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MO PAU

Tur khi ra doi cho dén nay, nganh céng nghiép 6 to trong nuéc ludn cé
nhitg budc phét trién khdng ngimng, ngay cang bat nhip véi su phét trién caa cac
nuéc trong khu vuc va trén thé giéi. Trong d6 san xuét 6 t trong linh virc van tai
ndi chung va van tai hanh khach noi riéng ciing rat dugc cac doanh nghiép, chinh
phu quan tdm dau tu phat trién. Nganh san xuat 6 td dang ting budc tro thanh
miii nhon cua nén kinh té.

Céc nudc trén thé gisi hién nay, dic biét 1a cac nuéc ¢ nén khoa hoc ky
thuat phét trién thi viéc san xuat 6 t6 ngay cang hién dai va hoan thién, da dat
duoc nhitng thanh tuu vuot bac, 6 t6 tré thanh phuong tién phd bién van chuyén
hanh khach va hang hoéa cho nén kinh té cua dat nuée. Ddi voi quc gia Viét
Nam, s6 0 t6 ciing dang gia tang nhiéu vé s6 lugng cling nhu chat luong theo da
tang truong va phat trién caa nén kinh té. Bé dap ung véi luu lugng giao théng
cua so luong xe 6 t6 khong ngung tang 1én, thi mang ludi duong xa giao thong
ngay cang dugc nAng cap va ma rong. Vai su gia tang vé sé luong 8 t6 n6i chung
va 0 t6 van tai hanh khach nai riéng, thi yéu t chit luong sir dung va an toan cho
phuong tién tham gia giao théng la van dé rat duoc quan tm cho nhiing nha san
XUuat 0 t0.

O t6 chuyén dong trén duong khi tham gia giao thong thuong phat sinh dao
dong. Nhiing dao dong nay sé anh huang dén nguoi lai va hanh khach trén xe.
Nhiing nghién citu dao dong cua xe 8 t6 cho thay su tac dong cua nd anh huong
nhiéu dén stc khoé con ngudi nhu bénh vé than kinh va ndo bo. Néu dao dong
ctia xe nam ngoai pham vi cho phép s& anh huong dén tam ly, gy ra trang thai
Xau cho nguoi 13i xe va ngudi ngdi trén xe tir d6 ¢6 thé dan dén nhitng nguy hiém
khi tham gia giao thong.

Dao d6ng cua 0 td khéng nhiing phu thudc vao két cau cua 6 td ma con

phu thudc vao diéu kién duong x4, dic trung ting loai mat duong bang phang



hay map md. Trong qué trinh 6 t6 chuyén dong, yéu tb kich dong chu yéu dén
dao dong cua xe 1a nhimg thay doi ciia gap ghénh, map md cua mit duong. Dé
tai nghién cau anh huong cua dao dong xe dén dao dong cua ngudi ngdi trén
xe nham nang cao chat luong xe 1am co s& ting do ém diu cho xe va ngudi ngoi

trén xe.

Do d6 viéc dé tai lva chon huéng nghién ciu vé "Nghién cizu énh huwéng
dao dpng xe khdch dén ngwoi ngoi trén xe” 1a cap thiét dé tir d6 co thé dua ra
nhitng y kién khoa hoc dong gop cho cac nha san xuat va ngudi sir dung nham
nang cao hon nita chat luong phuc vu cua ching loai xe nay khi dwa vao st
dung, gop phan phat trién kinh té x& hoi dat nudc va nang cao chat luong doi
séng cua nguoi dan.

Muc tiéu cta lugn an

Muc tiéu cua luan &n 1a nghién cau trén xe khéach thuc té, bang ly thuyét
va thuc nghiém dé khao sat anh huong dao dong xe dén ngudi ngdi trén xe dudi
cac tac dong cua mat duong va diéu kién van hanh cu thé. Tir cac két qua khao
sét tao co so dé xuat ghé ngoi xe khach san xuat va lap réap tai Viét Nam.

Poi twong nghién ciru

Lua chon xe khach 29 chd ngoi duoc san xuat va lap rép trong nude lam
d6i twong nghién ciu. Pay 1 loai xe dang duoc si dung pho bién, chiém ty
trong 16n trong hoat dong van tai hanh khach tai Viét Nam, dong thoi phu hop
véi diéu kién khai thac thuc té, gitip dam bao tinh dién hinh va kha niang tng
dung cua két qua nghién ctu.

Pham vi nghién ciru

Luan &n tap trung xay dung va phan tich moé hinh dao dong khéng gian

cua xe anh hudng dén nguoi ngdi. Hé dao dong Xe — ghé - ngudi ngdi chi xét
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dén dao dong theo phuong thang dang (truc OZ), khong xét dén anh huang caa
theo phuong doc va ngang (OX, OY).

Trong giGi han cua d¢é tai, luan an chu yéu danh gia dic tinh ém diu chuyén
dong caa xe va su thoai méi ciia ngudi ngdi. Céc chi tiéu lién quan dén an toan
chuyén dong hay 6n dinh diéu khién cua xe khong thuéc pham vi xem xét cua
nghién cau nay.

Noi dung nghién ciru

Tt muc tiéu dit ra, luan &n sé& tién hanh thuc hién cac noi dung sau:

+ Thiét 1ap md hinh khong gian khao sat dao dong cua xe khach hoat déng
trén mat dudng gan voi thuc té nham xac dinh cac gid tri chuyén vi, van téc va
gia toc tai cac vi tri lap ghé trén san xe dé lay tin hiéu dau vao tac dong vao mo
hinh dao d6ng cua ghé - nguoi ngdi trén ghé. Cac loai mit duong khac nhau
gom: hinh sin, mat duong hinh xung, cac dang mit duong ngau nhién va theo
tiéu chuan ISO 8608 dugc st dung.

+ Thiét 1ap mo hinh dao dong cua ghé - nguoi ngdi trén ghé dé xac dinh
C4c gia tri gia toc dao dong tai ghé va cac b phan trén co thé ciia nguoi ngoi
trén ghé.

+ Tién hanh thyc nghiém dé kiém chizng mé hinh.

+ S0 sanh véi tiéu chuan danh gia mitc d6 anh hudng cua dao dong xe dén
ngudi ngdi trén xe. Chi tiéu danh gid trong tiéu chuan dugc tinh toan theo gia
tri binh phuong trung binh RMS trong tiéu chuan 1SO 2631-1.

Phwong phap nghién ciru

Két hop phuong phap nghién ctiu 1y thuyét va phuong phap nghién ctu

thuc nghiém:

+ Phuong phap nghién ctu ly thuyét: Xay dung mé hinh xe khach sét véi
xe thuc té. St dung phuong trinh Lagrange loai 11 dé thiét 1ap cac md hinh khao
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sat dao dong khdng gian caa xe khach va mé hinh ngudi ngdi trén ghé. Sir dung
phan mém mé phéng véi cac tac dong tir bén ngoai: Bién dang mit duong theo
tiéu chuan, cac day van toc van téc cu thé dé giai va nhan két qua danh gia dao
dong xe va ngudi ngoi trén xe.

+ Phuong phap nghién ctu thyc nghiém: Tién hanh thi nghiém do dac
thuc té trén duong giao thong theo diéu kién twong duong voi khao sat dé do

cac thong s dao dong Xe — Ghé - Ngudi ngoi.

So sanh két qua dé danh gia ¢ chinh xac cia md hinh ly thuyét. Panh gia
két qua nghién ciru vé anh huong cua dao dong xe khach dén nguoi ngdi trén
Xe.

Y nghia khoa hoc va thue tién

Nghién ctu ¢ng dung phuwong phap md hinh héa va mdé phong bang
phuong phap dong luc hoc khong gian, sir dung phan mém chuyén dung Matlab
Simulink va Ansys Workbench, xac dinh céc théng s anh huong dén nguoi
ngdi trén xe, danh gia dao dong xe c6 kiém chiing bang thuc nghiém nham dé
Xuat cac giai phap nang cao chat luong do ém diu chuyén dong cua xe, nguoi
ngoi trén xe.

Xay dung phuong phap nghién ctu ly thuyét va thuc nghiém. Két qua
nghién ctru cho phép dé xuat mot sb giai phap nham giam dao dong khi thiét
ké, tirng budc hoan thién phwong phap luan nghién ctu thiét ké than vo xe 6 to
theo hudng hién dai nhu cac nudc tién tién dang dung.

Piém méi ciia ludn an
Xay dung mé hinh khao sat dao dong Xe — Ghé - Nguoi ngoi.
Két hop mo hinh khao sat dao dong Ghé - Ngudi ngdi va md hinh khao

sat dao dong khong gian caa xe khach 29 ché.
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Str dung két hop phan mém chuyén dung Matlab Simulink va Ansys
Workbench trong mo phong.

Xay dung phuong phap nghién ctru thuc nghiém xac dinh anh huong cua
cac bién dang mit duong khac nhau va cac diéu kién khai thac khéc nhau &
nhitng van toc xe chay khac nhau.

B6 cuc ciia ludn an
Luén an duoc trinh bay theo bb cuc gém 04 chuong:
Chuong 1: Téng quan van dé nghién ctru dao dong cua o t6 khach
Chuong 2: Xay dung md hinh khao sat dao dong hé Xe - Ghé - Nguoi ngoi
Chuong 3: Khao sat anh huéng cua dao dong dén nguoi ngdi trén xe
Chuong 4: Nghién ctru thuc nghiém

Két luan chung va hudng nghién cau tiép theo cua luan an
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CHUONG 1 - TONG QUAN VAN PE NGHIEN CUU DAO
PONG CUA O TO KHACH

Céc dao dong xay ra gay ra nhitng thiét hai co hoc ddi Véi xe va nguoi
ngdi. B4i voi con ngudi, cac dao dong gay ra nhitng phan ang sinh Iy va phan
rng chu quan. Phan ¢ng sinh 1y ¢d tinh khach quan 1a khi tiép xtc véi dao dong
trong thoi gian nhat dinh sé gy ra cac tic dong sinh 1y nhu ting nhip tim, ting
cing co, cac tac dong ddi véi dia dém cot séng, cac tinh mach ngoai vi cia hé
théng tiéu hda va bo phan sinh san nit.

Xe — ghé - ngudi ngdi 12 mot quan hé cu trac dé cac dao dong truyén dén
co thé nguoi tir cac vi tri trén dém ghé — mong va than — tua lung. Tai gay ra
dao dong goi la tai trong dao dong.

Trong qué trinh chuyén dong trén dudng khong bang phang, do su chép
hinh ciia bé mat banh xe lam cho 6 t6 bi dao dong va gay ra tai trong dao dong
I6n. Tai trong ndy anh huong xau dén tinh 8m diu chuyén dong cua xe, dén muc
d6 thoai mai cho ngudi va su an toan cho hang hoa trén xe, dong thoi ciing lam
giam tudi bén céc chi tiét caa 6 t6. Dao ddng néi chung mang tinh truc quan c6
thé tinh toan va tryc tiép do luong duoc. Khi dao dong truyén trong méi trudng
ran than xe gém céc chi tiét, cum tong thanh dudi tac dung cua cac ngoai luc
va noi luc thay ddi s& ¢ nhitng bién do va tan sé khac nhau. Dao dong 6 t6 1a
mét thudc tinh quan trong va la chi tiéu chat lugng dé phat trién san pham xe.
Mot chiéc xe cd chat lugng dao dong tot thudng mang lai sy hai l1ong cua khach
hang cao hon nhiéu.

Péi voi nguoi ngdi, dao dong duge danh gia doc lap dbi vai tirng bo phan
trén co thé. C6 hai loai dao dong trén ngudi ngdi 1a dao dong cénh tay va dao
dong toan than. Panh gia ddy du cac loai dao dong nay s& khdng cd két qua dat
d6 chinh xac cao do sy phuc tap cua ciu trac co thé va phd bién sir dung khai

niém “Rung” [1].



Rung toan than (WBV) géy ra cac anh huong stc khoe khac nhu: Pau
lung dudi, ton thuong dbt song va dia dém, co lung do 14c; Say tau xe, ton
thuong xwong, gidn tinh mach, tinh trang tim, sy thay d6i huyét ap do dao dong.
Tinh trang dau da day va tiéu hoa, nhimg thay doi vé hd hap, noi tiét va trao
d6i chat, suy giam thi luc, tién dinh, ton thuong co quan sinh san. Khi con ngui
bi rung toan than cang lau thi nguy co anh hudng dén suc khoe va rdi loan co
bap cang cao.

Theo tiéu chuan chau Au, gia tri gigi han gia téc dao dong tét nhat 1a <
0.5 m/s2 [2], [3].

Cot séng va co xuong nam ngay trén dudng truyén dao dong phai chiu
truc tiép “tai trong dao dong” va la truong hop nguy hiém nhat vi ngay ca khi
gidi han chi xét dén huéng thang duang, cot song van dao dong theo cac huéng
khac nhau. Nhiing anh huong truc tiép cia dao dong dén ngudi ngdi trén xe
théng qua ghé ngdi 1am cho ca co thé hoic tirng bd phan dao déng theo, gay ra
nhitng bién ddi vé tdm sinh Iy va 1a nguyén nhan cua su xuét hién cac bénh vé
rung trén nguoi. Nhitng dao dong & dai tan s6 thap tir rat nho dén duéi 100 Hz
la nhitng dao dong con ngudi cam nhan duoc bang xuc gic, thudng do hé thdng
treo gay nén. Cac dao dong & tan sb cao gom co6 dao dong cua than vo xe, dao
dong cua hé thong truyén luc, banh xe tiép xtc véi mat duong, tiéng né caa
dong co... Thong thudng cac dao dong tan sb thap chiém uu thé trong phd dao
dong anh huong xau dén co thé. Khi tan sé dao dong tring véi tan s6 dao dong
tu nhién cua céc co quan riéng 1é con nguoi s& ¢6 hai nhat vi da xay ra hién
tugng cong hudong dao dong. Dao dong duogc truyén dén co thé nguoi tai thoi
diém tiép xtc vai vat rung: khi tac dong 1én chan tay va trén toan bo co thé thi
Xay ra rung cuc bo va ciing anh huong dén bo may xuong khdp, co bap, tuan
hoan ngoai vi, thi giac, thinh giéc [4], [5], [6], [7], [8].
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Rung canh tay (HAV) Do tiép xuc truc tiép thoi gian dai véi cac dung cu
cam tay s& gay ra mot loat cac bénh tat nhu: Ngon tay dau nhuc, hoi chitng lam
dung nghé nghiép, ton thuwong than kinh cam giac, tén thuong co va khép & ban
tay va canh tay. Toén thuong phu thudc vao: Thoi gian tiép xuc (s), tan sé rung
(Hz), bién @0 cua dao dong [9].

Dao dong co hoc gay ra cac tac dong dén co thé ngudi ngdi, cac tac dong
cua dao dong co hoc 1én dau va thit lung duoc nghién ciu vi nhitng bo phan
nay cua co thé con nguoi thuong la nhitng ving bi anh huang nhiéu nhat. Khi
tiép xuc lau dai véi cac dao dong cua xe s& 1am anh hudng truc tiép hoic gian
tiép dén suc khoe ngudi ngdi trén xe [10], [11].

Nhu vay, dao dong 6 td va dao dong nguoi ngoi trén xe co lién quan truc
tiép dén nhau. Nghién ctru dao dong 6 t6 anh huéng dén nguoi ngdi trén xe 1a
can thiét, c6 ¥ nghia khoa hoc va thuc tién d6i véi bat ky mau xe nao, tir nhiing
mau xe trong qua kha, hién dai va xe trong tuong lai.

1.1. CAC NGUON GAY DAO PONG CHU YEU CUA XE

C6 nhiéu nguén khac nhau gay ra dao dong cia xe, d6 1a ¢ map mo mat
duong, su mat can bang cua dong co khi dong co khi nd, sy mét can bang cua
cac chi tiét quay trong hé théng truyén lyc v.v... [12], [13].

Cac ngoai lyc xuat hién trong qué trinh cua 6 t6 khi tang toc, khi phanh,
quay vong, cac map md tir mat duong, can gié khi chuyén dong. Cho dén nay

map mo bién dang duong 1a nguyén nhan chinh gy ra dao dong cua 6 to.

1.1.1. Sw mit cin bing ciia dong co

Sy mit can bang cua dong co trong qua trinh dong co né may s& 1a mot
trong cac nguyén nhan 1am cho xe bi dao dong. Ngudn gy ra dao dong cua
dong co c6 thé do dao dong tir bén trong hoic bén ngoai. Dao dong bén trong
la dao dong cua cac thanh phan bén trong dong co, do quéan tinh cua cac bo

phan chuyén dong va ap suat thay doi cua qua trinh dbt chay gay ra. Dao dong



bén ngoai la dao dong cua toan bo hé théng dong co nhu mot khéi, do md men
khong can bang, md men quan tinh hoic mé men xoan dau ra thay d6i [13].
1.2.2. Sw mit cin bang ciia hé thong truyén luc

Do cac khe ho va @6 léch tdm san cd caa cac banh rang hop s6, truc cac
dang, cau chu dong va cum vi sai ngay tir khi 1ap rap va khe hé nay ting 1én
cuing tudi tho cua xe, s& gdy ra do mat can bang va lyc ly tdm 1am cho ca hé
théng bi dao dong va truyén dén than xe lam xe dao déng. CAc truc s& bi uén
cong gay ra hiéu (g moi tich liiy va c6 thé dan dén hong chi tiét hoac truc [13].
1.1.3. P6 map mé mit duong

Mt dudng map md gay ra dich chuyén thang ding cua xe va gay ra cac
dao dong c6 tan s6 phu thudc vao quan hé giira do cang caa 10 xo va khéi luong
cta hé théng treo, loai hinh dang map mé mat duong. Trong thuc té cé nhiéu
dang tin hiéu kich thich dao dong, tic dong Ién xe tng vai cac diéu kién dia
hinh, trang thai k¥ thuat khac nhau caa xe khi van hanh thuc té gap phai 1a rat
da dang. Cac dang kich thich c6 thé duoc phan thanh mét trong hai nhdm tuong
g véi su dich chuyén dao dong dugc miéu ta trén hinh 1.1. Cac dang kich
thich tong quat phan loai c6 thé quy vé hai dang kich thich chinh twong tng voi
hai nhém dich chuyén dao dong 1a dang kich thich xac dinh va dang kich thich
ngau nhién [14].

Dich chuyén dao dong
Xic dinh Ng§u|nhién
L . ] L
Diéu hoa Khong diéu hoa Dimg 6n dinh Khéng dirng
s . o —
Hinh sin Dahinhsin  Nhat thoi Djt ngdt On dinh manh On dinh yeu

Hinh 1.1. So d6 phan loai cac dang kich thich twong tng véi dang dich
chuyén dao dong
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Trong d6 kich thich diéu hoa hinh sin dwugc tng dung sir dung khéa pho
bién trong qua trinh nghién ctu ly thuyét cling nhu qua trinh nghién ctu thuc
nghiém. Trong phén tich bién d6 tan sd, kich thich hinh sin dwoc thé hién dic
trung cho mot gia tri tin sé va mot bién do, 1a mot dang kich thich co ban va
cac dang kich thich khéc c6 thé dugc hinh thanh bang cach t6 hop khéc nhau
tur cac dang kich thich hinh sin khac nhau [14], [15], [16], [17], [18].

Tiéu cuan 1SO 8608:2016 la tiéu chuan vé map mé mat duong duoc sir
dung phod bién nhat hién nay trong cac tinh toan dong luc hoc 6 t6. Tiéu chuan
nay phan biét cac dang duong theo mat do phd nang luong (PSD) va chia chling

thanh 8 loai véi ky hiéu quy uéc tir A dén H [18].

Hinh anh mot sb céac kich thich néu trén hinh 1.2

Kich thich hinh sine Kich thich nhién hinh sine
L~
Kich thich nhit thai Kich thich 5t ngét
Kich thich ngau nhién 6n dinh Kich thich ngiu nhién khéngén dinh

Hinh 1.2. Hinh anh céc dang kich thich.
1.2. TINH HINH NGHIEN CUU O NGOAI NUOC VA TRONG NUOC
1.2.1. Tinh hinh nghién ciru & nuwéc ngoai
1.2.1.1. Nhitng nghién ciru vé dao dpng 6 to
Nhiing nghién cu ¢ ngoai nudc vé dao dong 6 to thuong theo hudng
NVH bao gom:
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- Pong hoc va dong luc hoc dao dong dé xac dinh ngudn giy dao dong,
anh huong dén do6 ém diu chuyén dong va do bén cua xe. Cac nghién cau nay
thuong st dung phwong phap dong luc hoc hé nhiéu vat (MBD) hoic phan tir
httu han (FEM).

- Giai phéap giam dao dong. Cac nghién ctru nay thuong st dung phuong
phap md phong sé va thuc nghiém.

Theo két qua nghién ctiu cua cac cong trinh déu chi ra rang, nguoi ngdi
khong chi chiu anh hudng cua dao dong co hoc ma con ca tiéng on trén xe [19],
[20].

Ung dung phuong phap dong hoc hé nhiéu vat (MBD) dé phan tich va xac
dinh gia tri NVH can c6 cac diéu kién thir nghiém, moi truong va lai xe phai
gidng nhau va c6 thé 1ap lai. Phuong phap nghién ctru dd mé phong mot mo
hinh véi cac diéu kién ctia phuong tién cu thé dé xac dinh theo co ché nhan qua
va ap dung két qua vao mot xe thuc té dé két luan khach quan va chu quan. B
chinh x&c ctia phuong phap nay phu thudc vao cac gia thiét ki thuat duoc dua
ra khi xay dung mo hinh [21].

Kiém soat dao dong tur thiét ké 1a mot trong nhitng muc tiéu chinh trong
thiét ké ché tao 6 t0, vi dao dong anh hudng dén chat luong xe, kha ning l1ai va
su thoai méi ciia ngudi ngdi trén xe. Kiém soat dao dong bang cach giam do
rung tai cc ngudn ciing nhu trén duong truyén bao gom cac phan ter cau tric
than xe, tam than va ctra s6. Dé kiém soat dao dong cd mot sé giai phép tiéu
biéu [22].

- Gia cb cuc bo cac bo phan than xe, ting giam chan doc theo dudng truyén
bang cach thém xwong va cac chat 1am cang khéc & nhitng khu vuc caa két cau
tam d& bi dao dong.

- Chén thém két cau polyme tai cac khu vuc cuc bo cua cac phan tir cau

triic than xe nhu cot B, san. Két ciu polyme gém céc bot epoxy c6 thé gidn né
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trong moi truong polyamit, khi nung nong, bot epoxy phan tng nhiét sé€ no ra,
dong ran va lién két voi vat liéu caa cau tric than vo xe. Vat lidu polyme dugc
gia cd bang s¢i ¢ kha ning giam chan cao hon so véi thép va hop kim nhom,
tuy nhién, n6 chua du dé kiém soat dao dong hiéu qua. Pé ting hiéu qua thudng
thém cac miéng mastic gom cao su butyl va silicone, bot, v.v. vao san, vach
ngin, bang diéu khién, miéng dém va nhiing vj tri twong tu.

- B6 sung maot 16p vat liéu déo mong cé hé sé giam chan cao nhu tim 16t
nhyua duong va chat dan hoi, trén mot mat cua tim than xe ciing c6 thé ting kha
nang giam chan. Trong truedng hop ndy, giam chan xay ra théng qua su tiéu tan
nang luong trong bién dang mé rong caa 16p nhét dan hdi.

- Tac dong dén duong truyén dao dong: Giam sy truyén dao dong tir dong
co va cac ngudn Khéc tir bén ngoai xe dén noi that xe bang cach dat vat can trén
duong truyén dao déng hoac hap thu dao dong doc theo duong truyén. Dé tac
dong co hiéu qua, vat liéu can phai c6 kich thudc hiéu dung I6n nén day khong
phai 1a giai phap mong muén Vi trong luong xe s& ting 1én. C6 thé giam trong
lugng xe bang cach giam do day va thay thé vat liéu bang vat liéu c6 moé dun
dan hoi thap hon.

- Ung dung vat liéu méi tang tinh bén, kha ning kinh té, an toan, do tin
cdy cao, giam trong luong xe, giam nong do6 khi thai CO,, tang hiéu qua ning
luong [21].

Anh huong cua cac thong so6 hinh hoc, ki thuat lap rap, dac tinh caa vat
liéu va chat boi tron cua truyén dong banh riang trong hé théng truyén luc dén
15i ciia dudng truyén tinh (STE) 1am cho bién do dao dong cao gay ra giam céc
hiéu tng phi tuyén gay rung on. Giai phap kiém soat STE Ia sir dung phuong
phap sé md phong va kiém tra danh gia qua trinh hoat dong cua hé théng truyén
luc [23].
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Anh huong cia dong co dén dao dong 6 t6 duogc tinh dén ngay trong thiét
ké tir giai doan y tudng va phét trién trong san xuat bang phuong phép phan
tich phan tir hitu han, md phong dua vao tan sb va dang dao dong tu nhién. Do
chinh xac mé phong tang 1én do cac dic tinh vat ly cua vat liu, diéu kién bién
cua két cdu, loai va vi tri cua diéu kién bién dugc xac dinh ngay trong qua trinh
thiét ké dong co [24].
1.2.1.2. Nghién civu vé dao dpng nguwoi ngoi trén xe

Bang nghién ciu thuc nghiém trén xe du lich véi toc d6 70 km/h da dua
ra két qua vé gia tri bién d6 dao dong giira hé théng treo va khbi lwong duoc
treo khac nhau trén mudi lan. Str dung bién doi Fourier trong Matlab dé phan
tich gia téc cua dao dong khi xuat hién cong huong trong khoang tan s6 10-12
Hz tai 4 diém chan ghé cua ngudi 14i va hanh khéch cho thay rang day 1a nhirng
vi tri tin hiéu truyén 1én co thé nguoi ngdi nhiéu nhat [25].

Mtrc do rung caa ghé ngdi va cac tac dong cua no 18n cac bo phan khac
nhau cua co thé ngudi duge dic trung bang mé hinh toan hoc va mé phong sd.
M6 hinh bay bac tu do (7-DOF) khi chiu lyc kich dong tir ghé dén phan tiép
Xuc cua dui thuong dugc sir dung trong qué trinh nghién ciru dong luc hoc cua

nguoi ngoi trén 6 6 vai cac dich chuyén theo phuong thang dang hinh 1.3 [26].

X2

PAu vao XSBT

Hinh 1.3. M@ hinh 7 bac tu do nghién ctu dao dong nguai ngdi trén xe
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Phan tich mdi quan hé giira cac théng sb gia téc va dao dong sé xac dinh
duoc sy phan bé dao dong tai céc vi tri khac nhau cuaa 6 t6 [27].

Str dung thuat toan di truyén tim kiém toan cuc ngau nhién dua trén céc
bién cua qué trinh tién hda sinh hoc ty nhién, theo thuyét tién héa cua Darwin
(1809-1882) lam phuong phap nghién ctru tdi wu cac thong sé hé thdng treo
trén mo hinh dao dong % va ghé ngdi 8 bac tu do cua mot mau xe cu thé dé
thiét ké ghé ngdi va hé thdng treo. Két qua dat duoc giam thiéu dao dong cua
hé théng treo va ghé dé giam dao dong dén con nguoi va dé dat duoc su thoai
mai tot nhat trong khi 14i xe [28].

Phan tich qué trinh truyén dao dong cua ghé 1én nguoi ngdi trén xe bang
mo6 phong sé da nhan dinh rang cuong do dao dong tang 1én khi gia tri tan s6
giam. Khao sat viing tan sé cong huong cua ghé khi bi rung cho thay vat liéu
ché tao dém ghé s& tiéu tan nang luong va céc loai ghé khac nhau sé& c6 kha
nang hap thu nang lugng khac nhau [29].

Mét nghién ctu md phong khac trong méi truong phan ter hitu han véi bay
tu thé ngoi trén 6 t6 khac nhau véi ché do dau tién & tan s6 10 Hz cho thay sy
phan bd ap luc thay di gitta dui va ghé dan 18n cot séng 1am bién dang cac
phan tir ciing cua khdp xuong va cac dia dém gitta cac dbt song [30].

Trong nghién ctru xac dinh su phan bb hudng truyén dao dong Ién than xe
do mat duong gbd ghé da sir dung chiéu dai quing dudng xe chay thi téi thiéu
1100 mét, mdi budc song cua map md mat duong 1a 5 mét, chiéu cao map md
déu c6 gia tri trung binh 0,025 mét.

Két qua di dwa ra nhitng gia tri gan ding vé bién do, tan sb dao dong than
xe pht hop ngay khi thiét ké xe mai [31].

1.2.2. Tinh hinh nghién ciru trong nudc
Mtc d6 thoai mai cua ngudi ngdi trén xe khi di chuyén néi chung sé phu

thuoc vao nhiéu cac yéu té nhu bd tri chung trén xe: khoang khdng gian cua
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hanh khach, sé luong ghé, kich thudc ghé, khoang khdng gian 16i di chung, vi
tri ghé ngdi. Cac yéu té thuoc nhan trac hoc: chiéu cao va chiéu rong nguoi,
mau sic, nhiét 36, 6 Am, Am thanh. ..

1.2.2.1. Vé linh vwc dao dong 6 té

Linh vuc dao dong 6 t6 trong nuéc co kha nhiéu cac cong trinh da cong
bd. Hau hét nhitng cong trinh nay duoc cdng bd trong linh vuc dio tao. Mot
trong sb céac cdng trinh tiéu biéu cd thé tham khao sir dung lién quan dén dao
dong gom:

Cong trinh cua tac gia BPao Ngoc Diép, Nghién ctiu rung 6n xe 8 chd Mefa
5 san xuat 1ap rap tai Viét Nam, Luan an Tién si k¥ thuat, Thu vién Quéc Gia
Viét Nam (2010). Trong c6ng trinh nay tac gia sir dung phuong phap phan tir
hitu han mé phong xe con 8 chd Mefa 5 Iap rap tai cong ty CN 6 td TPHCM.
Két qua mb phong tac gia da xay dung duoc mé hinh khbi khong khi khoang
Xe Voi ban d6 3-D phan bé tiéng 6n trong khoang xe [32].

Cong trinh cua tac gia bang Viét Ha (2010), Nghién ciru anh huéng caa
mot s6 thong s6 dén d6 ém diu chuyén dong cua o t6 khach duoc dong méi &
Viét Nam, Luan an Tién si K¥ thuat, Truong Dai hoc Giao thong Van Tai. Luan
an lya chon va xac dinh céc chi tiéu danh gia do ém diu chuyén dong caa xe 6
t6 khéach san xuat, 1ap rap bang ly thuyét va thuc nghiém. Khao sat cac yéu té
anh hudng, dac biét 1a d6 cing ghé ngdi dé tir d6 dé ra bién phap trong thiét ké
va bo tri ghé dam bao giam thiéu cac tac hai ciia dao dong 6 to toi suc chiu
dung cua con nguoi [33].

Cong trinh cua tac gia L& Quynh Mai (2015), Nghién ctu 6n khoang xe
khach 29 chd san xuat lap rap tai Viét Nam, Luan an Tién si K§ thuat, Pai hoc
Béach Khoa Ha Noi. Luan an xay dung mé hinh phan tir hitu han khung vo xe
khach 29 chd vai céc kich thich tir dong co truyén qua chan may lam khung vo
Xe bi rung gay ra tiéng on trong khoang xe. Kich thich d¢au vao cho mé hinh



16

tinh toan dao dong san xe 1 gia téc theo ba phuong X, y, z do duoc tir thuc
nghiém va dua vao md hinh tinh toan theo phuwong phap 16 xo khéi lwong [34].

