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M6 phong phan tich dao dong ciia md hinh nira xe (haft-car) theo diéu kién dia hinh
LOT NOI PAU

Trong béi canh phat trién khong ngirng caa nganh cong nghiép o t6, hé théng treo dong
vai tro quan trong trong viéc dam bao su 6n dinh, an toan va thoai mai cho ngudi 1ai ciing
nhu hanh khach. Hé théng treo ¢ nhiém vy hap thu va giam thiéu cac rung dong tir mat
duong, gilp xe van hanh ém &i ngay ca trong diéu kién dia hinh gb ghé.

M6 hinh nira xe (Haft-Car) 12 mét trong nhitng phwong phap phd bién dé nghién ctu
dao dong cua xe va danh gia hiéu qua cua hé thong treo. Thong qua viéc md phong dao
d6ng cua md hinh nay, ta co thé phan tich tac dong cua cac yéu td nhu d6 cting 10 xo, hé sb
giam chan va tai trong 1én dao dong cua xe. Tuy nhién, dé cai thién hon nita hiéu suat cua
hé thong treo, viéc sir dung bo diéu khién PID (Proportional-Integral-Derivative) la mot
giai phép hiéu qua giup giam thiéu dao dong, nang cao d on dinh va téi wu héa trai nghiém
lai xe.

Do an nay tap trung vao viéc xay dung md hinh mé phong dao dong ciia md hinh nia
xe trén dia hinh g6 ghé, dong thoi (ing dung bo diéu khién PID dé diéu chinh hé thdng treo
nham giam thiéu dao dong. Noi dung nghién ciru s& bao gém viéc thiét 1ap phuong trinh
dong luc hoc ciia md hinh, lap trinh mé phong trén phan mém MATLAB/Simulink va danh
gia hiéu qua cua bo diéu khién PID théng qua cac chi s6 dao dong cua hé thong.

Sau mot thoi gian thuc hién dé tai véi sy nd luc caa ban than va su gitp dd nhiét tinh
cuia c4c thay ¢ gido trong bo moén va cac ban trong 16p, da gitip em hoan thanh d6 an tot
nghiép cia minh. Tuy nhién do kién thirc con han ché, nén trong qué trinh lam d6 an ciing
khong thé tranh khoi nhiing sai sot.

Cubi cting em xin giri 161 cam on chan thanh dén cac thay c6 trong khoa dic biét 1a thay
gido PGS.TS Lé Minh Diic di tan tinh hudng dan, chi bao, cung cap céc tai liéu, huéng
dan, giup d& em dé em c6 thé hoan thanh do an nay.

Em xin chan thanh cam on!
Da Néng, Ngay thang nim 2025

Sinh vién thuc hién

Hoang Xuén Phat
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2. Moi tham khao dung trong db an déu duoc trich dan rd rang tén tac gia, cong trinh,
thoi gian, dia diém cong bd.
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M0 phong phan tich dao dong ciia md hinh nira xe (haft-car) theo diéu kién dia hinh

CHUONG 1 : GIOI THIEU TONG QUAN VE PE TAI NGHIEN CUU

1.1 Ly do chon dé tai

Trong béi canh giao théng d6 thi va nhu cau di chuyén ca nhan ngay cang ting cao, xe
con tré thanh mot phuong tién giao thong phd bién va khong thé thiéu. Bén canh su tién loi
va linh hoat, sy thoai mai va an toan trong sudt hanh trinh 1a nhitng yéu té duoc ngudi st dung
dic biét quan tdm. Mot trong nhirng yéu td then chét anh huéng truc tiép dén trai nghiém lai
va ngdi trén xe chinh 1a hé thng treo va kha ning giam thiéu dao dong tir mat duong truyén
vao than xe.

Hé thdng treo dong vai trd quan trong trong viéc hap thu cac tac dong tir mat duong, dam
bao su 6n dinh, ém diu va kha niang bam duong caa xe con. Tuy nhién, ngay ca trén nhitng bé
mat dudng bang phang, nhitng go giam toc, 6 ga nho hay su thay doi do dbc ciing c6 thé gay
ra nhimg dao dong khdng mong mudn, anh huéng dén su thoai mai cua hanh khach va do
chinh xé4c trong diéu khién xe. Khi xe di chuyén trén dia hinh g6 ghé, van dé nay cang trg nén
nghiém trong hon.

Pé nang cao chat lugng van hanh va trai nghiém nguoi dung, viéc nghién cau va tng
dung cac giai phap diéu khién tién tién cho hé thong treo xe con la mot hudng di day haa hen.
Bo diéu khién PID, véi kha nang diéu chinh linh hoat duya trén cac tin hiéu phan hoi, da ching
minh duoc hiéu qua trong nhiéu hé théng k¥ thuat va co tiém ning 16n trong viéc téi uu hoa
hiéu suat ciia hé théng treo 6 6, gilip giam thiéu cac dao dong kho chiu.

M6 hinh nira xe (haft-car) cung cap mot phuong phap tiép can hiéu qua dé nghién ctu
dong luc hoc theo phuong thang ding va phuong doc caa xe con, cho phép chiing ta tap trung
vao cac dao dong quan trong nhu nhin va lic doc. Viéc két hop mé hinh nay véi sac manh
mb phong cia phan mém MATLAB tao ra mot cong cu 1y tuong dé xay dung, mé phong va
phan tich hiéu qua cia bo diéu khién PID trong viéc kiém soat dao dong caa xe con trén cac
diéu kién dia hinh khac nhau.

Xuat phat tir tam quan trong cua su thoai mai va an toan trong van hanh xe con, vai trd
cua hé théng treo trong viéc dam bao diéu nay, va tiém nang ung dung cua bo diéu khién PID,
dé tai "M6 phong phan tich dao dong cia md hinh nira xe (haft-car) theo diéu kién dia hinh "
duoc lya chon véi cac muc tiéu chinh sau:

+ Xay dung mo hinh ntra xe (haft-car) chinh xac, phan anh dac tinh dong hoc cta xe con.
+ M6 phong va phan tich cac dao dong caa md hinh khi di chuyén trén dia hinh gé ghé.
+ Thiét ké va tich hop bo diéu khién PID vao hé théng treo mé phong.

+ Panh gia hiéu qua cua bo diéu khién PID trong viéc giam thiéu cac dao dong, cai thién
su ém diu va on dinh cta xe con trong cac diéu kién van hanh khac nhau.
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+ Ung dung phan mém MATLAB dé thuc hién toan bd qué trinh mé hinh héa, diéu khién
va phan tich két qua mot cach truc quan va hiéu qua.

Nghién ctiru ndy khdng chi dong gép vao sy hiéu biét sdu sic hon vé dong luc hoc xe con
ma con c6 tiém ning wng dung trong viéc phat trién cac hé thdng treo tién tién, mang lai trai
nghiém l4i va ngdi thoai mai, an toan hon cho ngudi st dung xe con trong cudc séng hang
ngay.

1.2 Muc tiéu nghién ciu

- Xay dung mé hinh toan hoc cua hé thdng treo theo mé hinh nua xe.

- Xay dung va md phong hé thong tréen MATLAB/Simulink.

- Thiét ké bo diéu khién PID dé téi vu hoa hiéu suét caa hé thdng treo.

- Phén tich, danh gia két qua mé phong dé xac dinh mtrc d6 hiéu qua cua bo diéu khién PID.

- Van dung ly thuyét dao dong 6 td két hop véi cong cu md phong nghién cau va giam thiéu
dao dong ciaa mo hinh nira xe Toyota Vios trén dia hinh go ghé bang bo diéu khién PID,
st dung phan mém MATLAB dé mé phong, phan tich va tdi wu hoa hiéu qua diéu khién
nham nang cao su ém diu va 6n dinh cuaa xe.

1.3 Pham vi va d6i tweng nghién ciru
1.3.1 Péi twong nghién ciru

Hinh 1- 1. Xe 6 td Toyota Vios 2022
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1.3.2 Phgm vi nghién ciru

Xéc dinh céc thdng s6 dao dong nhu chuyén dich, van téc, gia téc cia than xe va cau xe,
cac chi tiéu vé d6 ém diu chuyén dong cua 6 t6 dudi tac dung cua kich dong tir mat duong va
chi tiéu an toan chuyén dong.

1.4 Phuwong phap nghién cau
Pé tai chon phuong phap mé phong bang Matlab-Simulink, dé giai quyét bai toan kiém
nghiém dao dong 6 td Toyota Vios theo céc chi tiéu vé d6 ém diu va an toan chuyén dong.

Viéc ting dung phuong phap mo phong trén nén tang Matlab-Simulink mé ra mot huéng
tiép can hiéu qua dé kiém nghiém cac dic tinh dao dong cua xe Toyota Vios theo c4c tiéu
chuan vé do6 ém diu chuyén dong. Thay vi nhiing thir nghiém tén kém va mat thoi gian trén
thue té, viéc xay dung md hinh sé chi tiét caa hé thong treo va cac yéu té anh huong dén dao
dong cua Toyota Vios trong méi treong 40 s& mang lai nhitng vu diém vuot troi. Nghién ctu
nay khong chi tiét kiém dang ké chi phi va thoi gian thuc nghiém ma con cung cip mot nén
tang linh hoat dé d& dang khao sét cac kich ban van hanh khac nhau, danh gia tac dong cua
c4c thdng s6 thiét ké va dua ra nhitng phan tich tin cay vé chit luong dao dong cua xe Toyota
Vios.

1.5 Y nghia khoa hoc va thuc tién cia dé tai

1.5.1 Y nghia khoa hoc

- Cung cip cai nhin sau hon vé dao dong cua hé thong treo 6 to dya trén mo hinh nua xe.

- Ung dung cac phuong phap diéu khién hién dai, dic biét 1a bo diéu khién PID, vao viéc
cai thién hiéu suét hé théng treo.

- Gop phan vao kho tai liéu nghién ctu vé dong luc hoc xe va diéu khién hé thong treo tu
dong.

1.5.2 ¥ nghia thuc tién

- Két qua nghién ctru c6 thé duoc ap dung dé cai tién thiét ké hé thdng treo cho 6 6, gilp
nang cao trai nghiém lai xe trén cac dia hinh phuec tap.

- Pé tai 6 thé 1am co sd cho cac nghién cau tiép theo vé tng dung diéu khién thong minh
vao hé thong treo chu dong.

- GOp phan nang cao hiéu biét cua sinh vién vé md phong dong luc hoc 6 t6 va (ng dung
diéu khién ty dong trong nganh cong nghiép 6 to.

1.6 Tong quan vé Hé théng treo

1.6.1 Khai ni¢m chung

Hé thong treo 6 to 1a mot to hop co ciu k§y thuat dong vai trd cau néi gitra khung xe (hoic
than xe) va banh xe. Nhiém vu chinh cua hé théng nay 1a truyén luc va moment giira banh xe
vé6i khung xe, déng thoi hip thu va giam thiéu cac dao dong tir mat duong truyén 1én khung
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xe. Nho d6, hé théng treo giup dam bao sy thoai mai cho hanh khéch, on dinh khi van hanh,
va kéo dai tudi tho céc chi tiét cua xe.

Mot hé thng treo tét khong chi 1am ting cam giac ém ai cho nguoi 1ai ma con gop phan

dam bao an toan, dic biét khi xe van hanh & téc do cao, qua duong xau hozc khi vao cua gap.
Pay 1a mot trong nhirng thanh phan anh huong truc tiép dén 6 ém diu, kha nang diéu khién
va do 6n dinh cua 6 to.

1.6.2 Chire néng ciia hé thong treo

Giam dao dong va rung dong tir mat duong: Khi xe di qua cac dia hinh gb ghé, 16i 18m,
banh xe s& dao dong theo mat duong. Hé thong treo 1am nhiém vu hap thu phan Ién dao
dong d6 trudc khi truyén dén than xe va hanh khéch.

Duy tri d tiép xdc cua banh xe véi mat dudong: Dé dam bao lyc kéo, luc phanh va luc
truyén dong hiéu qua, cac banh xe phai ludn tiép xdc tét véi mat duong. Hé thdng treo
gitip diéu nay bang cach kiém soat do nay va luc dap tir mat duong.

On dinh than xe: Khi xe r& gap, ting té¢ hodc phanh gip, thian xe c6 xu hudng nghiéng,
lic hodc nhdn manh. Hé thdng treo hd tro giam cac chuyén dong nay, gitt cho xe 6n dinh
hon.

Bao vé két cau khung xe va tang tudi tho linh kién: Dao dong lién tuc va rung dong manh
c6 thé gay hu hai dén cac bo phan co khi va dién tir trén xe. Hé théng treo gép phan han
ché tac dong xau nay.

1.6.3 Cdu tgo ciia hé théng treo

Hé thong treo trén & t6 bao gdm: bo phan dan hdi, bo phan dan hudng, bo phan giam chan,

bo phan 6n dinh ngang than xe

- B0 phan dan hoi: c6 nhiém vu hap thy va tich trir ning luong dao dong tir mat duong,
gilp xe nhin 1én xudng ém &i. Vi du: 10 xo, thanh xoan, nhip 4,...

- B6 phan dan hudng: c6 nhiém vy dan huéng va gisi han chuyén dong cua banh xe theo
phuong nhat dinh, dam bao banh xe dao dong theo bién d6 cho phép ma khong bi léch
huéng. Vi du: Thanh giang, khép cau, canh tay don, Co cau treo MacPherson,
wishbone, multilink,...

- Bo phan giam chan: c6 nhiém vu tiéu tan ning luong dao dong do bo phan dan hoi tao
ra, han ché dao dong tu do cua 10 xo, gilp xe nhanh chéng tré lai trang thai can bang
sau khi bi xoc. Vi du: giam xdc thuy lyc, giam xoc khi nén,...

- B0 phan 6n dinh ngang than xe: c6 nhiém vu giam d6 nghiéng ngang cua than xe khi
vao cua hoic chuyén dong dot ngot, nang cao do 6n dinh va an toan.

1.6.4 Yéu cdu criia hé théng treo

Trén hé thdng treo, su lién két giita khung xe va khung vé can thiét phai mén nhung ciing

phai du kha ning truyén luc, quan hé nay phai dugc thuc hién & cac yéu cau chinh sau day:

Sinh vién thuc hién: Hoang Xuén Phat GVHD: PGS.TS. Lé Minh burc Trang 4



M0 phong phan tich dao dong ciia md hinh nira xe (haft-car) theo diéu kién dia hinh

+ Hé thdng treo phai phu hop véi diéu kién su dung theo tinh nang k¥ thuat cua xe (xe
chay trén cac loai duong khac nhau).
Bénh xe c6 thé dich chuyén trong mét thoi han nhat dinh.
Quan hé dong hoc cua banh xe phai hop Iy théa man muc dich chinh cua hé théng treo
la 1am mén theo phwong thang duing nhung khong pha hong cac quan hé dong hoc va
dong luc hoc chuyén dong cua banh xe.
Khdng gay nén tai trong 16n cac méi lien két véi khung, vo.
C6 do tin cay 16n, d6 bén cao va khdng gap hu hong bat thuong.
- Pbi vai xe con chling ta can phai quan tim dén cac yéu cau sau:
Gia thanh thap va do phic tap caa hé théng treo khdng qua 16n.
C6 kha ning chdng rung va chéng on tir banh xe 1&n khung, vo xe tét.
Dam bao tinh 6n dinh va tinh diéu khién chuyén dong cua 6 t6 & toe do cao,d to diéu
khién nhe nhang.

1.6.5 Phan logi
* Theo bo phan dan hoi chia ra:

+ + +

- Loai bang kim loai (gém c6 nhip 14, 10 xo xo0in éc, thanh xo0in ).
- Loai khi (gém loai boc bing cao su- soi, loai boc bang mang, loai 6ng).
- Loai thuy luc (loai 6ng).
- Loai cao su (gém loai chiu nén va loai chiu xoan).
* Theo so dd bo phan dan hudng chia ra:
- Loai phy thudc vai cau lién (gom c6 loai riéng, loai thiang bang).

- Loai doc lap véi cau roi (gdom loai dich chuyén béanh xe trong mit phing doc, mit
phang ngang, loai nén véi banh xe dich chuyén trong mat phang thang dung).

* Theo phuong phap dap tit dao dong chia ra:
- Loai giam chan thay lyc (gdom loai tac dung mét chiéu va loai tac dung hai chiéu).
- Loai ma sat co (gdm ma sét trong bo phan dan hoi va trong bo phan dan huéng).
1.6.5.1 Gidi thigu mgt sé hé théng treo théng dung

1.6.5.1.1 H¢ théng treo MacPherson (1 cang chi A)
Uu diém:

- Thiét ké don gian hon so v&i nhitng loai hé thong treo doc lap khac.
- [4] Tuong ddi nhe va nhod gon (cau tao chi gom giam xdc, 10 xo, canh tay diéu chinh
huéng va dém cao su giam chan).
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- Tiét kiém duoc dién tich cho cac thanh phan truyén dong khac nén dac biét thich hop
véi nhitng xe dan dong cau trudc (FWD).

- P06 ma sat va mai mon caa bo phan giam chan duoc giam, do d6 khong phai bao tri qua
nhiéu. [5]

Nhuoc diém:
- Do chym va gbc dat banh xe khong 6n dinh, banh xe va than xe van lac ngang so voi

mit dudng. Khong thich hop v6i nhitng xe yéu ciu cao vé trai nghiém 14i.
- Do chum cua xe dé bi Iéch hon va chu xe can di kiém tra goc dat banh xe nhiéu hon.

