831 1,3 1,828 1,718
.ol Xx 0,03 0,061 0,057 0,057
T@n
SO Y 0,033 0,036 0,033 0,033
Gié tri trung thap
binh caatri z 0,082 0,087 0,074 0,086
tuyctdoigiatoc | | | 909 0,172 0,2 0,143
(9) Tan
SO |y 0,064 0,085 0,099 0,084
cao
z 0,231 0,304 0,369 0,257

SMA va giam chan MRF truyén thong yéu cau bo cap ngudn va diéu khién nén két
cau hé théng phuc tap va ton kém hon. Giam chan MRF ty cap nang lwong va ty kich
hoat bang hanh trinh déu 1a dang tu thich nghi, trong d6 kiéu tu kich hoat bang hanh

trinh ¢6 wu diém hon vé su don gian, kha ning ché tao, Iap rép, bao dudng va chi phi
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san xuat nho sir dung nam cham thay cho cuén day, dong thoi sé hitu dic tinh giam
chan theo chuyén vi phii hop hon véi hoat dong cua may giit.

— Bén giam chan déu c6 luc giam chan cuc dai kha twong ddng véi tinh toan ly
thuyét. Luc khdng tai caa giam chan MRF ty kich hoat bang hanh trinh ¢ phan Ién
hon hai giam chan MRF kia do anh hudng tir caa nam cham, con ctaia giam chan SMA
la thip nhat. Tuy nhién thoi gian kich hoat kha lau cua giam chan SMA 1a mét van
dé can duogc nghién ciu thém.

— Kha nang giam rung khi thir nghiém trén may giat mau caa bon giam chan déu
t6t hon so vai giam chan bi dong. Trong d6, dao dong ¢ phwong z khong duoc giam
nhiéu nhu hai phwong X va y do su thiét ké lap dat cac giam chan trong cing mit
phang x-y. Cac két qua co thé duoc cai thién khi thay doi lai cau trdc bo khung cua
hé thdng treo.

Nhu vay, mdi loai giam chan vat liéu thdng minh trong luan an c6 nhiing uu va
nhuge diém riéng. Bang so sanh 6.1 mang tinh chat tong hop va dinh huéng cho viéc
lya chon loai giam chan phi hop véi tirng ng dung cu thé. Cho du sir dung loai giam

chan nao, sy nghién ctru va cai tién hon nita déu can duoc thuc hién.

6.2 Huwoéng phat trién

Cac nghién ctiu trong luan an di dong gop dang ké cho bai toan kiém soét rung
dong cta may giat cira trudc. Tuy nhién, dé tai van con mot s6 han ché nhat dinh.
Tha nhat, giam chan SMA c¢6 thoi gian kich hoat khé 1au nén viéc nghién ctiu chi
ding lai ¢ thiét ké va diéu khién dang on—off. Giam dai lwong ndy s& cai thién chat
lwgng cua giam chan SMA va cho phép trang thai diéu khién vong lap kin. Thi hai,
md hinh tré cua cac giam chan chi dugc xay dung trong trang thai 6n dinh, chua xét
dén trang thai qua do tir khdng tai sang kich hoat, dong thoi chua két ndi ré rang phan
thiét k& va mé hinh héa. Viéc nghién citu mot md hinh ang xir phan anh ban chat vat
ly ctia giam chan ciing nhu dy doan ca hai trang thai s& gidp hoan thién su phan tich
dong luc hoc cua hé théng. Thir ba, cac nam cham tir tinh doc truc cua giam chan

MRF tu kich hoat bing hanh trinh khéng thé tao dudng sic tir phu kin toan bo chiéu
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dai khe hé MRF. Sy thay thé bang nam cham tir tinh huéng kinh s& 1a mét lya chon
t6i wu hon. Tht tu, cAc giam chan vt liéu thong minh dwoc bé tri lap dat trong cling
mat phang x—y, do vay kha ning giam rung dong theo phuong z bi han ché. Hiéu
chinh lai két cau lip dat s& co thé cai thién duoc van dé. Thir ndm, dé don gian héa
qué trinh thiét ké, mé hinh dong luc hoc caa may giat cira trude dugc xay dung trén
mat phang hai chiéu chtra khdi lwong mit can bing va ciing 1a mit phang chira hé
théng giam chan, do vy céc anh hudng rung lic, dich chuyén va xoay tron lién quan
dén chiéu khong gian thir ba di duoc bo qua. Pinh lugng céc yéu td nay, tuy rang
phtic tap hon nhiéu, nhung s& giup danh gia &ng Xt ciia may giat chat ché va chinh
xé&c hon. Tir cac phan tich trén, luan &n c6 thé duoc phét trién theo cac hudng sau:
1. Nghién ctru cac phuong phap gia nhiét hozc xir Iy nhiét ban dau cho SMA dé cai
thién thoi gian dap ung.
2. Nghién ctu thiét ké giam chan SMA dura trén dic tinh gia dan hoi caa vat liéu.
3. Nghién cau tng dung vat liéu hop kim nhé hinh tir bién (Magnetic shape memory
alloy — MSMA\) vao hé thong giam chan dé tan dung kha nang dap tng nhanh cua tir
truong.
4. M6 hinh hda giam chan két hop bo khung md hinh gia tinh véi cac toan tir tré
khac nhau.
5. Nghién cttu md hinh @ng xir ciia giam chan cho ca trang thai qua do va 6n dinh.
6. Cai tién giam chan MRF ty kich hoat bang hanh trinh sir dung nam cham tir tinh
huang kinh.,
7. Nghién cau hiéu chinh cau tric lap dat cua hé thong treo dé cai thién hiéu qua
giam rung dong cua cac giam chan & ca ba phuong.
8. Giai bai toan thiét ké, mé hinh hoa va kiém soat rung dong ciia may giat dua trén
phan tich mé hinh dong luc hoc ba chiéu cua khdi 16ng giit.

Hién nay cac giam chan MRF van chua duoc &p dung trong may giit thuong mai.
Nguyén nhan 12 do cac giam chan MRF truyén thong trudc day c6 cau hinh kiéu dong
chay, can luong 16n MRF nén lam ting chi phi. Thém vao d6, hé thdng ciing can cac

cudn day quan, bo diéu khién, cam bién va bd cap ngudn dé van hanh khién cho gia
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thanh ting cao. Kha ning kiém soat rung dong cua may giat st dung giam chan MRF
chua thé bu dap cho cac nhuoc diém ké trén. Théng qua nhitng nghién ctu day du,
rd rang va cu thé, luan 4n da dua ra mot buc tranh tong thé vé hé thong giam chan
cuia may giat str dung vat liéu théng minh, trong d6 cau hinh kiéu truot nang cao hiéu
qua hoat dong va giam chi phi vat lieu MRF. Két qua nghién ciu cua dé tai, dac biét
la giam chdn MRF tu cip ning luong va tu kich hoat biang hanh trinh (van hanh khong
can diéu khién gitp giam manh gia thanh), cho thay trién vong thwong mai héa to 16n

cho may giat néi riéng va céac hé thong kiém soat dao dong ndi chung.
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