Cong trinh cua tac gia Nguyén Hong Quang (2018), Nghién ctru dao dong
0 tO tai san xuat lap rap & Viét Nam khi van chuyén g trén duong 1am nghiép,
Luan &n Tién si K§ thuat, Trudng Dai hoc LAm nghiép. Luan &n tap trung vao
viéc xay dung mé hinh khéng gian cua 6 to tai san xuét lap rap & Viét Nam khi
van chuyén gd ring tréng trén duong 1am nghiép, c6 ké dén xoan khung xe va
can dao dong cua cac banh 16p. Thong qua khao sat dao dong cua xe va thuc
nghiém xac dinh cc thong sé dau vao cho bai toan dao dong, luan an di xac
dinh duogc cac dao dong thang dtmg, dao dong goc va goc xoan khung xe khi
cha go trén duong 1am nghiép. Két qua nghién ciru cung cap co so khoa hoc
cho viéc nghién ctru d6 bén xoin khung xe, hoan thién két ciu bo phan treo va
lya chon ché d6 sir dung hop Iy nham nang cao do ém diu chuyén dong, d6 bén
khung xe va giam tai trong 18n mat duong khi van chuyén gd trén duong 1am
nghiép [35].
1.2.2.2. Linh vwe nghién citu dao dpng nguwoi ngéi trén xe

Khi x4c dinh anh huéng cua dao dong toan than dén co thé nguoi, nhém
t4c gia da dwa ra mo hinh dao dong 8 bac tu do ctia co thé ngudi nhu mot hé co
— sinh hoc. Bang phuong phap st dung Matlab phan tich tan sb riéng va céc
dap tmg dong hoc ctia md hinh trong tu thé ngdi c6 cac trong lwong khac nhau
tir 50 kg dén 80 kg, vi mbi chénh léch 5 kg. Luc kich thich tir dém ghé ngoi
1én mong nguoi dang hinh sin (u = u(t) = ueSinQ(t)), vai U, =5 (mm) 1a bién do
luc kich thich, Q = 62,8 (rad/s) 1a van tdc luc kich thich va xe chay vai van téc
36 (km/h). Str dung ham Lagrange loai 2 dé xay dung biéu thirc nang lugng va
phuong trinh vi phan dao dong. Két qua nghién ctru dua ra thong tin mirc do
anh huong cia dao dong dén co thé nguoi ngdi va mirc rung cho phép véi ting

nhom dbi tuong. Han ché cua nghién cau 1a hau hét cac thong sé déu la gia
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dinh, trong d6 co luc kich thich va cac thong sb vé do cang va can cua ting bo
phan co thé nguoi [36], [37].

Khi nghién ctru dao dong tay ngudi cho thay céc gia tri gan dung cua tan
s6 dao dong phu hop trén co thé con ngudi duoc chi ra & theo cac bo phan gdbm:
Trén dinh dau c6 tan sé 25 (Hz) trong d6 0,5 - 3 (Hz) gay ra tién dinh, 30 - 80
(Hz) anh hudng dén ving mat, cac khép vai 4-5 (Hz), khép khuyu tay 16 — 30
(Hz), khép cb tay 50 — 200 (Hz), ving xuong 16ng nguc 64 - 80 (Hz), cot song
that lung 10 -12 (Hz), viing bung 4 — 8 (Hz) trong d6 2 dén 3 (Hz) s& anh huong
dén da day, 2 — 4 (Hz) anh huong dén rudt, 6 — 8 (Hz) anh huong dén than, 4 —
6 (Hz) anh hudng dén tim va 2 — 20 (Hz) anh huong dén khép dau gdi hai chan
hinh 1.4 [38].

Khoang 25 Hz

16 - 30 Hz

10-12Hz

50 - 200 Hz

Hinh 1.4 So db tan sé dao dong riéng ciia cac bo phan trén co thé con nguoi
Cong trinh cta tac gia Nguyén Manh Truong (2022), Nghién ctu do ém
diu chuyén dong cua xe khach giwrdng nam dugc san xuat va lap rap tai Viét
Nam, Luan &n Tién si K§ thuat, Hoc vién K§ thuat Quan su. Luan &n tap trung

vao viéc xay dung mé hinh dong luc hoc cua xe givdng nam bang mé hinh 7
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bac tu do xe va giudng, ngudi nam doc lap dé khao sat va danh gia cac tac dong
tir bén ngoai nhu bién dang mat duong va yéu té van hanh dén do ém diu chuyén
dong trén xe khach givdong nam. Trén co sd cac két qua dat duoc, luan an da dé
Xuat phuong phap danh gia, kiém tra va tir d6 dua ra cac nhan xét cho cac nha
san xuat, 1ap rap trong viéc lua chon va ché tao chang loai givong ndm co dic
tinh pha hop véi diéu kién van hanh sir dung tai Viét Nam, nham nang cao tinh
tién nghi, ém diu khi lya chon di chuyén bang xe khach givong nam [39].

Qua phén tich cac cong trinh nghién ctru trong nudc va nudc ngoai ta co
thé nhan thay riang, phan I6n céc nghién ciu trong nuéc hién nay tap trung vao
xe con, xe khach giuong nam hoic xe tai. Cac nghién ctu cha yéu nghién ctu
doc 1ap vé dao dong xe hodc dao dong ngudi trong cac linh vuc khac. Cac
nghién ctu anh hudng dao dong xe dén ngudi ngdi trén xe 1a chwa c6. Trong
khi d6 xe khach 29 chd san xuat va lap rap tai Viét Nam I loai phuong tién van
chuyén hanh khéach phé bién trén céc tuyén lién tinh va du lich, lai chua dugc
phan tich chuyén sau vé dao dong xe anh huong dén ngudi ngdi trén xe. Viéc
lya chon xe khach 29 chd lam déi tuong nghién ciu xuat phat tir tinh dai dién
va tinh ang dung thuc tién cao.

1.3. CAC MO HINH CO HQC TRONG NGHIEN CUU DAO PONG XE
— GHE - NGUOI NGOI TREN XE

Ngay nay nhd sy phét trién manh caa cdng nghé chip mdy tinh dién tir va
cac phan mém ky thuat chuyén dung, viéc nghién ctiru dao dong con ngudi duoc
tap trung theo ca hai hudéng dao dong toan than va dao dong tung bod phan co
thé bang mé hinh toan sinh dong hoc [40], [41], [42], [43].

Co ban ¢6 ba mé hinh sinh doéng hoc cta toan bo co thé con nguoi tiép
xuc véi dao dong gdom c6: mo hinh giam chan 10 xo khéi lwong, mé hinh phan

ttr hiru han va mé hinh dong luc hoc hé nhiéu vat. Viéc lya chon céch tiép can
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dé phat trién mot mé hinh sinh hoc cu thé phu thugc rat nhiéu vao muc dich cua
mo hinh va cac nguén tai chinh c6 dugc.
1.3.1. Mb hinh giam chén 10 xo khéi luwgng

M6 hinh giam chan 16 xo khéi lugng (MSD) 1a don gian nhat nén da duogc
phat trién va su dung rong rai.

Cac mo hinh giam chan 10 xo khéi lwong chu yéu lién quan dén viéc tai
tao mot phan tmg sinh dong hoc cu thé cua co thé con nguoi dugc biéu dién
bang WBV dé thiét ké va phan tich hé thong ghé ngoi, dong thoi phat trién cac
mb phong co thé ngudi vat Iy hoic ma-no-canh dé thir nghiém ghé hoac thiét
bi chdng rung, trong d6 viéc trich xuat cac phan tng chi tiét bén trong cau truc
con cua co thé 1a khdng quan trong.

Str dung c&c mé hinh giam chan 10 xo khéi lwong khdng c6 yéu cau vé
mat hinh hoc cho cau trlc caa co thé. Vi vay, no hiéu qua va tiét kiém chi phi
nén thudng dugc st dung ma-no-canh thay thé trong mé phong va phén tich co
thé nguoi ngdi ¢ khéi lwong khac nhau.

Cac mo hinh giam chan 10 xo khéi lugng hau hét duoc phat trién trén co
s& cac théng sé do dugc cua co thé con ngudi, nhu khdi luong va can nhét dat
tai cac lién két ciia dém ghé, tua lung vé6i nguoi [44], [45].

Viéc do gia toc truyén dén dau va cac doan than cua luc kich thich thang
dang 1a ban chat caa su truyén dao dong “truyén qua co thé” qua cau tric cot
séng dé danh gia stuc khoe d6i voi dao dong toan co thé ngudi ngoi [46].

Do sy phi tuyén tinh trong dic diém con ngudi, cac bién thir nghiém va
quy trinh thu thap dit liéu, cac phép do can lap lai va ky thuat phan tich di liéu
doi hoi khat khe dé dam bao két qua dang tin cay [43].

Viéc thi nghiém do cac thong sé rung co hoc cua co thé con ngudi can dén
may tinh c6 phan cung dat tién va doi hoi con nguoi phai tiép xuc véi cac kich

thich & noi lam viéc thuc té hodc trong méi trudong duoc kiém soat. Do su phic
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tap va phi tuyén tinh lién quan dén co thé con nguoi va thiét bi do dao dong
lam cho thi nghiém nay 1a mét cdng viéc phic tap nhung két qua duoc st dung
dé bd sung cho nghién ctu ly thuyét ¢é phan tich sau hon vé phan ¢ng cua co
thé con nguoi ddi véi dao dong do may moc gay ra [45], [47], [48].

1.3.2. M hinh dong lwe hoc hé nhiéu vat

Mo hinh dong luc hoc hé nhiéu vat phic tap hon duoc thudng duoc sir
dung khi c6 yéu cau mé phong céc chuyén dong nhiéu chiéu caa co thé ngudi.

Toan bd co thé ngudi chiu kich thich déng hoc va cac cau tric ting bo
phan duoc biéu dién bang cac khdi riéng 1é dugc lién két véi nhau bang cac
phan tir d6 ciing va giam chan, khi d6 mé hinh st dung “tham sb gop” cuia cac
bién quén tinh va luc. Khi st dung mé hinh MBD can so sanh dao dong mo
phong véi thi nghiém cho vi tri twong tng cu thé trén ngudi [49].

Tuong ty mo hinh MSD, nhuogc diém co ban cia mé hinh MBD 14 viéc
x4c dinh c&c tham sb mo hinh, dic biét 1a do cang cua khop va gia tri giam
chan. Do ban chit nhan tric hoc, cac md hinh MBD rét hitu ich dé du doan cac
lyc dong tac dong 1én khap va sy phan bd dao dong trong hé thdng co thé nguoi
[50].

1.3.3. M6 hinh phan tir hitu han

M6 hinh phan tir hitu han khac phuc nhuogc diém vé viéc kho xac dinh cac
dic tinh tham s6 caa ghé va con ngudi nén viéc sir dung mé hinh FEM tro nén
thuan loi khi cac dic tinh d6 da dwoc nhiéu nghién ciu cung cap va tich hop
trong thu vién phan mém, nguoi st dung c6 thé ap dung tryuc tiép dé phan tich
dao dong trén co thé nguoi [51].

M6 hinh FEM c6 thé duoc sir dung dé md phong hanh vi dao dong cua
mot hé théng lién tuc trén co thé ngudi ma khdng can dén céc gia dinh nham
don gian hda tinh phi tuyén tinh caa né. Vi du, cd thé du doan cac phan tng

sinh dong hoc chi tiét nhu tng suat va bién dang do dao dong gay ra tai cac dot
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cot sdng bao gom cac @6t séng va dia dém giira cac dbt séng khi sir dung
phuong phap tham sé gop la cac bién quén tinh va lyc tai tung vi tri chi tiét trén
cau tric cot séng [52] hoic bat ky vi tri ndo trén toan bo co thé [51].

Ngoai ba md hinh chinh trén, mot sé nghién ctru da phat trién md hinh
thay thé, nhu cac mé hinh dya trén mang than kinh nhan tao, mé hinh ma cha
yéu cd ban chat thuc nghiém. Nhitng nghién ctru nay thuong ap dung doi voi
nhitng muc tiéu cu thé caa mot nganh nao d6 nén khong nam trong pham vi dai
dién cho mo hinh nghién cuau trén xe 0 t0 [53], [54].

Ung dung cua cac md hinh duoc tom tat trong bang 1.1, trén d6 cho thay
m6 hinh FEM c¢6 nhiéu vu diém hon ca.

Bang 1.1 Tom tat cac dic diém chinh caa ba loai md hinh néu trén

Mién khao | Daodong | Du doan anh husng
A sat toan than xau dén stc khoe
Nhan :
D Ham A
Kiéu mo hinh | ¢ o | sinn | MO rac dong | Chuyén vi
hoc | Thoi | Tan hinh A \ A
: £ - A tung bo | tung bd
gian | SO . than ~ A
dong s phan phan
hoe nguol
Mo hinh giam
chan 10 xo - X X X X - -
khoi luong
bong luc hoc
A X X X X X X -
hé nhiéu vat
Phan tir hitu
X X X X X X X
han

1.4. KET LUAN CHUONG

Chuong 1 cua luan an da xac dinh muc tiéu nghién cuu la khao sat, danh
gia cac tac dong tir bén ngoai: Bién dang mat duong, yéu té van téc dén do ém
diu chuyén dong xe va nguoi ngoi trén xe. Pé dat duoc muc tiéu nay, luan an

can két hop ca phwong phép 1y thuyét, md phong va thuc nghiém.
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Phuong phap nghién ctu ly thuyét: Lua chon mé hinh khéi luong — 10 xo0
giam chan va ang dung phuong trinh Lagrange loai Il md ta dong luc hoc dao
dong trong khéng gian cta xe khach va mé hinh nguoi ngdi trén xe. Phuong
phap nghién ctu thuc nghiém: Po dac thuc té, so sanh két qua dé danh gia do
chinh xac caa md hinh ly thuyét.

Chuong 1 da trinh bay téng quan vé dao dong 6 to, cac tac dong anh hudng
1én ngudi ngoi, cac nguodn kich thich dao dong chu yéu, cling nhu hién trang
nghién ctru trong va ngoai nudce. Dao dong 6 t6 khong chi anh hudong dén do
&m diu chuyén dong, do bén két ciu ma con tac dong dang ké dén suc khoe
nguoi ngdi, dic biét trong diéu kién rung toan than. Cac ngudn giy dao dong
chinh gom map md mat duong, sy mat can bang cua dong co, hé thong truyén
luc va céc kich thich ngau nhién khac.

Tong quan nghién ctu cho thay cac nghién ctiu vé dao dong xe, nguoi
ngdi chi yéu sir dung mé hinh dong luc hoc hé nhiéu vat, phan ti hitu han. Tuy
nhién, 46 phirc tap cia co thé ngudi va su twong tac giira Xe — ghé — nguoi ngoi
khién viéc danh gia dao dong cua hé van con nhiéu thach thuc.

Qua phén tich tinh hinh nghién cuu & trong va ngoai nudc, NCS da xac
dinh dugc hudng nghién ctu cua luan an: Xac dinh anh huong cia dao dong
xe dén ngudi ngodi trén xe, d6i twong nghién ctu 12 6 t6 khach 29 chd dugc san
Xuat va lap rap tai Viét Nam.

Tir viéc nghién ctiu anh huong cia dao dong xe dén ngudi ngoi trén xe,
c6 thé dua ra nhitng y kién khoa hoc déng goép cho cac nha san xuat va nguoi

str dung nham nang cao tinh ém diu cho xe, hanh khach ngdi trén xe.



23

CHUONG 2 - XAY DUNG MO HINH KHAO SAT DAO
PONG HE XE — GHE - NGUOI NGOI

2.1. POI TUQNG NGHIEN CUU

Viéc lya chon dbi tugng nghién citu md phong caa luan an dam bao duoc
CAC yBu cau:

Loai xe phd bién st dung, c6 thi phan Ién nham dam bao tinh thuc tién va
c6 sén tai Viét Nam nham phuc vu thi nghiém cua luan an.

- C6 cac thong so ky thuat thiét ké.

- C6 céc thdng sb vat Iy sir dung tham khao trong luan an.

- Phir hop véi diéu kién thi nghiém caa NCS.

Xe khach County 29 chd san xuét Iap rap tai Viét nam vai bo linh kién
khung gam do hdng Hyundai Motor Han Quéc ché tao da nhap khau déng bo

va chuyén giao céng nghé, hinh 2.1.

Hinh 2.1 Xe khach County 29 ché

Nhitng théng sé ki thuat thiét ké chinh cua xe, phu luc 2.1.

Bo khung gam xe nhap khau gom sat xi, dong co va cac cum chi tiét tong
thanh khéc, khung vo va than xe lap tong thé trong nuéc theo tiéu chuan cua
hang Hyundai. Gia ban xe trung binh va diéu kién sir dung phd hop véi moi
truong giao thong Viét Nam [55].

Xe khéch County 29 chd c6 28 vi tri ghé khach ngoi va 01 vi tri ghé lai
xe. Hai vi tri ngudi ngdi dai dién duogc lua chon khao sat gom: vi tri ghé phu va

vi tri ghé hang ba, hinh 2.2. S6 lugng vi tri khao sat trong luan 4n can cir Vao:
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La vi tri khao sat dai dién ¢ kha nang mé rong cho nhitng vi tri khac.
Thuan tién trong lap dat céc thiét bi do trong thi nghiém.
Diéu kién thoi gian va nang luc cua may tinh.

Vi tri gh& hang 3

Vitrighé phu
: 6,265
640| 785 T80 r 735 | 735 i 735 i 70 |

- D@ | @)

|?55|?2:>|735!?‘35]|ﬁl33| | 70|

Hinh 2.2 Hai vi tri nguoi ngdi trong khao sat

2.2. MO HINH KHAO SAT DAO PONG HE XE — GHE - NGUOI NGOI
2.2.1. Cac gia thiét trong mé hinh

Nguoi ngdi va ghé trén xe dugc quy dan l1a mot diém cé vi tri theo toa do
X, Y cua vi tri khao sat va dat tén goi theo vi tri sé ghé: ghé hang 1, ghé hang
2, ...

Cac cum trén xe duoc quy dan vé khoi luong tap trung tai trong tam cua

mdi cum: Cum than xe, cau trudc, cau sau, ghé va ngudi ngdi. Cac chuyén dong
c6 thé c6 cua khdi lugng tap trung quanh vi tri can bang tinh 14 nho.

Cac phan tir dan hoi va giam chan cia so do la tuyén tinh trong qué trinh
xe van hanh d6i véi mdi trudng hop tai trong nhat dinh.

Xe chay trén duong thang, on dinh. Céc ché do6 van tc cua xe khong doi
trong sudt qua trinh khao sat.

Bénh xe ludn tiép xUc véi bé mat duong. Mat duong cing tuyét doi, tiép
xuc gitra banh xe véi mat duong 1a tiép xuc diém.

Bién dang cua miat duong 1a ngudn kich dong duy nhat. Boé qua cac nguon

gay dao dong tir dong co, hé thong truyén lyc.
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Cac vi tri 1ap chan ghé véi san xe duoc quy vé mot diém va chiu luc tap
trung tur san xe.

Qua trinh khao sat dugc tién hanh trong treong hop day tai.

Tai trong dat trén md hinh 13 tai tinh trong qua trinh xe di chuyén.

B qua thanh phan ma sat gitra c&c 14 nhip va bién dang cua cac dém trong
HTT.
2.2.2. M0 hinh hoéa h¢ dao dong

M6 hinh nghién ctru duong — xe — ghé - nguoi ngdi khi xét dén hai vi tri
ghé phu va ghé hang 3 12 mét hé co hoc 9 béc tu do véi cac théng sé hinh hoc,

toa d6 kich thudc va cac ky hiéu dac trung dugc mo ta trén hinh 2.3.

p

Hinh 2.3 M6 hinh dao dong xe khach xét dén hai vi tri ngoi

Cac bac tu do xé&c dinh cac toa do suy rong cua hé gom:
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Than xe: 3 bac ty do 1a dich chuyén theo phuong thing ding Z va 2 goc
lic doc, lic ngang. Khéi lwong cua phan duoc treo (gom ca khdi lwgng ghé)
dugc quy dan vé trong tdm O; dic trung boi cac thdng sé khdi lugng M va cac
m& men quén tinh Iy, I, theo cac tryc OX va QY. Khéi lugng dugc dat tai vi tri
trong tdm O; c6 khoang cach so véi cau trudc va cau sau 1a a, b. Toa do suy
rong la Z, @, ¢y.

Cau trudc: 2 bac tu do 13 dich chuyén theo phuong thiang dting va goc
xoay theo truc doc OX. Khéi lwong ctia phan khong duoc treo trén cau trude
duogc quy dan veé trong tam O, duoc dic trung boi thong sé khoi luong My va
mo men quan tinh theo truc OX la l1x. Toa d6 suy rong la z,,, @44.

Cau sau: 2 bac ty do la dich chuyén theo phuong thang dtiing va goc xoay
theo truc doc OX. Khai lugng caa phan khong duoc treo trén cau sau duoc quy
dan vé trong tim O, duoc dic trung boi théng sé khdi lwgng M2 va md men
quén tinh theo truc OX 14 . Toa do suy rong caa khdi lwgng treo cau sau c6
cac toa d0 z,,, @«

Ghé nguoi ngodi bén phu (Z,) ¢6 khdi lwong m, va cac phan tir dan hoi
tuyén tinh hé s6 d6 cang K, va hé sé giam chan C,,.

Ghé ngdi hang 3 (Zs) c6 khéi lugng msva cac phan tir dan hoi tuyén tinh
hé s6 do cung K va hé sé giam chan Cs.

Hé thong treo trudc va sau gdom céac phan tir dan hoi nhip 14 dic trung boi
cac hé s do cing K, Kio, Ko, Kz va phan tir giam chan Cyy, Cia, Ca1, Ca2 130
luot 13 trude trai, tredc phai, sau trai va sau phai. Thanh 6n dinh truéc ¢6 hé s6
d6 cang Cr, thanh 6n dinh sau Ck.

Lop xe c6 céc phan tir dan hdi tuyén tinh K i, Kga, K2, Kra Va cac hé sb
giam chan Ci1, Cra, Ci2, Cre lan luot 1 trude trai, trudc phai, sau trai va sau
phai.

Kich thich dao dong qi1, Gr1, quz, Orz 18N luot 13 trude tréi, trude phai, sau
trai va sau phai, 12 cac chiéu cao map mo bién dang mat duong tac dong khac

nhau tai cac vi tri tiép x(c véi mit duong cua 4 banh xe
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Kich thich doc 1ap cua 4 dang mat dudng khac nhau: map mé sin, map mo

xung, ngau nhién va ISO 8608 loai C.

Cac thong sb cu thé cia mé hinh néu trong phu luc 2.2
2.2.3. Xay dung phuong trinh dao dfng cia hé
2.2.3.1. Phwong trinh tong qudt

Ap dung cac phuong trinh Lagrange loai hai dé xay dung hé phuong trinh

mo ta dao dong cua hé theo phuong trinh tong quét theo (2.1)

L=T-V

(2.1)

Trién khai viét phuong trinh Lagrange cu thé cho mdi hé toa d6 tong quat

gi theo phuong trinh (2.2)

d(@T) oTr oIl oD
dt \dq;

- 9g; " dq; " 0q; @
Trong do:
T: 1a dong nang cua hé
IT: 14 thé ning cua hé
D: 1a ham ti€u tan nang lwong (do luc can)
gi: 1a luc ngoai tac dung khdng bao toan
2.2.3.2. Xdac dinh dong ndang cia hé
Pong ning cua hé bao gom:
Dong ning cia than xe: Ty = = Mz% + L. ¢% + -1, ¢2
Pong ning cua Cau trudc: T, = %ml. zZ, + %legbfx
Pong ning cua cau sau: Tz = imz. z3, + %Ifol.’%x
Pong ning cia ghé phu: T, = %mp. Zy
Pong ning cua ghé hang ba: Ts = ims. z2

Tong dongning cuahé: T=Ty+ To+ Tz + T4+ Ts

(2.2)

(2.3)
(2.4)
(2.5)
(2.6)
2.7)
(2.8)
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2.2.3.3. Xdc dinh thé ning ciia hé
Thé ning cua hé bao gém nang luong bién dang caa cac phan tir dan hoi:
Thé ning do bién dang cua hé théng treo truéc:

1 2
I, = §K11(Z —Ziz T a@y — CPy — C€01x)

(2.9)
+5K12(2 = 21, + agy + coy + CP1x)?
Thé ning do bién dang cua hé théng treo sau:
1 2
I, = EK21(Z — Zy; — by — d‘Py - d‘PZx)
(2.10)
+§K22(Z — Zy; — b, + d‘Py + d‘PZx)Z
Thé ning do bién dang cua 16p xe:
I3 = %CLl(le — CP1x — qr1)* + %CRI(le + CP1x — qr1)*
. ) (2.11)
+§CL2 (Z2z — dPox — q2)* + ECRZ(ZZZ +d oy — qgr2)?
Thé ning do bién dang cua thanh 6n dinh:
I, = %CF(P%x + %Cﬂ!’%x (2.12)
Thé ning do bién dang cua ghé phu:
tls = %KP(ZP — (24 Spxgx + Spygoy))z (2.13)
Thé ning do bién dang cua ghé hang 3:
M = %Ks(zs — (2 + Sz + Soy0y))’ (2.14)
Tong thé nang cua hé:
=10, +1I, + 15 + 11, + II5 + II4 (2.15)
2.2.3.4. Xdac dinh ham tiéu tan nang luwgng
Ham tiéu tan nang lugng do cac phan tir giam chan:
Tiéu tan ning luong do giam chan cia hé thdng treo trudc:
1 2
Dy =5 Ci1(2 = %1z + agpx = ¢y = Cr)
(2.16)

. . . . \2
+§Clz(z —Z1z; ta@y, +cpy, + c<p1x)



29

Tiéu tan nang lugng do giam chan caa hé théng treo sau:
1 . . . . . 2
D, = 5621(2 — Zy; — b — d§0y - d‘PZx)

: ; 2.17)
+EC22(Z - ZZZ - b¢x + d(py + d(pr)
Tiéu tan nang luong do giam chan cua 16p xe:
1 . . . 1 . . .
D; = EKLl(le — 1 — Q1) + EKRI(le + 1y — qr1)?
(2.18)

: : : 1 : : :
+§KL2 (Zaz — d@ax — q12)* + EKRZ(ZZZ +d@ox — Gr2)”
Tiéu tan nang lugng do giam chan caa ghé phu:
1 .. . , Y
Dy =5 Cp(Zp = (2 + Spxs + Spyy)) (2.19)
Tiéu tan nang lugng do giam chan caa ghé hang 3:
1. : : Y
D5 = ECS(ZS -+ prQDx + Spy(py)) (2.20)
Tong ham tiéu tan ning luong cua hé:
D=D1+D2+D3+D4+D5 (221)
Ap dung phuong trinh Lagrange cho tung toa do suy rong cho ta co hé
phuong trinh vi phan mo ta dao dong cua hé. Cac phuong trinh dao dong duoc
biéu dién duéi dang hé phuong trinh vi phan bac hai (2.22 dén 2.30) hoic dang
ma tran (2.31).

2.2.3.5. Viét cac phwong trinh dao dong dang phwong trinh vi phan bdc 2
1. Phuong trinh cho toa do suy rong z (dich chuyén thang dung cia than xe)
MZ + (C1q + Cip + Cyy + Cyp)z — (Cyq + Ci3)2y, — (Cyp +
C22)Z3, + (aCyy + aCip — bCyy — bCy2) Py + (—cCyy + cCip —
dCy + dsz)Qby — (cCiy — cCip) 1y — (dCyy — dCr) Py —
Cp(zp —Z- pr‘px o Spy‘py) - Cs(z's —Z- pr‘px - Spy‘py) +
(K11 + K, + K + Kzz)Z - (Kn + K12)Z1z - (K21 + K22)22z +
(aKy1 + aKi; — bKyy — bKyy) @y + (—cKyy + cKyp — dKyy +
dKzz)(Py — (cKyy — cK12) @15 — (dKyy — dKyp) Py — K, (Zp -
Z = SpxPx — Spy‘py) - Ks(zs —Z = SpxPx — Spy‘/’y) =0

(2.22)



30

2. Phuong trinh cho toa do suy rong ¢x (goc lic doc cua than xe)
Iy @y + (@*Ciy + a*Cip + b?Coy + b?Crp) @y + (aCyy + aCyp)z —
(aCy1 + aCi3)z1, — (—bCyy — cCyy)Zy, + (—acCyy + acCyy + bdCyy —
bdCy5) ¢y — (acCiy — acCiz)P1x — (bdCy — bdCos)Pax = SpxCp(2, —
Z = Spx®x — Spy@y) = SsxCs(Zs — 2 = Sexx — Ssyy) + (a?Kyy +
a’Kip + b*Kyq + b*Kp) @, — (aKyy + aKyy)(z — 24,) — (K +
bK,,)(z — z,,) + (—acKy; + acKy, + bdK,y — bdKy,) @, — (—acK;; —
acKi) @1 — (bdKy; — bdKy3) oy — prKp(Zp —Z = SpxPx —
SpyPy) = SexKs(2s = 2 = Sex 9 = Sey ) = 0

(2.23)

3. Phuong trinh cho toa do suy rong ¢y (goc lac ngang cua than xe)
L, ¢y, + (c?Cyy + ¢?Cip + d?Cyy + d*Cop) @y + (—cCyq + ¢Cyp)Z —
(—cCyq + cCi3)2,, — (—dCyy + dCyy)Z,, + (—acCyy + acCy, +
bdCyy — bdCyrp) Py — (€?Cry + *Crp)Prx — (d*Coq + d*Co) s —
Spycp(zp —Z = SpxPx — Spy‘py) - Ssst(Zs —Z = SsxPx — Ssy‘py) +
(c®Kqy + ¢?Kyp + d?Kyy + d*Kyp) @y + (—cKyy + cKip) (2 — 24,) —
(—dK,, + dK,3)(z — z5,) + (—acKy; + acK,, + bdK,; — bdK,,) @, —
(C2K11 - C2K12)§01x - (d2K21 - d2K22)§02x - Sppr (Zp —Z— pr(Px -
SpyPy) = SsyKs(2s — 2 = SsxPx — Ssyy) = 0

4. Phuong trinh cho toa do suy rong z; (dich chuyén thang diing cua cau trudc)

(2.24)

myZ;, — (Ciq + C12)(Z — Z1,) — (aCyq + aCip) @, — (—cCyy +
cCi2) @y — (—cCyy + cCi) @1y + (Kpy + Kp1) 21, — (Kpy —
Kri)c®ix — Ki1dr1 — Kriqri — (K11 + Ki2)(z — 2,) — (aKqy + (2.25)
aki,) @, — (—cKyy + cKip) @y — (—cKiy + cKip) @1, + (Cpq +
Cr1)Z1; — (Cpy — Cri)cPix — C1qr1 — Creqrr = 0
5. Phuong trinh cho toa d6 suy rong ¢z (goc xoay quanh truc doc cua ciu trudc)
Lix @1y — (cCiq — cCi2)(Z — 24,) — (acCyy — acCyy) @y — (¢*Cyy —
c2Cyp) @y — (¢*Cyq + c?C1p) P15 — (Kpy — Kra)czy, + (Kpp +
Kri)c?@1x + Kp1¢dpy — Kpi€qry — (cKyy — K1) (z = 2,,) — (2.26)
(acKy; — acKy) @y — (c?Kyq + CZKlz)QDy — (c®Ky1 + c?Ki3) Py —
(Cr1 = Cri)cZiz + (Cpy + Cri)c? @iy + Cricqry — CriCqpry + Crprx = 0
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6. Phuong trinh cho toa do suy rong Zix (dich chuyén thang ding cta cau sau)
MyZy, — (Coq + Co2)(Z — Z,) — (—bCyy — bCop) ¢y — (—dCyy +
dCy2) @y — (—=dCy1 + dCor)Pax + (Kiz + Kr2)Za, — (Kip —
KRz)d(pr — K212 — Kr2Qr2 — (K21 + Kzz)(Z - 22z) - (_bK21 - (2-27)
bKy,) @y — (—dKyy + dKyp) e, — (—dKyy + dKyp) @y + (Cpp +
Cr2)Z2; — (CLp — Cro)d@ax — Cr2qrz — Croqre = 0
7. Phuong trinh cho toa d6 suy rong g2x (goc xoay quanh truc doc cua cau sau)
Lix oy — (dCyy — dCy2)(Z — 23,) — (bdCyy — bdCrp) s — (d*Cyy —
dzsz)(py - (d2C21 + dzsz)(pr - (KLZ - KRz)dzzz + (KLZ +
KRz)dZ(pr + KdeQLz - KdeQRz - (dK21 - dKzz)(Z - ZZZ) -
(bdKyy — bdKy,) @, — (d* Ky — d*Kyp) @y — (d%Kay + d*Kpp) o —
(Crz = Cra)dzy; + (Crp + Cro)d? oy + C12dq, — Crodqgy +
Crp2x =0
8. Phuong trinh cho toa do suy rong z, (dich chuyén thang dang caa ghé phu)
MpZy + Cp(Zp = 2 = Spxpr = SpyPy) (2.29)
+Kp(2p = 2 = Sppx = Spy9y) =0 .
9. Phuong trinh toa do suy rong zs (dich chuyén thang dung caa ghé hang 3)
msés + CS(ZS —Z— Ssxgbx - Ssy(py)

(2.28)

+Ks(zs —Z = SsxPx — Ssy(py) =0 (2:30)
2.2.3.6. H¢ phwong trinh dang ma trdn
bat cac toa do suy rong cua hé theo bang 2.1
Bang 2.1 Cac bac tu do va toa do suy rong cua hé
Bac tudo Tén Toa do suy rong
z Dich chuyén thang dting cua than xe 01
Ox Goc lac doc cua than xe 02
Oy GAc lac ngang caa than xe (o
1 Dich chuyén thang ding cua cau trudc U4
01 G6c xoay quanh truc doc cua cau trudc Js
Z, Dich chuyén thang ding cua cau sau U
02 G6c xoay quanh truc doc ciia cau sau gz
Z, Dich chuyén thang ding caa ghé phu Us
Zs Dich chuyén thang dtiing caa ghé hang 3 Jo
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Hé phuong trinh dao dong cua xe duoc viét dudi dang ma tran (2.31)
[MI{g} + [Cl{q} + [K]{q} = {F(©)} (2.31)

O day, F(t) 1a véc to lyc tac dung.