Hinh 1- 2. Hé théng treo MacPherson

1,2- Hai khop cau; 3- Lo xo giam xoc; 4- Lién két bén;
5- Thanh én dinh; 6- Tay diéu huéng; 7- Khép lién két

1.6.5.1.2 Hé théng treo tay don kép (2 cing chii A)
Gom ba bo phan 10 xo, giam x6c giam chan va bo phan diéu hudng. Diém khéc biét so véi hé
thong treo MacPherson la bo phan diéu huéng bao gom hai thanh dan hudng trong d6 thanh
& trén thudng ¢ chiéu dai ngan hon. Puoc ding pho bién & hé thdng treo trudc cua xe tai
nho, hé thdng treo trudc va treo sau ¢ cac xe du lich.

Khi xe vao cua, banh s& lan theo dudng cong dong thdi nhiin dao dong. Vi tay don trén ngan
hon nén banh s& khong bi ngira ra ngoai, gitp viéc quay vong 6n dinh.
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Uu diém:

- Bén canh d6, khoang cach banh xe khong thay doi nén han ché duoc mon 16p.

- Goc dit banh xe duoc 6n dinh, han ché lic ngang than xe khi vao cua, qua dé gitip cam
giac 1ai cua xe tot hon.

- Tao su linh hoat trong viéc sip xép cac thanh phan nhu 10 xo, giam chan,...giup d&
dang diéu chinh dong hoc ctia hé thong treo

- D@ dang diéu chinh dong hoc cta hé thdng treo, qua do6 t6i wu héa qué trinh van hanh
cua xe.

Nhuoc diém:
- CAu tao gém nhiéu thanh phan va phirc tap hon so v6i MacPherson.

Do @6, gia ciing cao hon, khau stra chira va bao dudng cling ton nhi€u tho1 gian va cong
suc hon.

Hinh 1- 3. Hé théng treo tay don kép

1.6.5.1.3 Hé thong treo da lién két
Hé théng treo da lién két 1a hé théng ding toi ba, bén tham chi nam thanh diéu huéng khéac
nhau hoic két hop véi cang chit A.

Hién nay, mdi hdng xe lai san xuat ra mot co cau hé thong treo da lién két khac nhau. BMW
san xuat mot sé loai hinh chit Z hoic treo 4 thanh thé thao. Trén xe Honda lai gidng don chir
A d6i va thém mét can diéu khién the nam. Con Audi trang bi hé thdng treo trudc bdn thanh
va c6 kiéu dang tuong tu loai don chit A déi. Trong khi d6, Hyundai Genesis s& hitu hé théng
treo trudc va sau dang nam thanh thé thao.

Véi viéc trang bi nhiéu thanh diéu hudng, viéc di chuyén cua xe sé& tot hon. Khi vao cua, khi
di duong go ghé, dudng xau, hé thdng treo nay to rd sy hiéu qua cia minh. Pay duoc xem la
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giai phap ma cac nha san xuat sir dung trén nhitng chiéc xe danh riéng cho off-road kiéu nhu
G-Class.

Hinh 1- 4. Hé théng treo da lién két

1.6.5.1.4 Hé théng treo khi nén

Hinh 1- 5. Hé théng treo khi nén

Daiy 1a hé théng treo hién dai nhat hién nay, duoc &p dung trén nhitng mau xe hang sang. Chi
tiét quan trong nhat 1a bo phan giam chan sir dung mét bau hoi bing cao su bén trong chta

Sinh vién thuc hién: Hoang Xuén Phat GVHD: PGS.TS. Lé Minh burc Trang 8



M0 phong phan tich dao dong ciia md hinh nira xe (haft-car) theo diéu kién dia hinh

khi. Bau hoi nay c6 thé diéu chinh &p suat, &6 cang, chiéu cao khac nhau tly vao timg diéu
kién duong phé cling nhu s¢ thich cua lai xe.

Ngoai ra cdu tao cua hé théng treo khi nén bao gdm nhu cam bién téc do, cam bién d6 cao, bo
diéu khién ECU va mot vai chi tiét khac. Thong thuang, nhitng chiéc xe sir dung treo khi nén
dugc cung cap ba muc diéu chinh khac nhau twong dwong véi ba ché do lai.

Ché d6 thé thao: hé thong treo ha thap, cimg hon giup xe di tt ¢ toc do cao. O ché d6 binh
thuong, hé thong treo dugc thiét 1ap & mirc vira phai, khong qua ctimg dé di trong phd, dit mém
dé cho cam giac ém ai nhung khong bong bénh. Ngoai ra, ché do cudi ciing hé théng treo s&
dugc nang cao, dung dé di ¢ nhitng mat dudng xau hoac off-road nhe trén mot sé chiéc SUV.

1.7 Két cau caa hé théng treo trén xe Toyota Vios

Toyota Vios 2022 1a mau sedan hang B dugc nang cap giita vong doi, tiép tuc giit viing
vi thé xe ban chay hang dau tai Viét Nam. Xe ¢ thiét ké hién dai, kich thuéc nho gon, phi
hop ca d6 thi va dudng truong. Toyota Vios 2022 trang bi dong co xang 1.5L, cong sut 107
ma luc, hop sé san 5 cép hoic tu dong vo cap CVT. Xe van hanh ém &i, tiét kiém nhién liéu
chi tir 5,7 1it/200km, rat phu hop cho ca nhan va chay dich vu.

1.7.1 Téng hgp thong sé cia xe Toyota Vios

Hinh 1- 6. Thong sb ki thuat cua xe Toyota Vios

Bang 1- 1. Bang thong sé ki thuat cua xe Toyota Vios

STT Thong so Ky Hiéu | Kich thwéc | Pon vi

1 Chiéu dai toan bo Lo 4410 mm
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2 | Chiéu rang toan bo Bo 1730 mm
3 Chiéu cao toan ho Ho 1450 mm
4 Chiéu dai co so L 2550 mm
5 Vét banh trude B1 1475 mm
6 Vét banh sau B> 1460 mm
7 | Khoangsanggamxe | Hi 133 mm
8 Van toc toi da Vinax 155 Km/h

1.7.2 Két cdu hé théng treo
1.7.2.1 Hé théong treo truéc

Hé thdng treo trudc cua Toyota Vios sir dung kiéu McPherson doc lap. Pay la loai treo
phd bién trén nhiéu dong xe du lich hién dai vi tinh don gian, nhe va hiéu qua.

- CAu tao chinh:

Lo xo cudn (10 xo try)

Giam chan thuy luc

Thanh giang chit A dudi

Ty giam chin dong vai tro lam try dung
Thanh can bang

- Nguyén ly hoat dong:

+ + + + +

Khi banh xe trude di qua gd ghé hoic hé sau, dao dong duoc truyén qua 16 xo va giam
chan. Lo xo hap thu ning luong, con giam chan ¢ nhiém vy tiéu tan ning luong dao dong,
giir xe 6n dinh.

1.7.2.2 Hé théng treo cdu sau
Hé thong treo sau cia Toyota Vios sir dung thanh xoan ban phu thudc. Bay 1a mot lua
chon hop Iy cho xe ¢& nho, vira dam bao hiéu qua vira tiét kiém chi phi.

- CAu tao chinh:

Thanh dam xo&n

L0 xo cudn

Giam chan thay lyc
bém cao su va gia do
- Nguyén ly hoat dong:

+ + + +

Khi mét banh sau giap chudng ngai vat, luc tic dong s& duoc truyén mot phan sang banh
con lai théng qua thanh dam. Hé théng nay tuy khong doc lap hoan toan nhung c6 wu diém la
bén, chi phi thap va khong gian chtra 6 phia sau rong rai.
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1.8 Téng quan vé Dao déng 6 td va anh hwéng caa nd
1.8.1 Dao déng 6 t0

Dao dong 0 td 1a sy chuyén dong Ién xudng, Iic ngang, hoic rung cua than xe va céc bo
phan khéc khi xe di chuyén. Dao dong nay phat sinh do nhiéu nguyén nhan va cé thé anh
huong dén sy thoai mai, kha ning diéu khién va do bén cua xe.

Céc loai dao dong 0 to:

- Dao d6ng thing dimg: Chuyén dong 1én xudng cua thin xe va banh xe, thuong do bé
mit dudng khong bang phang gay ra.

- Dao dong lac doc: Su xoay cua than xe quanh truc ngang, thuong xay ra khi phanh gép
hodc tang tdc manh.

- Dao dong lac ngang: Sy xoay cta than xe quanh truc doc, thudng xay ra khi vao cua.

- Dao dong truot ngang: Su xoay cua than xe quanh tryc thing dimg, ¢ thé do luc bén
ngoai tic dong hodc do mat d6 bam dudng.

- Dao dong banh xe: Rung dong cua banh xe theo phuong thang ding hodc phuong
ngang.

- Dao dong hé thong truyén luc (Driveline Vibration): Rung dong phat sinh tir dong co,
hop s, truc truyén dong,...

- Dao dong hé théng phanh, 14i, khung v6 6 t6, than xe, khung gam,...

1.8.2 Cic nguén gay dao dpng 6 t6
1.8.2.1 Tir mdt dwong:
- Do go ghé cia mit dudong: Pay 13 nguyén nhén truc tiép va pho bién nhat gay ra dao
dong thang dung va cac loai dao dong khac 1én than xe va béanh xe.
- Cac chuéng ngai vat: O ga, da, vach giam téc,... tao ra cac luc tac dong dot ngot 1én
banh xe, gay ra rung xoc.

1.8.2.2 Tar ban than chiéc xe:
Hé thong treo:

- Lo xo va giam x6c: Néu cac bo phan nay bi mon, hu hong hoic khong dugc thiét ké
phu hop, chiing s& khdng thé hap thu va dap tat dao dong hiéu qua, dan dén xe bi x6c
nay nhiéu.

- Céc lién két va thanh can bang: Ro 16ng hoidc hu hong co thé gay ra tiéng 6n va dao
dong khéng mong mudn.

Lop xe:

- Lép khdng can bang: Gay ra rung lac, dic biét ¢ toe do cao.

- Lbp bi mon khong déu hoic hu hong: Anh hudng dén d6 ém ai va cé thé gay ra rung
dong.

- Ap suat 16p khong diing: C6 thé lam ting do xoc hozc gay ra rung dong bat thuong.
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M0 phong phan tich dao dong ciia md hinh nira xe (haft-car) theo diéu kién dia hinh

Hé thdng 14i: Ro 1ong ¢ cac khap ndi, thudc 1ai co thé gay ra rung lac vo lang va anh huong
dén sy 6n dinh cua xe.

Hé thong phanh: Phanh khong déu hodc dia phanh bi cong vénh c6 thé gay ra rung dong khi
phanh.

Pong co va hé théng truyén lyc:

- Rung ddng tir dong co: Pac biét 1a ¢ vong tua thap hoic khi dong co hoat dong khdng
6n dinh.

- Sy mat can biang cua cac bo phan quay: Truc khuyu, banh da,... ¢6 thé gay ra rung dong.

- CAc van dé trong hop s, truc truyén dong, vi sai: C6 thé tao ra tiéng on va rung dong.

Khung gam va than xe:

- Do ciing vitng khong du: C6 thé bi udn cong hoic rung dong dudi tac dong cua luc.
- Céac mdi ndi long 1éo: Gay ra tiéng kéu va rung dong.

1.8.2.3 Tir c4c yéu té bén ngoai khac:
- Khi ddng hoc: O tdc do cao, hec can cua khong khi va céc yéu t khi dong hoc khac cé
thé gdy ra dao dong than xe.
- Tai trong: Phan b tai trong khong déu hoic ché qua tai ¢ thé 1am thay doi dic tinh
dao dong cua Xxe.

1.8.3 Anh hwong ciia dao dng doi véi 6 16, dwong giao thdng va vdi co thé con nguwoi
1.8.3.1 Anh hwong ciia dao déng déi véi 6 10

- Giam d6 bén va tudi tho: Dao dong lién tuc tao ra tai trong dong 16n tac dong 1én khung
gam, hé théng treo, cac khép ndi va cac bo phan khac cia xe, din dén mai mon nhanh
hon, hu hong va giam tudi tho.

- Giam d6 ém &i va thoai mai: Rung xdc 1am hanh khach cam thay mét moi, khé chiu,
dic biét trén nhitng hanh trinh dai hoic dudng xau.

- Giam kha ning diéu khién: Dao dong lam giam d6 on dinh cia xe, anh hudong dén do
bam duong cua I6p, gay kho khin cho viée 1ai xe chinh x4c va an toan, dic biét khi vao
cua, phanh gap hoac di chuyén ¢ toc do cao.

- Gay ratiéng 6n: Cac bo phan rung lic c6 thé tao ra tiéng 6n kho chiu trong cabin.

- Anh huong dén hiéu suat: Dao dong c6 thé 1am giam hiéu suat cua dong co va hé thong
truyén lyc.

1.8.3.2 Anh hwong cia dao déng déi véi dwong giao thong

- Gay hu hong mat duong: Luc tac dong lap di 1ap lai tr banh xe dao dong, dac biét la
c4c xe tai nang, c6 thé gay ra ltn, nit, 6 ga va cac hu hong khéc cho mit duong, 1am
giam chat luong duong va tang chi phi bao tri.
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Tang tai trong dong Ién cau va cac cong trinh giao thong khac: Dao dong cua xe khi di

chuyén qua cau c6 thé 1am ting luc tac dong lén két ciu cau, gay ra moi va giam tudi
tho cua cong trinh.

Anh huong dén sy 6n dinh cua nén duong: Dao dong c6 thé gay ra sy dich chuyén va
lGn ctia nén duong, dic biét 1a ¢ nhitng khu vire dat yéu.

1.8.3.3 Anh hwong ciia dao déng déi Vi con nguwoi

Gay mét moi va kho chiu: Tiép xdc 1au dai véi dao dong tan sb thap trong 6 td c6 thé
gay ra mét moi, dau dau, chéng mat va khé chiu.

Anh hudng dén hé than kinh va thi giac: Dao dong c6 thé gay réi loan hé than kinh van
dong, giam kha nang tap trung va anh hudng dén thi lyc.

Gay ra cac bénh nghé nghiép: Ddi véi nhitng ngudi lai xe hoic thuong xuyén tiép xtc
Vi cac phuong tién giao thdng rung lac manh (vi du: 14i xe tai, xe cdng trinh), c6 nguy
co mac cac bénh nghé nghiép lién quan dén rung dong nhu dau lung mén tinh, thoai
hoa d6t sdng, cac bénh vé khap va réi loan tuan hoan.

Anh hudng dén ning suat 1am viéc: Sy mét moi va kho chiu do dao dong c6 thé 1am
giam kha nang tap trung va hiéu qua lam viéc ctia nguoi lai xe.

Gay cang thang va lo lang: Cam giac bi x6c nay va thiéu 6n dinh c6 thé gay ra cing
thang tam 1y cho nguoi ngdi trén xe.

1.8.4 Cdc yéu té danh hwéng dén dao dong é t6

1.8.4.1 Cac yéu té ter mét dwong:

Do go ghé cia mat duong: Mic do nhap nhd, 6 ga, vach giam téc... trén dudng 1a ngudn
kich thich dao dong truc tiép va manh mé nhat. Buong cang xau, bién do va tan s dao
dong cang lon.

Loai bé mat duong: Bé mit bé téng, nhua, dat da s& co dic tinh ma sat va do dan hoi
khac nhau, anh huong dén cach banh xe twong tic va tao ra dao dong.

Hé s6 ma sat: Anh huong dén d6 bam duong cua I6p, tir d6 tac dong dén su on dinh va
dao dong cua xe, dac biét khi phanh hoac vao cua.

1.8.4.2 C4c yéu té tir ban than chiéc xe:
Hé thong treo:

Do ciing caa 10 xo va giam xoc: Lo xo cang mém, kha nang hap thu dao dong cang tot
nhung dé gy ra dao dong bién d6 I6n. Giam xdc co vai trd dap tat dao dong, néu hoat
dong kém hiéu qua s& 1am xe x6c nay nhiéu lan.

Loai hé théng treo: Hé thdng treo doc lap thuong mang lai d6 ém &i tot hon hé thong
treo phu thudc.

Tinh trang hoat dong cua cac bo phan: Cac khép néi bi ro, thanh can bang bi hong, u
cao su muc nat,... déu co thé gay ra tiéng 6n va dao dong.
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Lop xe:

- Ap suat 16p: Ap suat qué cao hoic qué thap déu anh huong dén kha nang hap thu dao
dong cua 16p va do bam duong.

- D6 mon va tinh trang 16p: Lép mon khong déu, bi phdng rop hodc hu hong sé gay ra
rung lic va anh huong dén su 6n dinh.

- Po can bang dong cua banh xe: Banh xe khéng can bang s& gay ra rung dong & téc do
cao.

Hé thdng 1ai: D6 ro cua cac khép ndi va thudce 1ai co thé gay ra rung lac vo lang.

Hé thong phanh: Phanh khong déu hodc dia phanh bi cong vénh c6 thé gay ra rung dong khi
phanh.

Khdi luong va phan b tai trong: Xe chd nang hoic phan bé tai khdng déu sé 1am thay doi tan
s6 dao dong ty nhién va do on dinh cua xe.

Tbc do xe: O tde do cao, cac tac dong tir mit duong s& dién ra nhanh hon, tan sé dao dong co
thé tang 1én. Luc can cta khong khi ciing ¢ thé gay ra dao dong.

Khi d¢ong hoc cua xe: Thiét ké than xe va cac canh gi6 anh huong dén ludng khdng khi xung
quanh xe, 6 thé tao ra luc nang hoic lyc ép xudng, tac dong dén do 6n dinh va dao dong.