Hé chiu anh huong cua toa do trong tdm xe, cta vi tri ghé - nguoi ngoi
Xuat hién phan bd lai tai trong. Lac nay F(t) s& bao gém hai thanh phan: Luc
kich thich tir mat duong va luc do su phan bé lai tai trong.

Ma tran (2.31) tro thanh dang (2.32)

MG+ Cq+Kq=HF,yqq (2.32)

Vi HFqq 12 12 Tuc tAe dung tir mat duong.

Trong d6, H 14 ma tran xét dén anh hudng cua vi tri dén dao dong

Ma tran khdi luong duoc tinh nhu sau:

M 0 0 0 O 0 0 0 0
oI, 0 0 0 0O O 0 O
0 0L 0 0 0 0 0 0
0O 0 0m O O O O O
M]=|0 0 0 0 L, O 0O 0 O
O 00 0 0 m O 0 O
o 00 0 0 0 L, 0 O
0o 00 0 0 0 0 m O
0 0 0 0 0 0 0 0 mg

Ma tran d6 cuang [K] phan anh méi quan hé giira luc va chuyén vi trong

hé théng., ma tran [K] c6 kich thugc 9x9. [K] 1a ma tran ddi xang, Kij = K.
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Voi:
Kii =K + Kiz + Ko1 + Koo Kis = -c(Ki1 - Ki2)
Kiz = ¢(Kii + Ki2) - d(Koi + K22) Kis = -(Ka1 + K2)
Kis = a(Kin + Ki2) - b(Kai + Kaz) Ki7 = -c(Ka1 - K22)
Kis = -(Ki1 + Ki2) Kis = -Kp; Kio =-Ks

K22 = (K + Ki2) + d*(Kai + K22) + CF + CR
K23 = ac(Kii + Ki2) - bd(Kai + K22)

K24 = -c(Ki1 + Ki12)

Kas = -¢*(Ki1 - Ki2) - CF

K26 = -d(K21 + K22)

Ka7 = -d?*(K2: - K22) - CR

Kas = -Spx-Kp

K20 = -Ssx-Ks

Kss = a*(Kii + Kiz2) + b?(Kar + K22) Ks7 = -bd(Kai - K22)
Kss = -a(Ki1 + Ki2) Kss = -Spy-Kp

Kss = -ac(Ki: - Kiz2) K39 = -Ssy-Ks

Ks6 = -b(Ka1 + K22)

K4 =K1 + Ki2 + KL: + KRy Kss = ¢?(Kii + Ki2) + CF
Kas = C(Ku - Klz) Kse=0

Kss=0 Ks7=0

Ke=0 Kss=0

K =0 Kso=0

K =0

Kes = K21 + K22 + KLz + KR> Kes =0

Ko7 = d(Kai - K22) Keo =0

K77 = d*(Ka1 + Ka2) + CR Kss = Kp

Kis=0 Kgg =0

K7»=0 Kgg =Ks
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Ma tran can [C] phan &nh céac luc can ty 18 véi van téc trong hé thong.
Tuong tu nhu ma tran d¢ crng, ma tran can ciing co6 kich thuéc 9%9 cho hé 9

bac tu do va ciing d6i xtung, Ci; = Cji.

Cac phan ta caa ma tran [C] gom:

Ciu=Cu+Ciz+Ca+Cx
Ciz=¢c(Cu + Ci2) - d(C21 + C22)
Ciz=a(Ciu + Ci2) - b(Cz1 + C22)
Cia=-(Cui + Cr2)

Cis= -C(Cll - C12)

Cis =-(Ca + C2)

Cir= -d(Czl - sz)

Cis=-Cp

Cio=-Cs

Cz2=c*(Cii + Ci2) + d*(Ca + C22)

C23 = ac(Ci1 + Ci2) - bd(Cz1 + C22) Cs3 = a?(Cui + Ci2) + b*(Car + Ca2)

Caa=-¢(Ci1 + C12) Csa=-a(Cii + Cr2)
Cas =-c*(Cii - Cr12) Css =-ac(Cui - Ci2)
Caz6 = -d(C21 + C22) Cs6 = -b(C21 + C22)
Ca7 = -d*(Ca1 - C22) Cs7=-bd(Ca1 - C22)
Cas = -Spx-Cp Css = -Spy-Cp

C29 =-Ssx-Cs Cso =-Ssy-Cs
Cas=C11 +Ci2+ CL:1 + CRy Css=c}(Cu + Cr2)

Cas = C(Cll - Clz) Css=0
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C46 =0 C57 =0
Cs=0 Css=0
Cais=0 Cso=0
C49 =0
Ce6 = Ca1 + Ca2 + CL2 + CR2 Ces=0
Cer = d(Czl - C22) Ceo=0
C77=d*(Ca + C22) Css = Cp
C78 = O C89 — 0
Cr=0 Coo=Cs
Ma tran [H] gom 4 cot, 9 hang thé hién anh huéng vé vi tri d¢én dao dong 6 to.
r 1 1 1 1
a —a —b b
c —C —d d
1 0 0 0
H=]|0 1 0 0
0 0 1 0
0 0 0 0
Spx —Spx Ssx —Spx
[Spy —Spy Spy —Spy!

Luc Kich thich tir mat duong Ién 4 banh xe la mot ma tran 1 cot, 4 hang

qd11

_|4r1
qext_ q12

dRr2
Viét phuong trinh dudi dang ma tran trang thai:
Ta dinh nghia bién trang thai:
114
x =[] =14
Phuong trinh trang thai tré thanh (2.33)
X = AX + BF, 444

Y = CX + DF,yay

voi: A= [_1\21,{ _,VI,lC]' b= [_1\211{]

(2.33)
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Ta chon dau ra Y 1a toan b trang thai X, khi do:
C=1,D=0
Y: Véc to cac thong sd dau ra gom cac bién dau ra twong tng véi bién X

XT= [Zv 21 Py (px7 (py7 Qby’ Z1, le ¢1’¢x’ ZZ’ ZZX' P2, §b2erpa ZprZers]

A, B, C, D la cac ma tran trang thai A(18x18), B(18x4), C(9x9), D(9x4).
2.3. XAY DUNG MO HINH DAO PONG NGUOI NGOI TREN GHE
2.3.1. Cac gia thiét

Pé xay dung mé hinh dao dong nguoi ngoi trén ghé ta str dung nhiing gia
thiét:

- S6 bo phan khao sét ly thuyét bang sé vi tri do trong thi nghiém. Cu thé
co thé ngudi duogc chia thanh 3 bo phan gom: (1) Pau, (2) Minh (bao gom lung,
than, méng va chan), (3) Nguc. Cac bo phan duoc quy dan vé khéi lugng tap
trung lan luot 1a my, my, VA m. dt tai trong tim mai khéi. Cac dic tinh caa moi
khdi gdm d6 ciing K(i) va can dan hoi c(i), (i = 1,2,3).

- Dao dong cua nguoi 1a dao dong cua cac khdi, chi xét nhitng dao dong
theo phuong thang dung theo tiéu chuan danh gia do ém diu chuyén dong cua
0 to.

- Khéi luong nguoi khao st 12 pho bién nguoi Viét Nam bang 60 kg. Céc

ngudi ngoi trén xe déu cd khéi lwong bang nhau.
- Ghé va ngudi chi chiu luyc tac dung theo phuong thang ding.

- Hé dao dong ghé va nguoi khdng chiu anh huong bai gia téc theo phuong
doc cua xe.

- Ngudi ngoi trén ghé chi chiu lyc kich dong tir dém ngdi 1én mong theo
phuong thang ding. Khong xét dén luc ngang tir dém tua lung sang ngudi.

- Toan bo khéi luong ghé dugc quy dan twong duong vé dém ghé. Phia

trén dém ghé 1a dém ngoi lién két dan hoi véi mong ngudi co dic tinh do cang
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Km V& can dan hdi cy. Phia dudi dém ghé 12 chan ghé lién két dan hdi véi san
xe c6 dic tinh do cung ks va can dan hdi ¢s. Cac ghé ngoi trén xe déu cé thong
s6 ky thuat nhu nhau.

Tir cac gia thiét trén ta xay dung mo hinh nguoi 13 hé dao dong cua cac
khdi lwong tap trung.
2.3.2. Xay dung mé hinh dao djng ngudi ngdi trén ghé

Mo hinh dao dong hé nguoi ngdi trén ghé trinh bay trén hinh 2.4 [20]:

Minh: (Lwng,
mong, tay, chan)

Zgh
T_ Mgh Dém ghé

San xe

Hinh 2.4 M6 hinh dao dong ngudi ngdi trén ghé xe khéch.

Mo hinh dao dong ngudi ngdi trén ghé 12 hé dao dong 4 bac tu do, trong
d6 3 bac ty do cua ngudi va 1 bac tu do cua ghé. Cac bac ty do caa hé xac dinh
cac dich chuyén theo phuwong thang ding cac khéi lan lugt gdom:

Zq: Dich chuyén cuaa khéi dau

Z,: Dich chuyén caa khdi nguc

Zm: Dich chuyén cua khéi minh
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Zgn: Dich chuyén cua khoi ghé

Z 1a dao dong cua san tai vi tri ghé dang xét. Thanh phan dich chuyén va
van téc dich chuyén caa Z 1a luc kich dong 1&n hé nguoi ngdi trén ghé.

Khéi lwong ciia cac bd phan co thé ngudi duoc dinh nghia 1a mot phan caa
tong khéi luong co thé, thay ddi tiy theo gidi tinh, do tudi va hinh dang cua
con ngudi. Thudng co thé nam gidi ¢ chau Au va chau My chuan & do tudi
trung binh 50 la 77.3 kg [56].

Péi v6i con nguoi Viét Nam, cac théng sé trong md hinh duoc phan tich
tir thyc té [37].

Cac s6 lieu vé khéi luong va théng sb lién két d6 ciing, can dan hoi dugc

phan tich, lya chon tir nhitng TLTK trén dé sir dung cho mé hinh nay bang 2.2,

Bang 2.2 Céc théng s6 ciia md hinh dao dong ngudi ngdi trén ghé [56].

STT | Tén khi Ky hiéu | Pon vi Gia tri
1 | Khoi lugng caa dau Mg kg 5
2 | Khéi luong nguc M kg 15
3 | Khéi lugng minh M kg 40
4 | Khoi lugng ghé Mgh kg 15
5 | Do cang dau Kqg kN/m 130
6 | Can dan hoi dau Cq Ns/m 250
7 | b6 cung nguc Kn KN/m 35
8 | Can dan hdi nguc Cn Ns/m 750
9 | BJ cttng minh Km KN/m 40
10 | Can dan hoi minh Cm Ns/m 2500
11 | Do ciing chan ghé Kgh KN/m 7
12 | Can dan hoi chan ghé Coh Ns/m 900

Kich thudc nguoi khac nhau gitra cac chau luc, nhiing phép do kich thudc

co thé ngudi duoc néu trong cac tiéu chuan quéc té BS EN 1SO 7250:1998 va
PD ISO/TR 7250-2:2010. Céc yéu té dé thiét ké sy thoai mai ciia con ngudi va
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dix liéu toan dién vé cac kich thudc nhan tric hoc duoc trinh bay trong so tay
vé cong thai hoc cua con ngudi [57].
2.3.3. Xay dung hé phwong trinh vi phin mé ti dao doéng ciia hé ngwoi ngdi
trén ghé

Ung dung cac phuong trinh Newton II va III, xét can bang hé luc, cac
phuong trinh mé ta dao dong hé ngudi ngdi trén ghé gom 4 phuong trinh tir
(2.34) dén (3.37)

mthgh = kgh(Z - Zgh) + km(Zm - Zgh) + Cgh(Z - Zgh)

. . 2.34
+ cm(Zm — Zyn) (2:34)
mmZm = km(Zgh - Zm) + kn(zn - Zm) + Cm(Zgh - Zm)
. (2.35)
+cn(Zn—Zm)
ngn =ky(Zm — Zy) + Cn(Zm - Zn) (2.36)
ded = kd(Zm — Zd) + Cd(Zm — Zd) (237)

2.4. PHUONG PHAP, CHI TIEU PANH GIA ANH HUONG DAO PONG
PEN NGUOI NGOI
2.4.1. Phuwong phap cim nhan

Phuong phap cam nhan dugc danh gia thong qua cam giac cua con nguoi
mang tinh cha quan va khach quan [58].

+ Tinh chuz quan: Phan tng chu quan

Nhitng cam nhan chu quan cia ngudi vé dao dong 6 t6 duge danh gia bang
cach phong van truc tiép cac nhom ngudi khac nhau. Doi véi nguoi lai xe,
khong phong van truc tiép vi phong van truc tiép lam giam kha nang diéu khién
cua lai [59].

Phan @ng chii quan thuong dugc st dung rong réi trong thyuc té dé danh
gia bang su thoai mai truc tiép cua nguoi ngdi. Uu diém cia phuong phap nay

la d& thuc hién. Nhugc diém 1a phu thudc mot phan vao trang thai cam giac cua



40

nguoi dang trai qua tinh huéng truc tiép dién ra va mac 6 nhay cam caa moi
ngudi Vi cac phan tng dao dong. Hau hét con ngudi nhay cam nhét véi cac
dao dong doc trong khoang 5 - 16 Hz va véi dao dong ngang trong khoang 1 -
2 Hz. Trén co thé, ving bung dudi nhay cam & tan sé 2 Hz, truyén 1én co thé ¢
khoang tan sb 4 - 8 Hz, truyén 1én dau & tan sb 16 Hz.

+ Tinh kh&ch guan: Phan ng sinh ly

Do khé phan biét tac dong dén co thé do dao dong vai tac dong khac nhu
ngdi ca ngay hoac lam nhiing cong viéc khac. Pa sd cac nghién ctu vé dao
dong trén ngudi da chi ra rang cac dao dong cua dai tan sd tir 4 dén 10 Hz s&
gy dau & ving nguc va lung, & dai tan s tir 10 dén 20 Hz gay ra nhirc dau,
moi mat, kich thich & rugt va bang quang.

Khi dao dong vai cac luc gia toc di 16n gay ra tac dong co hoc d6i véi
nguoi nhu chan thuong mén tinh duoc tao ra do tiép xdc véi dao dong trong
thoi gian dai. Trong thuc té, nhitng tac dong nhu vay thudng xuat hién sau khi
tiép xUc Vi cac va cham lap di 1ap lai hoac véi lic ngau nhién khi xe chay trén
bé mat go ghé, dan dén chuyén dong lic khong déu. Cac chan thuong co hoc
c6 thé gay d6t sbng, dut co that lung, chan thuong than va c6 thé xuat hién mau
trong nudc tiéu.

Phuong phap cam nhan c6 thé sir dung hoi quy tuyén tinh. Trong phuong
trinh, n6 mo ta mdi quan hé gitra bién doc 1ap X 1a chuyén vi trén vi tri ghé ngoi
dang xét va bién phy thuoc Y 1a chuyén vi thang dimg theo phuong Z cua xe,

d6 cimg va dan hdi cua hé thdng treo (2.38)

Y = Bo+B1Xs + BoXo + -+ BnXy + € (2.38)
2.4.2. Chi tiéu d6 ém diu chuyén dong

Do ém diu chuyén dong cua 6 to, trong d6 gia tdc, bién do va tan sé dao

dong duoc coi la cac thdng sb dic trung cta dao dong 6 to.
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Co sé khoa hoc dé xac dinh chi tiéu vé gia toc dao dong la gia tri binh
phuong trung binh cua gia toc va dugc xay dung thanh tiéu chuan danh gia.
CAc tiéu chuan danh gia dao dong theo RMS gom:

Trong nudc ¢ quy chuan qudc gia QCVN 09/2015 quy dinh tan s dao
dong riéng cua phan duoc treo cua xe & trudng hop day tai khong duoc 16n hon
2,5Hz [60]. Quy chuan k§ thuat quéc gia QCVN 27/2016/BYT quy dinh quy
chuan k§ thuat qudc gia vé rung — gié tri cho phép tai noi lam viéc [66].

Tiéu chuan quéc té 1SO 2631-1 st dung chi s6 danh gia dao dong RMS
véi thong sé duoc danh gia 1a gia téc dao dong theo phuong thang ding Z tac
dong vao hanh khach & hai trang théi, thi nhat 1a tac dong toan than va thi hai
1a tac dong vao tiing bo phan trén co thé hanh khéach [1].

Z. m.s?

BOT 127T 40
50T V.94 25

152

T T
| |
[ I
| |
32+ 50217 16 I
| /|
20+ 3471+ 10 1

[ /|

126+ 21 6.3 i +— 140
| |
8 T 1271 4 f 1
\\\ | A1

5+ 0791 2.5 S - — 130
32T 05T 16 ] /1|
|

2+ 031t 1 Q — 120
[
126+ 02T |
0.63 T
\\ |
:

0.8 T 0127 04

I
05 + 07+ 0.25 110

|
0.32— 05— 0.16 8
1 16 25 4 6.3 10 16 25 40 63 80

HRRWNN

w, Hz
Hinh 2.5. Gii han gia toc dao dong thang ding va tan sé dao dong nguoi khi

ngdi trén xe theo tiéu chuan 1SO 2631- 1.
Gia toc binh phuong trung binh awz (M/s?) theo thoi gian tic dong duoc
xac dinh theo cong thuc (2.39):

1 (T ; 1/2
Qg = [T jo az(t)dt] (2.39)
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a, - Gia tc theo phuong thang ding theo thoi gian
T - Thoi gian khao sat.
2.5. XAC PINH CAC THONG SO CUA MO HINH

Hé thdng treo trén xe nghién ctu gom céc thanh phan: Nhip 14 (xe khao
séat), giam chan va cac lién két. Thiét ké 3-D HTT duoc xay dyung dung thuc té

vé s luong chi tiét, hinh dang, kich thudc, vat liéu va cac lién két. Thiét ké 3-

D hé théng treo xe khach County trinh bay trén hinh 2.6.

Cac thdng s6 cua xe duoc md ta trén hinh 2.7. Tir so &6 mé hinh hda 16 xo

o) z\a £
)

" J Thanh can bang Gy m
N

Hinh 2.6 Hé thdng treo xe Bus County

— khéi luong dao dong xe, ta thiét 1ap c4c gia tri can xéac dinh.

I Than xe
my
Lwe F1 c
I Z» Bién dang cla
o 1L ks cac dém HTT
Z,-2,
k
: Cy J_? Ma sét giira céc Ia nhip
Lwc F2 .
Z, Cau xe
Zh' ZZ m,

Bién dang cla l6p
Z;

Sine

Mat dwéng

Xung (6 ga)

Ngéau nhién

Hinh 2.7 So d6 dao dong hé théng treo trén xe
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Thong s6 do cang HTT gom do cung tinh va do cing dong.

a) Do cung tinh HTT

Trong HTT, nhip 14 thanh phan dan hoi phi tuyén tinh. Gan dung c6 thé
coi d6 cung tinh ciia HTT 1a d6 ctng tinh ctia bd nhip 14 va duge xac dinh bang
cong thtrc (2.40), [61].

6.E.a
C, = (2.40)

X1 et Ve = Yies)
b) Do cung dong HTT
Do cung dong HTT tinh theo phuong trinh (2.41), [61].
k = 4m2(f,)%m
¢ = 2{\km

Trong d6 f, 1a tan s ty nhién caa HTT, m 1a khéi luong thiét ké coa HTT

(2.41)

va k 1a do ciing caa hé thdng treo, cs 1a hé sé giam chan, ¢ 1a chi s giam chan.

Ung dung céc két qua caa nhitng cong trinh nghién ciru trude d6 da cong
bd, trong d6 cong trinh cia NCS Tran Thanh An d tinh toan téi vu trén xe
khach County 29 chd trong truong hop dat chi tiéu do ém diu ¢ gia toc dao
dong xe la f; = 0,5906 (m/s?). Xe khach County 29 cho da duogc lua chon va sur
dung mot so thong sb thiét ké, thong sé vat Iy 1am sé liéu tham khao trong luan
an. Cac thong sb cia HTT da duoc t6i uu néu trong phu luc 2.2 [34], [62].

2.6. KET LUAN CHUONG 2

Trén co s& phan tich, lua chon xe khach County 29 chd la xe lap rap tai
Viét Nam va st dung phd bién, c6 cac dic tinh ky thuat va vat Iy da duoc cong
bd trén mot sé nghién cau trude nén c6 thé tham khao sir dung trong luan an.

Trén co s& C4c gia thiét phi hop véi diéu kién thuc té, mé hinh dao déng
duong — xe — ghé — ngudi dugc xay dung gdm: Mé hinh dao dong khdng gian

9 bac ty do gém 7 bac ty do cua xe va 2 bac tu do caa hé ghé - nguoi ngdi duoc
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lya chon chon khao sat: ghé phy, ghé hang 3 dé tir d6 c6 thé mo rong sang

nhiing vi tri con lai trén toan xe.

Xay dung hé phuong trinh vi phan 9 phuong trinh moé ta dao dong khéng
gian cua xe dé khao sat. Hé phuong trinh vi phan duoc viét duéi dang phuong
trinh trang thai véi cac ma tran A(18x18), B(18x4), C(9x9), D(9x4).

Xay dyng mé hinh dong luc hoc hé Ghé - ngudi ngdi b 4 bac ty do gom
1 bac ty do caa ghé ngdi va 3 bac ty do cua ngudi ngdi, dua trén dac tinh nhan
tric hoc cua ngudi Viét Nam va lua chon cac chi tiéu danh gia theo ISO 2631-
1 vd QCVN 27/2016/BYT. Céac théng sé cua hé théng treo, 16p va ghé duoc

xéac dinh tir dac tinh thiét ké, dix liéu cong b va céc nghién ciru trude day.
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CHUONG 3 - KHAO SAT ANH HUONG CUA DAO PONG

PEN NGUOI NGOI TREN XE

3.1. CAC KiCH THiCH MAT PUONG LEN MO HINH

Thiét 1ap phuong trinh cho véc-to luc kich thich {F(t)}, khao sat doc lap
4 loai kich thich: Map mé sin, map mé xung, map mé ngau nhién, map md 1SO
8608 loai C.

Céc kich thich nay dugc xac dinh tai bon diém tiép x(c gitra banh xe va
mat duong: g, (trudce trai), g2 (sau trai), gry (truedc phai), va gr, (sau phai).
3.1.1. Kich thich sin 1én md hinh

Map md va 6 ga trén duong |a nhitng chudng ngai vat don 1é ¢ hinh dang
gan nhu tiy y. Cac map md hinh sin s& gy ra luc can “tron tru hon” do tranh
duoc su gian doan cua xung [63].

Kich thich Sin md phong mit duong dang song hinh sin c6 thé duoc biéu

dién nhu sau:

q(t) = A.sin(w.t) = A.sin(2nf.t) (3.1)
Trong do:
A: bién d6 ctia map mé (m); o: tan s6 goc (rad/s)
f: tan s6 (Hz); t: thai gian (s)

Tan s6 f phu thudc vao van toc xe (v) va budc séng ciia map mo (A): f=v/A
Véi mdi van toc khao sat (20, 40, 60, 80, 100 km/h), tan s kich thich s&
khac nhau.
3.1.2. Kich thich xung Ién mé hinh
Map md xung mé phong cac va cham dot ngot nhu khi xe di qua 6 ga hoic
go giam tdc. Kich thich nay dugc md ta bang ham xung hozc ban sin:
0 t>T
q(t) = {A. sin (n?t) ntu0<t< T}

Trong do:

(3.2)

A: chiéu cao cia map md (m);  T: thoi gian di qua map md (s), phu thudc

vao chiéu dai map mo va van téc xe
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3.1.3. Kich thich ngiu nhién 1én mé hinh
M© hinh kich thich ngau nhién mé ta mat duong véi dd map mo thay doi
ngau nhién. C thé méd phong bang quy trinh ngau nhién thdng qua phuong

phap téng cac ham hinh sin véi bién d6 va pha ngau nhién:

q(x) = EAi. sin(Q;.x + ¢;) (3.3)

Trong do:
Ai: Bién do ngau nhién theo phan b xac dinh;  Q;: Tan sé khéng gian
@i: Goc pha ngau nhién trong khoang [0, 2n];  x: Khoang cach doc theo dudng
3.1.4. Kich thich ISO 8608 Ién mo hinh

Theo tiéu chuan ISO 8608, mit duong duoc phan thanh céc loai tir A (rat
tdt) dén H (rit xau) [16], [64], [18] dugc mo ta bing mat d6 phd cong sut
(PSD) hinh 3.1:

Ga(24G64(n)

AN
EENNN\\N
SN
IBRERNN NN\
AT NN\
ER RN NN\

107 |-

|

i

I

|
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I
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Hinh 3.1 Cac bién dang mat duong theo 1ISO 8608:2016
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Truc 1: PSD cua chuyén vi ®(n) [m3]; Truc 2: Chiéu dai budc song A [m];
Truc 3: PSD cua chuyén vi ®(Q) [m3]; Truc 4: Tan sb khéng gian, n [chu
ky/m]; Truc 5 Tan sé géc khdng gian, n [rad/m].

D(Q) = D(Q): (/)™ (3.4)

Trong do:

®(Q): mat dd phd cdng sut tai tan sb khong gian Q

Q: tan sb khéng gian (rad/m)

Qo: tan sb khong gian tham chiéu, thuong la 1 rad/m

O(Qo): gia tri mat do pho cong suat tai tan s6 tham chiéu

w: S6 mii, 1ay bang 2

Déi voi mat duong loai C theo 1SO 8608, gia tri (Q,) = 16 x 107°(m?)

T mat d6 pho cdng suat, ta ¢ thé tao ra céc kich thich bing cach:
q(x) = z(z. D(Q,). AQ) . cos(Qy. x + @;) (3.5)

3.1.5. Thiét 1ap véc-to lue kich thich {F(t)}
Véc-to Iuc kich thich {F(t)} cho hé 9 bac ty do s& ¢ 9 thanh phan tuong
ung véi cac bac ty do:
{F()} = [F1(t), F, (1), F2(£), F5 (1), F (£), Fs (), Fg(t), F (), Fg(t), Fo () 1" (3.6)
Cac luc kich thich phu thudc vao cac bién dang va van téc bién dang cua
16p xe:
1. Luc tac dong 1én than xe (Fi, F2, Fs):
Fi(t) = 0 (khong c6 luc tryc tiép theo phuong thiang dung)
F2(t) = 0 (khong c6 md-men tryc tiép quanh truc x)
Fs(t) = 0 (khong c6 md-men truc tiép quanh truc y)
2. Luc tac dong 18n cau trude (Fa, Fs):
Fa(t) = Kia+qus (1) + Cro-qua(t) + Kri-gra(t) + Cri-qra(t)
Fs(t) = ¢ (Ki1-qua(t) — Kra-gra(t)) + € (Cra-qua(t) — Cre-qra(t))
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3. Luc tac dong 18n cau sau (Fs, E-):

Fo(t) = Ki2-qra(t) + Cra-quo(t) + Krz-Qra(t) + Crz-dro(t)

F(t) = d-(Ki2-qua(t) — Krz-0re(t)) + d-(Cr2-qua(t) — Cra-qra(t))
4. Lyc tac dong lén ghé phu va ghé hang 3 (Fs, Fo):

Fs(t) = 0 (khong c6 luc kich thich truc tiép trén ghé phu)

Fo(t) = 0 (khong c6 luc kich thich truc tiép trén ghé hang 3)

Do tré thoi gian gitta banh trudc va banh sau:

Bénh sau trai (q..) s& gap cung mot map mé nhu banh trude trai (qui) sau
mot khoang thoi gian t = (at+b)/v

Tuong tu, banh sau phai (qr,) S& gap cing mot map mo nhu banh trudc
phai (gr,) sau cung khoang thoi gian t.

3.2. KHAO SAT DAO PONG XE KHACH 29 CHO

Céc diéu kién khao sat gom: Van tc xe 20, 40, 60, 80, 100 km/h va bbn
mat dudng: map md sin, xung, ngau nhién va 1SO 8608.

Phuong phap khao sat: Str dung thuat toan ode45 giai theo phuong phap
Runge—Kutta4 lap trinh m-file trong Matlab. Code lap trinh dugc trinh bay
trong Phu luc 3.1. Trén tat ca cac két qua cua khao sat dao dong cac toa do suy
rong o, 2, gz, da, Gs, Js, U7, Us, Qo trinh bay trong khung vuéng cia do thi dé
thuan lgi cho viéc phan tich so sanh két qua. Trén mdi két qua duoc nhdm theo
loai mit dudng va ché do van téc khao sat riéng biét.

3.2.1. Dich chuyén va gia téc ciia cac toa do suy rong

Cac d6 thi két qua dich chuyén va gia toc caa cac toa do suy rong duoc

trinh bay trong cac Phu lyc 3.2, 3.3, 3.4, 3.5 cho c4c loai mit duong map mo

sin, xung, ngau nhién va ISO 8608 twong ung.
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Dich i:huyén (q1-q9); Pwong: sin; Vin toc: 40 Km/h
U. 02 T T T T T T T T T

0.015 j

0.m

0.005

0

Dich chuvén (m)

-0.005

-0.01

-0.015

-0.02 : : : : ' . . . *
0 1 2 3 4 5 6 T & 9 10
Thii gian (s)
Hinh 3.2 Bién d6 dich chuyén thing ding cua dao dong xe

Bién d¢ dich chuyén cua dao dong: Quan sat trén dd thi cho thay & ché do
van toc xe 40 km/h, mat duong map mo sin, bién d6 dich chuyén caa khéi luong
duoc treo gy 12 16n nhét, gia tri dinh cia dao dong xap xi 20 mm, tiép theo la
khéi luong khong dugc treo trudc ge. Vi tri ghé phu gs va ghé hang 3 ge c6 bién
d6 dao dong twong d6i déu va thap hon, hinh 3.2.

Gia toc (q1-q9): Pwong sin; Vin toc 40 km/h
B L T T T T T T I I

q2

0 1 2 3 4 5 6 7 8 9 10
Théi gian (s)

Hinh 3.3 Gia toc dao dong trén xe khéach
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Gia téc cua dao dong: O ché do van téc xe 40 km/h, mat dudng map mod
sin, khdi lugng duogc treo g; ¢d gia téc dao dong l6n nhat, gié tri dinh dat 7
(m/s?). C4c toa do suy rong khac trong do6 c6 qs, o Xap Xi nhau. Tt ca céc dao
dong déu c6 xu hudng tit dan do cé anh huéng cua giam chan, hinh 3.3.

So sanh két qua khao sat cho thay & nhitng ché d6 van hanh khéc nhau vé
van toc xe, loai map md mat dudng anh huong rd rét dén bién do va gia toc cua
dao dong.

3.2.2. Cac loai mat dwong

Do thi cac loai mit dudng dugc trinh bay trong Phu luc 3.6 cho cac loai
mat dudng map mo sin, xung, ngau nhién va ISO 8608.

Map m6 mat dudng tao nén cac luc kich thich 18n bon béanh xe, tan sé luc
kich thich c¢6 xu hudng ting theo ty Ié ting ctia van téc. Trén hinh 3.4 trinh bay
xu thé tang bién do luc kich thich 1&n 4 banh xe.

Kich thich mit dung [Loai: Xung] Vin the: 20 kmh

Kich thich mat duong [Leai: Sin] Vin tde: 40 km'h

Hinh 3.4 B thi kich thich mat duong dang sin, xung, ngau nhién va 1SO 8608
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3.2.3. Phan tich dap tng tan sb

Két qua md phong dao dong xe khach dugc danh gia trén cac do thi Bd
thi Bode: D6 thi Bode - do I6n; D6 thi Bode — Pha.

Trén do thi Bode - d6 16n: biéu dién do I6n caa ham truyén luc kich thich
0L, Or1, OLz, Qretheo tan sb dé danh gia kha ning khuéch dai hodc suy giam cua
hé thong tai cac tan s6 khac nhau. Truc hoanh: Tan sé (rad/s) theo thang logarit,
truc tung: Do 16n caa ham truyén dat (dB, tic 20 log|G(jw))|).

Trén hinh 3.5 cho thay kha ning dap wng tan sb cta cac hé toa do suy rong
01, 02, 3 On dinh & ving tan sé thap. O ving giira, tan sb trung binh ¢é nhiing
dot bién cling mot thoi diém va giam dan & ving tan s cao hon.

Trén db thi pha cho thay su thay doi pha cua tin hiéu dau ra so véi dau vao
theo tan s6 dé danh gia sy tré hay tang pha ¢ tirng tan sé. Nhu vay & ving gitra
hé xay ra mat 6n dinh.

Nhu vay, ving tan s nay can duoc quan tdm hon trong tinh toan thiét ké
xe khéch nay.

Biéu d6 Bode - Pé lén

o ——r
q1 [than xe)
EDF q2 {goclan)
‘é‘ ' g3 [gde pitch)
L
. 100 F
E.
=1
M -180F
~200 7 l:| i 2 .1 2
107 10° Tin sé (rad/s) 10 102
Biéu d6 Bode - Pha
400 T T
g1 {thén xe)
g2 [goc l&n)
far 200 E q3 [goc pitch) | 4
=,
R
E | |[ rn |rhI
nooo i
200 — —l — i R
-1 (] z =z 1 2z
10 0%  Tan sé (rad/s) 10 10°

Hinh 3.5 D4 thi dap @ng tan sb cua qs, g2, g
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3.2.4. Phan tich dao dong vi tri ngdi

O ché d6 khao sat cu thé van toc xe 40 km/h, map mé mit duong hinh sin
cho thay vi tri ngdi caa ghé phu ¢ bién d6 dao dong I6n hon so véi vi tri ngdi
hang 3 ctia hanh khach. Do 6n dinh caa dao dong vi tri ghé hanh khach ciing
t6t hon. Danh gia gia toc dao dong ciing phu hop vai quy luat cua dich chuyén,
hinh 3.6.

Dich chuyén g3 vi g9 theo thoi gian

0.01 i
—
E g 0m
i
oy
g o
L]
=
0 0.008 q8 - Gha phy
A 4% - Gh2 hing 3
0.01 i : : - J
0 1 2 3 4 5 5 7 B 5 10
Thii gian (s}
Gia toc q8 va q? theo théi gian
4 T T T T T T 1
o
b2t 1
g
.(E a
.o
3 -2 a8 - Ghi phy
q% - Ghe hang 3
i 4 4 4 4 4 - o

'
S
r

0 1 2 3 ] 7] 7 g 3 10

ﬁlfﬁ gian (s)
Hinh 3.6 D6 thi dao dong cta hai toa do suy rong gs, go.

Phan tich pho tan sé cho thay ¢ ving tan so thap bién do ciia dao dong cao
dat gia tri dinh, sau d6 giam va 6n dinh & viing tan sé cao, hinh 3.7.

Trén do thi cho thay pho tan sé cua dao dong gs, go tap trung & khoang tan
s6 0 — 10 Hz, dao dong chu yéu 1a do chuyén dong than xe (dao dong thang
dang, lic doc, lic ngang) va co lién quan dén hé thong treo, banh xe.

O vlng tan sb cao khdng c6 su bat thuong caa bién d6 dao dong nén md
hinh md phong on dinh.

Trong ving chaa c4c tan sé dic trung cua hé gom tan sé dao dong tu
nhién, tan s kich thich, tan sé cong huong lay gia tri dinh cua d6 thi ¢ khoang
4.5 Hz.
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Phé tin sé cia gia téc q8 vi q?

0.45

g8 - Ghé phu
——— q9-Ghé hang 3

Hinh 3.7 Do thi pho tan so cua gia toc gs, ge
3.3. MO PHONG DAO PONG NGUOI NGOI TREN GHE
3.3.1. So' @6 mé phéng
Ung dung phan mém Matlab - Simulink giai cac phuong trinh dao dong
ngudi ngdi trén ghé, 1ap trinh so d6 theo hinh 3.8. Hai vi tri ghé ngdi khao sat
dai dién duoc dy kién gom nguoi ngoi trén ghé bén phu déi dién véi ghé tai xé,
ngudi ngdi trén ghé hang 3. Khéi luong xe s& duoc cong thém phan tai trong

phu bo sung dé dat truong hop day tai caa xe.

Dich chuyén than xe (Z)

H Goc xoay than xe (X)

Géc xoay than xe (Y) 2 2

Tin hiéu kich thich ghé phu  Dao déng ngudi ngdi ghé phu

2

Tin hiéu I&n ghé hang 3 Dao déng ngudi ngdi ghé hang 3

Dao dong xe 7 DOF

Hinh 3.8 So @b Simulink mé phong chung dao dong xe — nguoi ngdi trén ghé
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Giai thich so do:

- Khéi ddu vao : Khao sat dao dong xe 7 bac tu do dd duge xac dinh &

chuong 2

- Khéi tin hiéu kich thich Ién ghé : gdm 2 khdi tuong tng véi 2 vi tri ghé
- Khéi dau ra : Phan tich dao dong ngudi ngdi trén ghé.

Cac van téc khao sat ¢ 5 ddy 20 km/h, 40 km/h, 60 km/h, 80 km/h va 100
km/h. Thoi gian md phong chung 1a 10 (s). Dé vé do thi lién tuc va min, ta lay
s6 diém tinh ctia may chay 1a 1000 diém/s va nhan dugc tong sé diém tinh 1a
10 (s) * 1000 diém = 10.000 diém.

3.3.2. Xdc dinh toa @ vi tri ghé ngoi

Tai vi tri ghé - ngudi ngdi, chuyén vi tai cac vi tri ghé ij theo phuong thang
dung Z duoc xac dinh 13 ham kich thich 1én nguoi tai vi tri ghé do qgh(ij) va dugc

mo ta trén hinh 3.9, c6 gi4 tri tinh bang phuong trinh (3.7)

Zghij = Zsémij =7+ Xij(pY + Yl](px (37)

O d6: Z, g, o, la céc gia tri dao dong tai trong tam than xe

Xij, Yij 12 vi tri toa do ciia ghé thir i,j trén san.
Ghé ij (Kg,ir Cgif)

Hinh 3.9. So d6 tinh chuyén vi tai vi tri ghé ij trén san xe
Gia tri cac vi tri toa do X;; ciia hai vi tri ghé ngdi: Ghé hang 3, ghé phu,
trong d6 vi tri toa do trong tm xe O; duoc xac dinh trén md hinh 3-D véi thiét

ké xe thuc c6 d6 chinh xac cao.
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3.3.3. Tin hiéu kich thich 1én ghé

Tin hiéu kich thich 1én ghé 1a gié tri dao dong Zs(i), i = 1,2 tai mdi vi tri
ghé khao sat. Céc gia tri dich chuyén va van tc dich chuyén cua dao dong 1a
hai théng s6 dau vao tao ra tin hiéu kich thich 1én ghé.

Tinh todn mé phong trong Matlab Simulink tinh chuyén vi tai vi tri ghé
khao sat va nhan dugc tin hiéu kich thich theo bién d¢, thoi gian (céng ra 1) va

van toc cua chuyén vi (cong ra 2) cho véi ting vi tri ghé hinh 3.10.

()
Dich chuyén than xe (2) |—-+ Dich chuyén san ghé phu
Goc xoay than xe (X) @
W 2
w "
-
Goc xoay than xe (Y) Gia toc san ghé phu  Van téec san ghé phu

Hinh 3.10 So d6 Simulink khai tin hiéu kich thich 1én ghé phu
Lip chay chuong trinh Simulink doc 1ap ting lan dé khao sat nhing
truong hop dic trung anh huong dén dao dong gom :
- Vi tri ghé trén xe
- Xe chay trén duong map mo da xac dinh
- C4c van tbc xe khac nhau
Trén hinh 3.11 1a db thi két qua dich chuyén cta dao dong tai ghé phu ¢ 5

dai van téc xe chay trong md phong da duoc xac dinh.
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dis. [mm] Chuyén vi ghé phu _ kich thich xung
13
8
3
2 RFEOdEX BN RASaRBERECERATR
FRLEZNERRRYERALCUERREREERR
-7
t[s*1000]
12
— 20 km/h ——40km/h ——60 km/h 80 km/h —— 100 km/h
a) Chuyén vi ghe phu
V[m/s] Van toc dao dong ghé phu _ kich thich xung
0.6
0.4
|l
0.2
D E— = A
— o o~ 0~ o o o~ o D~ WO - D ~ WL DA
L T . =+ TR N ¥ T = o N TN T oo AN o Y . T o e T 3 T
-0.2 MENRARRAISTRABEERNRES A
-0.4
t[s*1000]
0.6
=20 km/h =40 km/h 60 km/h 80 km/h =100 km/h

b) Van téc dao dong ghé phu
Hinh 3.11 D4 thi kich thich 1én ghé phu khi xe chay qua map mé xung
Khao sat day du cac truong hop map md va van téc xe chay ta nhan dugc
2 vi tri ghé *5 van téc xe = 10 file dir liéu chtra két qua. Trong mdi file dix liéu
c6 chtra hai dit liéu con 1a dich chuyén (mm) va van téc dao dong (m/s). St
dung Excel ghi doc lap két qua ta c6 tong sé “sheet” két qua khao sét kich thich
lén ghé 1a 10 * 2 = 20 sheet két qua cua mdi vi tri ghé. Ca hai vi tri ghé ta nhan
duoc 40 sheet dit liéu dang excel. Tén cac file két qua néu trong bang 3.1.a,b.
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Viéc dit tén file s& tranh duoc su nham Ian trong khao sat do sé trudong hop
khao sat rat [on va s& phi hop véi lva chon trueang hop cu thé trong thi nghiém.
Bang 3.1 a Danh sach céc file két qua khao st tin hiéu kich thich 1én ghé phu

20km/h | 40km/h | 60km/h | 80km/h | 100 km/h
MaD | Ghp s.20 | Ghp.S 40 | Ghp_S 60 | Ghp_S 80 | Ghp_S_ 100
mo Sin
Map
mod Ghp_X_20 | Ghp_X_40 | Ghp_X_60 | Ghp_X_80 | Ghp_X_100
Xung
Map
md 1SO | Ghp_IS_20 | Ghp_IS_40 | Ghp_IS_60 | Ghp_IS_80 | Ghp_IS_100
8608
Bang 3.1.b File két qua khao sét tin hiéu kich thich 1&n ghé hang 3
20km/h | 40km/h | 60km/h | 80km/h | 100 km/h
g/i'ﬁp MO | Gh3 s 20 | Gh3_S 40 | Gh3 S 60 | Gh3_S_80 | Gh3_S_100
)'\é'jrﬁ’g MO | Gh3 X 20| Gh3 X 40| Gh3 X 60 | Gh3 X 80 | Gh3_X_100
Map mo
1SO Gh3_1S_20 | Gh3_IS_40 | Gh3_IS_60 | Gh3_IS_80 | Gh3_IS_100
8608

So sanh mot két qua cu thé xe chay trén duong map mé xung, van toc 40
km/h trén céc ghé phy, ghé hang 3 dé phan tich két qua. Trén hinh 3.12.a,b la
két qua chuyeén vj tai 2 vj tri ghé tuong Gng.

B

dis.[mm]
6

Chuyén vi tai 3 ghé _ kich thich xung

—— Ghé phu_ 40 kvh (Gph_40_X)

4

[ =]

o]

~

—— Ghé hang 3_40 km/h (Gh3_40_X)

Hs*300]

—— Ghé hang cudi_40 km'h (Ghe_40 X)

a) Chuyén vi trén 2 vi tri ghé
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V[m's] Van tdc 3 ghé  kich thich xung

—— Ghé hang cudi 40 km'h (Ghe_40 X)

t[s*300]
— —— Ghé hang 3_40 km/h (Gh3_40 X)

-~—

—

-5 \\_ Ghé phu _ 40 km'h (Gph_40_X)

b) Van téc dao dong 2 vi tri ghé
Hinh 3.12 D6 thi so sanh chuyén vi va van tc dao dong trén 2 vi tri ghé, van
téc xe chay 40 km/h
Trong khoang 3 gidy dau tién la thoi gian banh xe tréo 1én map mé, dao
dong véi bién do dich chuyén -4.7 d&én + 4.5 (mm), van toc dao dong tuong (ing
tir -4.5 dén 4.3 (m/s). Sau khi xe ra khoi map md, ghé van con dao déng thém
mot thoi gian do quan tinh caa cac thong sé khéi luong xe, dd cang va giam
chan hé théng treo trén xe tao ra.
Hai théng s6 chuyén vi va van toc dao dong cd dang 1a ham diéu hoa kich
thich I&n ghé c6 ngudi ngoi trén d6 trong qua trinh xe chay.
3.3.4. M6 phéng dao dong ngwdi ngdi trén ghé
Tir so d6 md phong chung & trén, trién khai cac khoi md phong dao dong
nguoi ngoi trén mdi hang ghé dé phan tich. Cap nhat céac thdng sé da duoc xac
nhan trong bang théng sb dac tinh & trén. So dd khdi mé phong dao dong nguoi
tai 2 vi tri ghé ngdi va 3 vi tri phan tich dao dong tai dau, nguc va dui véi hai
tin hiéu kich thich dau vao s6 1 va s6 2 da dugc mo phong va phan tich ¢ phan

trén néu trén hinh 3.13.
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1
1
1
2
—= 2 22—
L)1 1 "3
3 Dao déng dau
4
1
s .
1
C—
Chuyén vj (mm) 2 2 | ; .
2 L
Van téc (m/s)
L8 4
Khéi tin hidu kich thich va ghé  Dao déng dui Dao dong ngue |1 RMS va FFT

Hinh 3.13 So d6 khéi Simulink md phong dao dong ngudi ngdi trén ghé

Gia toc dao dong & mdi vi tri trén co thé dua vao md dung tinh RMS va
phan tich FFT trong Simulink sé cho ta gia tri RMS va FFT.

Ghé gom hai bo phan chan ghé va dém ghé. Cac théng sé do cuang, can
giam chan cua chan ghé va dém ghé da xac dinh dugc & trén va cap nhat vao
chuong trinh mé phong. Khéi lugng ghé duoc cong thém ca khdi luong nguoi
ngdi trén ghé. Trong luong ghé duoc nhan véi gia téc trong trudng dé xac dinh
anh huong cua gia toc trong truong dén dao dong theo phuong thiang ding.

Chay chuong trinh trong thoi gian 10 (s) sau d6 1ay két qua ting vi tri ghé
ngdi. Bon toa do suy rong co6 dich chuyén theo phuong thang dung cho 4 két
qua tuong tng. O day ta chi xét dao dong & 3 vi tri co thé 1a gia téc phan minh
c6 dich chuyén Z,, gia téc phan dau cé dich chuyén Z4 va gia téc phan nguc c6
dich chuyén Z,.

Tuong tu phan tich tin hiéu kich thich 1&n ghé, khao sat day du cac truong
hop, ta nhan duoc 40 sheet dir liéu dang excel. Tén céc file két qua néu trong
bang 3.2.a,b. Vi 3 vi tri khao sat trén co thé, s sheet dit liéu s& 1a 40 sheet *

3 vj tri dau, nguc va chan = 120 sheet.



Bang 3.2 a Danh sach céc file két qua khao sat dao dong trén dau ngudi ngoi

trén ghé phu

20km/h | 40km/h | 60km/h | 80km/h | 100 km/h
g/i'ﬁp MO | Nps20d | Nps40d | NpS60d | NpS8od | NpS100d
)'\é'jrﬁ’gmo NpX20d | NpX40d | NpX60d | NpX80d | NpX100d
Map mo
1SO 8608 NplS20d | NplS40d | NpIS60d | NpIS80d | NplS100d
Bang 3.2.b Danh sach cac file két qua khao sat dao dong nguoi ngoi trén ghé

hang 3

g/ilﬁp mo N3S20d | N3S40d | N3S60d | N3S80d N3S100d
)l\éljlr[]ngO N3X20d | N3X40d | N3X60d | N3X80d | N3X100d
Map mo
1SO 8608 N31S20d | N3IS40d | N31S60d | N3IS80d | N3IS100d

Khao sat day du cac trudng hop map mo va van téc xe chay, két qua nhan

duoc dao dong tai 2 vi tri ngudi ngdi trén ghé, mdi ngudi ngdi cling nhan dugc

3 vi tri dau, nguc va dui. Hinh 3.14 12 két qua mé phong dao déng trén co thé

ngudoi ngoi hang ghé 3.

aimis”)

0.8
0.6

12

1

04!
0.2

Dao dong diu_ngwe chén ngwdd ngdi ghé hang 3

—mmm————
-
-

Hs*300)

Din 40kmh ---- Ngwc 40 km'h

Dii_40 kmh

Hinh 3.14 D6 thi két qua mo phong dao dong trén nguoi ngdi hang ghé 3
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Tai thoi diém béanh xe tréo 1én map mo xung, xe dao dong tao ra tin hiéu
kich thich 1&n ghé 1am nguoi ngdi tiép nhan ngay dao dong sau d6 giam bién
d6 va tiép tuc dao dong dén khi banh xe ra han map mé va tiép xdc on dinh voi
mat dudng. Gia tbc dao dong tai thoi diém ban dau 13 16n nhat trén nguc va
dau, dén 1 m/s?, trén dui gia téc 12 0.5 m/s2 Trén nguc, sau khi banh xe ra khoi
mép mo, 1an trén duong, gia téc cd xu thé ting nhung toc do ting 6n dinh, phan
tich két qua trén do thi véi du thoi gian mé phong cho thiy gia téc trén nguc
giam cling gia téc voi dau va dui xung quanh gia tri 0.3 m/s? theo huéng cua
truc hoanh trén do thi.

3.4. PHAN TiCH KET QUA
3.4.1. Giéi han phan tich két qua va hé truc toa d trén nguoi

Mtc d6 thoai mai cia ngudi ngodi trén xe danh gia chi tiéu ém diu chuyén
dong cua 0 t6, phu thuoc vao mac do dao dong tirng bo phan khac nhau cua co
thé nguoi.

Dao dong 1a nhimg dao dong co hoc dang diéu hoa hoic khong diéu hoa
cO tan s 16n va bién do nho.

Rung x6c 1a nhimg dao dong khong diéu hoa cd tan so thap va bién do 16n.

Dao dong xuat hién khi trong tdm hoic truc d6i xiing cua vat xé dich trong
khong gian theo chu ky theo nhiéu chiéu thang dung, chiéu ngang hoac nhiéu
huong.

C6 hai loai dao dong trén co thé nguoi:

Rung toan than, chu yéu c6 tan sb thap tir 2 — 20Hz, & tan sb nay vé ving
rung x4c, va tan sé rat thap dudi 2Hz. Rung toan than ciing c6 thé gap o tan sb
cao.

Rung cuc b, tan sb cao trén 20Hz. Rung cuc bd chi yéu theo duong tay,
& nhitng ngudi st dung cdng cu cam tay hoic tai xé cam vo lang 14i.

Gidi han caa nghién cau:

- Chi tap trung vao nghién ciu dao dong, khong nghién ciu vé rung xac.
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- Hé truc toa d6 theo 3 phuong c6 gdc hé truc toa do gan lién véi co thé
nguoi

Z — Truc thang dang, vudng goc véi mat dat va hudng tir chan 1én dau.

X — Tryc nam ngang, hudng tir lung ra nguc.

Y — Truc nam ngang, huéng tir vai phai sang vai trai.
3.4.2. Phan tich dao dong tirng bd phan trén co thé nguwoi ngdi trén ghé

Mo hinh co thé nguoi 1a mot hé co — sinh hoc duoc mé hinh hoa théng
qua mo hinh dao ddng va md phong trong phan mém Matlab-Simulink cho két
qua & nhitng bo dix liéu vé cac thong s6 dao dong tuong tng vai cac yéu td anh
huéng gom:

- Céc vi tri ghé ngoi trén xe

- Mdi bo phan trén co thé nguoi

- Trong lugng co thé nguoi

- Loai map md mat dudng

- Van tc xe chay

Trong gia thiét nghién ctru ciia Luan an, trong luong co thé nguoi da duoc
xac dinh cu thé dbi véi nguoi Vit Nam véi can ning trung binh 60 kg. Nhu
vay bon yéu to con lai s& anh hudng dén két qua phan tich.

Bang 3.3 Thong s6 dao dong & vi tri dau nguoi ngdi trén ghé phu

Piém | Gia toc dao dong trén dau nguoi ngoi ghé phu a, (m/s?), INpX40d
tinh Loai map mo: XUNG
1 V=20 km/h | V=40 km/h | V=60 km/h | V=80 km/h | V=100 km/h
2 0.2678013 | 0.2310214 0.182552 0.168358 0.1635692
3 0.2687775 | 0.2302374 0.182005 0.16794 0.1632501
0.2697409 | 0.2294542 0.181459 0.167524 0.162934
0.2706914 | 0.2286717 0.180915 0.16711 0.162621
9008 | 0.2725541 | 0.2271095 0.179831 0.166292 0.162004
9999 | 0.2734661 | 0.2263297 0.179292 0.165886 0.1617001
10000 | 0.2743652 0.225551 0.178754 0.165484 0.1613993
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Bo dit liéu thu dugc vé cac thdng sé dao dong & vi tri dau ngudi ngdi trén
ghé & ché d6 xe chay 40 kmv/h trén duong map md Xung trinh bay trong Phu
luc 3.7, mot dang thong ké dit liéu néu trong bang 3.3.

Tuong (ng voi bang s 1 d6 thi dao dong tirng Vi tri co thé tai dau, nguc
va dui.
3.4.2.1. Trong mién thoi gian

a) Bién do dao dong

Két qua nhan duoc cac dd thi bién do dao déng ngudi trén hai vi tri ghé
ngdi trong mién thai gian hinh 3.15.

Dao ddng ngwod ngdi ghé phu
kdch thich xung, V = 40 kan'h

Afmm)

+=10000/1000[s]

2=081m's

---Dam —— Ngwce  —— Dui

a) Bién do dao dong ngudi ngdi ghé phu

Dao dong trén ngwdd ngdi ghé hang 3

A(mm) kich thich xung, V = 40 km/h

4

2

) t=10000/1000[s]
2
4

- - -Pan — Newc —— D

b) Bién d6 dao dong ngudi ngdi ghé hang 3

Hinh 3.15 Bién d6 dao dong co thé nguoi theo vi tri ghé trong mién thoi gian
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Thoi gian md phong 10 (s) voi 10000 diém tinh, gia tri ty 16 v& d thi la
1000 duoc biéu dién trén truc hoanh, truc tung Ia gié tri bién d6 dao ddng tinh
bang A(mm). Diém gbc toa do cua duong cong s& thap nhit do day 1a gia tri
cua gia toc trong truong g = 9.81 m/s?, va khi thang duoc luc trong truong thi
hé s& bat dau xuit hién dao dong, tiép sau d6 1a vung 6n dinh.

b) Pdnh gid tinh ém diu chuyén dgng cua 0 td

Trong khoang thoi gian 0 — 3 (s) dau tién, tai thoi diém banh xe tiép x(c
véi map md sin hoac xung hodc duong ISO 8608, diém dau cia cac duong cong
trén d6 thi 1a gia toc trong truong. Trong ving 6n dinh cho thay gia toc nguc
thap hon so voi gia téc dau va dui & ca hai vi tri. Cac gia téc nay khac nhau l1a
do c6 sy khac nhau vé @6 citng ciia mdi bo phan co thé. Céc gia tri RMS cu thé
cua gia tc duoc thdng ké trong bang 3.4.

Bang 3.4 Thong keé cac gia tri gia toc dao dong ngudi theo RMS (m/s?)

Pau Nguc Pui
Map mé Sin 0.378 0.38 0.379
Map mé Xung 0.65 0.67 0.68
Map mé ngau nhién 0.185 0.19 0.187
Map mé 1SO 8608 0.315 0.313 0.315

Cac gia tri RMS nay duoc str dung dé danh gia d6 ém diu chuyén dong
cua xe khao sét theo tiéu chuan 1SO 2361-1 theo diéu kién cha quan néu trong
Bang 3.5.

Bang 3.5 Cac diéu kién danh gia ¢ ém diu 6 td

awz gia tri (m/s?) Cap ém diu
<0.315 Thoai mai
0.315-0.63 Mot chat khé chiu
0.5-1 Kha kho chiu
08-16 Khéng thoa mai
1.25-25 Rat kho chiu

> 2 Cuc ky kho chiu
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So sanh hai bang 3.4 va 3.5 cho két qua danh gia cu thé do ém dju chuyén
dong cua xe & van toc V = 40 kmv/h, trén dudng map md Sin 1a mot chat kho
chiu, trén dudng map méd Xung 1a kha kho chiu, trén duong map md 1SO 8608
cling la mot chut khé chiu nhung sat vai muac khé thoai mai.

Tuong tu, bang md phong c6 thé xét day du cac truong hop véi diéu kién
chuyén dong khac nhau dé danh gia d6 ém diu chuyén dong cua xe.
3.4.2.2. Trong mién tin sé
a) Xay dung so do phan tich FFT trong mién tan sé

Phan tich FFT va phan tich phd cong suat dao dong bang tng dung mo
dun “Spectrum” trong phan mém Simulink cho ting vi tri trén co thé ngudi dé
xéac dinh dao dong trong mién tan sd. Trén hinh 3.16 1a so d6 khdi phan tich
dao dong nguc nguoi ghé phu. Tuong tng véi 2 vi tri ghé va 3 b phan khao
sat trén co thé, can co 6 so d6 va 6 dang két qua.

In1 (tr khéi Gain clia nguc)

[:] outZn_ador Gia tGc cla nguc ngudi ngdi ghé phu

Dao dong nguc -25.16
RMS | 8.878 53

RMS nguc a_W (m/s"2) 25 26

-25.1

Spectrum -25.07

J_LL ' Estimator 25 22
Zero-Order Buffer1 -25.31
Hold1 | -25.19

o

-25.06
Spectrum 2512
Analyzer Display4

Hinh 3.16 So d6 Simulink phan tich phd cong suat dao dong.
Gia tri RMS cua gia tc ting Vi tri cling nhan dugc dé danh gia mac do
dao dong trén ngudi. Trén hinh cho thay ¢ ché do map md xung, van téc xe 40

km/h, gia tri RMS trén nguc la 8.878 m/s2.
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Quan sat trén dd thi hinh 3.17 cho thay & tan s thap, mat do phé cong suat

phan bo day va bién do cao hon & viing tan s cao.

200 -
100 - -
% -
ok ! 1
..——-"-'—"-"'/ \"—'—_} ..“h
-100 :
1 1 | | |
0 2 4 6 8
Tan s6 (Hz)

Hinh 3.17 Ph tan sé dao dong trén nguc ngudi ngdi ghé hang 3

Két qua khao sat theo yéu t6 loai map mé mat duong cho thiy dao dong
trén cac bo phan dau, nguc, dui ngudi ngdi trén ghé ciing c¢6 hinh dang do thi
tuong (ng voi d6 thi md ta map md mat duong. O phan trén da thong ké, moi
vi tri co thé déu duoc khao sat ¢ 3 loai map md va 5 ché do van toc xe chay.
Nhu vay 1 vi trf trén nguoi s& ¢6 : 1 vi tri * 5 van tée xe = 5 duong cong tuong
ng. Tap hop theo dang map mé trén cung trén mot d thi chung ta s& c6 3 dd
thi doc 1ap, mdi db thi c¢6 5 dudng cong véi 5 ché do van téc xe chay mé ta dao
d6ng mdi bo phan trén co thé theo map mo sin, xung va ISO 8608 tuong Gng.