1.8.4.3 C4c yéu té khac:
- Tbc @6 gi6 va huéng gié: Bac biét dbi véi cac xe co trong tam cao, gié manh c6 thé
gay ra dao dong lic ngang.

1.9 Chi tiéu danh gia dao dong 6 t6
1.9.1 Chi tiéu ddnh gid dé ém diu chuyén dgng

D6 ém diu chuyén dong 1a anh huong cua dao dong 6té dén con nguoi va hang hoa khi
xe chuyén dong trén duong. Viéc danh gia ¢6 ém diu chuyén dong la rat kho khan do phu
thudc nhiéu vao sy cam nhan chu quan va stc chiu dung dao dong cta con ngudi. D6 ém diu
chuyén dong cua 6td co thé hiéu Ia tap hop cac tinh chat dam bao han ché cac tac dong anh
huong xau cua dao dong ti con ngudi, hang hod, dén céac két cau caa 0 to. V&i khai niém vé
d6 ém diu chuyén dong & trén, ta thay: 6td dam bao d6 ém diu chuyén dong c6 nghia 1a céac
thong s6 danh gia d6 ém diu chuyén dong ciia n nam trong giéi han cho phép, theo tiéu chuan
danh gia.

Pé danh gia do ém diu chuyén dong, cac t6 chic khac nhau trén thé gigi da dua ra rat
nhiéu chi tiéu, tieu chuan khac nhau. Co s¢ dé dua ra cac chi tiéu danh gia do ém diu chuyén
dong 6 t6, duoc dya trén tic dong dao dong cua con ngudi khi di bo, mét dang chuyén dong
quen thudc cia con ngudi tir nho vai day du cac dac trung vé tan so, gia toc dao dong. Co thé
xem céc chi s6 dao dong.
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1.9.1.1 Chi tiéu vé tan sé dao déng

Tan s6 dao dong 14 chi tiéu dau tién dé danh gia d6 ém diu chuyén dong cua 6 to. Gia tri
cho phép tan sé dao dong riéng 6 td, dugc xac dinh theo tan sé dao dong cua ngudi di bd
(khoang 60-90 lan/phut). Do d6, déi véi xe con chi tiéu vé tan sé riéng 1a :

f=1- 1.5 Hz (f: tan s6 riéng 6 t6)

Pay 1a chi tiéu rat quan trong, gia tri nay ang véi dao dong chinh cua 6 t6 do hé thdng treo
gay ra.

1.9.1.2 Gia téc binh phwong trung binh theo thoi gian tic déong

* Theo tiéu chuan 1SO 2631 - 1 [17] d4 dua ra chi tiéu danh gia do ém diu chuyén dong 6 to
thong qua cac gia tri cua gia toc binh phuong trung binh theo phuong thang ding dya vao céc
cong trinh nghién ctu caa thé giéi. Gia tri cua gia toc binh phuong trung binh theo phuong
thang ding dugc xac dinh theo cong thire sau day:

. 17 o
Z, = /? ! Z2(t)dt (1.1)

Trong do: Z - Giatéc binh phuong trung binh theo phwong thang dung (m/s?)
hg

Z - Gia tdc theo phuong thing ding theo thoi gian (m/s?)
T - Tong thoi gian dao dong (s)
Déi véi dao dong diéu hoa ta co:
Z = Zmx_0,707 Z.. (1.2)

hg \/E

Trong do: Zr;ax - Gia téc binh phuong 16n nhat theo phwong thang dang (m/s?)

Diéu kién chu quan danh gia d6 ém diu 6 t6 theo do bién thién gia toc binh phuong theo
phuong thang dung theo tiéu chuan 1SO 2631-1 [17] dugc danh gia bang céch so sanh véi gia
tri trong Bang 1-2.

Bang 1- 2. Bang danh gia chu quan d6 ém diu 6 t6 theo I1SO 2631 — 1

Gia tri (m/s?) Cép ém diu
<0.315 Thoai mai
0.315-0.63 Mot chit khé chiu
0.5-1 Khéa khé chiu
0.8-1.6 Khéng thoai mai
1.25-2.5 R4t kho chiu
>2 Cuc Ki khé chiju
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+ Hé s6 ém diu chuyén dong K

Nguoi ta ddnh gia trén co s¢ cho rang cam giac con nguoi khi chiu dao dong phu thudc
vao hé sé ém dju chuyén dong K. Hé s6 ém diu chuyén dong K phu thudc vao tan sb dao dong.
gia tbc dao dong, van téc dao dong, phuong dao dong va thoi gian tac dung cia né dén con
ngudi. Néu K = const thi cam giac khi dao dong s& khdng thay d6i. Hé sé K xac dinh theo tri

s6 cua bién do gia tbc Z hoic binh phuong trung binh Ze:

K- 12,57 _ 18Z. :ky.Zc (1.3)
J1+0,010>  1+0,010’
Trong d6: o - Tan s6 dao dong (Hz)
Z - Gia tdc dao dong (m/s?)
Z. - Binh phuong trung binh cua gia téc (m/s?)
K, - Hé s6 hap thu
Z: = |[Zwdt (1.4)
0

Néu hé sb k cang nho thi con ngudi cang dé chiu dung dao dong. K — 0,1 tuong tng véi
ngudng kich thich. Khi ngoi lau dai trén xe [K] = 10 - 25 khi ngdi ngan han [K]= 25 - 63. Gia
tri k c6 thé xac dinh bang tinh toan hoic bang thuc nghiém.

Khi kich thich dao dong la ham ngau nhién:

K=K, (L5)

Trong d6: K. - Hé s6 ém diu cta thanh phan thu i
n — S6 thanh phan caia ham ngau nhién

1.9.1.3 Pdnh gid én dinh ngang cia 6 to
Pé danh gia d6 6n dinh ngang caa 6 to, ¢6 hai tiéu chi sau thudng duogc st dung:

- Goc nghiéng ngang cua than xe | < 6° +8°

- Giatéc ngang cua than xe O < 0,5g ( g 1a gia téc trong truong)
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1.9.2 Chi tiéu vé an toan chuyén dgng va tdi trong tac dung xuéng nén dwong
1.9.2.1 Chi tiéu tdi trong dgng dnh huéng @én 616 , 7

Tai trong dong cuc dai R, anh hudng xau den tuoi tho cac chi tiet cua 0 td, gy ton hai
cho duong. Heé sé tai trong dong K, duoc st dung dé danh gia mirc d6 anh huéng dén céc
chi tiét, hé sb ap luc duwong W danh gia mac d6 anh huéng cua dao dong véi duong

Dé khao sat van dé nay, tac gia sir dung hé sé tai trong dong cuc dai, duocxac dinh theo
cong thurc sau:

=1+—6)31,5 (1.6)

dmax
Trong d6: K, . - H¢ s tai trong dong cuc dai
F, - Tai trong dong banh xe

F. - Tai trong tinh cua banh xe

1.9.2.2 Chi tiéu mirc dp than thién voi dwong

Tir nhitng nam 1990 dén nay, nhom xe 6t0 van tai ngay cang duoc phat trién theo huéng nang
cao dugc tai trong va da dat duoc két qua dang ghi nhan. Ti trong kinh té cua cau va dudng
trong nganh giao thong ngay cang dugc danh gia cao. Cac nha khoa hoc cua cac quc gia nhu
Anh, My da dat van dé nghién ciu anh huong cia dao dong 6td dbi véi cau va duong. Pa
ching minh dugc rang mirc do anh huong cua dao dong 6t6 dén cau va duong ¢ ty 1& véi s6
mil bac bon cua &p luc banh xe téi bé mat duong. Ho da dua ra khai niém “Road stress
Coefficient” tam dich 1a hé sé &p luc dudng W- 1a hé s6 c6 thé danh gia mirc do anh huong
ctua dao dong 6t téi cau va duong. Trong maot so tai liéu con co tén tiéng anh 1a Dynamic
wear factor. Theo d6, Wilkinson d3 dua ra cong thirc xac dinh hé sb ap lyc duong W nhu sau:

W =1+6n° +4n* (1.7)
max(F,)

_ ) 1.8

= (1.8)

d,st

=>TONG KET CHUONG 1:

- Théng qua viéc phan tich Iy do chon dé tai, muc tiéu nghién ctu, pham vi va déi tuong
nghién cau, cling véi phuong phap va y nghia khoa hoc — thuc tién, chuong nay giup
lam rd bdi canh va dinh hudng cua toan bo qua trinh thyc hién dé tai.

- T6m lai, sau khi xem xét nhiéu chi tiéu khac nhau danh gia vé dao dong, ching ta rat
ra duoc hai phuong phép danh gia chu yéu la dya vao d6 ém diu chuyén dong va an
toan chuyén dong. Bé danh gia chét luong dao dong cua 6 td khao sat, trong d6 &n nay
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sir dung dong thoi hai chi tiéu do 1a tai trong dong va gia toc binh phuwong trung binh.
Do d6, trong qua trinh tinh toan md phong & cac chuong tiép theo s& hudng vao hai chi
tiéu nay.
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CHUONG 2 : COSO LY THUYET VE BQ PIEU KHIEN PID

2.1 Tong quan vé B) diéu khién PID

Mot bo diéu khién vi tich phan ti 16 ( PID- Proportional Integral Derivative) 1a mét co ché
phan hdi vong diéu khién [11] bo diéu khién téng quat duoc sir dung rong réi trong cac hé
thdng diéu khién cong nghiép — bo diéu khién PID 1a bo diéu khién duoc st dung nhiéu nhit
trong cac bo diéu khién phan hdi. Bo diéu khién PID s& tinh toan gia tri "sai s6" 1a hiéu s6
giita gié tri do thong s6 bién ddi va gia tri dat mong muén. Bo diéu khién s& thuc hién giam
t6i da sai s6 bang cach diéu chinh gi4 tri diéu khién dau vao. Trong trudng hop khong cé kién
thizc co ban (mé hinh toan hoc) vé hé thdng diéu khién thi bo diéu khién PID la s& bo diéu
khién tét nhat. Tuy nhién, dé dat duoc két qua tét nhat, cac théng s PID sir dung trong tinh
toan phai diéu chinh theo tinh chat cua hé thong-trong khi kiéu diéu khién la gidng nhau, cac
thong sb phai phu thudc vao dac thi cua hé thong.

— P K e(t)

+ t
_Setpoint@f Error -» | K,_j e(t)dr Process [—Output—p
0

_ . D Kddz(tf)

Hinh 2- 1. So d6 khdi bo diéu khién PID

Ta c6 cong thirc toan hoc ciia bd diéu khién PID nhu sau:
u(t)=Kye(t)+K,[e(t)dt +KD.ded—(tt)

Véi e(t) 1a tin hiéu vao b diéu khién, u(t) Ia tin hiéu ngd ra b diéu khién.

Trong do:
— K,.e(t): 1akhau ti 1&. N6 tao ra tin hi¢u nhdm diéu chinh ti 1€ va sai 1éch dau vao véi thoi
gian ldy mau.

— K,.[e(t)dt: lakhu tich phan. N6 thyc hién bing cach tao va diéu chinh tin hi¢u cho do
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sai 1éch giam vé 0. V&i thoi gian cang nho thi viéc higu chinh tich phan cang manh, dong
thoi do I¢ch cang nho.
— KD.ded—(tt): 1a khau vi phan. N6 gitp tao va diéu chinh tin hiéu sao cho ti 18 véi toc do
thay doi sai 1éch ¢ dau vao. Khac v6i phuong phéap trén, thoi gian cang 16n thi viéc hiéu

chinh vi phan cang manh, dong thoi su thay d6i dau vao cang nhanh.

Cac phuong phap xac dinh dugc cac thong sé Ke, Ki, Kp:

— Phuong phap Zeigler-Nichols

— Phuong phap phan héi ro le

— Phuong phap t6i wu d6 16n va phuong phap tdi vu ddi xtng

— Cohen-Coon

— Phuong phép gan thoi gian xac lap

— Thr sa1
Mot s6 phuong phap da dugc trinh bay trong sach “Ly thuyét Diéu khién Ty dong” cua tac
gia Nguyén Thi Phuong Ha - Huynh Thai Hoang, ta c6 thé doc dé tham khao.
Giai thuat tinh toan bo diéu khién PID bao gém 3 thdng sé riéng biét, do d6 doi khi nd con
duoc goi 1a didu khién ba khau: cac gia tri ti I¢, tich phan va dao ham, viét tat 1a P, I, va D.
Gia trj ti 1é xac dinh tac dong cua sai s hién tai, gia tri tich phan xac dinh tac dong cua téng
c4c sai s6 qua kht, va gié tri vi phan xac dinh tac dong cua téc do bién ddi sai s6. Tong chap
cuia ba tic dong nay dung dé diéu chinh qué trinh théng qua mot phan ti diéu khién nhu vi tri
ctia van diéu khién hay bo ngudn caa phan tir gia nhiét. Nho vay, nhiing gié tri nay cé thé lam
séng to vé quan hé thoi gian: P phu thudc vao sai sé hién tai, | phu thude vao tich lity cac sai
s6 qua khar, va D dy doan céc sai sd twong lai, dia vao toc do thay doi hién tai.
Bing cach diéu chinh 3 hang sé trong giai thuat cia bo diéu khién PID, bo diéu khién c6 thé
dung trong nhirng thiét ké c6 yéu cau dac biét. Dap tng cua bd diéu khién co thé duoc mo ta
dué6i dang d6 nhay sai sé cua bd diéu khién, gia tri ma bo diéu khién vot 16 diém dat va gia tri
dao dong cua hé théng. Luu ¥ 13 cong dung cua giai thuat PID trong diéu khién khong dam
bao tinh t6i wu hodc 6n dinh cho hé théng.
Vai tng dung c6 thé yéu cau chi sir dung mot hoic hai khau tly theo hé théng. Diéu nay dat
dugc bang céach thiét dat doi loi cua cac dau ra khdng mong muén vé 0. Mot bo diéu khién
PID s& dugc goi la bo diéu khién PI, PD, P hoic | néu vang mit cac tac dong bi khuyét. Bo
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diéu khién P1 kha pho bién, do dap ung vi phan khéa nhay d6i voi cac nhidu do ludng, tréi lai
néu thiéu gia tri tich phan c6 thé khién hé théng khong dat dugc gia tri mong mudn.

Chu y: Do sy da dang cua linh vuc ly thuyét va tng dung diéu khién, nhiéu qui udc dat tén
cho cac bién c6 lién quan cung duoc sir dung.

2.2 Co ban vé vong diéu khién

Mot vi du quen thudc cia vong diéu khién 13 hanh dong diéu chinh voi nuéc nong va lanh dé
duy tri nhiét ¢6 nuéc mong muén ¢ dau voi nude. Thuong ta phai tron hai dong nudc, néng
va lanh lai véi nhau. Va cham vao nudc dé cam nhan hoic uéc luong nhiét do cua nd. Dya
trén phan héi nay, ta di diéu chinh van ndng va van lanh cho dén khi nhiét 6 6n dinh & gia tri
mong mudn.

Gia tri cam bién nhiét do nudc 12 gia tri twong tu (analog), ding dé do luong gié tri xt ly hoic
bién qué trinh (PV). Nhiét &6 mong muén duoc goi 1a diém dit (SP). Pau vao chu trinh (vi tri
van nuée) duoc goi 1 bién diéu khién (MV). Hiéu sé giira nhiét ¢ do va diém dat duoc goi
14 sai 6 (e), dung dé lwong héa duoc khi nao thi nude qua noéng hay khi ndo thi nuéc qué lanh
bang gi4 tri.

Sau khi do ludng nhiét do (PV), va sau dé tinh toan sai s6, bo diéu khién s& quét dinh thoi
diém thay doi vi tri van (MV) va thay d6i bao nhiéu. Khi bo diéu khién mé van lan dau, né sé
ma& van néng ti xiu néu can nude 4m, hodc s& ma hét ¢ néu can nude rat nong. Pay 1a mot vi
du cua diéu khién ti I¢ don gian. Trong truong hop nudc néng khong dugc cung cap nhanh
chéng, bo diéu khién cé thé tim cach ting tdc d6 cua chu trinh I1én bang cach ting d6 mé cua
van nong theo thoi gian. Pay 1a mot vi du caa diéu khién tich phan. Néu chi s dung hai
phuong phéap diéu khién ti 1¢ va tich phan, trong vai hé thdng, nhiét d6 nudc cé thé dao dong
gitta ndng va lanh, boi vi bo diéu khién diéu chinh van qua nhanh va vot 16 hozc bu 16 so voi
diém dat.

Dé dat duoc su hdi tu ting dan dén nhiét 6 mong muébn (SP), bo diéu khién can phai yéu cau
lam tat dan dao dong dy doan trong tuong lai. Diéu ndy c6 thé thuc hién boi phuong phéap diéu
khién vi phan.

Gia tri thay d6i c6 thé qua 16n khi sai s6 twong ¢ng 1a nhé ddi véi bo didu khién co d6 loi lon
va s& dan dén vot 16. Néu bo diéu khién 13p lai nhiéu 1an viéc thay doi nay s& dan dén thuong
Xuyén xay ra vot 16, dau ra s& dao dong xung quanh diém dit, ting hodc giam theo hinh sin ¢
dinh. Néu dao dong ting theo thdi gian thi hé thdng s& khong 6n dinh, con néu dao dong giam
theo thoi gian thi hé théng d6 6n dinh. Néu dao dong duy tri tai mot bién d6 ¢b dinh thi hé
théng 1a 6n dinh bién do. Con nguoi khong dé xay ra dao dong nhu vay bai vi ching ta la
nhiing "bo" diéu khién thich nghi, biét rat kinh nghiém; tuy nhién, bo diéu khién PID don gian
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khong c6 kha niang hoc tap va phai duoc thiét dat phi hop. Viéc chon db loi hop 1y dé diéu
khién hiéu qua duoc goi 1a diéu chinh bo diéu khién.

Néu mot bo diéu khién bat dau tir mot trang thai 6n dinh tai diém sai s6 bang 0 (PV=SP), thi
nhitng thay ddi sau d6 bai bo diéu khién s& phu thudc vao nhirng thay doi trong tin hiéu dau
vao do duoc hoic khong do duoc khac tac dong vao qua trinh diéu khién, va anh huong toi
dau ra PV. Cac bién tac dong vao qué trinh khac voi MV duoc goi 1 nhidu. Cac bo diéu khién
thong thudng duoc st dung dé loai trir nhidu va/hoic bd sung nhitng thay doi diém dat. Nhing
thay doi trong nhiét do nudc cung cap la do nhidu trong qua trinh diéu khién nhiét d6 ¢ voi
nuoc.

V& ly thuyét, mot bo diéu khién c6 thé duoc str dung dé diéu khién bat ky mot qué trinh nao
ma c6 mot dau ra do duoc (PV), mét gia tri 1y tuong biét trude cho dau ra (SP) va mot dau
vao chu trinh (MV) s& tac dong vao PV thich hgp. Céc bo diéu khién duoc sir dung trong cong
nghiép dé diéu chinh nhiét do, ap suét, toc 6 dong chay, tong hop hda chat, téc d6 va cac dai
luong khéc c6 thé do luong duge. Xe hoi diéu khién hanh trinh 1a mét vi du cho viéc ap dung
diéu khién tu dong trong thuc té.

Cac bo diéu khién PID thuong duoc lya chon cho nhiéu tng dung khac nhau, vi ly thuyét tin
cdy, duoc kiém ching qua thoi gian, don gian va dé cai dit ciing nhu bao tri caa chdng.

2.3 Ly thuyét diéu khién PID

Phan nay chi md ta dang song song hoic khong twong tac cua bd didu khién PID. Xin xem
thém "Alternative nomenclature and PID forms" cho nhirng dang khéac.

So db diéu khién PID duoc dit tén theo ba khau hiéu chinh caa né, tong cua ba khau nay tao
thanh bai cac bién diéu khién (MV). Ta co:

MV (t) =P, +1,, + Dy, (2.1)
Trong d6: P, 1,,,D,, lacacthanh phan dau ra tir ba khau cua b diéu khién PID, duoc xac

dinh nhu duéi day.

2.3.1 Khau ti 1¢
Khau ti 18 (d6i khi con duoc goi 1a d6 loi) 1am thay doi gia tri dau ra, ti 18 véi gié tri sai s6
hién tai. Bap ng ti I¢ co thé dugc diéu chinh bang cach nhéan sai s6 d6 véi mot hang so K.,

duoc goi 1a hé sé ti Ié.
Khau ti 1€ duogc cho boi:
P.= er(t) (2.2)

Hé s6 cua khau ti 18 16n 1a do thay ddi 16n & dau ra ma sai s6 thay doi nho. Néu hé sb cua khau
ti 16 qua cao, hé thdng s& khéng 6n dinh (xem phan diéu chinh vong). Nguoc lai, hé s6 nho 1a
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do dap tng dau ra nho trong khi sai s6 dau vao Ion, va 1am cho bo diéu khién kém nhay, hoac

dap ung cham. Néu Hé sb caa khau ti 18 qua thap, tac dong diéu khién c6 thé s& qué bé khi
dap ng véi cac nhidu cua hé thong.

15

[ reference s,gnal]
Kp=2
HIP:DSA&
i e g g
Kp=1Ki=1 Kd=1
05} 4
1
A -y A a A " - - A i
0 2 . 6 8 10 2 14 16 18 20

Hinh 2- 2. D6 thi PV theo thoi gian, ba gia tri Ke (K va Kp 13 hiang s6)

2.3.2 Drop (do truwot)

Néu khéng c6 nhiéu, diéu khién ti Ié thuan tly s& khong xac 1ap tai gia tri mong mudn cua no,
nhung nd van duy tri mot (do truot) sai s6 6n dinh trang thai, 1a mot ham cua do loi ti 18 va do
loi qué trinh. Dic biét, néu d6 lgi qua trinh-trong khoang thoi gian dai bi trdi do thiéu diéu
khién, nhu viéc lam mét mét 10 nung téi nhiét a6 phong-duoc Ky hiéu G va gia st sai s6 xap
xi 1a hang sd, khi d6 droop-dé truot xay ra khi d6 loi khong doi nay bang thira sé ti 18 cua dau
ra.

P, .V6i sai s6 la tuyén tinh, G =K,e, dodé e=G/K, Khi thirasé ti lé, day vao thong sé

out !
t6i gia tri dat, duoc bu chinh xéac boi d6 loi qua trinh, nd s& kéo théng sb ra khoi gia tri dat.
Néu do loi qua trinh giam, khi lam lanh, thi trang thai ding s& nam dudi diém dat, ta goi la

"droop-do truot"”.

Chi cac thanh phan dich chuyén (trung binh dai han, thanh phan tan s6 khéng) cua do loi qué
trinh méi tac dong téi do truot-cac dao dong déu hodc ngau nhién trén hodc dudi thanh phan
dich chuyén s& bj triét tiéu. Do loi qué trinh c6 thé thay d6i theo thoi gian hoic theo céc thay
d6i bén ngoai, vi du nhu néu nhiét do phong thay doi, viéc 1am lanh s& nhanh hon hoic cham
hon.

Do truot ti 18 thuan vai d6 loi qua trinh va ti 1& nghich véi do loi ti 1€, va 1a mot khiém khuyét
khong thé tranh dugc caa diéu khién ti 16 thuan tay. Do truot ¢ thé dugc giam bt bang céach
thém mét thira s6 d6 léch (cho diém dat trén gia tri mong mudn thuc té), hoic stra doi bang
cach them mot khau tich phan (trong bo diéu khién Pl hodc PID), s& tinh toan do léch thém
vao mot cach hiru hiéu.
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Bat chap do truot, ca ly thuyét diéu chinh 13n thuc té cong nghiép chi ra rang khau ti 1¢ 1a can
thiét trong viéc tham gia vao qua trinh diéu khién.

2.3.3 Khau tich phan

reference signal

Kp=1Ki=1 Kd=1

Ki=05

0 .:. ~; E‘\ é 1:3 1‘3 1‘4 1:6 1:9 20
Hinh 2- 3. Do thi PV theo thoi gian, twong tng véi 3 gia tri Ki (Ke va Kp khéong
déi)

Phan phdi caa khau tich phan (doi khi con goi 1a reset) ti 1¢ thuan véi ca bién do sai s 13n
quang thoi gian xay ra sai s6. Tong sai sb tic thoi theo thoi gian (tich phan sai s6) cho ta tich
lity bu d duoc hiéu chinh trude d6. Tich lily sai s6 sau d6 dwoc nhan véi do loi tich phan va
cong vai tin hiéu dau ra cua bo diéu khién. Bién do phan phoi cua khau tich phan trén tat ca

tac dong diéu chinh dugc xac dinh boi do loi tich phan.

Khau tich phan (khi cong thém khau ti 18) sé ting toc chuyén dong cua qua trinh téi diem dat
va khir s6 du sai s6 6n dinh vai mot ti 18 chi phu thudc vao bo diéu khién. Tuy nhién, vi khau
tich phan 1a dap ung cua sai so tich lily trong qua kht, nd c6 thé khién gia tri hién tai vot 16
qua gié tri dit (ngang qua diém dat va tao ra mot do léch véi cac huéng khéac). Dé tim hiéu
thém cac dic diém cua viéc diéu chinh do loi tich phan va d6 6n caa bo diéu khién, xin xem
phan diéu chinh vong lap.

2.3.4 Khau vi phan

Téc do thay doi cua sai s6 qua trinh duoc tinh toan bang cach xac dinh d6 doc cua sai s6 theo
thot gian (tie 1a dao ham bac moét theo thoi gian) va nhan toc do nay voi do loi ti 1€ K. Bién

d6 ctuia phan phdi khau vi phan (d6i khi duoc goi 14 tbe do) trén tit ca cac hanh vi diéu khién
dugc gidi han boi d6 lgi vi phan, K, .

Thira s6 vi phan dugc cho boi: D, =K, Ee(t) (2.3)

out
t
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Trong d@6: D, - Thira s vi phan ciia dau ra

K, - D06 loi vi phan, mot thdng sb diéu chinh

€ -Saisd e=SP-PV

t - Thoi gian hoac thoi gian tac thoi (hién tai)

Ki=05 3 reference _:u]n.;!r

0 : -; r‘ é 1 : 12 1 ‘.1 16 1 ‘“ 20
Hinh 2- 4. D6 thi PV theo thoi gian, véi 3 gié tri Kp (K va Kp khong d6i)

Khau vi phan 1am cham téc d6 thay d6i cua dau ra bo diéu khién va dic tinh nay 1a dang cha
y nhat dé dat t6i diém dat cua bo diéu khién. Tir d6, diéu khién vi phan duoc sir dung dé 1am
giam bién d6 vot 16 duoc tao ra boi thanh phan tich phan va ting cuong d6 6n dinh cua bo
diéu khién hdon hop. Tuy nhién, phép vi phan caa mot tin hiéu s& khuéch dai nhiéu va do d6
khau nay s& nhay hon ddi véi nhiéu trong sai s, va c6 thé khién qua trinh tré nén khong 6n
dinh néu nhidu va do loi vi phan du 16n. Do d6 mot xap xi ca bo vi sai voi bang thong gidi
han thudng duoc st dung hon. Chang han nhu mach bd sém pha.

2.3.5 D¢ loi ti 1¢

Gia tri cang I6n thi dap tmg cang nhanh do d¢ sai s6 cang 16n, bu khau ti 1& cang 16n. Mét gia
tri d6 loi ti I¢ qua l1on s€ dan dén qué trinh mat 6n dinh va dao dong. B¢ lgi tich phéan, K. gia
tri cang 16n kéo theo sai sé 6n dinh bi khir cang nhanh. Ddi lai 1a d6 vot 16 cang Ién: bat ky
sai s0 am nao dugc tich phan trong sudt dap img qué do phai dugc trigt tiéu tich phan bang sai
s0 duong trudce khi tien tai trang thai on dinh. D9 lgi vi phan, K, gia tri cang lon cang giam
d6 vot 16, nhung lai 1am cham dap tng quéa d6 va c6 thé dan dén mat 6n dinh do khuéch dai
nhiéu tin hiéu trong phép vi phan sai sé.

2.4 Piéu chinh vong lap
Diéu chinh mot vong diéu khién 1a diéu chinh cac thong sé diéu khién caa né (do loi/dai ti l¢,
d6 loi tich phan/reset, d6 loi vi phan/tdc do) t6i gia tri dap tng diéu khién téi uvu. 6 6n dinh
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(dao dong bién) 12 mot yéu cau can ban, nhung ngoai ra, cac hé théng khéac nhau, cé nhiing
hanh vi khac nhau, nhitng tng dung khac nhau c6 nhitng yéu cau khac nhau, vai yéu cau lai
mau thuin voéi nhau. Hon nita, vai qua trinh c6 mot mie do phi tuyén nao day khién cac thdng
s6 lam viéc tot & diéu kién day tai s& khdng 1am viéc khi qua trinh khoi dong tir khong tai
diéu nay c6 thé khac phuc bang chuong trinh do lgi (st dung céc théng sé khac nhau cho
nhitng khu vuc hoat dong khéac nhau). Cac bd diéu khién PID thudng cung cap cac diéu khién
c6 thé chap nhan duoc tham chi khong can diéu chinh, nhung két qua ndi chung cé thé duogc
cai thién bang cach diéu chinh ki ludng, va két qua cd thé khéng chap nhan dugc néu diéu
chinh kém.

Diéu chinh PID Ia mot bai toan kho, ngay ca khi chi cé 3 thong sb va vé nguyén tic 1a dé& miéu
ta, bai vi né phai thoa man cac tiéu chuan phuc tap nam trong Nhitng han ché cua diéu khién
PID. Vi vay c6 nhiéu phuong phap khac nhau dé diéu chinh vong lap, va céc ky thuat phirc
tap hon 1a d¢ tai cho nhiéu phat minh sang ché; phan nay miéu ta vai phuong phap thi céng
truyén thong dé diéu chinh vong lap.

2.4.1 Pé én dinh

Néu céc thong s6 caa bo diéu khién PID (d6 loi cua khau ti 18, tich phan va vi phan) duoc
chon sai, dau vao qua trinh diéu khién c6 thé mat 6n dinh, vi cac khéc biét dau ra cua nd, co
hoac khong c¢6 dao dong, va dugc gigi han chi boi sy bao hoa hoac dat gay co khi. Sy khéng
on dinh dugc gay ra bai sy du thira d6 loi, nhat 1a khi xuat hién o tré In.

Néi chung, d6 6n dinh cua dap tng (nguoc véi do bat dinh) phai thoa man va qua trinh phai
khong duoc dao dong vi bat ky su két hop nao giita cac diéu khién qua trinh va diém dat, mac
du d6i khi 6n dinh bién c6 thé dugc chap nhan hoic yéu cau.

2.4.2 Téi wu héa hanh vi
Ti uu héa hanh vi trong thay ddi qua trinh hodc thay d6i diém dat khac nhau tly thudc vao
ung dung.

Hai yéu cau co ban 1a 6n dinh (triét tiéu nhiéu-on dinh tai mot diém dat cho trudc) va ty hiéu
chinh 1énh (thuc hién cac thay ddi diém dat)-hai yéu cau do tuy thudc vao viéc cc bién diéu
khién theo ddi gia tri mong muén co tét hay khong. Céc tiéu chuan dic biét vé ty hiéu chinh
l&énh bao gom thoi gian khoi dong va thoi gian xac 1ap. Mot vai qua trinh phai ngin khong cho
phép céc bién qua trinh vot 16 qua diém dat néu, thi dy, diéu ndy cé thé mat an toan. Cac qué
trinh khéac phai téi thiéu hoa nang lugng tiéu hao khi tién tgi mot diém dat méi.

2.4.3 Tong quan cdc phwong phdp

C6 nhiéu phuong phap khac nhau dé diéu chinh vong lap PID. Nhiing phuong phép hitu hiéu
nhét thuong bao gom nhitng trién khai cua vai dang mé hinh xir 1y, sau d6 chon P, I, va D dua
trén cac théng sé cia md hinh dong hoc. Cac phuong phap diéu chinh thii cong twong dbi
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khong hiéu qua lam, dac biét néu vong lap cd thoi gian dap tng duoc tinh bang phat hoac 1au
hon.

Lwa chon phwong phap thich hop s& phu thudc phan Ién vao viéc co hay khong vong lap co
thé diéu chinh "offline", va dép ng thoi gian cua hé théng. Néu hé théng co thé thuc hién
offline, phuong phap diéu chinh tét nhat thudng bao gdm bat hé thong thay doi dau vao ting
budc, tin hiéu do ludng dau ra 1a mot ham thoi gian, sir dung dap tng nay dé xac dinh céc
thong sé diéu khién.
=>TONG KET CHUONG 2:
- B0 diéu khién PID la phuong phap diéu khién phan hoi kinh dién, duoc sir dung rong
rdi nhd vao cau trac don gian nhung hiéu qua cao.
- Bathanh phan diéu khién ti I¢ (P), tich phan (1) va vi phan (D) gitp hé théng dat duoc
muc tiéu 6n dinh, giam sai s6 va cai thién chat luong dap Gng.
- Viéc lya chon va hiéu chinh théng sé PID phi hop ¢6 vai trd quyét dinh dén hiéu qua
giam dao dong cua hé thng treo.
- Co so ly thuyét PID 1a nén tang quan trong cho qué trinh thiét ké, mé phong va tich
hop diéu khién vao mé hinh nta xe trong chuong sau.
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CHUONG 3 : THIET LAP MO HINH TOAN HQC DAO PONG NUA XE CUA
OTO
3.1 Cac phwong phap xay dwng mo hinh dgng luc hoc
Hé thdng treo & td n6i chung, hé thdng treo khi nén ndi riéng 1a mot hé théng co hoc co
lien két rat phic tap thong qua cac phan tir dan hdi va giam chan,... Trong mé hinh dong luc
hoc théng thuong gdm khédi lwong duoc treo, khdi luong khong duoc treo va cac lién két giira
ching. Tir mé hinh déng luc hoc, & xay dung mé hinh toan c6 thé st dung nhiéu phuong
phap nhu phuong trinh Lagrange loai 2; str dung phuong trinh Dalambe; phuwong phap cong
di chuyén kha di cua hé da vat thé; phuong phap hé thdng con. Ba phwong phap dau thich hop
cho cac hé théng tuyén tinh, phuong phap tht tu thich hop cho hé théng phi tuyén, hé théng
diéu khién. Trong chuong nay nay tac gia chi dé cap dén phuong phap Dalambe dé thiét lap
cac phuong trinh vi phan mé phong dong luc hoc ciia cac bo phan hé théng treo.

Dua trén nguyén ly Dalambe chuyén bai toan dong luc hoc vé bai toan tinh hoc bang céach
dua cac luc quéan tinh vao co hé, khi d6 phuong trinh chuyén dong sé duoc thiét lap trén co so
lay tong dai s6 c&c luc tc dung, cac phan luc va luc quén tinh tac dung Ién hé khao sat.

m.Z =Y P

J.o,=>.M

(3.1)

Trong do:
+ m. la khdi lugng phan ti tha i

+ Z. lagiatdc tinh tién theo phwong z

+ Y P latong cac lyc tac dung 1én phan tir d6 (bao gdm cé luc quan tinh va phan
luc) ‘

+ J. 1a mé men quan tinh cua phan tu thi i quanh truc quay

+ o, lagiatdc goc

+ .M latong md men tac dung Ién phan tir do.