Theo tiéu chuan 1SO 8608 pham vi tan s6 dao dong anh hudng dén nguoi
tai nguc 12 80 (Hz) nén ta s& khao sat trong khoang tan sé dén 100 Hz. O ban
tay c6 pham vi tan s6 50 — 200 (Hz) do cam vao vat rung, trong trudng hop
hanh khach trén xe khdng tiép x(c véi vat rung tai ban tay nén ta khong khao
sat ving tan sé nay.
b) Triong hop map mo sin

Banh xe trudc phai di qua map md, chuyén dong dén dinh trong viing tan

s6 0 — 6 (Hz), trong khoang nay gia toc giam dan so véi gia téc trong truong,
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cac thanh phan dan hoi cua hé thdng treo bi ép lai. Tai dinh map mé banh xe
roi khoi map tiép xtc mot khoang dén khi banh xe cham dat 1am cho hé thong
treo dao dong. Gan dung ta c6 thé coi dao dong ngudi ngdi trén ghé twong tng
véi dao dong cua xe. Trén dau, gia téc 16n nhat & viing tan sé dudi 20 (Hz) hinh
3.18. Dao dong dau nguoi ngdi ghé phu co gia téc dao dong A; = 1.1 (m/s?)
thap hon vi tri dao dong dau ngudi ngdi hang 3 vai gia toc 13 A, = 1.3 (m/s?).

Dao dong dau ngwdi ngdi 2 vi tr
a_Wimis") kich thich Sin, V = 40 km'h
12 ﬂ;
1.2

1

0.8
—w Chammdpmd | pg

10

6
Pinh m&p md 0.4
4 = 0.2
2
0
0 20 40 60 a0 100

—— Ghé phu — = = (Ghé hang 3 f n(Hz)
Hinh 3.18 D6 thi dao dong trong mién tan sé trén dau o 2 vi tri ghé ngoi, map
mo Sin.

¢) Truong hop mdap md xung

Qua trinh dao dong xay ra giong nhu truong hop map md sin. O ving tan
6 0 — 6 (Hz) ciing 1a qua trinh banh xe trudc trai di qua map mo, chuyén dong
dén dinh, gia téc dao dong giam dan so véi gia toc trong truong. Sau khi tach
banh dao dong ngudi ngdi trén ghé con tiép tuc dién ra do quén tinh cac khoi
lwgng cua hé dao dong. Gia téc dao dong trong map mé xung cao hon truong
hop map mé sin. Trén dau gia toc 16n nhét cling & ving tan s dudi 20 (Hz),
hinh 3.19. trén dau ngudi ngdi ghé phu cé gia téc dao dong A; = 3.4 (m/s?) cao
hon vi tri ghé hang 3 vai gia toc 1a A; = 2.5 (m/s?).
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Dao déng din ngwedi ngdi 2 vi tri
a_Wim/s®) kich thich Xung, V =40 lkan'h

12 /3:

10 g 3
2.5

» o a 2
. Binh map mb 15
_‘_ it -

Cham map mé

1

50 60 80
—— Ghé phu — = = Ghé hang 3 f n(Hz)

Hinh 3.19 D6 thi dao dong trong mién tan sb trén dau & 2 vi tri ghé ngdi, map
mo Xung
d) Truong hop mat duwong 1SO 8608

Quaé trinh dao dong xay ra gidng nhu trudng hop map mé sin va map md
xung. O ving tan s6 0 — 6 (Hz) ciing 13 qué trinh tao dao dong ban dau sau d6
la qua trinh chuyén dong 6n dinh, dao dong ngudi ngoi trén ghé dién ra cha yéu
do quén tinh céc khéi luong caa hé dao dong. Gia tdc dao dong trong truong
hop nay thap hon hai truong hop trén. Trén dau, gia téc 16n nhat ciing & ving
tan sé dudi 20 (Hz), ngudi ngdi ghé phu c6 gia toc dao dong A; = 0.5 (m/s?),
cao hon vi tri ghé hang 3 véi gia toc 14 A, = 0.45 (m/s?) hinh 3.20.

Dao déng diu ngwedi ngdi 2 vi tri

a_Wim/is?)
" kich thich ISO 8608, V =40 km'h
0.6
10 / Al \
05 7
A2
8 : 04 |
Cham mdp md 03 P
& 02 \
Pinh mip mé 0.1
4 - " . -

0 20 40 60 80 100
—— Ghé phu = == Ghéhang 3 f n(Hz)

Hinh 3.20 D6 thi dao dong trong mién tan sé trén dau ¢ 2 vi tri ghé, map md
ISO 8608
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Nhan xét :

- Dao dong xuat hién trén céc vj tri co thé khi banh xe bit dau tiép xuc voi
map mo hodc vao duong ngau nhién, bit dau tir gia tri thang duoc gia toc
trong truong g = 9.81 m/s2,

- O duong map mo sin, dao dong s& duy tri trong ca thoi gian mé phong
nhung bién d6 nho & nhitng tan sé cao. O duong map md xung, dao dong
Xuat hién sau d6 giam gan nhu duoc dap tat nho ¢d cac thdng sé bo phan
giam chan cua hé thong treo. O duong map mo I1SO 8608 ciing tuong tu
duong map md xung do gia tdc dao dong theo phuong thang dung cua xe
thap hon khi xe vao dudng map mé xung.

- Dao ddng cong huong xuat hién trén dui ngudi ngoi. Ca ba loai map mo
déu gay ra cong hudng trén dui, do dui tiép xUc truc tiép véi dém ngdi nén
cam nhan tryc tiép dao dong va kich thich dao dong tir san xe.

3.5. SO SANH KET QUA MO PHONG
3.5.1. Co s6 so sanh
3.5.1.1. Cdc gid thiét

- Hé dao dong Xe — Ghé - Nguoi trén dudng gom nhirng vat rin lién két voi
nhau theo cac dinh luat ctia co hoc: Xe 1a vat ran d¢6ng nhat c6 khéi luong tap
trung tai trong tam; Ghé va nguoi gom nhitng vat ran lién két véi nhau c6 khoi
luong tap trung tai trong tAm moi vat.

- C4c luc kich dong 1én mé hinh tai cac banh xe duoc tap trung tai mot diém
gitra vét banh xe tac dung véi mit dudng (trung voi diém Kich thich trong md
hinh Simulink)

- Khéng c6 chuyén dong twong ddi gitra Nguoi, Ghé, Xe, mit duong dé cac

vat ludn tiép xtc vaéi nhau tai mot diém duy nhét.
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- Hé dao dong khéng chiu tac dung cua cac luc can gid, can dc, can quéan
tinh va nhiing luc giy ra dao dong tir xe nhu: Dao dong dong co, hé thng

truyén luc. ..

3.5.1.2. Co so so sanh

Dé so0 sanh két qua mod phong c6 thé st dung phuong phap thi nghiém do
c4c gid tri trong wng voi md phong. So séanh két qua mé phong nham ting thém
d6 tin cay cua két qua mé phong trong luan an. Thi nghiém thuong tién hanh
trén duong thir dé dam bao day du cac diéu kién hoat dong cta xe déu xuat
hién. Thi nghiém trén bé thtr ciing c6 thé thuc hién duoc nhung mot sé théng
sb s& duoc gia dinh. Tuy nhién thi nghiém can chi phi cao va trang thiét bi dat
tién, vi vay noi dung thi nghiém s& duoc trinh bay trong mot chuong riéng.

Véi su phat trién manh mé va hién dai caa may tinh cuing céc quy trinh
mo6 phong s6, md hinh mé phong phan tir hitu han (ng dung trén 6 t6 mang lai
nhitng muc dich chinh:

- Phan tich tng suat, bién dang: Kiém tra kha ning chiu tai cua két cau
khung vo xe.

- Phan tich dao dong, tan sé: Panh gia do on dinh khi xe van hanh.
- Phén tich va cham: Bam bao an toan khi xay ra va cham.
- Kiém tra moi vat liéu: Panh gia tudi tho vo xe.

Trong nghién ciu ndy, st dung FEM tir phan tich dao dong riéng co thé
xac dinh dugc muc do dao dong cua nguoi ngoi trén xe dang di chuyén dé thay
thé thi nghiém thuc tén kém kinh phi va thoi gian khi thay thé nguoi ngdi bang
md hinh ngudi 40 va c6 tu thé dang véi nguoi thuc. Thong sé dau ra cua FEM
nhan duoc gom tan s, gia toc, dich chuyén theo phuong thang diing tai cac
diém khac nhau ciia co thé ngudi ngdi trén ghé.

Trén mo hinh thiét ké 3-D day du xe, ghé, nguoi ngoi voi nhiéu cac tham

s6 dau vao va nhan nhiéu dit liéu dau ra. Luan an tap trung vao thong sé gia toc
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mo ta dao dong theo hudng thang ding ting bo phéan trén co thé nguoi ngdi

gom dau, nguc, dui sé duoc phan tich dé danh gia két qua mé phong, hinh 3.21.
Dinh dau —

Pau
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a) Thiét ké 3 bo phan trén nguoi b) Thiét ké 3-D m6 hinh ghé - nguoi
Hinh 3.21 Thiét ké nhitng diém khao sat trén nguoi vé gia toc thang diing

Dé céc két qua FEM dam bao duge d6 tin cay, luan an da sir dung cong

cu:
- Sir dung phan mém Ansys Student cta chinh hang duoc phép st dung

[65].
- Thiét ké va phan tich cau trlc xe, ghé, ngudi ngoi khao sat dang (gan) nhat

vai mo hinh thyec.,
Céc dac tinh vat liéu cia md hinh FEM gém :
Khung xuong ghé dugc ché tao tir vat lidu thép két cau thuong voi cac
thanh va tam, bang thép 10 xo vai céc 10 xo.
Céac dém ghé gdom dém ngdi va dém tua lung duogc ché tao tir bot FOAM,
PVC c6 tinh xdp va dan hoi cao, ¢ kha ning hap thu ning luong va dap va dé
tao hinh. Cac thanh phan cua xép co lién két ngang. Ngay nay cac dém ghé 6

t6 thay bang bot polyurethane do c6 kha niang phun tryc tiép trén mot tam kim
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loai cing két ndi véi san xe. Két ciu cua bot polyurethane bao gdm méot ma
tran polyme vai 16 chira khdng khi ma khéng bi anh hudng dén céc tinh chét
co hoc cua bot. Cac dic tinh tinh va dong cua bot phu thudc vao cu tric nhu
d6 day, mat do, gioi han ang suat, bién dang va giéi han chay cua bot. Nhiét do
va tai trong anh huong dén céc dic tinh nay caa dém.

Nguoi ngdi trén ghé duoc gia thiét khong tinh dén khung xuwong co thé,
con lai dugc ché tao bang cling mot loai vat liéu nhua Plastic, Polyester 13 loai
nhyua khong bao hoa c6 tinh duc cao, tinh déo cao.

bac tinh cua cac loai vt liéu mo6 hinh duoc néu trong phu luc 3.8
3.5.2. M6 hinh héa cac vi tri ghé ngdi trén xe

Dua vao md hinh CAD 3D 6 t6 khach 29 chd County tir nha san xuat, st
dung phan mém Ansys Workbench tién hanh xay dung mé hinh phan ta hitu
han. Than xe dugc chia ludi dang vubng 40 mm, cac thanh dam két cau duoc
lien két v&i nhau theo dang médi han cting bolded va Constrained Extra Nodes
Option. Str dung diéu chinh thiét ké 1a nhém céc chi tiét thanh cac khéi chi tiét
3D Vvéi s6 lugng t6i thiéu bang cau 1énh Combine/ Mege dé tao ra s6 vat 3D toi
thiéu, phu hop véi dung luong ciia may tinh trong mé phong chir khdng phai
thay doi thiét ké xe.

M6 hinh phan tir hitu han xe khach c6 455719 nit va 229766 phan tir hinh
3.22.

Hinh 3.22 M6 hinh hdéa FEM xe khach 29 chd
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Str dung mo6 dun Harmonic dé dat bai toan. Sau khi dit cac diéu kién lién
két va nhap loai vat liéu, cac ché do tai va diéu kién bién duoc thyc hién trén
co s trang thai hoat dong thuc té cua xe.

Diéu kién bién gom :

- Ngudoi ngdi ¢6 phan dudi mdng tiép xtc hoan toan véi dém ngoi.

- Ap lyc caa ngudi dé 1én dém ngdi phan bd déu trén bé mat tiép xuc.

Dit tai trén mo hinh dugc bat dau tir phan tich FFT cac ché do map md mat
duong ta nhan duoc bang gid tri cac théng sb tin hiéu kich thich. Cac tin hiéu

kich thich dat tai vét tiép xdc véi mat duong va banh xe hinh 3.23.

Hinh 3.23 Vi tri dat tai trén mo hinh
C4c gia tri bién do tan s tin hiéu kich thich dang d6 thi tin hiéu map mé
nhu hinh 3.24.

A_k(mm)  Tin hidu kich thich tir mit dwong map mé sin
250

~— Bxe trroc trai —— Bxe sau trai f k(Hz)
----- Bxe trwoc phai - - - - Bxe sau phai

a) Map mo Sin
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A_K(mm)  Tin hiu kich thich tir mat dwémg map mé nung
300

250 A
200 n
150

I
100 ||I
|
i

i
0
i) 5 10 15 20
—— Baxe tnrdc trai Bre sautran f k{Hz)
----- Bxe trwoc phai = = - Bxe sau phai

b) Map mé Xung

PsSD Tin hidu kich thich tir mat dwong IS0 5605

—— Bxe trirde trai Bxe zau trai f k{Hz)

====- Bxe tnroc pha - = = Bxe sau phai

¢) Map mé 1SO 8608
Hinh 3.24 D6 thi tin sb - bién d6 cua tin hiéu tr map mé mat dudng
3.5.3. Két qua md phéng
Trong mo phéng can giai quyét ba yéu té chinh:
~ Su gia tang dot bién vé cu tric nat caa két ciu nén can kha nang tinh toan
ctia phan cang may tinh
- Gia tang vé khéi luong di liéu
~ Ty d6ng ti wu cau trdc mang ludi cac phan tir cua két cau.
Vi vay khi chay mé phong theo thoi gian thuc két qua s& phu thudc vao

nang lyuc tinh toan va dung luwong may tinh. Loai may tinh dugc su dung: HP
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Zbook Fury 15.6 inch G8 Mibile Workstation hé diéu hanh Windows c6 ban
quyén va phan mém Ansys Workbench chinh hang [65].

Trén giao dién man hinh may tinh trong mé phong sé ¢6 5 viing hoat dong
chinh hinh 3.25.

Viing dit bai toan m6 hinh héa va mé phong Do thi két qua tan s6 - bién do dao dong
Outline < 1 O %/ Workshest / N
MName - | 5 b thne | . Cranm :‘ \cy Response Ca vo xe
) Y5241 Tam san duoi == esponse La €

« ) Y5-241Tam 2an tren
5 Materss
B35 Coordnate Systems
B[ Connectons
#— (5] Contscts
+B Mesh
5,1 Harmonic Response (AS)
#Tvo Pre-StressModal (None)
EN Anslyss Setings
@ Fixed Support
B Bxe truoc el
B Exe ssuphs
-5 Solution (AS)
1] Sokstion Information
t ~ Total Deformaton =
,,._ Frequency Response Bxe .Eu‘w
,._ Frequency Responss Bus £ o
‘;._ Frequency Response Bxe ‘E I
v’l_ Frequency Response Bue g
,._ Frequency Responss Bxe
,,._ Frequency Resporse Ch

1.9333 5. 7.5 0. 125

L Bpmm v Daernmes Tim Frequency (Hz)
0 »
Details of “Frequency Resporse Cvd:= 01 O x Geometry | Worksheet
MmmwnF Tequen q||1 Hz
MauMumFienuenq w | (Gueph B O X Tabular Data ~-0Ox
!D‘;play |Bage '11‘ L | Frequency [Hz) [+ Amplitude jm/s’) ||—

| €nart viewing Styte [Log¥

b
]

=|Resutts
Maximum Ampli.. usu m/s E
Frequency |66H2 z

- 7 75333 0.60433 80
8 84667 1.2408 m
9 |94 0.87439 180
1010333 011745 10 |
| Pnase angle |180." 5 75 0. 125 15 :; :;iw ::i??: :x
Real H‘mﬂ“ REIREREE! 018572 150
‘ Imaginary [oomsst [Hz] valeanes Avinee aen

Bang két qua tan s6 - bién d6 dao déng D6 thi tai Bang dir liéu tai trong

Hinh 3.25 Giao dién md phong sb trong phan mém Ansys Workbench
2024R2
Dit liéu thu duoc tir md phong Matlab- Simulink va FEM rat 16n, dé so

sanh cy thé day du cac truong hop s& can thoi gian nhiéu va chiém nhiéu dung
luong may tinh. Trong diéu kién han ché, NCS dé xuat so sanh két qua mo
phong trong truong hop kich thich SIN va ché do van toc xe V = 40 km/h 1am
dai dién.
3.5.3.1. So sanh két qud mé phéng FEM dao dong dau nguwoi

Két qua md phong FEM trén dau ngudi ngdi ¢ hai vi tri khao sat néu trén
hinh 3.26.
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Nguoi ngdi trén ghé phu (Ay): trong md phong Malab/Simulink dao dong
dau ngudi ngdi ghé phu co gia toc 0.82 (m/s?) & tan s6 14 (Hz), md phong FEM
cao hon 1a 1.33 (m/s?) & tan sb cao hon 1a 16 (Hz).

Nguoi ngdi trén ghé hang 3 (Az): trong md phong Malab/Simulink dao
dong dau ngudi ngdi ghé phu c6 gia toc 0.3 (m/s?) & tan s6 15.5 (Hz), md phong
FEM thap hon 14 0.16 (m/s?) & tan s6 thap hon 1a 11 (Hz).

V@D ihtich S, V- 40
08
06

0.4

0.2

0.1

0

0 5 10 15 20 f n(Hz)
—— Gheé phu — — - Ghe hang 3

a) Két qua dao dong dau nguoi dung Malab/Simulink mé phong
_— FEM_ Dao déng dan
W) kich thich Sin, V=40 kmh
1.4 Al

A
1.2

1
0.8
0.6
0.4
0.2 A2

1
0.1 ‘l |
\

Q o - =
0 5 10 15 20 f n(Hz)
—— Ghé phu — — . Ghé hang 3
b) Két qua dao dong dau ngudi ding FEM/Ansys Workbench md phong

Hinh 3.26 Két qua md phong dao dong dau ngudi ngdi trén ghé
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Trong ca ving tan sé khao sat dén 100 (Hz), budc nhay 10 (Hz), so sanh
dao dong dau ngudi ngdi ghé phu, kich thich Sin, V = 40 km/h, Bang 3.6, mirc
d6 sai khac nhau gitra m6 phong Matlab/Simulink va FEM/Ansys Workbench
tinh bang ty 1é (%) cao nhat 12 18.5 (%) & tan s6 20 (Hz) va thap nhat 4 1.4 (%)
& tan s6 60 (Hz).

Bang 3.6 Gia toc dao dong dau ngudi ngdi ghé phy, kich thich Sin, V = 40
km/h
f(Hz) 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Simulink [ 256 11925 79| 7 |71 (811 | 23 | 242 | 23
FEM 212 | 97 |26 |76 |73 |72 | 85 |221|274 | 271
Sai khac
nhau (%)

172118540 (38|53 |14 | 48 | 39 | 132 | 178

3.5.3.2. Két qud moé phéng FEM dao djng nguc
Két qua md phong trén nguc ngudi ngdi ¢ hai vi tri khao st néu trén hinh 3.27.
Nguoi ngoi trén ghé phu: trong md phong Malab/Simulink dao dong nguc
nguoi ngoi ghé phu cé gia toc 4 (M/s?) & tan s6 14.2 (Hz), md phong FEM thap
hon 13 3 (m/s?) & tan s cling thap hon 6,5 (Hz).
Nguoi ngoi trén ghé hang 3: trong md phong Malab/Simulink dao dong
nguc ngudi ngdi ghé hang 3 c6 gia toc 8.5 (M/s?) & tan sb 14.2 (Hz), md phong
FEM thap hon 14 1.5 (m/s?) ¢ tan s thap hon 14 4.2 (Hz).

Dao dong ngwec

11_“’031-’52) kich thich Sin, V = 40 km/h

Q

8

7

6

5

4

3

| \

1

: IRWANSY P\
] 2 4 [ &8 10 12 14 16

—— Ghé phu —— Ghé hang 3 f_n(Hz)

a) Két qua Malab/Simulink
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Dao dong ngec

2

——— Ghé phu

b) Két qua FEM/Ansys Workbench
Hinh 3.27 Két qua mé phong dao dong nguc ngudi ngoi trén ghé

4

|

p\& ﬁ

- = . Ghé hang 3

10

f n(Hz)

Trong ca ving tan s khao sat dén 100 (Hz), budc nhay 10 (Hz), so sanh

gia tbc dao dong nguc nguoi ngdi ghé phy, kich thich Sin, V = 40 km/h, bang

3.7, mic d6 sai khac nhau gitta mé phong Matlab/Simulink va FEM/Ansys
Workbench tinh bang ty 1¢ (%) cao nhat 1a 28.6 (%) ¢ tan s6 40 (Hz) va thap
nhit 1a 2.49 (%) & tan s6 10 (Hz).

Bang 3.7 Gia toc dao dong nguc ngudi ngdi ghé phy, kich thich Sin, V = 40

km/h
Tan o) 0| 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
f n(Hz)
Stmulink 21 65 | 47| 81| 85| 83| 64|53 |57 66
aw(m/s?)
FEM 68 |56 |53 /63|71/69|67| 6 |55]| 509
aw(m/s?)
Sai khac |, o/ | 107 1113286197202 | 45 | 117 | 3.6 | 11.9
nhau (%)

3.5.3.3. Két qud mé phong FEM dao dpng dii
Két qua md phong FEM dao dong dui ngudi ngdi o hai vi tri khao sat néu

trén hinh 3.28.
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Ngudi ngoi trén ghé phu: trong mé phong Malab/Simulink dao dong dui
ngudi ngdi ghé phu cd gia toc 7.1 (m/s?) & tan sé 14 (Hz), md phong FEM cao
hon 1a 1.6 (m/s?) & tan sb cao hon 13 6.5 (Hz).

Ngudoi ngdi trén ghé hang 3: trong md phong Malab/Simulink dao dong
dui nguoi ngdi ghé phu c6 gia tbe 7.9 (m/s?) & tan s6 14.2 (Hz), md phong FEM
thap hon 1a 1.1 (m/s?) & tan sb thap hon 13 4.1 (Hz).

o Dao déng dui
;_“ (m/s%) Kich thich Sin, V = 40 kmh
8
I

7
6
5
4
3
2
1 W, W
0

0 2 4 6 8 10 12 14 16

— Ghéplm —— Ghé hang 3 £ n(Hz)

a) Két qua Malab/Simulink

Wiam/s2 Dao dong dui
a_W(m's7) kich thich Sin, V = 40 km/h

1 ) - |

0 2 4 7 8 10
—— Ghéphy - Ghé hang 3 f n(Hz)

b) Két qua FEM/Ansys Workbench
Hinh 3.28 Két qua md phong dao dong duii nguoi ngoi trén ghé
Trong ca ving tan sb khao sat dén 100 (Hz), budc nhay 10 (Hz), so sanh
gia toc dao dong dui nguoi ngdi ghé phu, kich thich Sin, V = 40 km/h, Bang
3.8, mic @6 sai khac nhau gitra mé phong Matlab/Simulink va FEM/Ansys
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Workbench tinh bang ty 1¢ (%) cao nhat 1a 15.8 (%) ¢ tan sé 60 (Hz) va thap
nhit 14 2.9 (%) & tan s6 30 (Hz).
Bang 3.8 Gia toc dao dong dui nguoi ngdi ghé phu, kich thich Sin, V = 40

km/h
Tan SO1 10 | 20 | 30 | 40 |50 | 60 | 70 | 80 | 90 | 100
fn(Hz)
Simulink |31 35 | 66 4137|3228 | 31|39 14
aw(m/s?)
FEM 1 28| 29 |68 3935|3831 364413
aw(m/s?)
Sal khac | 21| 103 | 2.9 |51 57158 9.7 | 138 | 114 7.7
nhau (%)

3.5.4. So sanh két qua mé phéng

Trén d6 thi so sanh két qua md phong gitra Simulink va FEM c6 sy khac
nhau do két qua mé phong trong simulink ¢é chiu anh huéng cua luc quan tinh
chuyén dong thang 1am cho sé map mé cua dd thi nhiéu hon d6i véi md hinh
FEM.

Str dung hai bo dir liéu trong hai mé hinh mé phong Matlab - Simulink va
trong Ansys Workbench dé phan tich héi quy xac dinh hé sé twong quan R? so
sanh muc @6 phu hop cua mo hinh, tir co s& d6 ta lya chon dugc mo hinh tin
cay hon. Gia tri R? duoc tinh theo cac mang dit liéu thu duoc véi r duoc tinh
bai phuong trinh (3.8).

. 2x—x)(y—y)
VI =02 Xy — 7)?

Trong d6 : x va y la cac mau Average(array;) va Average(array,). Voi

(3.8)

(array;) 12 tap céc gia tri doc 1ap cua tan so, (arrays) 1a tap cac gia tri phu thuoc
cua gia tc.

Tinh truc tiép R? theo do léch binh phuong phan du va toan b ta ciling
nhan dugc két qua twong tw, phuong trinh (3.9)

RZ=1- (%) (3.9)
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O day ESS 1a tong cac do léch binh phuwong phan du, TSS 1 tong cac do
Iéch binh phuong toan bd.

Gia tri R? ciia d6 léch binh phuong dao dong tir 0 dén 1, khi gan 1 thi md
hinh da x4y dung cang phu hop véi bo dit liéu chay hdi quy vai nhiéu hé sb hoi
quy van tdc xe, map md mat duong va vi tri ghé ngdi va bo phan khao sat, do
ctring va hé sé dan hoi cua céc lién két trén bo phan co thé, dém ghé va d6 cing
cua ghé.

So sanh xac dinh gia tri bang do thi do tin cay caa phuong phap mo phong
dao dong dau duoc thé hién trén Hinh 3.29.

a W(m/s2) R? so sénh Simulink va FEM Dao déng du
- kich thich Sin, V =40 km'h

30
25 y=0.2262x - 0.716 s
z_
20 R? = 0.6492
15
10
5 ly = 0.272x - 2.7987 |
,_ R*=07311 !
0
0 20 40 60 80 f a(Hz)100
—— Simulink — — - FEM -eeeer Linear (Simulink) Linear FEM

a) R? dao dong dau

a W(m/s2) R? so sanh Sinmilink va FEM Dao déng ngwe
- kich thich Sin, V =40 lam'h

10
y = 0.0476x + 3.06
g R?=0.6334
[} - -
4 Iy = 0.0343x + 3.0153
| RI=07513 |
2
0
0 20 40 60 80 £ n(Hz) 100
— Simulink — — - FEN --eet Linear (Simulink) Linear FEM

b) R? dao dong nguc
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2 Wim's?) B+ so sanh Simulink va FEM Dao dong diu

. kich thich Sin, V =40 km'h

y=0.0279% + 1.0733
R*=0.2972

0 20 40 60 g0 f n(Hz) 100
—— Simulink — — = FEM ---+---. Linear (Simulink) Linear FEM

¢) R% dao dong dui
Hinh 3.29 D6 thi so sanh phuong phap moé phong dao dong nguoi
Théng ké so sanh phuong trinh hoi quy va gia tri R? cia do léch binh
phuong dao dong ta nhan duoc cac sb liéu dinh luong cho thy :
Dao dong dau : M6 phong FEM R? = 0.731 > 0.6429 cua Simulink
Dao dong nguc : M6 phong FEM R? = 0.7513 > 0.6334 cua Simulink
Dao dong dui : M0 phong FEM R? = 0.8015 > 0.2972 cua Simulink

Bang 3.9 Cac phuong trinh hdi quy va gia tri cia R?

D6 thi mé phong Simulink D6 thi mé phong FEM
X y =0.2262x - 0.716 y =0.272x - 2.7987
Trén dau

R2=0.6492 R2=0.7311

Nauce y =0.0476x + 3.06 y =0.0343x + 3.0153
M R = 0.6334 R = 0.7513

D y =0.0279x + 1.0733 y =-0.025x + 3.3867

1

Y R? = 0.2972 R? = 0.8015

Nhan xét: M6 phong phan tir hitu han (FEM) c6 thé duoc st dung lam di
liu tham chiéu dé so sanh véi két qua md phong Simulink. Bé khang dinh do
tin cay cua két qua caa md phong.
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3.6. PANH GIA ANH HUONG CUA DAO DONG PEN NGUOI NGOI
3.6.1. Nhitng yéu cau danh gia
Dua trén két qua md phong di duoc danh gia du do tin cay, cac yéu cau
danh gia anh huong cua dao dong dén ngudi ngoi trén xe gom:
(1) Phan tich dap tng thoi gian:
— Quan sat d6 dich chuyén va gia téc cua gs va ge khi co kich thich tir mat
duong.
~ So séanh phan ung gitra cac bac tu do chinh q1,0....., g7 va tac dong dén g8
va (o.
(2) Phan tich pho tan sé:
~ Phan tich pho tan s cua gia toc tai gg, o dé xac dinh nhiing tan s anh huong
chinh dén nguoi ngoi.
~ Doi chiéu véi phd tan sb cua cac bac tu do khac dé xac dinh ngudn goc cua
dao dong.
(3) Phan tich d6 nhay:
~ So sanh gia toc RMS cua gs va go V§i cac bién dong cua gy, da,.. ., qr.
— Thay d6i tham sé hé théng (d6 cing K, hé sb can C) dé kiém tra muc d6 anh
huong.
(4) Tiéu chuan 1SO 2631:
~  Panh gia mirc do dao dong va thoai méi ciia ngudi ngdi dua trén RMS cua
gia toc.
~  Sir dung phan tich ma tran twong quan dé danh gia day du cac yéu cau nay.
3.6.2. Panh gia sy twong quan giira cac toa d¢ suy rong
Str dung phan tich ma tran trong quan dé danh gia sy twong quan giita cac
toa do suy rong. Pay 1a phuong phap théng ké trong khoa hoc va ki thuat dé
danh gia mirc d6 phy thudc gitra cac bién sb. Trong phan tich hé théng dao dong

cuia xe, ma tran tuong quan cho ta hiéu duoc mai lién hé giita cac bac ty do dao



84

dong (01, Qz.. .., qo) va xac dinh xem bac ty do ndo anh hudng dén ghé phu (gs)

va ghé hang 3 (q).
Hé sb tuong quan giira hai bién ngau nhién X va Y duoc xac dinh:
Cov(X,Y)
Ty = TUy (3.10)

Trong do:
Cov(X,Y) la phuong sai giita hai bién X va'Y
ox va oy 1a d léch chuan cua X va Y
vy CO gid tri tir -1 dén 1:
- R = 1: Hai bién ting cung nhau (tvong quan duong hoan toan).
— R =—1: Mot bién tang thi bién Kia giam (twong quan 4m hoan toan).
~ R = 0: Hai bién khdng c6 méi quan hé tuyén tinh.
Tién hanh xay dung ma tran trong quan giita Cac toa do suy rong qs, Gz,
..., qo d& phan tich. Trén co s& Matlab da xay dung mé phong, tiép tuc 1ap trinh
phén tich. Ma tran tuong quan dugc trinh bay trén bang 3.10 va hinh 3.30

Bang 3.10 Ma tran tuong quan gitra cac toa do suy rong

o)1 02 s Q4 Os Js g7 s Qo

(o1 1 -0.008 [-0.0594 | 0.0402 | 0.0636 | 0.0502 | 0.0066 | 0.061 | 0.0175

g2 -0.008 1 0.0187 |-0.0042 |-0.0116 -0.0948 | 0.0391 | -0.004 | 0.0562

gs [-0.0594 | 0.0187 1 |-0.0055 [-0.0053 | 0.0025 |-0.0055 | 0.0336 +0.0624

gs | 0.0402 +-0.0042 +0.0055 1 +0.0172 | -0.031 | 0.0551 | 0.0052 }0.0293

gs | 0.0636 -0.0116 +0.0053 -0.0172 1 0.0153 | 0.0101 | 0.0178 +0.0068

Je 0.0502 (-0.0948 | 0.0025 | -0.031 | 0.0153 1 -0.012 | 0.018 +0.0245

q7 0.0066 | 0.0391 |-0.0055 | 0.0551 | 0.0101 | -0.012 1 }0.0266 [-0.0404

s 0.061 | -0.004 | 0.0336 | 0.0052 | 0.0178 | 0.018 |-0.0266 1 +0.0446

Qo | 0.0175 | 0.0562 |-0.0624 |-0.0293 |-0.0068 [-0.0245 |-0.0404 -0.0446 1
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Do thi ma trin trong quan gitta q1. q2......q9

Hé s6 tirong quan

al q2 q3 od qo qb q/ q8 q9

a) Biéu dién db thi ma tran twong quan

Ma tran twong quan giita q1-q9
1.00

0.75
0.50
10.25

10.00

S
N
w
HEé s0 twong quan

-0.50

-0.75

~1.00

ql g2 q3 g4 q5 g6 q7 a8 9

b) Biéu d6 hop ma tran twong quan
Hinh 3.30 Biéu d6 ma tran tuong quan giira qs, 0, ..., qo

Tir ma tran va biéu do twong quan gitra gy, s, ..., o cho thay:
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- 01 (dao dong than xe) ¢ muc twong quan cao nhat véi gg (ghé phu), hé
s6 tuong quan r = 0.061 va cling anh hudng dén qo (ghé sé 3) voi hé sb twong
quanr~=0.017.

- 02 (goc lac doc) c6 mdi lién hé kha manh véi go, hé sé tuong quan r =
0.056 cho thiy dao dong lic doc cua xe anh huong dén ghé sé 3.

- s (goc lac ngang) c6 tac dong d6i 1ap 18n gs va go, hé sb tuong quan
duong voi gs, &M V&i (g, nghia 1a khi xe ¢6 dao dong trudc - sau, ghé phu va
ghé s6 3 c6 phan ung khac nhau.

Phan tich pho tan sé trén hinh 3.31 cua gg Va gg cho thay:

- (g cO bién d6 dao d6ng cao hon trong vung tan s6 thap (dudi 5 Hz), phan
anh tac dong tir dao dong tong thé cua xe.

- Qo ¢ bién d6 cao hon & tan sb trung binh (~5-10 Hz), c6 thé do anh
huong cia dao dong hé thong treo ghé hang 3.

Pho tan sé cha 8 va g9

10-2

—— q8-Ghephu |
——— q9-Chéhang 3 |

0 5 1;:] 1I5 2;3 2:5 3I[] 3:5 4-IU 4I5 50
Tan s6 (Hz)
Hinh 3.31 Db thj pho tan sé cua gg va o
Phén tich d6 thi PSD cua gg va o trén hinh 3.32 cho thay:
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— Tan s6 dao dong chinh cua gs va gs nam trong khoang 1-10 Hz.

~ Bién d6 dao dong cua gs cao hon & tin s6 thap (<5Hz), cho thay ghé phu
chiu anh huong lon tir dao dong than xe.

~ Bién d6 dao dong cua gs cao hon & tan s6 trung binh (5-10 Hz), ¢6 thé 1a
do dao dong hé théng treo ghé s 3.

~ O tan sé cao (>10 Hz), bién d6 giam dan, chang to hé théng c6 kha ning
giam chan tét o ving tan so cao.

Nhu vay:

— Ghé phu chiu tac dong nhiéu tir dao dong téng thé cua xe.

~ Ghé s6 3 chiu anh huong nhiéu tir dao dong hé thong treo ghé.

~ Néu tan s6 dao dong tring véi tan s6 cong huong cua con ngudi (~ 4-8

Hz), c6 thé gay kho chiu va mét moi.

q8 - Ghé phu
| : q0-Ghésh 3

1064 || o 1\

Mit d6 phd cong suat PSD

0 10 20 30 40 50
Tan s6 (Hz)

Hinh 3.32 Phan tich pho cong suat cia gs va go
3.6.3. Panh gia Iy thuyét anh hwéng ciia dao dong xe khach dén ngudi ngdi
trén xe
~ Dao dong than xe (qs) c6 anh hudng dang ké dén ghé phu va ghé s 3.
- Dao dong goc lic doc (gz) c6 anh hudng 16n hon dén ghé sé 3 (qo) hon 1a

ghé phu (gs).



88

~ Dao dong lic ngang (gs) gay anh huodng trai nguoc dén ghé phu va ghé 3.
— CAc bac tu do khéc (04, gs, gs) €6 anh huong thap hon dén gg, go.
3.7. KET LUAN CHUONG 3

Chuong 3 da xdy dung ddy du cac dang kich thich mat duong dua vao mo
hinh dao dong, bao gdm map mé sin, xung, ngau nhién va theo tiéu chuan ISO
8608. Trén co s¢ do, véc-to luc kich thich tdc dung 1én hé 9 bac tu do duoc
thiét 1ap, bao dam phan anh ding tuong tac giita banh xe va mit dudng trong
cac diéu kién van hanh khac nhau.

Két qua khao sat dao dong cho thay bién d6 va gia tbc dao dong cua xe
phu thudc vao loai mép mé va van tdc chuyén dong. Cac phan tich trong mién
thoi gian va mién tan s6 chi ra rang ving tan sb thap (1-10 Hz) c6 anh hudng
manh nhat dén dao dong truyén 1én ngudi ngdi. Pong thoi, vi tri ghé phu chiu
tac dong 1on hon so v6i ghé hang 3, ddc biét trong trudng hop kich thich xung.
Két qua md phong dao dong cho thay su phl hop cua cac gié tri dich chuyén,
van téc va gia téc dao dong dung voi co sé ly thuyét vé dao dong trong co hoc
cling nhu chuyén nganh sau dao dong 0 to.

Str dung phuong phap phan tir hitu han (FEM) xay dung mé hinh 3D dao
dong ghé — nguoi ngdi gan dung nhat vai thuc té, ding phan mém chuyén dung
Ansys Workbench phién ban cé ban quyén 2024R2 dé mé phong. Két qua dugc
phan tich theo chi s6 tin cay R? cho thay két qua FEM tin cdy nén duoc sir dung
dé so sanh véi két qua mo phong Simulink.

Xay dung va phan tich ma tran tuong quan da xac dinh dugc nhirng anh
hudng cia dao dong xe dén ngudi ngdi trén xe, cho thay md hinh nghién ctu

tor chuong 2 va chuong 3 1a phu hop.
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CHUONG 4 - NGHIEN CUU THUC NGHIEM

4.1. MUC TIEU NGHIEN VA CAC PIEU KIEN THi NGHIEM

Muc tiéu caa nghién ctru thuc nghiém:

So sanh véi két qua thi nghiém, danh gia d6 chinh xac caa md hinh ly
thuyét va két luan tinh dung dan cua phuwong phap nghién ciiu.

Panh gia dao dong ngudi ngdi trén xe theo tiéu chuan 1SO 2631.
4.2. POI TUQNG THi NGHIEM

Déi tugng thi nghiém 1a xe khach County 29 chd do hang 8 td Truong Hai
san xuat lap rap tai Viét Nam. Xe c6 dac diém gom 1 ghé 14i, 28 ghé phu. Cac

ghé duoc b tri ¢é hai ddy doc, mot ddy ngang ¢ hang cudi cung.

Hinh 4.1 Xe khach County 29 ché thi nghiém
4.3. PUONG THi NGHIEM

Thi nghiém cho xe di chuyén trén mot mat duong 1a néi tiép cia 3 doan

duong c6 ca&c map md nhu trong md phong, xe chay & nhitng ché d6 van téc
khac nhau V=20 km/h, V=40 km/h, V= 60 km/h.

+ Poan dudng ¢ map md ngau nhién, dugc xac dinh bang do truc tiép va
lap bang tinh gi4 tri trung binh ctia map mé dé xac dinh tinh gan ding so Vi
tiéu chuan 1SO 8608 loai C [18].

+ Poan duong c6 gan map md bién dang hinh sin theo tiéu chuan co so

cua Tong cuc Puong bd Viét Nam hinh 4.2.
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G 5 AR § G S "

a. Mép mo mat duong bién dang hinh b. Mé(lp mo bién dang hinh sin Ché

sin theo tiéu chuan tao l4p dit trén duong thir nghiém

Hinh 4.2 Map m6 mat duong bién dang hinh sin

+ Poan duong c6 gan map mo bién dang hinh xung theo tiéu chuan co s

cua Tong cuc Duong bd Viét Nam hinh 4.3.

Hudng xe chay #

Mt dwong

b
a. Map md bién dang hinh xung, b. Map md bién dang hinh xung dugc
b =200 mm; t =60 mm lap dat trén duong thir nghiém

Hinh 4.3 Map mé mat dudng bién dang hinh xung
Vi tri duwong thir nghiém tai Tay Tuu, Ha Noi két cdu 1a duong gom méi
mét chiéu. Chiéu dai duong thir 300 mét, trén dudng nay xe cd thé chay duoc
téc do 80 km/h, hinh 4.4,

N

Vi tri xuat phi \ :

\
e

4 '»_\11
. Khu vire chuéan bi

¥
g Dai hoc Cong nghiép
HaNgi, Coso2

Hinh 4.4 Vi tri duong thir nghiém tai Tay Tuu, Ha Noi.
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4.4. THIET BI THi NGHIEM
4.4.1. By thu thap dir liéu Dewesoft Sirius Mini 16 ACC va R2DB

Bo thu thap va xir ly dit liéu Dewesoft Sirius 16 ACC [10] 1a hé théng thu
thap dit liéu duoc thiét ké linh hoat, dang mé dun, c6 thé md rong va dé dang
trong qué trinh st dung. M6 dun Sirius 16 ACC 1a m6 dun chuyén dung vai 16
kénh do gia tbc.

Hinh 4.5 B6 thu thap dir liéu Dewesoft Sirius 16 ACC va R2DB
4.4.2. Cam bién gia toc ba phwong ICP 356A16
Cam bién ICP 356A16 1a gia toc ké 3 truc do do rung da nang dit truc tiép

trén san xe tai vi tri A sat chan ghé, hinh 4.6.

Hinh 4.6 Cam bién gia téc 3 truc ICP 356A16
Cam bién do ICP 356A16 cho phép lay dit liéu chinh xac ma khong can
lap lai phép do. Diéu nay gilp loai bo su khéc biét gitra cac thir nghiém va do

do tiét kiem duoc thoi gian va cung cap két qua tin cay [7].
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4.4.3. Cam bién gia téc Vibra-Metrics model 1001
Cam bién Vibra-Metrics model 1001 12 gia toc ké 1 truc do d6 rung theo
phuong thang dtng dat truc tiép trén ba vi tri dui, nguc, dinh dau trén co thé

ngudi Ngoi.

LLL

e [

L =i
Hinh 4.7 Cam bién gia téc Vibra-Metrics model 1001
4.4.4. Cam bién van toc DS-IMU1
Cam bién DS-IMU1 1a cam bién do van toc caa 0 to theo hé thong dinh vi
toan cau GPS, c6 tich hgp cac cam bién GYRO, gia téc dé xac dinh goc lic va

gia téc dao dong cua 6 to.

Hinh 4.8 B cam bién van toéc DS-IMU1
4.4.5. Cam bién chuyén dich HF-750
Cam bién vi tri HF-750 hoat dong dua trén nguyén ly quang hoc dung dé
xé&c dinh vi tri gdn cam bién so véi vat phan chiéu anh sang. La cam bién cua

Hang Kistler dung dé do chuyén dich trong pham vi 150900 mm.

Hinh 4.9 B6 cam bién do chuyén dich HF-750
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4.5. PHUONG AN BO TRI CAM BIEN TREN XE VA SO DO CAM BIEN
4.5.1. Phwong 4n bo tri lip dit cam bién

~

Cim bién HF-750

Vi tri 1dp cam bién gia toc ) \ ) b
Cam bién vin toc (DS-IMU1

>

Hinh 4.10 So db lap dat cac cam bién trén xe va nguoi

(BYAu) Cam bién 3
A

(Mgre) Cam bién 2
7

Dewesoft Sirius Mini

(Chén) Z
Cam bhién 1

Ghé

Cam bién A San xe

Frr w

Hinh 4.11 So d6 vi tri do trén ngudi

Vi tri do tai
hang ghé thir 3

Vi tri do tai

T T Nguén AC/DC

—

May tinh chuyén dung R2DB  Dewesoft Sirius Mini

Hinh 4.12 So d6 Vi tri do trén ghé ngoi
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4.5.2. So d6 dau ndi cam bién

Nguén 12VDC

Cam bién HF-750 |—

Nguon 220VAC

Cam bién gia téc ba phwong
(ICP 356A16)

Cam bién gia toc 1
(Vibra-Metrics model 1001)

Cam bién gia téc 2

(Vibra-Metrics model 1001) [

Cam bién gia toc 3

Cam bién van toc

(Vibra-Metrics model 1001) “7 -

: :
r:nel!:llbl“ﬁi‘lll‘d'l
e |
Y AL 3 )8 ) )

Dewesoft Sirius Mini

May tinh R2DB

|
|
|
O |
l
|

(DS-IMU1)

Hinh 4.13 So d6 dau ndi cac cam bién

4.6. CAC CHE PO THU NGHIEM, LAP PAT CAM BIEN LEN XE VA
TIEN HANH THi NGHIEM
Bang 4.1 Céc ché do thir nghiém

Déy nguon

Day tin hiéu

Céc ché do thirnghiém | V =20 (km/h) | V =40 (km/h) | V =60 (km/h)
Ky hiéu file V20 V40 V60
Dao dong chan ghé A 20 XYZ A 40 XYZ A 60 _XYZ
Dao dong chan nguoi | CB1 20 Z CB1 40 z CB1 60 7z
Dao dong nguc nguoi | CB2_20 Z CB2_40 7 CB2_60 Z
Dao dong dau nguoi | CB3 20 Z CB3 40 z CB3 60 Z
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Xe thir nghiém chay trén mat duong c6 bién dang ngau nhién, map mo
hinh sin va hinh xung. M&i mét van toc tai ché do thar nghiém duoc tién hanh
do ghi trong ba lan duoc luu lai trén cac file va dugc dit tén theo quy udc:
A 20 XYZ dén A_60 XYZ. Trong d6 A: Cam bién gia toc 3 phuong, V20:
Van tc thar nghiém 20 km/h, XYZ: Phuong X, phuong Y, phwong Z cta cam
bién gia téc. CB1 20 Z dn CB1 60 Z; CB2 20 Z dén CB2 60 Z;
CB3 20 Z dén CB3_60 Z trong d6: CB1, CB2, CB3 — Cam bién gia toc mot
phuong, V20: Van téc thir nghiém 20 km/h, Z: Phuong Z cua cam bién gia toc

mot phuong.

Do thoi gian 10s trong mé phong 1a qué trinh khao sat xe gap map mo
gom trudc khi gap, tai thoi diém gap va sau d6 dao dong tat dan c6 anh huong
cua giam chan. Xe van hanh thuc té trong thi nghiém 600s la tong thoi gian xe
chay thi nghiém trén téng quing duong thi nghiém dé tao trang thai 6n dinh
cua xe, lai xe, ky thuat vién va cac thiét bi do.

by g gpv——| ‘B
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T T e s

'.’.“","' — s-,-‘l
Cam bién do gid
phyong ICP 356AT6

Hinh 4.17 Lap dat cam bién do gia téc mot phuong Vibra-Metrics model
1001 tai 3 vi tri dinh dau, nguc, dui

Hinh 4.18 Lap dat bo thu thap dix liéu Dewesoft Sirius 16ACC va R2DB



97

5 LT ——

Hinh 4.20 Xe thir nghiém chay qua map mo don hinh xung
4.7. THU THAP VA XU LY SO LIEU THUC NGHIEM
4.7.1. Thu thap dir liéu

B6 thu thap va xtr ly dir liéu Dewesoft Sirius 16 ACC c6 ciu hinh duoc str
dung dé thuc hién cac phép do do dao dong trén xe thi nghiém bao gom cac
may phan tich FFT va bo thu thap dit liéu duoc sir dung dé xem dang séng,
phan tich pho va danh gia dang song thoi gian.

Dit liéu thi nghiém duogc thu thap va xu ly truc tiép trén may do véi phan
mém chinh héng trang bi theo may. Dang song thoi gian tir khéi dit liéu s6 hoa
1a b liéu thi nghiém. Cac budc xu 1y s6 liéu thi nghiém do dao dong 6 to trén
may do, gdom:

Phan tich dix liéu: Str dung cac céng cu phan tich dit liéu dé xac dinh cac
dic diém chinh ctia dao dong, nhu tan sb, bién do va thoi gian.

Phan tich thoi gian: Str dung phan tich thoi gian dé xac dinh cac mé-dun

dao dong va cac thanh phan dao dong chinh.
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Phan tich tan sé: St dung phan tich tan s dé chuyén doi dix liéu thoi gian
thanh tan sé dé phan tich cac thanh phan dao dong.

Phan tich sai léch: St dung cac phwong phap phén tich sai 1éch dé xac
dinh va loai bé céc yéu té khdng mong mudn trong dit liéu.

Phén tich da chiéu: Do c6 nhiéu bién sé do, st dung phan tich da chiéu dé
xac dinh cac méi quan hé giira cac bién sd.

Cac phan mém c6 thé str dung phan tich dit liéu trong thi nghiém nay gom:
Matlab hoic phan mém chuyén dung DewesoftX di kém theo may do.

Phan mém: DewesoftX, Version: 2020.1 (64-bit), Build: Release, Product
licence: DEMO, System: Windows 10 Build 22631 (64-bit Edition). O mé dun
Analyse ciia DewesoftX, dit liéu da ghi s& duoc hién thi, khong phu thudc vao
loai thiét bi da chon, c6 thé trén may tinh thong thuong cling giéng nhu trén
may do, khi d6 c6 thé xem lai toan bd phép do vai kha nang tly chinh chon
kénh va tiy chon diéu chinh ving phéng to bang banh xe chudt may tinh nén
d6 tin cay cua két qua cao.

Két qua thu thap sé liéu thi nghiém trong phan mém DewesoftX duoc mo

ta mot treong hop trén giao dién may tinh trén hinh 4.21.
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A o ) Qu¥ dao chuyén déng
Gia t0c dau (m/s2) Gia t0c dui (m/s2) Gia tOc ngure (m/s2) clia xe thi nghiém
\___ Y "-.‘

Thvi gian thyre hodc RMS D6 thi két qua theo thdi gian thyre
;':ﬂ'r Relative
Single time axis ~
& ¥ Axis

Tdstype  Automatic
v

Displary
type

RMS

Hinh 4.21 Giao dién két qua thi nghiém theo thoi gian thuc

4.7.2. Xir Iy cac 16i trong qua trinh do va xir ly dir liéu

Cac 15i chinh trong qua trinh do va xtr Iy dit liéu dao dong 6 to gom:

1)

2)
3)

4)

5)

Khoéng lap dat dung vi tri va huéng do trén céc truc X,Y,Z cua cac cam
bién gia toc dan dén dit liéu khdng chinh xac

Str dung cam bién khéng phi hop véi mire dao dong va tan sé yéu cau
Thiét 1ap pham vi tan sb tdi da f(max) va ty 1& 15i (LOR) khong dung,
khong phu hop véi qua trinh do va phan tich dix liéu

Dit liéu bi anh huong bai nhidu nén do st dung cac phuong phéap loc
nén khong dong déu trugc khi phan tich dir liéu

C06 cé4c yéu td khdng mong mudn do khéng xu ly phan tich sai léch dé

xac dinh va loai bo trude khi tién hanh do.
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Céc 16i 2,3,4,5 dugc dam bao véi thiét bi do chinh hang thé hé méi, phan
mém hién dai. Chuyén gia do tai Hoc vién K¥ thuat Quan sy, Ha Nbi la cac Ky
thuat vién chuyén nghiép cé ki ning, tay nghé va nhiéu kinh nghiém trong ki
thuat do luong va xt ly s6 liéu thi nghiém.

L3i 1 can dugc hiéu chinh phd hop. Co sé hiéu chinh duoc thuc hién nhu
sau:

Do d6 cong cia bé mit nguoi tai vi tri do: Pau, nguc va dui 1a cho céac
cam bién gia toc gan trén bé mat da sé tao ra @6 léch hudng so véi hudng truc
cam bién va truc sinh hoc cta ngudi. Theo thdng ké nguyén nhan nay cé thé
gay ra 151 do luong dan dén két qua sai sb téi 20%. Dé sira 16i ndy can dat cam
bién do theo hudng hiéu chinh Iéch thém mot goc o so vai hé truc tim co s 14
huéng truc cua cam bién véi kha nang truyén gia téc ¢ tan s6 thap 0,5 Hz tinh
theo cong thuc (4.1)

Tsx(jw) (4.1)
Ts,(jw)

GAc hiéu chinh cua cam bién dugc theo ddi truc quan va hiéu chinh trén

a=tan" ! [ ]; w = 2m(0.5) rad/s

man hinh va phan mém may do truéc mdi 1an thi nghiém dugc mé ta trén hinh
4.22.

Huwdng truc clia sensor
_____ Hwdéng hiéu chinh

Tsy Sensor gia tc ké

Bé& mat da nguwdi ngdi

Hinh 4.22 G6c hiéu chinh cam bién do dao dong
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Két qua tinh toan goc hiéu chinh gan cam bién do ba vi tri trén nguoi ngoi
sao cho truc cam bién theo hudng thang ding Tsz duoc néu trong bang 4.2:

Bang 4.2 Goc hiéu chinh gan cam bién do dao dong trén nguoi

Vi tri Trén dau | Trén nguc Trén dui
G~océngh|Aeng tﬂ.lg Cam‘plenA 85 100 85
s€ gan trén co thé nguoi (do)
Gac hiéu chinh (d0) +5 -10 +5

4.7.3. Phan tich két qua thi nghiém
4.7.3.1. Xdy dwng tép dir liéu két qud

Cac két qua thi nghiém nhan duoc cac file ¢ phan mo rong .dxd cua
DewesoftX Data File. Nhin trong file Excel, dit liéu dang bang sé caa mdi két
qua trong mét lan do c6 dung lwong rat 16n vai gan 240.000 dong lam cho thoi
gian so sanh két qua sé tang 1én rat 16n.

Cac dir liéu do duoc cia mdi két qua trong mot lan do gom: thoi gian (s);
gia toc (m/s?) cua ghé, gia toc san xe theo 3 phuong X,Y,Z va dao dong theo
phuong thang dung cia cac bo phan co thé ngudi gdém: dau, nguc va dui; map
mé mat duong (mm); van toc xe chay thi nghiém (km/h). Bang dang két qua
thi nghiém néu trén hinh 4.23 c6 238674 dong dir liéu do.

Time Map mé Van téc GIATOCSAN-X GIATOCSAN-Y GIATOCSAN-Z GIATOCDUI GIATOCNGUC GIATOCDAU

5 mm km/h m/s2 mfs2 m/s2 m/s2 m/s2 m/s2

] -

GIATOCSAN-X m/s2 g::gi GIATOCSAN-Y m/s2 GIATOCSAN-Z m/s2 ;giié:j
8 0,492 6 1 5953134
6 0452 4 5935584
4 0,492 3918035
2 0,492 - 5900485
e e 0420 5882935
AABAERBIERIEALERE oem 5865385
|| mnenemsawmeeRn “ 0,492 5847825
42,0009 429.84317 432,901962 0,45272493 0.64464134 0.88421106 U, 3301990 U, U333USIUS u,Us5830285
GIATOCDUI m/s2 2,452 GIATOCNGUC m/s2 GIATOCDAU m/s2 p12736
2,49: 795186
5 0,492 Sg 08 777636
) 149 760086
5 2,49 g 742536
5 2,49 g 724983
1 0,4° 20 707433
o 249 0 oo oo P — 539383
mmmmmmmmmmmmmmmmmm 0,49 ) : 0,32940754 0,035093118 0,035654783
42,002 42871347 42,901157 0,49349189 0,64519155 0,88620007 0,32932833 0,03507204 0,035637233

Hinh 4.23 Bang dang két qua thi nghiém



102

Phan tich dir liéu dé nhan cac két qua phuc vu danh gia theo muc tiéu
nghién ctu. Mot dang két qua thi nghiém dang gia toc RMS trén dau, nguc va

dui ngudi ngdi trén ghé dugc trinh bay trén hinh 4.24.a,b,c.

5.0

4.0

an

2.0

1.0

0.0

g
n» ﬂq - L !
WWMMJ || lw EMWUMM o) b
SE1TE 01:00.000 ::'F,'.-:::""}:’:' 01:10 01:13.229 E LS 176 01:00.000 ::-:1:_':::.-.-::»:»:) 0013228 -
a. Trén dau b. Trén nguc

z

] \

= [

Y WW {

55176 01:00. 000 01:05.000 01:10 01:13.229

e

t(m:s)

c. Trén dui
Hinh 4.24 D6 thi gia toc RMS trén cac bo phan co thé theo phuong Z nguoi
ngdi hang ghé phu, kich thich sin, V = 40 km/h



103

Khi xe chuyén dong véi van toc 40 km/h trén mat duong ngau nhién dao

dong dui, ngue, dau khoang 0.3 m/s?, khéng gay kho chiu cho ngudi ngdi. Khi

di qua map map mé don hinh sin, xung: Ta c6 thé thdy dao dong dui 16n nhét

lan luot 3.5 m/s?, 5.1 m/s? gay cam giac cuc ky kho chiu cho b phan dui, dao

d6ng nguc 0.51 m/s2, 0.62 m/s? gay hoi khé chiu cho nguc, dao dong dau 0.5

m/s?, 0.61 m/s? gay hoi kho chiu cho dau.

1.00 1.20

0.80

0.60

i
A
|

tis

v s
AP
T s ﬂ
36.149 ¥ 28000 35000 "‘?'-_'3;:’:' 41.000 42000 43 43926 B 36.149 30  3B.00D  33.000 4»?-.:-.‘;'.":' 41.000 42000 43.43926 -
a. Trén dau i b. Trén nguc
af \
!
g
- [
= b \Jllll
T
=2h l\ ‘\ o
=1 1 W
VAT SN A

36.149 ¥ 35000 29000 40.000 41.000 42000 4343926

c. Trén dui

t(s)

Hinh 4.25 D6 thi gia toc RMS trén cac bo phan co thé theo phuong Z nguoi

ngdi hang ghé phu, kich thich sin, V = 60 km/h.
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Khi xe chuyén dong véi van toc 60 km/h trén mat duong ngau nhién dao
dong dui, nguc, dau khoang 0.31 m/s?, khdng gay khé chiu cho ngudi ngdi. Khi
di qua map map mé don hinh sin, xung: Ta c6 thé thdy dao dong dui 16n nhét
lan luot 2.3 m/s?, 3.8 m/s? gay cam giac cuc ky kho chiu cho bd phan dui, dao
d6ng nguc khoang 1,02 m/s?, gay kho chiu cho nguc, dao dong dau 0.5 m/s?,
0.58 m/s? gay hoi khé chiu cho dau.

Két qua thi nghiém cho day du két qua gié tri gia toc RMS cac vi tri khao
sat dao dong hai vi tri co thé ngudi ngoi tai cac vi tri ghé khac nhu ghé phu va
ghé hang 3. Dao dong chu yéu tap trung ¢ vung tan s thap cho thay két qua thi
nghiém phu hop vaéi Iy thuyét hinh 4.24 va hinh 4.25.

Cac két qua dugc trinh bay ¢ hai dang dir liéu: Dang mo ta lai qua trinh
thi nghiém véi cac gia tri chay theo thoi gian thuc, cac file két qua luu theo file
c6 phan mé rong.dxd; Dang bang sé va d6 thi trong file Excel gitp cho nguoi
str dung doc tryc tiép cac gia tri khi khoéng sin c6 phan mém DewesoftX. Hai
dang dit liéu két caa duoc néu trong Phu luc 4 cua luan an.
4.7.3.2. Ddnh gid dp héi tu va loc nhiéu ciia két qua thi nghiém
a) D6 héi tu

Muc on dinh cua cac thong sé do theo thoi gian trong thi nghiém duoc
danh gia thong qua d6 hoi tu vé gia tri trung binh. Cac phuong phap chinh dé
danh gia d6 hoi tu trong thi nghiém gom:

1. Phan tich thong ké co ban
Chi tiéu CV duoc tinh boi hé sé bién thién

cv="2 (4.2)
. .

— Néu CV < 10% — Hoi tu tt.
- Néu CV > 20% — Hoi tu kém.
w: Gia tri trung tdm cua dix liu.

o: Do léch chuan, danh gia mac d6 bién thién cuaa dir liéu.
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2. Phéan tich hinh anh
- Biéu dd duong: Néu tin hiéu dao dong manh, c6 thé can thoi gian dé dat
hoi tu.
— Boxplot: Néu boxplot hep (phan bb nho), dix liéu co d6 hdi tu cao.
b) Loc nhiéu
Trong bat ky thi nghiém nao, dit liéu do thudng bi anh huong bai nhiéu
tan sé cao, nguyén nhan do:
~ MBoi truong bén ngoai (dao dong, nhiét o, do am...).
— Cam bién do (nhiéu dién tw).
Sai s6 ngau nhién.
Loc nhiéu nham cai thién chat luong tin hiéu do, giam sai s va danh gia
hoi tu chinh xac hon.
C6 nhiéu phuong phéap loc nhiéu khéac nhau. Trong thi nghiém nay, NCS
str dung loc théng thap.
+ B9 loc thdng thap Butterworth
Dic diém cua bo loc théng thap Butterworth
— Duy tri hinh dang cua tin hiéu (khéng gay bién dang dir liéu).
- Labo loc bac 4 (bo loc bac cao hon sé lam muot tin hiéu manh hon).

~ Phuong trinh ham truyén st dung trong bo loc théng thap

H(s) =

2n (4.3)
1+ (i)
fe

— f.: latan s cat.
- n: la bac cua bo loc.