3.2 Céc gia thiét cia md hinh
Thiét Iap hé phuong trinh vi phan dao dong cua xe chinh 1a sy md ta dao dong théng qua

cac cong cu toan hoc. Trong dé tai nay, gidi han chi xét mé hinh véi cac dao dong chi yéu
cua xe la:

Phan khéi luong duoc treo va khong duge treo coi nhu ctiing tuyét doi.

B qua cac nguon kich thich dao dong trén xe. Coi map mo cua miat duwong 1a ngudn

kich thich dao dong duy nhat.

+ Dao dong theo phuong thang dting cua khéi luong treo.
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+ Dao dong goc doc cua khéi luong treo quanh truc ngang di qua trong tam cua xe
+ Dao dong thang diing cua khéi luong khong dugc treo.

Khi thiét 1ap hé phuong trinh vi phan ta c6 mét s6 gia thiét sau:

+ Chuyén dong xe l1a chuyén dong thang déu, khoang cach tir trong tam dén cac cau
khong thay ddi trong qué trinh xe chuyén dong, trong tam cua xe nam trén mat
phing dbi xing doc xe.

Bo qua dao dong ngang cua xe.
Sy tiép xUc caa banh xe voi duong la tiép xtc diém.

Dic diém co ban cua xe 13 tit ca cac ngoai luc tac dong 18n xe 1a cac phan luc va trong
luc, cac phan luc xuat hién do su tic dong turong hd giira banh xe voi nén dudng. Trong truong
hop tong quat cac phan luc nay co thé phan ra thanh cé4c thanh phan lyc thang ding va thanh
phan luc nam ngang (theo phuong chuyén dong cua xe). Vi ta gia thiét chuyén dong cua xe 1a
chuyén dong thang déu, nén thanh phan lyc nam ngang phai bang khong, do d6 cac dao dong
cua than xe trong mat phang thang dung vudng goc véi huéng chuyén dong caa than xe 1a do
c4c thanh phan luc thang ding truyén tir banh xe 1én.

3.3 Thiét l1ap phwong trinh toan hoc dao dong

lsy;m

|
I
|
1
I
I
C\l K,\l |
I
< I <
7‘“1 : ’ Zu.’
my, : my,
I
= | =
Cer K | Cez K,
| 2
I
&*\;\\J‘h\\ : "("é—l N N
e a a—0

Hinh 3- 1. M6 hinh dao déng phiang doc & t6 2 truc [11]
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Trong dé tai nay, s& thiét ké hé thdng treo xe con. Véi nhiing gia thiét trén xay dung duoc
m6 hinh dong luc hoc 2 bac tu do cua hé thdng treo thé hién & hinh 9 véi map mé mat duong
c6 dang hinh sin; phan ti 16p duoc so dd hda bang phan tir giam chan va phan tir dan hoi; hé
thdng treo duge so d6 hoa bang phan tir giam chan va phan tir dan hoi; khdi lwong khong duoc
treo nam giira hé théng treo va 16p bao gom khéi lugng 16p, ban truc, truyén luc chinh vi sai,
V6 Cau...mdi cau c6 mot bac tu do phwong dich chuyén thang dung; khéi luong dugc treo 1a
than xe c6 hai bac ty do dich chuyén thang dtung va lic doc.

Pé thuan loi khi sir dung phuong phap Dalambe thiét 1ap cac phuong trinh vi phan mé ta
dong huc hoc cua cac bo phan, cac co hé dugc phan tich cac luc va tach riéng biét ra tirng khoi
thé hién & hinh 10.

Fs2 ||
|
Ks2
Cs1 Ks1 . Cs2 s
4 Zui —t Zu2
| Fs2

Fs1 { s2 {
Fs1 | Fs2
Zu1 | Zu2
Ft1 | Frz 1
Ft1
T P | !
Ct1 K1 | ct2 Kt2
|
2
Ft1 le al | Ft2 ﬁl )
| a b |
< ~ ~
I~ i
L
< .

Hinh 3- 2. Cac co hé tach biét cia mo6 hinh dao ddong xe con
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Trong do:

+ + + +

d,,d, - bién dang mat duong

K,,K,,C,,C,,- tuong tng 1a h¢ s6 can giam chan va d6 cing cua I6p dan hoi cau trudc,
CcAu sau;

K,,C,, - twong tng la hé s6 can giam chan va d¢ ciing cua phan tir dan hoi cua h¢ thong
treo ciu trudc;

K.,,,C,,- tuong ung la h¢ s6 can giam chan va do cung cua phan tir dan hoi cia h¢ thong
treo cau sau;

m,,,m,, - trong Gng la khoi luong khong dugc treo cua cau trudc, cau sau;

m, - twong ung 1a khdi lugng dugc treo cua xe;

J,, - trong tng 1a md men quan tinh doi véi truc di qua trong tdm khéi lugng duoc treo

cua Xe;

Z. - twong tng la do dich chuyén theo phurong thang dirng khoi lwong dugc treo cua xe;
¢, - twong ung 1a gdc lac khéi lugng dugc treo cua xe;

F,,F,- tuong tng la lyc tac dung ciia banh xe xudng duong cau trudc, CAu sau cua Xe;
F,,F, - twong tng 1a lyc tac dung cua hé thong treo 1én khéi luong khong dugc treo cau
trudc, CAU Sau cuia Xe: ? q ,

Z,,Z,- tuong ung la d§ dich chuyén theo phuong thang dung khoi lugng khong duoc
treo cua Cau trudc, Cau sau cua xe; 7 ,

Z,,Z,-tuong img la d6 dich chuyén theo phuong thang dung cua khoi lugng duoc treo
tai vi tri cau trudc, cau sau;

3.3.1 Phwong trinh dao dgng ciia khoi liwgng dwroC treo

(N

Fail i
&

-

Hinh 3- 3. M6 hinh dong luc hoc khdi lwong duoc treo

Phuong trinh dong luc hoc cua khdi luvong dugc treo:
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ms'Zs :ZFs = Fsl+ Fsz

“ (3.2)
3,0, =Fya—F,b
3.3.2 Phwong trinh dao dgng ciia hé théng treo
- M@ hinh toan hoc cua hé thng treo cau trudc xe con nhu sau:
Fs1 A
ﬂ | Zs1
Ks1
Cs1 i
+ Zu1
|
Fs1 [
Hinh 3- 4. M6 hinh déng luc hoc hé théng treo cau trudc xe con
Lyc tuong tac gitra hé théng treo vai khdi lugng khong duoc treo
Fsl = Kslx(zul_zslj"i'cslx(zul_ Zslj (3.3)

Trong d6: Z,,,Z,, - Van téc dich chuyén khdi lwvong khong dugc treo ciu trudc va khéi lugng
duoc treo xe con

- M0 hinh toan hoc cua hé thdng treo ciu sau xe con nhu sau:

Fs2 [ T 2o

Ks2
Cs2 =

[ * Zu2

Fs2 {7

Hinh 3- 5. M6 hinh d6ng luc hoc hé thdng treo ciau sau xe con

Luc tuong tac gitra hé théng treo vai khdi lvong khong duoc treo

Fsz = Ksz ><(Zluz_ Z.szj"" CsZ X(Zuz_zszj (3-4)
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2 Z., - Van téc dich chuyén khéi lugng khong dugc treo cu sau va khéi lwong
duoc treo xe con

Trong do: Z

3.3.3 Phwong trinh dao dgng ciia khoi licong khong dwoc treo
- M@ hinh toan hoc cua khdi lugng khong duoc treo cu trude xe con nhu sau:

Fs1
Zu1

Ft1 ﬁ

Hinh 3- 6. M6 hinh dong luc hoc khéi lwong khong dugc treo cau trude

Phuong trinh dong lec hoc cua khéi lugng khong dugc treo:

xZ,

ul

=F

t1

~F

m 51 (3.5)

ul

Trong d6: Z,, - Gia toc dich chuyén khéi lwong khong dwgc treo cau trudc xe con

- M0 hinh toan hoc cua khi lugng khong dugc treo cau sau xe con nhu sau:

Fs2
? Zu2

Fo 1]

Hinh 3- 7. M6 hinh dong luc hoc khéi lvong khong dwoc treo cau sau

Phuong trinh dong luc hoc cua khéi luong khong duogc treo:

=F

t2

~F

m,, xZ, ) (3.6)

u u2

Trong d6: Z,, - Gia téc dich chuyén khéi lugng khéng dugc treo ciu sau xe con

3.3.4 Phwong trinh dao dong cua banh xe
- M® hinh toan hoc cta banh xe ciu trude xe con nhu sau:

Luc twong tac gitra banh xe vai mat duong:

Ftl = Ktlx(q1_zu1)+ct1x(q1_ Zulj (3-7)
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Trong d6: Z,, - Van téc dich chuyén khéi lugng khéng dugc treo ciu trudc xe con

Ct1

e A

Hinh 3- 8. M hinh déng luc hoc banh xe cau truéc

- M® hinh toan hoc cua banh xe cau sau xe con nhu sau:

Fi2 Ul -
Ct2 Ly Kt2
o ] %

Hinh 3- 9. M6 hinh d6ng luc hoc banh xe ciu sau

Luc tuong tac gitra banh xe véi mat duong:
R, =Ky X(qlz_z.uzj"'ctz X(qz_zuzj (3.8)

Trong d6: Z,, - Van tc dich chuyén khéi luong khong duoc treo cau sau xe con

3.3.5 Ldp hé phwong trinh

Dua vao tuong ttng cong thic (3.2), (3.3), (3.4) ta duoc phuong trinh vi phan ciia khdi luong
duoc treo nhu sau:

ms X Zs = Ksl X(Zul_ Zslj—l_ Csl X(Zul_ Zslj—l_ KsZ X(Zluz_ Z;2j+ Csz X(Zuz_ Zszj

Ksl X(Z.ul_ Zslj + Csl x (Zul_ Zsl) + KsZ X(Z.uz_ Z.szj—i_ CsZ X (Zuz_ Zszj

m

S

=27 =

S
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F xa—F.xb [Kslx(z'ul_zslj—‘rcslX(Zul_zslj:lxa_[KszX(Zluz_z.szj—i_cszX(Zuz_zszj:|><b
_ sl s2 —

N .
Qs ] ]

sy sy

Dua vao tuong tng cac cong thic (3.3), (3.5), (3.7) ta duoc phuong trinh vi phan cta khoi
lwong khong dugc treo cau trude nhu sau:

mul o Zul = Ktl X (ql_ Ziul) + Ctl X (ql_ Zulj - Ksl X (Zul_ Zslj - Csl o (Zul_ Zsl)
Ktl X (ql_ Zulj + Ctl X (ql_ Zul) - Ksl X (Zul_ Zsl) - Csl X (Zul_ Zslj

m

:>Zu1:

ul

Dua vao tuong tng cac cong thic (3.4), (3.6), (3.8) ta duoc phuong trinh vi phan cia khoi
luong khong dugc treo cau sau nhu sau:

m,, x Zu2 = Kt2 X(q.z u2)+ C X(qz_ Zuz)_ Ksz ><(Zluz_ Z.szj_csz X(Zuz_ Zszj
B Kt2 X(qz_ Z‘uZ)+ Ct2 X(qz_ Zuzj_ Ksz X(Z.uz_ lezj_csz X(Zuz_ Zst
Z

= u2: m

u2

Dua vao tuwong trng cac cong thac (3.3), (3.4), (3.5), (3.6), (3.7), (3.8) ta dugc phuong trinh vi
phéan nhu sau:

. Ksl X (Z.ul_ Zsl) + Csl X (Zul_ Zslj + KsZ X(Zluz_ lezj'i' Csz X (Zuz_ Zszj
Z_

mS
o - FSIXa_FSZXb ~ [KslX(Z.ul_zslj-i_cslx(zul_ Zslj:lxa_I:KszX(Zluz_zlszj_kcszX(Zuz_zszj:|><b
) Jy Jy
. Ktlx(ql u1j+C X(q Zul)_Kslx(Zul ) C X(Z Zsl)
Z,= m
ul
“ Ktzx(qz u2j+c x(q Zuzj—K x(z -Z, ) C, x(z —zszj
Z,= m

u2

Fsl = Ksl x (Z.ul_ Zslj + Csl X (Zul_ Zsl)
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Fsz = Ksz X(Z.uz_ Z.szj"' Csz X(Zuz_ Zsz)

F,=K

t1

F

Re (ql_ Z.ulj + Ctl x (ql_ Zul)

t2 = Kt2 X(qlz_ Z-uzj'i' CtZ x(Qz_ Zuzj

Ksl x (Z'ul_ Zs1j + Csl x (Zul_ Zslj + Ksz x (Z'uz_ lezj—k Csz x (Zuz_ Zszj

7=
mS
F xa— F x b I:Ksl X(Z.ul_ Zsl) + Csl >((Zul_ Zsl):|xa _[KSZ X(Z.uz_ lezj*' CsZ ><(Zuz_ Zszj:|x b
sl s2 —
° sz sz
. Ktl x (ql_ Zlulj + Ctl x (ql_ Zulj - Ksl x (Zlul_ Zslj - Csl x (Zul_ Zsl)
Zul =
mul
. KtZ X (qz_ ZAuzj"" CtZ X(qz_ Zuzj - Ksz X(Zuz_ Zgz)_csz ><(Zuz_ Zszj
ZuZ =
mu2
Fo =Ky x (Z.ul_ Zslj + Csl X (Zul_ Zslj
Fsz = Ksz ><(Z.uz_ szzj"' Csz ><(Zuz_ Zszj
Ftl = Ktl x (ql_ Zlulj + Ctl x (ql_ Zulj
th = Kt2 x (q-z_ Z-uzj"' Ct2 x [qz_ Zuzj

Trong do: Z, =27 +¢pxa

Zsz :Zs_

oxb

=>TONG KET CHUONG 3:

Sinh vién thyc hién: Hoang Xuan Phat

Do an da xay

dung duoc md hinh dao dong 6 td con % véi hé thdng treo 10 xo, lya

chon cac chi tiéu danh gia dao dong 6 to.
Xay dung phuong trinh vi phan dya trén nguyén ly Dalambe chuyén bai toan dong luc
hoc vé bai toan tinh hoc bang cach dua cac luc quan tinh vao co hé.

Xay dung mo
cau trdc hé nh
MO hinh 1a do

hinh dao dong 6 td con % trén mat phang doc bang phuong phap tach
idu vat (MBS).
ng luc hoc la dang chuyén dong cé thé khao sat vai nhiéu kich thich mat

duong, nhiéu cap van tc, muc tai.
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CHUONG 4 : KHAO SAT DAO PONG MO HINH NUA XE TREN PIA HINH
GO GHE SU DUNG BQ PIEU KHIEN PID TRONG MATLAB SIMULINK

4.1 Gi6i thiéu vé Matlab/ Simulink trong mé phéng dao déng
4.1.1 Gigi thigu vé Matlab- Simulink

Simulink 12 mét phan mé rong cia MATLAB boi MathWorks Inc. N6 1am viéc véi
MATLAB dé cung cidp md hinh, md phong va phan tich hé thong dynamic duéi mot moi
truong giao dién ngudi dung do hoa (GUI). Viéc xay dung mot mé hinh duge don gian hoa
véi hoat dong chudt nhap chudt va kéo. Simulink bao gom mét thu vién khéi toan dién cua
hop cong cu cho ca phan tich tuyén tinh va phi tuyén tinh. M6 hinh duoc phan cap, cho phép
sir dung tir trén xudng va phuong phap tiép can tir duéi 1én. Nhu Simulink 13 mét phan khong
thé thiéu cuia MATLAB, n6 rat dé dang dé chuyén ddi qua lai trong qua trinh phan tich va do
d6, ngudi ding c6 thé tan dung dy du cac tinh ning duoc cung cap trong ca hai méi truong.

4.1.2 Bt dau véi Simulink
Nhip vao biéu tugng Simulink & giao dién Matlab nhu hinh v& dé vao cura s6 thu vién:

Simulink Library Brower

HE Simulink Library Browser — O X

‘Enter search term v|ft« - :.‘“ [\ - e @

Simulink

v Simulink ~

Commonly Used Blocks ﬂv.i-
Continuous Cﬂ BE \
Dashboard ==
Discontinuities Commonly Continuous Dashboard  Discontinuities
Discrete Used Blocks
Logic and Bit Operations
Lookup Tables = + -
Math Operations Ip"h 1? o y=fu) =X
Model Verification
Model-Wide Utilities Discrete Logic and Bit Lookup Math
Ports & Subsystems Operations Tables Operations
Signal Attributes
Signal Routing ® I £ 2
Sinks Mise o
Sources @ Q-'c .
User-Defined Functions odel-Wide Model Ports & Signal
Additional Math & Discrete Utilities Verification Subsystems Attributes
Aerospace Blockset
Audio System Toolbox AR T4 whe
Communications System Toolbox ﬁ ‘;;{ . y=f{tu)
Communications System Toolbox HDL Supy
Computer Vision System Toolbox Signal Sinks Sources User-Defined
Control System Toolbox Routing Functions
DSP System Toolbox
DSP System Toolbox HDL Support -+ -

Embedded Coder lr"‘\-

Fuzzy Logic Toolbox
HDL Coder Additional Math
HDL Verifier & Discrete
Image Acquisition Toolbox
Instrument Control Toolbox
Model Predictive Control Toolbox
Neural Network Toolbox

OPC Toolbox

Phased Array System Toolbox
Report Generator

Robaotics System Toolbox
Rahuct Cantral Tanlhav

=

Hinh 4- 1. Thu vién Simulink
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4.1.3 Tao mo6 hinh tdp tin (Model Files)
Trong Simulink, mot md hinh 12 mot tap hop céac khdi dé dai dién cho mot hé thong. Bé
v& mot mé hinh trong ctra s6 Simulink hién ra ban chon File=> New model (hoic c6 thé bam
t6 hop phim tat Ctrl+N) sau d6 ctra s6 New model s& hién ra:
®4 untitled - Simulink - O X
File Edit View Display Diagram Simulation Analysis Code Tools Help
%o - 8 Eo-=- AN @ -

untitled

@ ||Pa&|untitled

Re_ady 100% VariableStepAuto
Hinh 4- 2. Tao mé hinh tap tin méi

CAc yéu tb co ban

C6 2 yéu td co ban trong Simulink d6 1a: Khéi (Block) va Pwong (Line). Duong la nhiing
dong truyén tin hiéu két ndi cac khéi lai voi nhau.

a. Khéi (Block)

Khéi dung dé tao, chinh stra va trich xuat ra nhirng théng sé can cé bang cac hién thi tin hiéu
& dau ra. C6 mot s6 dang khdi co ban ma can luu y dé sir dung:

Sources: Puoc str dung dé tao ra céc tin hiéu khac nhau

Sink: Puoc dung dé xuat hoic biéu dién tin hiéu

Continuous: Cac yéu té hé thdng lién tuc theo thoi gian

Operation Math: Chira nhitng yéu té toan hoc phé bién (Nhan, Tong, Gia tri tuyét
d6i,...)

4.1.4 Puwong (Line)

Puong 14 tin hiéu c6 dang mot mii tén, dudng ludn phai truyén tin hiéu tir cac khdi dau vao
(cd thé) sang cac khéi yéu t6 toan hoc khac nhau...va cudi cung dén khéi dau ra.

+ + + +
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4 untitledvdtm * - Simulink - O X
File Edit View Display Diagram Simulation Analysis Code Tools Help

E-o-8 Wwo-E-eq¢®P - 8- Q@

untitledvdtm

@© ||"& untitledvdtm

b E®

/\/ i oyl

Sine Wave Gain Scope

B

Re_ady 125% auto(VariableStepDiscrete)
Hinh 4- 3. buong (Line) trong Simulink

4.1.5 Chay m6 phong

Pé chay md phong vi du & trén, ta sé thao tac nhu sau:

Budc 1. Nhap chudt vao Run & 5 tren cung man hinh

Budc 2. Sau khi hé thdng chay xong, kich dup vao khdi tin hiéu dau ra Scope dé xem mo
phong va ta dugc két qua dudi day.

Luu ¥ rang: Cac mo phong dau ra (mau vang) dang mic dinh muc thap nhat, néu muédn nhin
rd chi tiét hon ta c6 thé dup chudt phai rdi an Autoscale (phong to).

File Tools View Simulation Help k]
@ BOP® - Q-C-F4-
I

Ready T=10.000

Hinh 4- 4. Két qua cia mé hinh khi chay mé phong
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4.2 So dd khdi md phéng dao dong trong Simulink
4.2.1 Thiét ldp so d6 md phéng khéi lwong dwoc treo trén xe con
Dua vao tuong tng cong thire (3.2) ta xay dung dugc so dd6 mod phong dudi diy

Scoped

/. Zs dd
A -
- Zs

Ze To Workspace
) To Workspace2

. - —
Fsl 4.|\1y % H % o 1

Integrator Integratorl

. (s )

J

Add

Scope 7l
P Add2
o |
‘ a
Fs2 a ‘
‘ Gaind
Gainl
Ll
.
sy = {3
e -
Gaind Integrator2  Integrator3 Phi  —
Addl
‘ 6
; |
‘ b 2
Gain2 4 ‘
Ph" Gain3 Add3

Phi

To Workspace1

To Workspace3

O
—

Scope2

Hinh 4- 5. So d6 md phong khéi luong duoc treo trén xe con

Bang 4- 1. Tén va chic nang cac khéi trong khéi luong dugc treo trén xe con

STT Tén khoi hién thi Tén khoi trong M6 ta chirc ning
Simulink
1 Fs1, Fs2 Inport Nhan gid tri dau vao: Luc tac

dung tir hé thdng treo cau trudc
(Fsl) va cau sau (Fs2)

2 Add, Addl, Add2, Add3 Add Thuc hién cong/trir cac tin hiéu
dau vao
3 | Gain (1/ms), Gainl (a), Gain2 Gain Nhan tin hiéu dau vao véi hang s6
(b), Gain3 (1/Jsy), Gain4 (a),
Gain5 (b)
4 Integrator, Integratorl, Integrator Dung dé tinh tich phan

Integrator2, Integrator3
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5 Scope, Scopel, Scope2, Scope Hién thi két qua hay do thi md
Scope3 phong

6 Zs, Zs_dd, Phi, Phi_dd To Workspace Luu gida tri vao Workspace

7 | Zs,Zs”,Phi, Phi”’, Zsl, Zs2 Outport Xuat tin hiéu dau ra

4.2.2 Thiét ldp so' dé md phéng hé théng treo trén xe con
Dua vao tuong tng cong thuc (3.3), (3.4) ta xay dung dugc so d6 md phong dudi day

Zul : >

Gain

S

Add

Zsl dwdt %
> - Derivative

Gainl

Fsl

Add2

:

Addl

¢

Hinh 4- 6. So @6 md phong hé théng treo cau truéc

- | IS

Zun2 |

?

Gain

Add

Fs2

Add2

'

Zs2

du/dt ‘ Ks2

Derivative Gainl

Addl

8

Hinh 4- 7. So d6 mé phong hé thdng treo ciu sau
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Bang 4- 2. Tén va chac niang cac khdi trong hé thong treo cau trude

STT | Tén khéi hién thi | Tén khdi trong M0 ta chirc ning
Simulink
1 Zul, Zsl Inport Nhan gié tri dau vao: vi tri banh truéc (Zul)
va vi tri than xe tai cau truéc (Zs1)

2 Add, Add1, Add Thuc hién cong/trir cac tin hiéu dau vao
Add2

3 | Gain (Csl), Gain Gain Nhan tin hiéu dau vao véi hang sé (vi du: hé
(Ks1) s6 can Ks1 hoic do cting Csl)

4 Derivative Derivative Tinh dao ham theo thoi gian — dung dé lay

van toc tir tin hiéu vi tri
5 Fsl Outport Xuat tin hiéu dau ra: luc hé thong treo cau
trudc (Fsl)
6 U Inport Tin hiéu ngoai luc tac dong vao hé thong
Bang 4- 3. Tén va chic nang cac khéi trong hé théng treo cau sau
STT | Tén khai hiénthi | Tén khéi trong M6 ta chirc ning
Simulink
1 Zu2, Zs2 Inport Nhan gia tri dau vao: vi tri banh sau (Zu2)
va Vi tri than xe tai cau sau (Zs2)

2 Add, Add1, Add Thuc hién cong/trir cac tin hiéu dau vao
Add2

3 | Gain (Cs2), Gain Gain Nhan tin hiéu dau vao véi hang so6 (vi du: hé
(Ks2) s6 can Ks2 hoic do cung Cs2)

4 Derivative Derivative Tinh dao ham theo thoi gian — dung dé lay

van toc tur tin hiéu vi tri
5 Fs2 Outport Xuat tin hiéu dau ra: luc hé thong treo cau
sau (Fs2)
6 U Inport Tin hiéu ngoai luc tic dong vao hé thong

4.2.3 Thiét ldp so d6 md phéng khéi lirong khéng dwoc treo trén xe con
Dua vao twong tng cong thic (3.5), (3.6) ta xay dung dugc so dd6 mé phong dudi day

—

Addl

Hinh 4- 8. So d6 m6 phong khéi lugng khong dugc treo cau trude
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Bang 4- 4. Tén va chic nang cac khéi trong khéi luong khong duoc treo cau

trudc
STT | Ténkhéihién | Tén khdi trong M ta chirc ning
thi Simulink
1 Fs1, Ft1 Inport Nhan gié tri dau vao: luc tir hé thdng treo trudc
(Fs1) va luc tac dong tir mit duong cau trudce
(Ft1)
2 Addl Add Thuc hién cong/trir cac tin hiéu dau vao
3 | Gain (1/mul) Gain Nhan tin hiéu dau vao véi hang sb (khéi lwong
khong duoc treo mul)
4 Integrator, Integrator Tich phan gia toc dé thu duoc vi tri (dich
Integratorl chuyén) cua banh xe
5 Zul Outport Xuat tin hiéu dau ra: vi tri dich chuyén cua
banh xe ciu trugc (Zul)
HMM S 5 (1)
Zu2
Gain Integrator Integratorl

Ft2

Addl

Hinh 4- 9. So @6 md phong khéi lugng khong dugc treo cau sau

Bang 4- 5. Tén va chuc niang cac khi trong khbi lwong khong duoc treo cau sau

STT | Tén khoi hién | Tén khoi trong M6 ta chirc ning
thi Simulink
1 Fs2, Ft2 Inport Nhan gié tri dau vao: lyc tir hé thong treo sau
(Fs2) va lyc tac dong tir mat duong cau trudc
(Ft2)
2 Addl Add Thuc hién cong/trir cac tin hiéu dau vao
3 | Gain (/mu2) Gain Nhan tin hiéu dau vao véi hang s6 (khoi lwong
khong duoc treo mu?2)
4 Integrator, Integrator Tich phan gia toc dé thu duoc vi tri (dich
Integratorl chuyén) cua banh xe
5 Zu2 Outport Xuat tin hiéu dau ra: vi tri dich chuyén cua

banh xe cau sau (Zu2)
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4.2.4 Thiét 1ap so dd0 md phéng banh xe trén xe con

Dua vao tuong tng cong thuc (3.7), (3.8) ta xay dung dugc so d6 md phong dudi day

>

ql

To Workspace

Add

Ftl

Add2

i
Zul ~

Derivative Gainl

Addl

Hinh 4- 10. So ¢ m6 phong banh xe cau trudc

Ft2
*J—»

J‘CtZ
Q2 gl

To Workspace
Gain

Add

Ft2

Add2
€D '
o
Zu2 ol

Derivative Gainl

Addl

Hinh 4- 11. So ¢ md phong banh xe cau sau

Bang 4- 6. Tén va chic nang cac khbi trong banh xe cau trude

STT | Ténkhoihién | Tén khoi trong M6 ta chirc ning
thi Simulink
1 ql, Zul Inport Nhan gia tri dau vao: vi tri dia hinh mat
duong (1) va vi tri banh xe cau trudc (Zul)
2 Add, Add1, Add Thuc hién cong/trir cac tin hiéu dau vao
Add2
3 Gain (Ct1), Gain Nhan tin hiéu dau vao véi hang so6 (vi du: hé
Gain (Kt1) s6 can Ks1 hoic do cang Csl)
4 Derivative Derivative L4y dao ham vi tri dé xac dinh van toc twong
doi
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5 Ft1 Outport & To | Xuat lyc tiép xuc giira banh xe va mat duong
Workspace ra cau trudc (Ftl) & luu vao Workspace

Bang 4- 7. Tén va chic niang cac khdi trong banh xe cau sau

STT | Ténkhéihién | Teén khéi trong M0 ta chirc ning
thi Simulink
1 g2, Zu2 Inport Nhan gié tri dau vao: vi tri dja hinh mat
duong (g2) va vi tri banh xe ciu sau (Zu2)
2 Add, Add1, Add Thuc hién cong/trir cac tin hiéu dau vao
Add2
3 Gain (Ct2), Gain Nhan tin hiéu dau vao véi hang sé (vi du: hé
Gain (Kt2) s6 can Ks2 hoic d6 cang Cs2)
4 Derivative Derivative Lay dao ham vi tri d€ xac dinh van toc tuong
doi

5 Ft2 Outport & To | Xuat lyc tiép xdc gitra banh xe va mat duong

Workspace ra cau truéc (Ft2) & luu vao Workspace

4.2.5 Thiét Igp so dé mo phéng dao dong md hinh nika xe trén dia hinh gé ghé trén xe con
Dua vao twong tng cong thuc (*) ta xay dung dugc so do mod phong dudi day

— — 1

Zs dd Phi Phi_dd [Z51] Gotol [252]| Goro2
1 .

74
Phi-

5]

=
=

)

Fy »
=
1 . HTT SAU
O HTT TRUGC
2 g
= = _ SIS =
Goto3 S 8o From GotoS From5s
B & B
= T |
S IS
KHOI LUGNG KHONG BPUGC TREO CAU TRUGC KHOIL LUQNG KHONG BUGC TREO CAU SAU
= = 2 @
£ F L=
From1 From3
= =]
= =
BANH XE CAU TRUGC BANH XE CAU saU
= =
T L s From4
From2 -
Swep (-] !
+ Transport
Delay L ]
Scope2
Scope3
2
Miit dubing

Hinh 4- 12. So @6 md phong dao dong mé hinh nira xe theo diéu kién dia hinh
trén xe con
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Bang 4- 8. Tén va chic nang cac khdi trong md hinh nara xe trén dia hinh go ghé

trén xe con
STT Tén khoi Tén trong Simulink Chtic ning / M6 ta
1 THAN XE Subsystem (Block Mo phong dong hoc than xe
Group) bao gom Zs va Phi
2 Zs, Zs' Outl, Integrator Vi tri va van tc cua than xe
theo phurong thang dung
3 Phi, Phi' Out2, Integrator G6c nghiéng va van toc goc
cua than xe
4 Fsl, Fs2 Goto / From Luc tac dung tir hé thong treo
trudC va sau lén than xe
5 Zsl, Zs2 Goto / From Vj tri cua diém gan hé thdng
treo trén than xe tai cau
trudc/sau
6 HTT TRUOC/SAU Subsystem Khoi hé thong treo cau trudc
VA Cau sau
7 Zul, Zu2 Goto / From Vi tri khéi lugng khong duoc
treo tai cau trugc/sau
8 | KHOI LUONG KHONG Subsystem M6 phong khéi lwong khong
PUGQC TREO CAU duoc treo tai tirng cau
TRUOC/SAU
9 BANH XE CAU Subsystem M6 phong dao dong cua banh
TRUOC/SAU xe theo mat duong
10 U Inl Tin hiéu ngoai luc tac dong
vao hé thong
11 Step Step Tin hiéu dau vao md phong
dia hinh dang bac
12 Transport Delay Transport Delay Tao tré tin hiéu mat duong
cho banh xe sau
13 Scope?2, Scope3 Scope Hién thi tin hiéu dap tng dao
dong banh xe trudc va sau
14 Mat duong Out2 Tin hiéu mat duong tac dong
vao hé thong

4.3 Tich hop bd diéu khién PID vao mé hinh
- Vai tro caa bo diéu khién PID: PID dugc dung dé tinh toan luc diéu khién chi dong nham
giam rung lic cua than xe khi xe di qua dia hinh go ghé.
+ P (Proportional): phan ng nhanh theo sai sb hién tai.
+ | (Integral): loai bo sai s tich liiy theo thoi gian.
+ D (Derivative): dy doan va giam téc do thay ddi sai s6.
- Tac dong caa PID d6i voi mé hinh:
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Giam rung lac than xe: PID diéu chinh lyc sao cho dao dong duoc triét tiéu nhanh hon.
Giam chuyén dong gat gu: Dac biét quan trong véi nira xe vi ¢6 mé hinh quay quanh
trong tam.

Phan ung nhanh véi dia hinh gb ghé: Nho vao thanh phan D (derivative), PID phan @ng
nhanh véi bién dong.

Tay chinh linh hoat: PID ¢6 thé tinh chinh dé wu tién d6 ém ai hoac do 6n dinh.

Trong d¢é tai md phong dao dong nay, vu tién 1dp PID cho ca cau trudc va cau sau boi vi:

= Ca hai cau déu chiu anh huong tir mat duong go ghé

+

Khi xe di chuyén trén dia hinh khdng bang phang, banh trudc cham vao 6 ga dau tién,
nhung banh sau ciing s& tiép xuc va tao dao dong ndi tiép.

Néu chi diéu khién PID & cau trude, dao dong van co thé truyén dén cau sau va gay lac
than xe.

Lap PID cho ca hai cau gitp kiém soat dao dong toan than xe, dam bao phan ng 6n
dinh xuyén suét khi qua dia hinh xau.

= T6i wu kha ning giam dao dong cua than xe va han ché chuyén dong “gat gu” (pitch
motion)

Dao ddng cua ca banh trudc va sau déu anh hudng dén d6 ngira dau/chui dau cua xe.
Néu chi kiém soat mot dau, chuyén dong gat gu co thé van xay ra manh.

Gan PID ca hai cau gilp can bang luc diéu khién giam chan & ca hai dau — giam dang
ké bién d6 gat g — tang d6 ém &i va on dinh cho ngudi 1ai va hanh khach.

= Hé thong treo sau ciing déng vai trd quan trong trong giir 6n dinh than xe

+

DU ciu trudce 12 noi diéu hudng, nhung cau sau c6 vai trd hd tro phan phéi tai trong va
6n dinh khi xe chuyén dong nhanh hoic qua go giam téc.

Viéc gan PID ¢ cau sau gilp 6n dinh dao dong phia sau, tranh hién tuong “bap bénh”
khi chi ¢6 dau xe duoc kiém soét.