+ Loc trung binh truot
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L4y trung binh cac diém lan can theo cong thuc tinh cac diém lan can:

1 N-1
Vi =Nz x; —k (4.4)
=0

— N la kich thuéc cira s6 truot.
Bo loc nay ¢6 uu nhuoc diém:

— Lam muot dit liéu nhung co thé gay tré tin hiéu.

~ Ung dung tét cho dix liéu c6 nhidu ngau nhién nhung khong phai tin hiéu
dao dong manh.

Trong phan tich thi nghiém nay NCS sur dung bo loc Butterworth.

¢) Phan tich dé thi
1. Biéu do dwong - Xu hwéng bién thién theo thoi gian

Do sir dung loc nhiéu nén tin hiéu dugc cai thién tot hon, cac nhidu da
duoc loc bo con lai tin hiéu thuc duoc st dung. Hé sb bién thién nho cho thay

dir liéu it phan tan va c6 d6 hoi tu cao hinh 4.26.

Théi gianx 107

Théi gian x 10° Théi gian x 10°
VN
= . _
=1 2 ﬁ"x‘ - Trudre loc : Truée loc
g 10} et ] _ Saulec | | Sau loc
&
UI
0 o3
Théi gian x 10°

Hinh 4.26 So sanh dix liéu trude va sau khi loc nhiéu
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2. Biéu do hop

Boxplot danh gia ¢6 phan tan cua cac théng sd Boxplot Sau khi loc nhiéu

+
20k T i 45

+

60 -

50

40 -

;_; 20 F = 4
30 ES 1 o

E 15 B
—

|
[

|
N

Gia tri

i I
R

pi_tn p2_tn q1_tn ni_tn n2_tn n3_tn v_tn pl_tn p2_tn q1_tn ni_tn n2_tn n3_tn v_tn

Hinh 4.27 Biéu d6 hop danh gia do phan tan cua tin hiéu

Trén biéu d6 hop cho thay cac dit lidu déu c6 d6 hdi tu cao, it bién dong
ngoai trir dit liu dao dong dau ngudi ngdi. Piéu nay co thé do cong hudng dao
dong tir co thé ngudi truyén 1én dau. Nhu vay ns 1 can diéu chinh diéu kién thi
nghiém hoac loai b nhiéu caa cam bién do trén dau.

3. Biéu do hé so bién thién

Hé sb bién thién CV danh gia mac do hoi tu hinh 4.28 Cot c6 CV nho
nghia 1a dit liéu it phan tan, nhu vay c4c tin hiéu do trén co thé c6 xu hudéng hoi
tu tot do cac cot cd CV nho.

Hé s6 bién thién cua cac thong sé Hé sb bién thién sau khi loc nhidu

Hés6CV

-15 I I I I I I I 15

plpn p2n  qlpn  nlpn n2n n3n  vp pin  p2n  gln nip  n2n  n3n  wn

Hinh 4.28 Do thi bién thién dit liéu thi nghiém
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Theo chi tiéu danh gia:
- CV < 10% — Hoi tu rat tét.
- 10% < CV < 20% — Chép nhan dugc.
- CV >20% — Hoi tu kém, can diéu chinh.
Nhan xét tir do thi ta thay tat ca cac théng sé déu co gia tri CV nhé hon
10%, chung to két qua do ddi véi cac thong sé déu co do hoi tu tot.
4. Biéu dé dé léch chudn déng
Panh gia trén biéu d6 do léch chuan dong cho thay vin dao dong manh
nén dé di liéu hoi tu hon can thém nhiéu mau do hon dé cé két qua ting thém
d6 chinh xac hinh 4.29.

] ko 2
=] e
;§- Moving 5TD: p1n Ry Moving STD: p2,n g Moving STD: q1,n
.qﬁ 2 "‘E 2 M:I =
=] 'ﬁ .,5
R g g ° |
=0 = 0 o 0
g 0 5 a0 5 m oo B
' Thi gian x 109 Thid gian x 10° That gian x 100
=} an
Moving STD: n1,n E Moving STD: n2,n ;§ Moving STD: n3,n
0.4 . § U 5 20
=
0.2 g Uml i I ' g 10
0 = o =0
0 ) = E' o 5 E' 0 ) =
Théi gian z 109 Thid gian x 10° Théi gian x 109

Moving 5TD:v;n

T

0 5
Théi gian x 107

=
o
]

D5 lach chuén déng  Dé léch chudn déng
[ ]

Hinh 4.29 Biéu d6 léch chuan dong cta cac bién thi nghiém
4.7.3.3. Phén tich két qud thi nghi¢m
a) Phan tich twong quan gitra c&c bién trong thi nghiém
Xay dyng ma tran twong quan giita cac bién trong thi nghiém gom: py_u:
Gia toc san xe theo phuong x; p2 n: Gia tdc san xe theo phuong y; qi_n: Gia téc

san xe theo phuong z; ny im: Gia tdc trén duii; ny 1: Gia toc trén nguc; Nz m: Gia
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tdc trén dau; vin: VAan toc xe chay thi nghiém ta nhan duoc ma tran twong quan

gia cac yéu té trinh bay trong bang 4.3.

Bang 4.3 Ma tran tuong quan giita cac yéu td

P1_tn P2_tn 01 tn N1 tn N2_tn N3 tn Vin

P1_tn 1 0.7898 | -0.1085 |0.058077 | -0.18445 |0.010023| -0.0052
P2t | 0.7898 1 0.22367 |0.11048 | 0.021372 |0.031353| -0.00018
gun [-0.10845 0.022367 1 0.22414 | 0.22516 |0.033307| 0.000437
ny o 0.058077 [0.11408 |0.22414 1 0.75944 |0.029163| 0.003621
N2 [-0.01845 0.021371 | 0.22516 |0.75944 1 0.028146| 0.018371
N3 t»n 0.010023 0.031353 [0.033307 |0.029163 | 0.029146 1 -0.00566
vin |-0.00519 |-0.00018 |0.000437 | 0.00362 | 0.018371 |-0.00566 1

Biéu dién trén ban do 6 vudng thay c4c gia tri trong quan gan 1 hoic -1,

la c6 quan hé manh gitra cac bién hinh 4.30.

-0.1085

p2.n

0.05808

-0.01845

0.01002

-0.005194

p1tn

0.1141

0.02137

0.03135

p2.n

t

0.02237

0.02237 0.2241

0.2241

0.2252

0.03331

-0.0001769 0.0004373 0.003621

q1tn

0.05808

0.1141

-0.01845

0.02137

0.2252

0.01002

0.03135

0.03331

0.02916

0.02916

n1tn

0.02915

n2.n

0.02915

0.01837

n3tn

-0.005194

-0.0001769

0.0004373

0.003621

0.01837

th

Hinh 4.30 Ban d phan tich trong quan giita cac bién thi nghiém




110

b) Bdnh gid mirc d6 anh hwéng cia Cac yéu to trong thi nghiém

Pé danh gia anh huong caa van toc xe chay thi nghiém va dao dong thang
dung dén dao dong ngudi ngdi trén ghé ta sir dung phuong phap hoi quy dé xac
dinh anh huong cua ting yéu té theo phuong trinh (4.5)

N tn =Po+ P1-G1tn + B2 Ven + €
Noen = Bo+ P1-Qutn + B2-Ven T € (4.5)
N3 en =Po+ B1-Qien + B2 Ven +€
Trong do:
~ Po:la hé sb chan ~ B2: 1a hé s6 hoi quy cua vi,
~ Ba: 12 hé s6 hoi quy cua gl ~ &: 1a sai s6 caa mo hinh

Lap trinh trong Matlab cuaa dit liéu thi nghiém dé tinh toan cac hé sb hoi
quy, thay cac gié tri ciia cac hé sé hoi quy va giai cac phuong trinh hoi quy, cac
két qua nhan duoc hé sb hoi quy:

Hé s6 hdi quy cho ny i hé sé chan Po = -0.38, g1 = 0.2000, Vi, = 0.02
Hé s6 hoi quy cho ny i hé s6 chan By = -0.20, g1 1 = 0.0208, vy, = 0.01
Hé s6 hdi quy cho nz i hé sé chan Po = 0.91, g1 = 0.0433, vy, = -0.05

Két qua hoi quy gita md phong va thi nghiém duoc thé hién trén cac do

thi hinh 4.31.a,b,c.

So sanh thyc té va md phong — nl¢n Hbi quy ni¢n

a) Hoi quy giira ny véi o
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0.4

So sénh thyc té va md phong — n2¢ n Hoi quy n2 n

02

0.2

n2tn

-0.4

b) Hoi quy giira na Véi o

So sanh thuc té va mo phong — n3; n Hoi quy N3¢ n
80 r T

: - T T
OO 2 QO Thycté
601 Mé phéng | |

40t

n3n

20r

-20

c) Hoi quy gitra ny vai qs

Hinh 4.31 D6 thi biéu dién anh huong cia dao dong xe dén nguoi ngoi

Trén hinh 13 cic do thi 2D bén trai va do thi 3D bén phai cho thay mat
phang hdi quy luén khép vai dit liéu thuc té thi nghiém, cac diém scatter nam
gan mat di liéu cho thady mé hinh héi quy phl hop, khong doi hoi cai thién dé
thi nghiém tiép theo.

Trén hinh a,b,c cho thdy muc anh huéng cua g; 1a bién dao dong thang
dang cua xe tai trong tim dén dao dong dui, nguc va dau twong ung cia ngudi
ngdi vi tri ghé phu ny. So sénh két qua mo phong vai két qua thi nghiém cho
thay mic du cac diém do trong thi nghiém ¢6 nhiéu phan tan nhung van bam
sat tap trung ¢ trung tam vung dir liéu. Trén hinh ¢ dir liéu do phan tan theo
phuong thang dung c6 thé do trén dau ngudi chiu thém anh huang caa khop

co. Biéu nay cho thay cac két qua mé phong va thi nghiém dam bao d6 tin cay.
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4.7.3.4. Pdnh gid sai s két qud thi nghi¢m

Biéu dién trén db thi cAc gid tri két qua do giiia gt VA gs_mpnhu hinh 4.32,

So sanh q1_mp vaql_tn

4
\

Oy "" 7

| 3CE ! ¢
™ W \. L'Ii)‘-) d:
+ fl] [ O g 00 ke !

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Chi s6 mau
Hinh 4.32 D thi két qua thi nghiém va két qua mo phong cua s
Dit céac yéu té trong thi nghiém theo ky hiéu cac bién gom:

- p1_n: Gia tc san xe theo phuong x - Ny y: Gia tdc trén dui

- 01m: Gia tdc san xe theo phuong z - N, i: Gia toc trén nguc

- P2_m: Gia tdc san xe theo phuongy - Nz y: Gia toc trén dau

- Vin: Van tdc xe chay thi nghiém
Dé danh gia do sai khéc gitra hai gia tri q1_tn VA g1_mp ta str dung cac tiéu chi sau:

a) Sai so tuyér doi trung binh:

N
1
MAE = Nz |q1tn,i - Chmp,il (46)
i=1

MAE I trung binh cua cac sai sb tuyét ddi, do luong do léch trung binh

giira hai day sb.
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b) Sai s6 binh phirong trung binh:

N
1
MSE = NE(qltn,i - ‘hmp,i)2 (4-7)

i=1
Tiéu chi MSE khuéch dai sai s 16n hon so véi MAE.
¢) Sai 6 cdn trung binh binh phwong RMSE:
RMSE = VMSE (4.8)
RMSE danh gia do sai khac theo cung don vi vaéi dit lidu.
d) T7 1¢ sai sé phan trdam trung binh MAPE:

N
100%
N

Aitn,i — Q1mp,i

MAPE = (4.9)

=1 Q1mp,i
Két qua tinh toan so sanh sai khac nhau gitra két qua thi nghiém va két qua
mo phong van tdc 40 km/h theo céc tiéu chi danh gia dugc néu trong bang 4.4.

Bang 4.4 Bang tinh toén sai s6 trong két qua thi nghiém va mé phong

Q1mp J1tn
Gia tri trung binh cua 0.000580 0.000300
Do léch chuan cua 0.173901
Hé s6 twong quan giia Qimp VA atn 0.91
Sai s6 tuyét dbi trung binh (MAE) 0.186320
Sai s6 binh phuong trung binh (MSE) 0.055125
Sai s6 can trung binh binh phuong (RMSE) 0.134788
Ty 1¢& sai s6 phan tram trung binh (MAPE) 0.1131177

Nhu vay, gitra két qua mé phong va két qua thi nghiém cd sai léch 11.3
(%) nam trong khoang c6 thé chap nhan duoc.
4.8. KET LUAN CHUONG IV

Chuong IV d& x@y dung dugc quy trinh do luong thuc nghiém trén xe
khach County 29 chd va trén ngudi ngoi bang hé théng thiét bi chuyén dung
hién dai (Dewesoft Sirius, cam bién ICP 356A16, DS-IMU1). Viéc ap dung
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phuong phap hiéu chinh géc léch cam bién trén co thé ngudi va sir dung bo loc
Butterworth d3 loai bo hiéu qua cac sai s6 va nhiéu tin hiéu, dam bao sé liéu
thu thap ¢ do hoi tu tét véi hé sé bién thién CV < 10%.

Céc diéu kién thi nghiém phu hop véi cac diéu kien md phong: Map md
mat duong thuc té gdm méap mo sin, xung va dudng ngau nhién c6 cac thdng
s6 mit duong twong dwong voi mat duong md phong. Van téc xe chay trong
thi nghiém & cac muac thap so voi md phong, V = 20, 40, 60 km/h do diéu kién
thuc té khdng cho phép xe chay thi nghiém ¢ van téc cao 80 va 100 km/h.

Két qua thuc nghiém cho thiy trén duong ngau nhién & van toc 20, 40, 60
km/h, dao dong nam trong giéi han cho phép. Tuy nhién, khi xe di qua cac map
md hinh sin va xung, gia téc dao déng tai cac vi tri co thé ting vot, dic biét tai
dui 1én tai 5,1 m/s2, gay cam giac cuc ky khé chiu cho hanh khach, phu hop véi

nhan dinh ly thuyét.

Phén tich trong quan va hdi quy cho thy sy phl hop gitra quy luat bién
thién cua dix liéu thuc nghiém va mé phong. Sai s6 phan tram trung binh gitra
gia tri gia téc mé phong va thuc nghiém 1a 11,3%, cho thay mé hinh thi nghiém

dam bao duogc do tin cay.
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KET LUAN CHUNG VA HUONG NGHIEN CUU TIEP CUA
LUAN AN
Luan an “Nghién ctu anh huéng dao dong xe khach dén nguoi ngdi trén

xe” d3 dat dugc muc tiéu dé ra va cd mét sé két luan chinh:

Nghién ctru tong quan da dua ra nhitng danh gia vé mac do quan trong va
su can thiét caa van dé dao dong 6 t6 d6i véi chat lugng xe trong sir dung thong
qua tiéu chuan veé stc khoe nguoi ngodi trén xe. Luan an da lay chi tiéu gia tc
dao dong trong tiéu chuan qudc té 1SO 2361-1 dé danh gia anh huong cua dao
dong xe dén nguoi ngoi.

Luan an da xay dung mo hinh khong gian va cac phuong trinh dao dong
xe 9 bac ty do trong d6 7 bac tu do cia xe va 2 bac tu do cua hai vi tri ghé theo

phuong thang dang gom vi tri ngéi ghé phu va ghé hang 3.

Giai hé 9 phuong trinh dao dong xe 9 bac ty do c6 xét dén anh huong cua
toa do trong tdm xe, vét banh xe trudc, sau va toa do cua hai vi tri ngoi, bang
lap trinh Matlab/Simulink. Cac diéu kién vanh hanh: van téc xe khao sét 20,
40, 60 va 80, 100 km/h va 4 loai mat dudng sin, xung, ngau nhién va 1SO 8608.

Xay dung mé hinh 3 khéi luong nguoi ngoi trén ghé bang mé hinh 16 xo
khéi lwong 3 bac tu do, gom khéi luong dau, khdi lwong nguc va khéi luong
dui, trong d6 khéi lwong dui 1a dai dién caa phan lung, than, tay, chan va mong
ngudi. Xay dung so dd Simulink mé phong phan tich tin hiéu kich thich tir ghé
1én ngudi gom hai thanh phan: thanh phan bién do dich chuyén va thanh phan
van tc dich chuyén caa dao dong ghé. Két qua da xac dinh duoc gia tc dao
dong aw(m/s?) va gia toc RMS & dau, nguc va dui nguoi ngdi ¢ hai vi tri ghé
trén xe va so sanh vdéi tiéu chuan 1SO 2361-, cho thiy cac gia tri dao dong cua
mo hinh nghién ctu la phu hop.



116

Str dung phuong phap phan ti hiru han mé phong 3D mé hinh ghé - nguoi,
do tin cay trén dau cua hai phuong phap c6 R? = 0.7311/0.692, trén nguc c6 R?
=0.7513/0.6334, trén dui c6 R? = 0.8015/0.2972 giup tang do tin ciy cua két
qua mo phong trong Matlab/Simulink khi chi xét dugc dao dong theo phuong
thang dung.

Két qua thuc nghiém cho thiy trén duong ngau nhién & van téc 40, 60
km/h, dao dong nam trong giéi han cho phép. Tuy nhién, khi xe di qua cac map
md hinh sin va xung, gia téc dao déng tai cac vi tri co thé ting vot, dic biét tai
dui 1én tdi 5,1 m/s2, gay cam giac cuc ky khé chiu cho hanh khach, phu hop véi

nhan dinh Iy thuyét.

Phén tich tuong quan va hoi quy cho thay sy phl hop gitra quy luat bién
thién cua dix liéu thuc nghiém va mé phong. Sai s6 phan tram trung binh gitra
gia tri gia tbc md phong va thuc nghiém 1a 11,3%, cho thdy mé hinh thi nghiém
dam bao duogc @6 tin cay. Tur cac két qua khao sat trén c6 thé sir dung lam co
s dé dé xuat cai tién ghé ngdi cho xe khach san xuat va lap rap tai Viét Nam.
Hwéng nghién ciu tiép

Do mét sé nguy@n nhan khach quan va chi quan nén dé tai con mot sé han
ché can tiép tuc mo rong nghién cau:

1. Tiép tuc khao sat dao dong tat ca cac vi tri ghé ngoi trén xe, lap so do
dao dong cua toan bo san xe.

2. Tiép tuc khao sat dao dong toan bo co thé nguoi.

3. So sénh toan bo két qua mod phong va két qua thi nghiém.

4. T6i wu hoa két ciu ghé ngdi tng vai céc vi tri dao dong san xe.
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PHU LUC 2.1: THONG SO KY THUAT THIET KE XE COUNTY 29

CHO

D x R x C (mm) 7,620 x 2,090 x 2,855
Chiéu dai co s& (mm) 4,085

Vét banh xe trudc/sau 1,735/ 1,495

Khéi lugng khong tai 4,600

Khéi lwong khong tai phan b cau trude 2,140

Khéi lwong khong tai phan bé cau sau 2,460

Khoi luong toan tai 6,900

Khéi lwong toan tai phan bd cau trude 2,500

Khdi lwong toan tai phan bd cau sau 4,400

S6 nguoi cho phép chuyén cha ké ca nguoi lai

29 (1885 kg)

Hé théng treo trudc/sau (phu thudc)

Nhip 14, giam chan thay luc

C& 16p (trudc/sau)

7.00 R16

Van téc ti da(km/h)

100
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PHU LUC 2.2: CAC THONG SO CO BAN HE THONG TREO XE

COUNTY 29 CHO
TT | Tén goi Pon vi Giatri
1 | Khéi lugng duoc treo (kg) M 6900
2 | Khéi lugng khong duoc treo trudc (kg) M1 746
3 | Khéi luong khong dugc treo sau (kg) M2 1355
4 | M6 men quan tinh khéi luong dugc treo I 7876
theo truc x (Kg.m/s2)
5 | M& men quan tinh khéi luong dugc treo ly 58734
theoi truc y (Kg.m/s2)
6 | Md men quén tinh khoi luong duoc treo 11x 577
cau trudc theo truc x (Kg.m/s2)
7 | Md men quén tinh khoi luong dugc treo 12x 1049
cau sau theo truc x (Kg.m/s2)
Do ctg HTT trudc tréi (kg/m) K11 106193
Do cung HTT trudc phai (kg/m) K12 106193
10 | B4 cang HTT sau tréi (kg/m) K21 154709
11 | D6 cang HTT sau phai (kg/m) K22 154709
12 | Can giam chan HTT trudc trai (kg.s/m) Cl1 7265
13 | Can giam chan HTT trudc phai (kg.s/m) C12 7265
14 | Can giam chan HTT sau tréi (kg.s/m) c21 11297
15 | Can giam chan HTT sau phai (kg.s/m) C22 11927
16 | Do ctng 16p trude trai/phai (kg/m) KL1/KR1| 150/150
17 | Can giam chan Idp trudc trai/phai (kg/m) | CL1/CR1 |  300/300
18 | o ctng 16p sau trai/phai (kg/m) KL2/KR2 | 150/150
19 | Can giam chan Idp sau trai/phai (kg/m) | CL2/CR2 |  300/300
20 | Do ciing thanh can bang truéc/sau (kg/m) | CF/CR | 15000/20000
21 | Toa dd tir trong tam dén cau trudc (m) a 2.1
22 | Toa dd tir trong tam dén cau sau (m) b 1.985
23 | Vét banh xe trudc (m) c 1.0
24 | Vét banh xe sau (m) d 1.2




25 | Khéi luong ghé - nguoi ghé phu (kg) mp 110
26 | Do cing ghé - nguoi ghé phu (kg/m) Kp 500
27 | Can giam chan ghé phu (kg.s/m) Cp 50
28 | Toa d0 theo truc x (m) Spx 2
29 | Toa d¢ theo trucy (m) Spy 0.05
30 | Khéi luong ghé - nguoi ghé hang 3 (kg) ms 110
31 | Do cang ghé - nguoi ghé hang 3 (kg/m) Ks 1000
32 | Can giam chan ghé hang 3 (kg.s/m) CS 100
33 | Toa do theo truc x (m) Ssx 1.1
34 | Toado theo trucy (m) Ssy 0.2




PHU LUC 3.1

CODE MATLAB CHUONG TRINH MO PHONG DAO PONG XE

KHACH 29 CHO TREN MO HINH 9 BAC TU DO

%% Phan tich dao dong xe khéach 29 chd
%% Hudéng dan lap trinh béi PGS.TS Nguyén Thanh Quang
%% Thuc hién boi NCS Lé Duy Long

% Dinh nghia cac thong sb hé thong

M=6900; % Khdi luong duoc treo

M1=746; % Khoi lugng dugc treo trudc

M2=1355; % Khdi lugng duoc treo sau

Ix=7876; % M®d men quén tinh khdi lugng dugc treo theo truc X

ly=58734; % M6 men quén tinh khbi luong dugc treo theo truc y

11x=577; % M6 men quan tinh cua khéi luong khong dugc treo cau trudc theo

truc x

Xe

12x=1049; % M& men quén tinh khdi lugng duoc treo cua ciu sau theo truc x

K11=106193; K12=106193; % Hé s6 do cing cua hé théng treo trudc tréi, phai
C11=7265; C12=7265; % Hé sé giam chan caa hé thong treo trudc trai, phai
K21=154709; K22=154709; % H¢ sé do ctng cua hé thdng treo sau trai, phai
C21=11297; C22=11297; % Hé sb giam chan cua hé théng treo sau trai, phai
CL1=300; CR1=300; % Do cung I6p trudc trai; phai

CL2=300; CR2=300; % D6 cirng I6p sau tréi; phai

KL1=150; KR1=150; KL2=150; KR2=150; % D6 ctng 16p trudc, sau
a=2.1;b=1.985; % (m) khoang cach tir tim cau trudc va cau sau dén trong tam

¢=1.0; % Vét banh truéc
d=1.2; % Vét banh sau

CF = 15000; D9 ctng thanh can bang truéc
CR =20000; B¢ cirng thanh can bang sau

mp = 110; Khdi luong ghé, ngu:oi vi tri ghé phu
Kp = 500; Cp = 50; D¢ ctrng va can giam chan ghé, nguoi vi tri ghé phu
Spx = 2; Spy = 0.050; Toa d¢ cua ghé, ngudi vi tri ghé phu

ms = 110; Khéi luong ghé, nguoi vi tri ghé hang 3

Ks = 1000; Cs = 100; Do citng va can giam chan ghe ngudi vi tri ghé hang 3
Ssx = 1.1; Ssy = 0.2; Toa d6 cua ghé, ngudi vi tri ghé hang 3
% Khoi tao ma tran khéi lugng (M)

M=[m,0, 0,0, 0,0, O, O, 0
0, Ix,0,0, 0,0, 0, 0, O



ly,0, 0, 0, 0, O, 0;
0, m3,0, 0, 0, O, 0
0, 0, 11x,0, O, 0, O;
, 0,0, m20, 0, 0
0, 0, 0, 12,0, 0;
0, 0, 0, 0, mp,0;
0,0 0, 0,0, ms];

OCOoOoo0o0oo0oo
[olelelololo o)

cooo

% Khai béo cac phan tir cia ma tran C (hé sb can)

c11=100;c12=10;c13=5; c14=8; c15=6; cl6=7; c17=9; cl8 =4,
o _0351 =10; c22=120; c23 =15;¢c24 =12;¢c25=7; c26 =9; c27 =10, c28 = 6;
= _083’1 =5; ¢32=15; ¢c33=110;c34=10;c35=9; c36=6; c37=8; c38=7,
0 _ci’l =8; c42=12; c43=10; c44=130;c45=8; c46=9; c47=6; c48=7;
0 _055’1 =6; ¢c52=7; ¢c53=9; c54=8; c55=140;c56 =5; c57 =10; c58 = 6;
> _076’1 =7, c62=9; c63=6; c64=9; c65=5; c66 =125;c67 =8; c68 = 10;
%0 _077’1 =9; ¢72=10; c73=8; c74=6; c7/5=10;c76=8; c77=150;c78=09;
o _068’1 =4; ¢c82=6; c83=7, c84=7; c85=06; c86=10;c87=9; c88 = 160;
%0 _c%’l =3; €92=8; ¢c93=5; c94=5; c95=7; c96=7; c97 =6; c98 =5;
c99 = 170;

% Ma tran C (hé s6 can)

C =[cl1, c12, c13, c14, c15, c16, c17, ¢18, c19;
c21, c22, c23, c24, c25, c26, c27, c28, c29;
c31, c32, ¢33, ¢34, ¢35, ¢36, c37, c38, c39;
c4l, c42, c43, c44, c45, c46, c47, c48, c49;
c51, ¢52, ¢53, c54, ¢c55, ¢56, ¢57, ¢58, ¢59;
c61, c62, c63, c64, c65, c66, c67, c68, c69;
c71,c72,c73,c74, c75, c76,c77,c78,c79;
c81, c82, c83, c84, ¢85, c86, c87, c88, c89;
€91, c92, 93, c94, c95, c96, c97, c98, c99];

% Khai béo cac phan tir cia ma tran K (do cang)

k11 = 50000; k12 = 2000; k13 = 1500; k14 = 1800; k15 = 1600; k16 = 1700;
k17 =1900; k18 = 1400; k19 = 1300;

k21 = 2000; k22 = 60000; k23 = 2500; k24 = 2200; k25 = 1700; k26 = 1900;
k27 = 2000; k28 = 1600; k29 = 1800;



k31 = 1500; k32 = 2500; k33 =55000; k34 = 2100; k35 = 1900; k36 = 1600;
k37 = 1800; k38 = 1700; k39 = 1500;

k41 = 1800; k42 =2200; k43 =2100; k44 =65000; k45 = 1800; k46 = 1900;
k47 = 1600; k48 = 1700; k49 = 1500;

k51 = 1600; k52 =1700; k53 = 1900; k54 = 1800; k55 = 70000; k56 = 1500;
k57 = 2000; k58 = 1600; k59 = 1700;

k61 = 1700; k62 =1900; k63 =1600; k64 = 1900; k65 = 1500; k66 = 62000;
k67 = 1800; k68 = 2000; k69 = 1700;

k71 =1900; k72 =2000; k73 =1800; k74 = 1600; k75 = 2000; k76 = 1800;
k77 = 75000; k78 = 1900; k79 = 1600;

k81 = 1400; k82 =1600; k83 = 1700; k84 = 1700; k85 = 1600; k86 = 2000;
k87 = 1900; k88 = 80000; k89 = 1500;

k91 = 1300; k92 =1800; k93 = 1500; k94 = 1500; k95 = 1700; k96 = 1700;
k97 = 1600; k98 = 1500; k99 = 85000;

% Ma tran K (d¢ cung)

K =1[k11, k12, k13, k14, k15, k16, k17, k18, k19;
k21, k22, k23, k24, k25, k26, k27, k28, k29;
k31, k32, k33, k34, k35, k36, k37, k38, k39;
k41, k42, k43, k44, k45, k46, k47, k48, k49;
k51, k52, k53, k54, k55, k56, k57, k58, k59;
k61, k62, k63, k64, k65, k66, k67, k68, k69;
k71, k72, k73, k74, k75, k76, k77, k78, k79;
k81, k82, k83, k84, k85, k86, k87, k88, k89;
k91, k92, k93, k94, k95, k96, k97, k98, k99];

% Ma tran H (tac dong tr mat duong)
H=[1, 1, 1, 1,

o000 Rr O ®-*
oo_n—\oom

ococoooco

-b
-d
0
0
1
0

pr -pr SsX, -SpX;
Spy, -Spy, Spy, -Spyl;

% Goi ham tinh toan ma tran trang thai
[A, B, C_out, D] = state_space_model(M, C, K, H);

% Tao hé théng khong gian trang thai
sys = ss(A, B, C_out, D);

% Hién thi h¢ thong
disp('H¢ thong khong gian trang thai:");



disp(sys);

%% state_space_model.m
% Ham tao mé hinh khéng gian trang théi tir c4c ma tran hé théng
function [A, B, C_out, D] = state_space_model(M, C, K, H)

% Kich thudc hé thdng

n =size(M, 1); % S6 bac ty do cua hé

% Ma tran trang thai A
A =[zeros(n, n), eye(n);
-M\K, -M\C];

% Ma tran dau vao B
B = [zeros(n, size(H,2));
M\H];

% Chon céc bién vi tri q lam dau ra (chi lay phan q trong X)
C_out = [eye(n), zeros(n, n)];

% Ma tran truyén D (khong c6 dau vao truc tiép)
D = zeros(n, size(H,2));
end

%% road_excitation_simulation.m
% Script mé phong hé thong vai cac kich thich mat duwong khac nhau

% Pam bao cac bién da ton tai
if ~exist('A', 'var') || ~exist('B', 'var') || ~exist('C_out', 'var') || ~exist('D’, ‘var’)
error('Cac ma tran trang thai A, B, C, D chua duoc khoi tao! Chay
main_script trudc.');
end

% Thoi gian mé phong

t final = 10; % Thoi gian md phong (giay)
dt=0.01; % Budc thoi gian

t = 0:dt:t_final; % Vector thoi gian

% Céc van toc (m/s) chuyén tir km/h
velocities = [28, 40, 60, 80] * (1000/3600);

% Khai tao bién luu két qua
results_displacement = struct();
results_acceleration = struct();