= Phi hop véi xe ¢ phan bé khdi lwong léch cau trude nhu Toyota Vios

+

Mic di Toyota Vios 1a xe dan dong ciu trude va cé tai trong niang & phia trude (dong
co, hop s6), nhung cau sau van chiu tai tir than xe va hanh khéch.

Lip PID cho ca hai cau gitp hé thng treo thich tng dong déu véi su phan bé tai trong
— nang cao hiéu qua diéu khién tong thé.

Nhu vay, Lip bo diéu khién PID chit dong cho ca cau trudc va cau sau s& mang lai hiéu
qua t6i wu hon trong viéc giam dao dong, han ché chuyén dong gat gu, va ning cao do on
dinh cua than xe. Dic biét ddi véi xe nhu Toyota Vios, giai phap nay gidp cai thién rd rét
cam giac 1ai va do thoai mai cho ngudi ngdi trong xe khi di qua dia hinh xau.
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» K

y

Multiply

» Ki

1)
U

Multiplyl

1) /s
Eror Integrator
du/dt
Derivative

» K

I

Multiply2

[

Hinh 4- 13. So d6 khdi cua bo dic¢u khién PID trong md hinh mé phong

Mit dudng

Error U

€1Tor
1

A 4
=]

Zs

> Scope

Mt dudng

PID Controller

Plant Model

Hinh 4- 14. So ¢ md phong dao dong mé hinh nira xe trén dia hinh gé ghé su
dung bo diéu khién PID trén xe con

Bang 4- 9. Tén va chac nang cac khdi trong dao dong méd hinh nura xe sir dung bo
diéu khién PI1D

STT Tén hién thi trong so do Tén khoi Chtic nang / Tac dung
trong
Simulink
1 error Subtract Tinh sai s6 gitra tin hiéu chuan
(Setpoint) va tin hiéu ra (Zs)

2 | PID Controller ( Error 1a sai s6 PID Diéu khién luc dau vao dua trén
giira tin hiéu chuan va tin hiéu | Controller sai sb dé diéu chinh dao dong
dau ra; U 13 lyc diéu khién cua

PID)
3 Plant Model Subsystem M6 phong hé thong nira xe (bao
gom than xe, banh xe, hé théng
treo trudc, khdi luong khong dugc
treo, dia hinh,...)

4 Mux Mux Gop tin hiéu dau ra (Zs, mat

duong) dé quan sat dong thoi

5 Scope Scope Hién thi biéu do dap ung cua hé

thdng (Zs va tin hiéu mat duong)
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6 Mt duong Input Tin hiéu dau vao biéu dién dao
dong dia hinh
7 Zs Output Tin hiéu dau ra la chuyén dong
than xe (Zs) sau diéu khién

- Nguyeén li hoat dong ciia mé hinh trén:

Hé thdng str dung bo diéu khién PID dé giam dao dong than xe khi xe di qua mit dudng
g6 ghé. Bo diéu khién nhan tin hiéu sai léch giira dao dong than xe (Zs) va mit duong, sau d6
tinh todn va phat ra tin hiéu diéu khién dé diéu chinh dao doéng hé thong treo. Nho phan hdi
lién tuc, hé thdng tu dong diéu chinh gitip than xe dao dong it hon, ting d6 ém &i va 6n dinh
khi van hanh.

Bang 4- 10. Pap ung hé théng khi thay d6i thong sé6 PID (chi mang tinh tham

khao)

Thay d6i thong s6 | Thai gian 18n | Do vot 16 | Thoi gian xéc lap | Sai s6 xac lap
Tang K, Giam Tang Thay doi nho Giam
Tang K; Giam Tang Tang Loai bo
Tang Kb Thay doi nho | Giam Giam Thay doi nho

Dua vao Bang 4-10 ta lua chon céc thong sb bo diéu khién PID nhu sau:
Bang 4- 11. Cac théng sb cua bo diéu khién PID trong MALAB Simulink

KY hiéu MO ta Gia tri
K, Do loi khau ty 16 12

Ki b6 loi khéu tich phan | 131

Kb Do loi khau vi phéan 2

4.4 To6i wu thong s6 ky thuat mo phéng tham khao tir miu xe Toyota Vios

4.4.1 Thong sé xe tham khdo

4.4.1.1 Théng sb tinh toan tham khao

* Chiéu dai co s& ctia xe: L=2550 mm

- Udc tinh Khoang cach tir trong tdm dén cau trudc chiém 52% chiéu dai co s cua Xe:
+ Khodng cach tir trong tim dén cau truéc: a = 2550x0.52 =1.326(m)

+ Khodng cach tir trong tim dén cau truéc: b =2550x0.48 =1.224(m)

* Ta c0: Trong lugng khong tai cia xe wdc tinh 1a: 1100 (kg)
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Khéi luong khong dugc treo gan bang m, =10%x1100 =110(kg)
UGc tinh 1y khéi luwong khong duoc treo cau truéc va cau sau lan luot I
m,, =40(kg);m,, =50(kg)
1100-m,, -m,, 1100-40-50
s 2 -

Khéi lwong dugc treo: m

m, =510(kg)
Momen quén tinh tham khao wéc tinh cho xe la: J;, =14.10°(Kg.m?)

=505(kg) Lay

Do cang cua 16p cua xe con theo thir nghiém va tai liéu ki thuat thuong 1a:

C, =(15+20).10°[N/m] Liy C,/C,=16.10*/16.10°(N/m)

Do cting 10 xo cia HTT trude uéc tinh tir hé thong treo MacPherson 1a C, = 30.10°(N/ m)
Do cung 10 xo cia HTT trude wdc tinh tir hé thong treo dam xoén 1a C, = 28.10°(N/m)
Hé sb can giam chan cua HTT trudc/ sau udc tinh theo thr nghiém va tai liéu ki thuat
thuong la: K, =(1500+2500)[N.s/m] Lay K, /K, =1800/1800(N.s/m)

Duéi day l1a bang tong hop thong so téi wu tham khao tir xe Toyota Vios véi muc dich phuc
vu cho viéc md phong dao dong cau mo hinh nira xe:

Bang 4- 12. Bang thong sé tinh toan tham khao cua xe Toyota Vios

TT ’ Thongso ‘ Ky hiéu Gia tri Pon vi

1 | Khoilugng khong dugc treo cau truée/cau | m, /m, 40/50 Kg
sau
2 Khoi luong dugc treo m, 510 Kg
3 Momen quan tinh Jy 14.10° Kg.m®
4 Do cung cua 16p trude/ sau C,/C, |16.10*/16.10° | N/m
5 Hé so can giam chan cua 1op K,/K, 0/0 Ns/m
6 Do cung 10 xo ciia HTT trudce/ sau C./C,, | 30.10°/28.10° | N/m
7 Hé so can giam chan ctia HTT trudc/ sau K,/K, | 1800/1800 | N.s/m
8 | Khoang céch tir trong tAm dén cau trudc/ sau alb 1.326/1.224 m
4.4.2 Bién dang mdt dwong

Bién dang mat dudng dugc xac dinh thong qua do sai léch theo phuong thiang ding cua

bé mat duong so voi mat chuan. Tuy theo chiéu dai cia map mé hoic chiéu cao caa nd ma
bién dang duong ¢ thé phan ra thanh cac nhom dic trung khac nhau.

Theo [Giao trinh “Dao dong 6 t6” — Truong Pai hoc Giao thdng Van tai] bién dang mat duong
c6 thé phan thanh ba nhém chi yéu sau:

- Nhém 1: map md dang bac (xung don vi).
- Nh6m 2: map md c6 dang ham diéu hoa (ham sin hay cos).
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- Nh6m 3: map mo thay doi lién tuc véi hinh dang bat ky (ngau nhién).

M4p md ngiu nhién duoc do dac truc tiép trén mat dudng bang dung cu do chuyén ding
va xtr 1y bang cac cdng cu todn hoc. Quy luat cua cac map mé s& dugc biéu dién dudi dang
s6. Két qua nay rat thuan tién cho viéc ding may tinh dé xu ly. Phuong phap nay cho két qua
chinh xac nhung tén kém, doi hoi phai cé thiét bi do chuyén ding. Cac nghién cau trén thé
gidi van dung map mé mit rong dang ham hinh sin, cos hay dang bac dé khao sat dao dong 6
t6 ma van dam bao tinh chinh xac bai toan. Trong khubn khé dé tai cap truong, tac gia chon
map mé mat duong thay doi theo dang xung (nhém 1) va dang ham diéu hoa nhu céc ham sin,
cos (nhdém 2) trén hinh theo phuong trinh (4.2).

Bién dang cua map mé mit duong dugc biéu thi dudi dang ham bac. Phuong trinh cta né nhu
sau:

0=S<0;
q(t)= _ (4.1)
q,=>S2=0;
Trong do:
+ Sy =3.5(M)- Chiéu dai quang dudng ma 6 6 di duoc;

+ q,=0.05(m)- Chiéu cao map mo.

do

Hinh 4- 15. M4p md dang bac

Bién dang caa mip md mit duong duoc biéu thi dudi dang ham sin. Phuong trinh ciia né nhu
Sau:

q=0q,.sin(2n.f.t) (4.2)

Trong do6:
+ g, =0.05(m)- Bién d map md mat duong ;
+ o=2nf =20(rad/s)- Tan sé kich thich
+ v=30(km/h)- Van téc chuyén dong ;
+ Sy =3.5(M) - Chiéu dai quang dudng ma 6 t6 di duoc.

Duong

Sinh vién thuc hién: Hoang Xuén Phat GVHD: PGS.TS. Lé Minh burc Trang 51



q4

M0 phong phan tich dao dong ciia md hinh nira xe (haft-car) theo diéu kién dia hinh

q4

750 e STLLTT
G100 L0 s
LTS Y e
AL, DAL LT LT
L0550 S0 5050555002
}: S=2n/w >
a, b,

Hinh 4- 16. Map mé dang hinh sin

Khdi transport Delay:

Trong d6 thoi gian tré (time delay) :

_(a+h) 1.326+1.224
S
3.6

t

=0.31(s)

Tai trong phan bd Ién cau trudc va sau

~ Gb _(510+40+50)*9.8*1.224

R, = 2822.4(N)
L (1.326+1.224)
* *
R - Ga_(510+40+50)*9.8*1326 _,00
L (1.326+1.224)

=> TONG KET CHUONG 4:

Trong chuong nay, qué trinh xy dung mé hinh mé phong dao dong cuia hé théng treo
ntra xe trén dia hinh gd ghé da duoc trinh bay mot cach chi tiét bang cong cu
Matlab/Simulink. Viéc sir dung Simulink giup truc quan hoa hé thong, dé dang tich
hop cac khdi chure nang va cho phép thuc hién cac khao sat dong hoc hi¢u qua.

So d6 khdi mo phong duge xay dung theo phuong phap tach vat thé, cho phép xem xét
anh huong riéng biét cta cac khdi lugng va phan tir dan hoi — giam chan trong hé thong
treo. B diéu khién PID da dugc tich hop cho ca hai cau xe, gop phan nang cao kha
ning giam dao dong than xe va cai thién d6 ém ai khi xe di chuyén qua dia hinh khong
bang phang.

Céc thong s6 mo phong duoc t6i wu hoa dua trén dic tinh k¥ thuat thuc té tham khao
tir mau xe Toyota Vios, nhdm dam bao tinh kha thi va ing dung thuc té cia mo hinh.
Két qua cho thay viéc ap dung bo diéu khién PID gitip giam dang ké bién do dao dong
va thoi gian hoi phuc ciia hé thdng treo, tir 46 nang cao hi¢u qua giam xéc va 6n dinh
than xe. Chuong nay 1a co s¢ quan trong cho viéc danh gia hiéu qua cua bo diéu khién
PID trong chuong tiép theo, tir 6 dua ra cac nhan xét va dé xuat cai tién mo hinh diéu
khién hé thong treo.
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CHUONG 5 : KET QUA MO PHONG, PANH GIA VA KET LUAN
5.1 Két qua md phéng
5.1.1 Chuyén vj ciia than xe

14 1 1

1.2

A N R

e
%

Chuyén vi thin xe Zs
e
£

Thoi ginn tls]
Hinh 5- 1. D6 thi chuyén vi cua than xe khéng sir dung bo diéu khién PID
Dua trén hinh 5-1 véi tin hiéu dau vao 13 ham Step c6 tin hiéu béc 1a 1 cho thay:

+ Gia tri xac 1ap: D6 thi cho thay chuyén vi cta than xe cudi ciing hoi tu vé gia tri 1. Diéu
nay cho thay hé théng c6 kha niang theo ddi tin hidu dau vao budc nhay mot cach chinh
X&c sau mot khoang thoi gian.

+ Chuyén vi ban dau 16n: chuyén vi than xe tang dot ngot 1én khoang gan 1.27 , cho thay
than xe bi dich chuyén manh, c6 thé do lyc tac dong 16n.

+ Dao dong kéo dai: Sau xung ban dau, chuyén vi dao dong véi bién do giam dan trong
khoang 10 gidy dau, tir 1.27 xudng duéi 1, nhung van c6 nhitng dao dong dang ké.

+ On dinh cham: Sau khoang 15 gidy, chuyén vi dan 6n dinh vé muc 1 va duy tri & mirc
nay, cho thy hé thong dat trang thai can bang tinh.

1.2 T T T T T
1 m[/\/\/\m

0.6 — —

e
]

Chuyén vj thin xe Zs

04— =1

A — |

0 5 10 15 20 25 30 35 40 45 50
Thi gian tfs]

Hinh 5- 2. D6 thi chuyén vi cua than xe sir dung bo diéu khién PID
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Dua trén hinh 5-2 voi tin hiéu dau vao 12 ham Step c6 tin hiéu bac 12 1 cho thiy:

+ Gia tri xac 1ap: D6 thi cho thay chuyén vi cua than xe cudi cling hoi tu vé gia tri 1. Diéu
nay cho thay hé thdng c6 kha nang theo ddi tin hiéu ddu vao budc nhay mot cach chinh
xac sau mot khoang thoi gian.

+ Chuyén vi ban dau: chuyén vi thin xe ting 1én khoang 1.13 do tin hiéu dau vao ham
Step, nhung khong c6 dao dong dang ké sau do.

+ On dinh nhanh chéng: Sau xung ban dau, chuyén vi duy tri 6n dinh quanh ¢ mac 1 sudt
50 giay.

+ Khong c6 dao dong du: HE thong khong cho thdy hién twong dao dong kéo dai, ching
t6 bo diéu khién PID d3 kiém soat tot chuyén vi.

Bang 5- 1. Panh gia chat luong hé thong treo qua do thi chuyén vi than xe trong
mo phong dao dong md hinh nua xe (haft-car) theo diéu kién dia hinh

Bo diéu khién PID | Khong PID
Do qua diéu chinh (POT%) | 13 27
Sai 56 Xac lap eq(s) 0 0
Thaoi gian xac lap ta(s) (5%) | 15.4 15.4

Nhan xét dua trén hai d6 thi két qua mo phong cho thay: So sanh hai d6 thi cho thay khi khdng
st dung bo diéu khién PID, than xe dao dong manh vai thoi gian 6n dinh kéo dai, gay cam
giac rung lac. Nguoc lai, khi c6 PID, hé thong nhanh chong dat trang thai 6n dinh cho thay bo
diéu khién PID giup giam chan hiéu qua va nang cao do ém &i cho xe.

5.1.2 Gia téc ciia than xe

400
350 |-
300 —
250 —

200

Gia the Zs.dd [m/s2]

Thoi ;isan tls]
Hinh 5- 3. D6 thi gia téc cua than xe khéng sir dung bo diéu khién PID
Dua trén hinh 5-3. D6 thi gia tdc cua than xe khong sir dung bo diéu khién PID cho thiy:

+ Gia tbc ban dau rat 16n: gia toc ting dot ngdt 1én khoang 380 m/s2, cho thay xe chiu
mot xung luc manh, c6 thé do va cham hodc khéi dong dot ngot.
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+ Dao dong manh va nha}nh: Sau xung ban giéu, gia tdc dao d@ng vO1 bién do gi,ém dan
trong khoang 5 gidy dau, tir 380 m/s* xuoéng 0 m/s?, nhung van c6 nhiing bién dong
dang ke.

+ On dinh cham: Sau khoang 5 gidy, gia tdc dan 6n dinh vé 0 m/s? va duy tri & mirc gan
bang 0, cho thy hé thdng cudi cing dat trang thai can bang.

200 - T
150

100

e

0 5 10 15 20 25 30 35 40 45 50
Thi gian t[s]

Gia the Zs.dd [m/s2]

Hinh 5- 4. D6 thi gia toc cua than xe st dung bd diéu khién PID
Dua trén hinh 5-4. B6 thi gia tdc cua than xe st dung bo diéu khién PID cho théy:

+ Phan tng ban dau: Gia toc ting dot ngot 1én khoang 150 m/s? ngay khi nhan tin hiéu,
cho thay hé théng phan @ng nhanh véi tin hiéu dau vao.

+ On dinh: Sau thoi diém ban dau, gia tdc giam vé gén 0 va duy tri & mirc 6n dinh quanh
0 m/s? trong sudt thoi gian con lai, cho thiy bo diéu khién PID hiéu qua trong viéc dua
hé théng vé trang thai can bang.

+ Hiéu qua cia PID: Sy 6n dinh nhanh chéng va khong c6 dao dong dang ké sau khi dat
dinh cho thay bo diéu khién PID da cai thién déng ké so véi trudng hop khéng sir dung
PID (nhu d6 thi chuyén vi trudce do).

Bang 5- 2. Panh gia chat luong hé thong treo qua d6 thi gia toc than xe trong md
phong dao dong mé hinh nira xe (haft-car) theo diéu kién dia hinh

B diéu khién PID | Khong PID
Do qua diéu chinh (POT%) | 0 0
Sai 50 X4c 1ap eq(s) 0 0
Thoi gian xac lap tq(s) (5%) | 3.5 3.5

Nhan xét dua trén hai d thi két qua mé phong cho thiy: So sanh d6 thi gia téc cua than xe sir
dung va khdng st dung bd diéu khién PID cho thay su khac biét rd rét. V6i PID, gia tdc ting
dot ngot 18n 150 m/s? rdi on dinh nhanh chéng & 0 m/s?, thé hién kha niang kiém soat hiéu qua
va khong c6 dao dong dang ké. Nguoc lai, khdng sir dung PID, gia tdc ting 1én 380 m/s?, dao
dong manh truéc khi 6n dinh & 0 m/s? sau vai gidy, phan anh sy thiéu 6n dinh va phan @ng
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khong téi uu. Bo diéu khién PID rd rang cai thién dang ké do 6n dinh va hiéu suat cua hé
théng.

5.1.3 Chuyén vj géc cia than xe

0.4

0.3 —

e
¥

°

Chuyén vi goc Phi|m|

-0.1

0.3 1 | 1 | 1
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Théi gian tfs]

90 100

Hinh 5- 5. D6 thi chuyén vi goc cua than xe khdng sir dung bo diéu khién PID
Dua trén hinh 5-5. D6 thi chuyén vi goc ctia than xe khong dung bo diéu khién PID cho thay:

+ Phan tng ban dau: Chuyén vi goc ting dot ngot 1én khoang 0.3 rad, cho thay phan tng
nhanh va manh.

+ Dao dong: Sau dinh ban dau, chuyén vi goc dao dong manh trong khoang +0.3 rad
trong khoang 20-30 gidy, phan 4nh sy thiéu 6n dinh cua hé thng.

+ On dinh: Sau thoi gian dao dong, chuyén vi goc 6n dinh quanh 0 rad tir khoang 30 gidy
tr¢ di, nhung qua trinh nay kéo dai va khong chinh x4c ngay lap tuc.

+ Hiéu suat: Sy dao dong kéo dai va overshoot cho thay hé thong khong sir dung PID
thiéu kha ning diéu chinh, can bo diéu khién dé cai thién do 6n dinh.

0.3

T T T T T

0.1 —

Chuyén vi goc Philm]
<

-0.1 [~

0.3 | | | 1 |
0 10 20 30 40 50 60 70
Thoi gian t[s]

Hinh 5- 6. D6 thi chuyén vi géc cua than xe st dung bo diéu khién PID

Dua trén hinh 5-6. Db thi chuyén vi goc cta than xe sir dung bo diéu khién PID cho thiy:

Sinh vién thuc hién: Hoang Xuén Phat GVHD: PGS.TS. Lé Minh burc Trang 56



M0 phong phan tich dao dong ciia md hinh nira xe (haft-car) theo diéu kién dia hinh

Phan mg ban dau: Chuyén vi goc ting dot ngot 1én khoang 0.25 rad, cho thdy phan

+

+

g nhanh véi tin hiéu dau vao.

Dao dong: Sau dinh ban dau, chuyén vi goc dao dong trong khoang +0.2 rad trong
khoang 20-30 gidy, phan anh sy diéu chinh ctia PID nhung van con mdt s6 dao dong.
On dinh: Tir khoang 30 gidy trd di, chuyén vi géc 6n dinh quanh 0 rad, cho thiy PID
d3 hiéu qua trong viéc dua hé théng vé trang thai can bang.

Hiéu suit: So véi khong dung PID, dao dong giam dan va 6n dinh nhanh hon.

Bang 5- 3. Panh gia chat lwong hé théng treo qua do thi chuyén vi géc than xe
trong mé phong dao dong mo hinh nira xe (haft-car) theo diéu kién dia hinh

B6 diéu khién PID | Khéng PID
Do qua diéu chinh (POT%) | 0 0
Sai 50 Xac 1ap eq(s) 0 0
Thaoi gian xac lap ta(s) (5%) | 35.6 35.6

Nhan xét dua trén hai do thi két qua md phong cho thay: So sanh d6 thi chuyén vi goc cua
than xe sir dung va khong sir dung bo diéu khién PID cho thay sy khéac biét rd rét. Véi PID,
chuyén vi goc tang 1én 0.25 rad, dao dong trong +0.2 rad rdi on dinh quanh 0 rad sau khoang
20-30 gidy, thé hién dao dong da duoc kiém soét tét va dao dong it hon. Nguoc lai, khong
ding PID, chuyén vi goc tang 1én 0.3 rad, dao dong manh trong +0.3 rad trong 20-30 giay
trude khi 6n dinh, phan anh su thiéu 6n dinh. Bo diéu khién PID cai thién dang ké thoi gian
on dinh va giam dao dong va hiéu suat cua hé thong.

5.1.4 Gia toc gdc cia than xe
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Hinh 5- 7. D6 thi gia tdc goc cua than xe khong s dung bd diéu khién PID

Dua trén hinh 5-7. Do thi gia tdc goc ciia than xe khong dung bo diéu khién PID cho thay:
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Phén tmg ban dau: Gia tdc goc ting dot ngdt 1én khoang 13.5 rad/s?, cho thiy phan tng
nhanh nhung khong kiém soat.
Dao dong: Sau dinh ban dau, gia toc goc dao dong trong khoang +3.5 rad/s? trong
khoang 10-20 gidy, phan anh sy thiéu 6n dinh.
On dinh: Tir khoang 20 gidy tré di, gia téc goc 6n dinh quanh 0 rad/s, nhung qua trinh
nay kéo dai va c6 dao dong dang ké.
Hiéu suit: Sy dao dong 16n va thoi gian 6n dinh 1au cho thiy hé théng khéng sir dung
PID hoat dong kém hiéu qua, cin bd diéu khién dé cai thién.
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Hinh 5- 8. P6 thi gia tdc goc cua than xe sir dung bo diéu khién PID

Dua trén hinh 5-8. Db thi gia tdc goc cua than xe st dung bo didu khién PID cho thay:

+

_l_

+

Phan tng ban dau: Gia téc goc ting dot ngot 1én khoang 8 rad/s?, cho thiy phan tng
nhanh véi tin hiéu dau vao.

On dinh: Sau dinh ban dau, gia toc goc dao dong trong khoang +1.5 rad/s? trong khoang
10-20 giay dau va duy tri 6n dinh subt thoi gian con lai, thé hién kha nang kiém soat
hi€u qua cua PID.

Hiéu suat: Khong c6 dao dong dang ké sau khi 6n dinh, cho thay bo diéu khién PID
hoat dong t6i wu va dam bao trang thai can bang nhanh chéng.

Bang 5- 4. Panh gia chat luong hé thong treo qua do thi gia toc goc than xe trong

mo phong dao dong md hinh nua xe (haft-car) theo diéu kién dia hinh

Bo diéu khién PID | Khong PID
Do qua diéu chinh (POT%) | 0 0
Sai 50 Xac 1ap eq(s) 0 0
Thoi gian xac lap ta(s) (5%) | 25.5 25.5

Nhan xét dua trén hai d6 thi két qua mé phong cho thay: So sanh do thi gia téc goc cua than
xe sir dung va khong st dung bo diéu khién PID cho thay su khéac biét rd rang. Vi PID, gia
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téc goc tang dot ngot 1en 8 rad/s? roi dao dong trong + 1.5 rad/s? trong 10-20 gidy, sau d6 duy
tri 6n dinh ma khdng c6 dao dong, thé hién kha niang kiém soéat téi uvu. Nguoc lai, khéng dung
PID, gia toc goc dat 13.5 rad/s?, dao dong trong +3.5 rad/s? sudt 10-20 gidy trude khi 6n dinh,
phan &nh sy thiéu on dinh. Bo diéu khién PID cai thién dang ké hiéu suat, giam dao dong va
dam bao 6n dinh nhanh chéng.

5.2 Panh gia hiéu qua cia bé diéu khién PI1D

Bo diéu khién PID dugc tich hop vao mé hinh nira xe nham giam dao dong than xe do anh
huong tir mat duong go ghé, tir d6 cai thién do ém ai va do on dinh khi van hanh. Qua céac két
qua md phong bao gom chuyén vi than xe, chuyén vi goc than xe, gia toc than xe va gia téc
g6c, 0 thé rdt ra nhitng danh gia sau:

Uu diém:

- Giam bién do dao dong dang ké: Bién do dao dong cta than xe ¢ trang thai on dinh da
dugc giam manh so vé6i giai doan dau. Dac biét, dao dong quay (nghiéng xe) giam dan
vé gia tri 6n dinh sau khoang 30 gidy, cho thay hiéu qua dap da}o dong tot.

- Thot gian qua d¢ ngan: Hé thong nhanh chong dat trang thai 6n dinh sau khoang 20—
30 giay, 1a két qua kha quan cho mot hé thong co khi ¢ nhiéu béc tu do.

- Tin hiéu diéu khién muot va 6n dinh: PID diéu khién tin hiéu lyuc tac dong dén hé thong
treo ma khong gay dao dong lom, tranh gay phan irng ngugc hodc mat 6n dinh.

- Cai thién d6 ém 4i khi van hanh: Gia toc than xe va gia toc quay duoc duy tri ¢ murc
thap, gop phan nang cao su thoai mai cho hanh khach va bao vé cau tric xe.

Han che:

- Van ton tai dao dong tan cao: Trong tin hiéu gia tbc quay, van xuat hién cac dao dong
nho tan sd cao kéo dai dén cudi qua trinh mo phong, c6 thé gay anh huong nhe dén cam
giac ém ai.

- BO PID can tinh chinh thém: Dé loai bo hoan toan rung dong con lai va dap tmg t6t hon
v6i dia hinh gb ghé hon, can t6i wu thém hé sd PID hodc thir cac giai phap diéu khién
nang cao (nhu LQR, Hoo hoac Fuzzy-PID).

Tom lai, Dua trén két qua mo phong, cé thé thay rd hiéu qua vuot troi caa bo diéu khién PID
trong viéc giam thiéu dao dong ctia mé hinh nira xe (haft-car) trén dia hinh gé ghé. So véi hé
théng khdng sir dung bo diéu khién, dap ung cua than xe khi c6 PID da duoc cai thién mot
cach dang ké, thé hién qua kha ning dat gia tri xac 1ap 1 mot cach nhanh chéng, gan nhu tic
thoi. Dac biét an twong 14 viéc loai bé hoan toan do vot 16 va cac dao dong kéo dai, mang lai
mot duong cong dap tng muot ma va on dinh tuyét doi. Piéu nay khdng chi gilp nang cao
dang ké su thoai mai cho nguoi ngdi trong xe bang cach giam thiéu gia téc than xe, ma con
dam bao kha nang bam duong lién tuc cua banh xe, tir @6 cai thién tinh an toan va kha nang
diéu khién ciia phuong tién. Tom lai, bo diéu khién PID da phét huy tbi da vai tro caa minh,
bién mot hé thong ban dau c6 xu hudng dao dong manh thanh mot hé théng on dinh, phan tng
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nhanh nhay va hiéu qua, minh chiing cho sy ti uvu hoa xuat sic trong thiét ké hé théng treo
chu dong.

5.3 Két luan va hwéng phat trién

5.3.1 Két lugn

Trong dé tai nay, mo hinh dao dong nta xe (haft-car) da dugc xay dung va mé phéng trong
moéi truong MATLAB/Simulink, véi viéc tich hop bo diéu khién PID nham giam thiéu dao
dong do tac dong tir didu kién dia hinh.

Cac két qua mo phong cho thay:

+ MO hinh nura xe (haft-car) dugc xay dyng day du dua trén cac thong s thuc té, mo ta
chinh xac tuong tac gitta cac khéi luong, 10 X0 va glam chan trong hé théng treo.

+ Viéc tich hop bo diéu khién PID cho ca cau trudc va cau sau gitp cai thién rd rét dap
g dao dong, giam bién d6 va thoi gian hoi phuc sau khi xe di qua cac dia hinh khong
bang phing.

+ Qua trinh mé phong cho thay hiéu qua cta diéu khién PID trong viéc nang cao d6 6n
dinh than xe va tang su €ém ai cho hanh khach.

+ Cac thong sb6 md phong dugc t6i uu hoa tham khao tir mau xe thyc té (Toyota Vios),
bao dam tinh Gmg dung cao trong diéu kién thyc tién.

Két qua va qua trinh mé phong la tién dé quan trong cho viéc nghién ctu va phat trién cac hé
thong treo thong minh hon trong twong lai, cling nhu minh ching cho hiéu qua cia phuong
phap diéu khién PID trong linh vuc 6 t6. Pong thoi, do an cling khang dinh tiém nang va vai
trd manh mé cua cong cu MATLAB/Simulink trong phan tich va thiét ké hé thong co khi va
co dién tu phuc tap.

5.3.2 Hgn ché ciia mo hinh hién tgi
Tuy dat duoc nhitng két qua tich cuc, md hinh van ton tai mot s han ché:

+ Dao dong tan s6 cao van xuat hién trong tin hiéu gia toc goc va gia toc cua than xe, cho
thay bo PID chua triét tiéu hoan toan nhiu rung dong.

+ MBS hinh gia dinh hé théng tuyén tinh va st dung tin hiéu mit duong don gian, chua
phan anh hét dic trung cua dia hinh thuc té.

+ Chua c6 so sanh dinh luong véi cac bo diéu khién khac dé danh gia muirc d6 toi wu cua
PID.

5.3.3 Hwdng phét trién trong twong lai
Pé nang cao chat lugng md phong va do chinh xac trong nghién ciu, em xin dé xuat huéng
phét trién ciia d6 4n nhu sau:

— Tim hiéu, hoc héi va trau doi thém vé nhiing giai thuat diéu khién cao cap hon nhu: diéu
khién mo (fuzzy logic controller) dé ti uu héa toan cuc; diéu khién téi wu LQR, LQG dé
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cai thién kha ning thich nghi khi hé théng thay d6i; Hoo (H-infinity) dé ting cudng do bén
va kha nang khang nhiéu;. ..
— Ap dung duogc nhiing giai thuat cao cap hon vao d6 4n md phong dao dong trong mé hinh
nira xe. Ma trudc tién, em s& wu tién giai thuat diéu khién mo dé ap dung vao do an diéu
khién dao dong, lam sao cho dap @ng ngd ra hé théng it nhat phai tot hon hoac bang giai
thuat diéu khién PID.
— Tir nhitng kién thie d3 hoc duogc tir md phong dao dong caa mé hinh nira xe (haft- car),
ta tiép tuc nghién ciu, phét trién, thiét ké mé hinh dao dong cua mé hinh nguyén xe (full-
car) voi nhitng giai thuat tir co ban dén phirc tap ma ta nén wu tién cho PID va mo. Vi 2
giai thuat nay dé tiép can va dé hiéu, tir d6 gitp chung ta hiéu sdu thém vé thuat toan, 1a
tién dé dé chung ta ap dung cho nhitng giai thuat cao cap hon.
=> Ngoai ra, em nén thiét ké va &p dung cang nhiéu giai thuat diéu khién cho nhiéu mo
hinh thuc té khac nhau nhu hé thdng treo chu dong, hé thong lai théng minh, hé thng phanh
hozc cac hé théng diéu khién trong cong nghiép, giao thdng,.. dé hiéu hon vé nganh co khi
ma minh theo hoc. Ban chat thi nganh diéu khién sinh ra dé ap dung cho nhitng nganh nghé
va cac linh vuc khéc. Vi vay, Viéc &p dung da dang vao cac bai toan diéu khién s& gidip sinh
vién hiéu sau ban chét va ting cuong kha ning thich nghi véi nhiéu linh vuc khac nhau va
gip ching em ngay cang trau doi kién thirc va thiét ké duoc nhiéu mé hinh thuc té khac
nhau cho nhiéu linh vuc thi kién thic, chuy@n mén chiing em ciing hoc hoi thém duoc tir

nhitng nganh nghé va linh vuc dé nira.
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PHU LUC

Chuong trinh trén Matlab Simulink

% Mo phong phan tich dao dong cua mo hinh nua xe theo dieu kien dia hinh
% Thong so ki thuat tham khao tu xe Toyota Vios

clc: clear;

ms=510; Khoi luong duoc treo

Khoi luong khong duoc treoc cau truoc

=2
=
[
Il
K s
[}
-~
ol ol @

Khoi luong khong duoc trec cau sau
Ksl=(1.8)*10"3;
Ks2=(1.8)*10"3;
Ktl=0; % He so can giam chan cua lop truoc
Kt2=0; % He
Ctl=1e*10"4;
Ct2=16*10"4;
Csl=3*10~4;
Cs2=2.8%*10"4;
g0=0.05; % Map mo mat duong

B
al®

.
al®
s

can giam chan cua lop sau

]
(@]

Do cung cua lop truoc
Do cung cua lop sau
Do cung lo xo cua HTT cau truoc

ol ol P @

Do cung lo xo cua HTT cau truoc

w=10; % Tan so goc
a=1.326;
b=1.224;
Jsy=14*1073; % Momen quan tinh

Khoang cach tu trong tam den cau truoc

ol® ol

Khoang cach tu trong tam den cau sau

L=a+b; % Chieu dai co so cua xe
v=30/3.6; % Van toc trung binh cua xe
Kp = 12; % Do loi khau ti le

Ki = 131

; % Do loi khau tich phan
Kd = 2; % Do loi khau wvi phan
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