% Tao cac loai kich thich mat duong



road_types = {'sin’, 'pulse’, ‘random’, 'iso8608'};

% Lap qua céc loai mat duong
for road_idx = 1:length(road_types)
road_type = road_types{road_idx};

% Lap qua c4c van toc
for v_idx = 1:length(velocities)
v = velocities(v_idx);

% Tao tin hiéu kich thich mat duong tuy theo loai
switch road_type
case 'sin’
% Séng sin - mé phong duong luon séng
frequency = v/ 10; % Tan s6 phu thudc vao van téc
F_road = [sin(2*pi*frequency™*t);
sin(2*pi*frequency*t + pi/4);
sin(2*pi*frequency*t + pi/2);
sin(2*pi*frequency*t + 3*pi/4)];

case 'pulse’

% S6ng vudng - md phong duong go ghé

frequency = v/ 20;

F_road = [square(2*pi*frequency*t);
square(2*pi*frequency*t + pi/4);
square(2*pi*frequency*t + pi/2);
square(2*pi*frequency*t + 3*pi/4)];

case 'random’
% Ngau nhién - md phong duong khong déu
rng(42); % Cb dinh seed dé téi lap két qua
F_road = randn(4, length(t)) * 100;

case 'iso8608' 7 o
% 1SO 8608 - md phong theo tiéu chuan quoc té
F_road = zeros(4, length(t));

% S6 hai st dung
num_harmonics = 50;

% Dai tan sé (Hz)
freg_range = linspace(0.1, 10, num_harmonics);

% Hé s suy giam theo 1SO 8608 (Class C road)
w 0=1; % rad/m



27*pi);

phi);
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G_d_0=64e-6; % m?(rad/m) cho duong loai C

% Tinh phd cong suat dich chuyén
for wheel = 1:4 N
phase_shift = (wheel-1) * pi/4; % Pha khac nhau cho moi banh xe

for i = 1:num_harmonics
w =2 * pi * freq_range(i); % rad/s
spatial_freq=w/v; % rad/m

% PSD theo 1SO 8608
if spatial_freq ~=0
G d=G_d 0*(w_0/spatial _freq)"2;
else
G d=0;
end

% Bién do tu PSD
amplitude = sqrt(2 * G_d * (freq_range(2) - freq_range(1)) *

% Gobc pha ngau nhién
phi =2 * pi * rand() + phase_shift;

% Cong don dao dong
F_road(wheel, :) = F_road(wheel, :) + amplitude * cos(w * t +

end
end
end

% Tao dau vao cho hé théng
U =F_road’

% Diéu kién ban dau (tit ca cac trang théi bang 0)
X0 = zeros(size(A, 1), 1);

% M6 phong hé thong véi dau vao da tao
[Y, T, X] = Isim(sys, U, t, X0);

% Luu két qua dich chuyén (g1, ..., q9)
results_displacement.(road_type).(['v' num2str(v_idx)]) = Y;

% Tinh gia toc tir vi tri
acceleration = diff(diff(Y))/dt"2;
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acceleration = [zeros(2, size(Y, 2)); acceleration]; % Giit kich thuéc giéng

results_acceleration.(road_type).(['v' num2str(v_idx)]) = acceleration;

% V& db thi dich chuyén

figure;

plot(T, Y, 'LineWidth', 1.5);

xlabel("Thoi gian (s)");

ylabel('Dich chuyén (m)");

title(sprintf('Dich chuyén (q1-q9) | Pudng: %s | Van téc: %.1f km/h', ...
road_type, v*3.6));

legend({'ql','q2','q3",'q4",'q5','q6','q7','q8'",'q9'}, 'Location’, 'best’);

grid on;

% Thém d6 thi kich thich dau vao

figure;

plot(t, F_road', 'LineWidth', 1.5);

xlabel("Thoi gian (s)');

ylabel('Bién d¢");

title(sprintf('Kich thich mat duong | Loai: %s | Van toc: %.1f km/h', ...
road_type, v*3.6));

legend({'Banh 1', '‘Banh 2', 'Banh 3', 'Banh 4'}, 'Location’, 'best");

grid on;

end
end

subplot(2,1,2);

semilogx(wout, squeeze(phase(1,1,:)), 'LineWidth', 2);
hold on;

semilogx(wout, squeeze(phase(2,1,:)), 'LineWidth', 2);
semilogx(wout, squeeze(phase(3,1,:)), 'LineWidth', 2);
grid on;

xlabel('Tan s6 (rad/s)");

ylabel('Pha (d9)");

title('Biéu do Bode - Pha);

legend({'ql (than xe)', 'q2 (goc lan)', 'q3 (gbc pitch)'});

%% Hién thi mot s6 chi s6 danh gia hiéu suat
for road_idx = 1:length(road_types)
road_type = road_types{road_idx};

fprintf(\n=== Panh gia hiéu suat cho loai duong %s ===\n', road_type);

for v_idx = 1:length(velocities)
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v = velocities(v_idx);

% Lay dit liéu dich chuyén va gia téc
disp_data = results_displacement.(road_type).(['v' num2str(v_idx)]);
accel_data = results_acceleration.(road_type).(['v' num2str(v_idx)]);

% Tinh RMS (Root Mean Square) cho dich chuyén than xe
rms_disp = rms(disp_data(:,1));

% Tinh RMS cho gia tc than xe
rms_accel = rms(accel_data(:,1));

% Hién thi két qua
fprintf('Van téc: %.1f km/h\n', v*3.6);
fprintf( Dich chuyén RMS (than xe): %.4f m\n', rms_disp);
fprintf( Gia tbc RMS (than xe): %.4f m/sAn', rms_accel);
fprintf(" Muc d6 thoai mai: %s\n\n', comfort_level);
end
end

%% Déanh gia q8 va q9 theo tiéu chuan 1SO 2631

% Kiém tra xem dir liéu md phong da ton tai chua

if ~exist(‘results_displacement’, 'var') || ~exist('results_acceleration’, 'var’)
error('Dir ligu m6 phong chura ton tai! Hay chay mo phong trudc.');

end

% Chon mét van téc cu thé dé phan tich (vd: van téc thi 3 - 60 km/h)
v_idx = 3;
road_type = 'is08608"; % Chon kich thich theo tiéu chuan 1SO 8608

% Lay dir liéu dich chuyén va gia téc cia g8, q9

t =0:0.01:10; % Thoi gian mod phong (10s véi bude 0.015s)

Y =results_displacement.(road_type).(['v' num2str(v_idx)]);
accel = results_acceleration.(road_type).(['v' num2str(v_idx)]);

98 = Y(;,8); % Dich chuyén g8
99 = Y(:,9); % Dich chuyén g9
accel_q8 = accel(:,8); % Gia toc q8
accel_qg9 = accel(:,9); % Gia tc q9

% V& d6 thi dich chuyén cua 98 va q9
figure;

subplot(2,1,1);

plot(t, g8, 'b', 'LineWidth', 1.5); hold on;
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plot(t, g9, 'r', 'LineWidth', 1.5);

xlabel('Thoi gian (s)";

ylabel('Dich chuyén (m)");

title('Dich chuyén g8 va g9 theo thoi gian"):;

legend('q8 - Ghé tai xé', 'q9 - Ghé hanh khach', 'Location’, 'best’);
grid on;

% V& d6 thi gia toc cua g8 va g9

subplot(2,1,2);

plot(t, accel @8, 'b', 'LineWidth', 1.5); hold on;

plot(t, accel_q9, 'r', 'LineWidth', 1.5);

xlabel('Thoi gian (s)";

ylabel('Gia téc (m/s?)"):;

title('Gia toc g8 va q9 theo thoi gian’);

legend('q8 - Ghé tai x¢&', 'q9 - Ghé hanh khach', 'Location’, 'best"):;
grid on;

% Phan tich pho tan sé

figure;

Fs = 1/0.01; % Tan sb lay mau (100 Hz)
N = length(accel_g8);

frequencies = (0:N/2-1)*(Fs/N);

% Bién d6i Fourier
fft_g8 = abs(fft(accel_qg8))/N;
fft_q9 = abs(fft(accel_g9))/N;

% V& pho tan s6

plot(frequencies, fft_g8(1:N/2), 'b', 'LineWidth', 1.5); hold on;
plot(frequencies, fft_q9(1:N/2), 'r', 'LineWidth', 1.5);

xlabel('Tan sé (Hz)";

ylabel('Bién d9");

title('Pho tan sb cua gia téc q8 va q9");

legend('q8 - Ghé tai x&', 'q9 - Ghé hanh khach', 'Location’, 'best’);
grid on;

% Hién thi két qua danh gia ISO 2631

fprintf('=== Danh gia ISO 2631 ===\n");

fprintf('Ghé tai xé (98): Gia tbc RMS = %.4f m/s2, Mic do dao dong: %s\n',
rms_accel_g8, comfort_level g8);

fprintf(Ghé hanh khach (g9): Gia téc RMS = %.4f m/s?, Mtc do dao dong:
%s\n', rms_accel_q9, comfort_level q9);

%% Ham phan loai mirc d dao dong theo 1SO 2631
function comfort = classify_is02631(rms_accel)
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if rms_accel <0.315
comfort = 'Rat thoai mai';
elseif rms_accel < 0.63
comfort = 'Thoai mai’;
elseif rms_accel < 1.0
comfort = 'Hoi thoai mai';
elseif rms_accel < 1.6
comfort = 'Hoi khong thoai mai';
elseif rms_accel < 2.5
comfort = 'Khéng thoai mai’;
else
comfort = 'Rat khdng thoai mai';
end
end
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PHU LUC 3.2

CHO MAP MO HINH SIN
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PHU LUC 3.3

CAC PO THI KET QUA MO PHONG DAO PONG XE KHACH 29
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Dich chuyén (q1-q9) | Pwong: pulse | Van téc: 40.0 km/h
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PHU LUC 3.4

CAC PO THI KET QUA MO PHONG DAO PONG XE KHACH 29
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PHU LUC 3.5

CAC PO THI KET QUA MO PHONG DAO PONG XE KHACH 29
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PHU LUC 3.6
PO THI MO PHONG CAC LOAI MAT PUONG
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Kich thich mat dwéng | Loai: random | Van téc: 28.0 km/h
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PHU LUC 3.7

CAC PO THI KET QUA PANH GIA DAO PONG VI TRI HANH

KHACH
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PHU LUC 3.8

PAC TINH CAC VAT LIEU CUA MO HINH GHE_ NGUOI NGOI

1. Khung xwong ghé: Thép két cdu / Structural Steel

Khéi lugng riéng/Density 7.85e-06 kg/mm3
Mo dun dan hoi/Young's Modulus 2e+05 MPa
Hé sb Poat Xong/ Poisson's Ratio 0.3

Mo dun chdng udn/ Bulk Modulus 6667e+05 MPa
Mb dun cat/ Shear Modulus 76923 MPa
Hé sé dan né nhiét/ Coefficient of Thermal Expansion| 1.2e-05 1/°C
D6 bén nén/ Compressive Yield Strength 250 MPa
Do bén uon/Tensile Ultimate Strength 460 MPa
Do bén cit/Tensile Yield Strength 250 MPa

2. bém/ Foam, PVC (rigid, closed cell)

Khdi lugng riéng/ Density 3.98e-08 kg/mm3
M6 dun dan hoi/ Young's Modulus 25.83 MPa
Hé sb Poat Xdng/ Poisson's Ratio 0.2998

Mo dun chéng udn/ Bulk Modulus 21.503 MPa
Mo dun cit/ Shear Modulus 9.9361 MPa
Hé s6 dan nd nhiét/ Coefficient of Thermal Expansion|2.191e-05 1/°C
Do bén uon/ Tensile Ultimate Strength 0.5399 MPa
Do bén cit/ Tensile Yield Strength 0.3989 MPa

3. Nguoi ngoi trén ghé/ Plastic, Polyester (cast,

flexible)

Khéi luong riéng/Density 1.101e-06 kg/mms3
Mo dun dan hoi/ Young's Modulus 300 MPa
Hé sb Poat Xdng/ Poisson's Ratio 0.4433

Mo dun chéng udn/Bulk Modulus 881.83 MPa




Mb dun cat/Shear Modulus 103.93 MPa
Hé sé dén né nhiét/ Coefficient of Thermal Expansion|0.00012 1/°C
D6 bén ubn/Tensile Ultimate Strength 14.39 MPa
Do bén cat/ Tensile Yield Strength 11.51 MPa
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PHU LUC 4. MOT PHAN KET QUA THi NGHIEM V= 40 km/h. S6 dir liéu: 998/107789 dong (twong irng 33/6530 trang)

. GIATOCGHEP | GIATOCGHEP | GIATOCGHEP Velocit
Time HU-X HU-Y HU-Z GIATOCDUI | GIATOCNGUC | GIATOCDAU MAPMO Total y
S m/s2 m/s2 m/s2 m/s2 m/s2 m/s2 mm km/h
649.545 -0.17917694 0.57190472 0.058990102 -0.54267085 0.081223249 0.069618225 41.656.735 | 35.467.186
649.546 -0.21690704 0.56092721 0.094203979 -0.54352808 0.086611509 0.072711706 42.242.224 | 35.467.129
649.547 -0.2375696 0.55339849 0.12589169 -0.53398448 0.08507967 0.073289871 42.132.559 | 35.467.072
649.548 -0.24913922 0.53818494 0.15191726 -0.51809752 0.081199408 0.076138973 4.202.952 35.467.014
649.549 -0.25147539 0.5341301 0.17312196 -0.50598228 0.079953671 0.075358152 42.170.432 | 35.466.957
64.955 -0.24785696 0.53223699 0.19247706 -0.50729668 0.079506636 0.074064732 42.165.326 354.669
649.551 -0.26575005 0.53053755 0.20375958 -0.50363922 0.080752373 0.07417202 41.784.207 | 35.466.843
649.552 -0.28934601 0.5284633 0.211862 -0.51598305 0.078499317 0.076067448 42.672.043 | 35.466.785
649.553 -0.2998383 0.52965665 0.21372949 -0.51192558 0.082677603 0.079810619 41.748.514 | 35.466.728
649.554 -0.29696345 0.53082496 0.20994677 -0.50969684 0.084888935 0.08456111 42.484.787 | 35.466.671
649.555 -0.29435208 0.52990651 0.19954132 -0.49278125 0.08238554 0.088429451 42.010.617 | 35.466.614
649.556 -0.28723231 0.53101867 0.18867047 -0.49883887 0.082761049 0.089597702 42.509.695 | 35.466.557
649.557 -0.27491325 0.53647929 0.17064589 -0.48860949 0.085222721 0.093233585 4.195.744 35.466.499
649.558 -0.2555154 0.53881598 0.14918464 -0.46506482 0.087785721 0.093382597 42.389.883 | 35.466.446
649.559 -0.23614681 0.54030925 0.12110065 -0.45694989 0.087893009 0.09483695 42.077.762 | 35.466.389
64.956 -0.20757991 0.54069036 0.091184966 -0.43900564 0.085109472 0.095689297 42.353.259 | 35.466.331
649.561 -0.18406594 0.53895342 0.058644049 -0.43380523 0.08212924 0.097107887 41.839.093 | 35.466.274
649.562 -0.16459197 0.53178716 0.02773197 -0.42769048 0.082492828 0.09868741 42.012.402 | 35.466.217
649.563 -0.14333804 0.52423972 -0.005966431 -0.41854692 0.082755089 0.099402666 42.323.691 3.546.616
649.564 -0.13759422 0.5142619 -0.038692303 -0.41123205 0.084418058 0.099301338 42.026.532 | 35.466.103
649.565 -0.13556837 0.50897616 -0.068178408 -0.42134711 0.084716082 0.10186434 42.132.904 | 35.466.045
649.566 -0.11624077 0.50780159 -0.093995154 -0.4006598 0.083047152 0.10492206 42.148.279 | 35.465.988
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649.567 -0.09572459 0.49971059 -0.11740743 -0.39957398 0.08289814 0.1080215 42.035.385 | 35.465.931
649.568 -0.064844936 0.49558699 -0.13133308 -0.39643088 0.08507967 0.10842085 41.959.833 | 35.465.874
649.569 -0.040031135 0.49321282 -0.14152373 -0.36905733 0.087833405 0.10844469 42.535.397 | 35.465.816
64.957 -0.022946032 0.48581535 -0.14716202 -0.36157104 0.086265802 0.10961294 41.892.203 | 35.465.763
649.571 -0.028274149 0.48325998 -0.14999607 -0.35071304 0.083470345 0.11368394 42.059.772 | 35.465.706
649.572 -0.039820351 0.47431302 -0.15186954 -0.35008442 0.082653761 0.11770725 42.332.953 | 35.465.649
649.573 -0.047191888 0.47053307 -0.15485871 -0.32511106 0.085806847 0.12034178 4.182.439 35.465.591
649.574 -0.063439719 0.46174231 -0.16262701 -0.3019664 0.083547831 0.12305379 42.327.341 | 35.465.534
649.575 -0.075946152 0.45450729 -0.17102177 -0.30362365 0.083577633 0.12107491 42.024.747 | 35.465.477
649.576 -0.071748063 0.45305777 -0.17997143 -0.27190691 0.084984303 0.12150407 42.082.397 3.546.542
649.577 -0.059071831 0.44540414 -0.19182076 -0.25979167 0.085496902 0.12335181 42.326.929 | 35.465.363
649.578 -0.061167948 0.43627602 -0.20302571 -0.2473907 0.091326237 0.12710094 41.912.808 | 35.465.305
649.579 -0.07375636 0.42596704 -0.20554355 -0.22973219 0.09290576 0.12791157 42.346.494 | 35.465.248
64.958 -0.11009879 0.41162193 -0.20714852 -0.23756137 0.090032816 0.12815595 41.951.501 | 35.465.191
649.581 -0.16525358 0.39522129 -0.20442782 -0.21333091 0.085705519 0.12773275 39.556.454 | 35.465.134
649.582 -0.21156721 0.38353777 -0.18952368 -0.19275787 0.084030628 0.12777448 42.725.925 | 35.465.076
649.583 -0.25598964 0.37078586 -0.17760275 -0.18790035 0.084608793 0.12849569 41.938.681 | 35.465.023
649.584 -0.27080885 0.35771534 -0.15883236 -0.16915604 0.082159042 0.12584925 42.096.817 | 35.464.966
649.585 -0.2628518 0.34415123 -0.13260393 -0.15995532 0.084078312 0.12868047 42.364.694 | 35.464.909
649.586 -0.2454915 0.32906261 -0.10164411 -0.13783932 0.084930658 0.12892485 41.958.298 | 35.464.851
649.587 -0.22720611 0.30478966 -0.066567473 -0.12532406 0.084382296 0.13124943 42.163.354 | 35.464.794
649.588 -0.22544374 0.28675833 -0.016646342 -0.12269527 0.082689524 0.13372898 42.081.332 | 35.464.737
649.589 -0.24238247 0.2619043 0.036258001 -0.093092971 0.085425377 0.1375556 42.506.387 3.546.468
64.959 -0.26098403 0.23972438 0.098499805 -0.073662885 0.089544058 0.14078617 42.080.899 | 35.464.622
649.591 -0.2680921 0.21961875 0.16827722 -0.032173935 0.090676546 0.14058948 42.230.377 | 35.464.565
649.592 -0.26169834 0.20406157 0.24018465 -0.025144817 0.087612867 0.14010072 41.973.508 | 35.464.508
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649.593 -0.23833075 0.18111315 0.31807044 -0.0022858924 0.085389614 0.13945103 42.273.257 | 35.464.451
649.594 -0.20779654 0.16174476 0.40161836 0.022458892 0.082921982 0.14019012 41.815.201 | 35.464.394
649.595 -0.18786588 0.13811533 0.4884001 0.015544068 0.083035231 0.14303923 41.935.596 3.546.434
649.596 -0.16726187 0.11602913 0.57471049 0.015944099 0.083887577 0.14636517 42.263.864 | 35.464.283
649.597 -0.15770054 0.094961323 0.66559118 0.048689507 0.083190203 0.1457572 42.036.798 | 35.464.226
649.598 -0.15942779 0.077860907 0.7537989 0.027430709 0.083863735 0.14474392 42.097.571 | 35.464.169
649.599 -0.1533151 0.063059717 0.84027034 0.04971816 0.086772442 0.14440417 42.151.602 | 35.464.111

64.96 -0.15640071 0.049414374 0.9198029 0.066462323 0.085157156 0.14653206 41.994.397 | 35.464.054
649.601 -0.16093254 0.03727477 0.99321979 0.057318751 0.084257126 0.14817715 41.893.719 | 35.463.997
649.602 -0.1545271 0.030558314 10.602.646 0.077491753 0.087064505 0.15104413 42.553.271 | 35.464.561
649.603 -0.14388843 0.021280233 1.114.046 0.094864532 0.089460611 0.15478134 41.856.897 | 35.465.126
649.604 -0.15033486 0.015107341 11.613.777 0.10023639 0.09046793 0.1550138 41.983.337 | 35.465.691
649.605 -0.1795224 0.0078473203 12.050.221 0.11092293 0.0867486 0.15425682 4.222.016 35.466.255
649.606 -0.21087632 0.0023616934 12.391.382 0.11280879 0.084799528 0.15458465 41.792.142 3.546.682
649.607 -0.23306119 -0.0069663711 1.266.178 0.1263527 0.08790493 0.15904307 4.226.282 35.467.384
649.608 -0.25063226 -0.009315569 12.936.356 0.16424137 0.086712837 0.15797019 4.207.767 35.467.949
649.609 -0.27156416 -0.010390202 13.149.954 0.16395563 0.084251165 0.15699863 41.964.828 | 35.468.513
64.961 -0.28300497 -0.014326357 13.277.099 0.16567005 0.086861849 0.15798807 42.396.048 | 35.469.078
649.611 -0.29634866 -0.016388154 13.373.576 0.2051017 0.090408325 0.16073585 41.921.475 | 35.469.643
649.612 -0.31681216 -0.015488461 13.454.003 0.22070292 0.091177225 0.16124845 42.061.694 | 35.470.211
649.613 -0.33538446 -0.018537419 13.483.239 0.22756059 0.087159872 0.16192198 42.483.041 | 35.470.776
649.614 -0.33033738 -0.021330215 13.532.343 0.26167753 0.085616112 0.16243458 41.787.927 3.547.134
649.615 -0.30154797 -0.015425982 13.576.792 0.25956309 0.08328557 0.16189218 42.420.471 | 35.471.905
649.616 -0.26190329 -0.0070413454 13.622.435 0.25927734 0.082564354 0.16229153 42.093.961 | 35.472.469
649.617 -0.22092947 0.0059354729 1.366.253 0.2838507 0.085818768 0.16435385 41.943.478 | 35.473.034
649.618 -0.18949358 0.023460738 13.689.378 0.29579449 0.087076426 0.16505718 42.346.442 | 35.473.598
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649.619 -0.16066906 0.045184568 13.667.303 0.30442372 0.087833405 0.16818047 42.050.806 | 35.474.163
64.962 -0.14108384 0.072175354 1.360.042 0.30390939 0.088465214 0.17134547 4.216.814 35.474.728
649.621 -0.13298042 0.098635063 13.475.125 0.31768191 0.086414814 0.17259121 42.269.763 | 35.475.292
649.622 -0.1120661 0.12859358 13.276.204 0.34082657 0.084245205 0.17486811 42.264.047 | 35.475.857
649.623 -0.088142268 0.15547191 13.017.678 0.34362677 0.083428621 0.17555952 4.220.686 35.476.421
649.624 -0.056208704 0.18739225 12.725.562 0.33722627 0.082725286 0.17556548 42.065.671 | 35.476.986
649.625 -0.023408582 0.22112449 12.357.254 0.34248382 0.085622072 0.17598271 42.068.091 | 35.477.551
649.626 -0.0036945511 0.25034577 11.943.005 0.36334261 0.087481737 0.17597675 42.121.613 | 35.478.115
649.627 0.0070085227 0.27554339 11.507.574 0.35688496 0.087714195 0.17648339 41.962.262 3.547.868
649.628 0.0037648121 0.2998476 11.074.054 0.36865729 0.086677074 0.17912984 41.765.945 | 35.479.244
649.629 0.001844348 0.31811637 10.610.522 0.37025744 0.085389614 0.18138289 4.227.952 35.479.809
64.963 -0.0037882323 0.33726606 10.124.675 0.38368705 0.084042549 0.18274188 42.005.273 | 35.480.373
649.631 -0.003290551 0.34961811 0.9593603 0.40957478 0.084233284 0.18164515 41.924.164 | 35.480.938
649.632 0.0036125802 0.36475667 0.91023272 0.4070603 0.084918737 0.17903447 4.213.602 35.481.506
649.633 0.0047308989 0.37510315 0.85652292 0.42477596 0.083965063 0.17943382 42.065.973 | 35.482.071
649.634 -0.00027518845 0.39085403 0.8043226 0.43191937 0.084686279 0.1829803 41.912.708 | 35.482.635
649.635 -0.0049416819 0.40844175 0.74906749 0.44694912 0.090271235 0.18749833 4.243.837 354.832

649.636 -0.0076115951 0.42331794 0.69343054 0.45266384 0.089263916 0.18931031 42.023.114 | 35.483.765
649.637 -0.023607654 0.44412959 0.63778162 0.47295114 0.086635351 0.19011497 41.889.835 | 35.484.329
649.638 -0.030335134 0.45826849 0.57971632 0.4654077 0.087946653 0.19071698 42.336.301 | 35.484.894
649.639 -0.036465395 0.47459418 0.52446717 0.49689585 0.0872612 0.19171238 41.868.896 | 35.485.458
64.964 -0.035511021 0.49279422 0.4714435 0.49426708 0.085067749 0.19325018 42.187.433 | 35.486.023
649.641 -0.026816236 0.50485885 0.41816923 0.49460998 0.087356567 0.19550323 42.002.679 | 35.486.588
649.642 -0.018507887 0.51797938 0.3683376 0.51455438 0.089544058 0.19502044 41.765.659 | 35.487.152
649.643 0.0024122901 0.52755111 0.32479459 0.50969684 0.089764595 0.19209981 42.433.078 | 35.487.717
649.644 0.026529336 0.53696036 0.28520733 0.51095408 0.084811449 0.19193292 41.951.636 | 35.488.281
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649.645 0.051226035 0.53945953 0.2428218 0.53861338 0.083136559 0.19520521 42.070.865 | 35.488.846
649.646 0.078048125 0.53780383 0.20113435 0.53907061 0.080263615 0.19612312 42.387.949 3.548.941
649.647 0.1080261 0.53631687 0.16491215 0.53484166 0.081169605 0.19803643 41.862.451 | 35.489.975
649.648 0.14109555 0.52821338 0.13318267 0.54381382 0.082433224 0.19897223 42.266.876 3.549.054
649.649 0.16678761 0.51626742 0.10790887 0.55284309 0.083351135 0.20036101 421.823 35.491.104
64.965 0.19059435 0.50302821 0.09026017 0.57141596 0.085937977 0.20105839 41.913.974 | 35.491.669
649.651 0.2080366 0.48950782 0.082945324 0.56130087 0.089430809 0.20497441 42.492.288 | 35.492.233
649.652 0.22164379 0.47405687 0.083249614 0.58015949 0.091475248 0.20600557 41.952.838 | 35.492.802
649.653 0.22573064 0.4588933 0.092223123 0.59564644 0.091159344 0.20588636 4.218.981 35.493.366
649.654 0.22158524 0.43903133 0.10577289 0.59501779 0.089001656 0.20206571 42.207.962 | 35.493.931
649.655 0.22789702 0.41530192 0.12086199 0.59227473 0.085449219 0.20173192 42.306.265 | 35.494.495
649.656 0.23938467 0.39612722 0.14298552 0.58381695 0.086373091 0.20502806 42.250.784 3.549.506
649.657 0.25704357 0.38051382 0.16595031 0.60256124 0.085413456 0.20723343 42.036.102 | 35.495.625
649.658 0.27346119 0.36415064 0.18657626 0.59621787 0.087285042 0.20795465 42.073.535 | 35.496.189
649.659 0.28067464 0.34523836 0.20884895 0.59741801 0.090003014 0.20912886 42.041.162 | 35.496.754
64.966 0.27476686 0.32213375 0.23038776 0.62004834 0.085991621 0.21078587 42.245.041 | 35.497.318
649.661 0.26641753 0.30262789 0.25254112 0.63319218 0.085180998 0.21109581 41.820.767 | 35.497.883
649.662 0.24619411 0.27514979 0.26682475 0.6392498 0.083065033 0.21012425 42.350.174 | 35.498.447
649.663 0.22438397 0.24385422 0.27726603 0.64753616 0.082939863 0.20995736 42.040.842 | 35.499.012
649.664 0.21166675 0.21362704 0.29199117 0.64776474 0.08687973 0.20876527 42.092.523 | 35.499.577
649.665 0.20613371 0.18131933 0.30330351 0.65936565 0.088757277 0.20646453 42.129.147 | 35.500.141
649.666 0.20237474 0.14345726 0.31833294 0.65953714 0.088828802 0.20495057 42.216.278 | 35.500.706
649.667 0.1955653 0.10575763 0.33734199 0.65713692 0.088381767 0.2061069 41.930.798 3.550.127
649.668 0.18283637 0.068207957 0.35701931 0.667252 0.085705519 0.20871162 42.314.075 | 35.501.835
649.669 0.17484419 0.030527076 0.37811658 0.69182533 0.085842609 0.21063685 42.091.061 | 35.502.399
64.967 0.17196935 -0.0047296346 0.3995122 0.67056656 0.082188845 0.21101236 41.801.877 | 35.502.964
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649.671 0.18007863 -0.035937726 0.42044842 0.67719561 0.079083443 0.21151304 424.513 35.503.529
649.672 0.20868066 -0.067458212 0.43851477 0.69473988 0.081688166 0.21256208 41.786.591 | 35.504.097
649.673 0.23802629 -0.094998807 0.45625895 0.69291115 0.084447861 0.21137595 42.320.593 | 35.504.662
649.674 0.25083718 -0.1169913 0.47247571 0.69279683 0.090241432 0.21374226 42.047.498 | 35.505.226
649.675 0.26028728 -0.13962732 0.48174754 0.68708211 0.089728832 0.21826625 42.053.549 | 35.505.791
649.676 0.25669813 -0.15551564 0.48862684 0.68713927 0.086808205 0.21874309 42.382.086 | 35.506.355
649.677 0.26658735 -0.17222244 0.48483813 0.68805361 0.085371733 0.21699071 42.003.967 3.550.692
649.678 0.27777639 -0.18985392 0.47299477 0.68622488 0.082224607 0.21444559 42.173.111 | 35.507.484
649.679 0.29435208 -0.1982448 0.46290556 0.69874018 0.082176924 0.21361113 4.234.006 35.508.049
64.968 0.3103013 -0.21307099 0.43947536 0.69176817 0.082665682 0.21725893 42.163.528 | 35.508.614
649.681 0.3324452 -0.22294886 0.41406435 0.68411046 0.083380938 0.217098 4.337.099 35.509.178
649.682 0.35643342 -0.23135848 0.38077167 0.67971009 0.0870049 0.21610856 42.233.994 | 35.509.743
649.683 0.35574254 -0.24222977 0.33605921 0.67759567 0.085407495 0.21390319 42.012.436 | 35.510.307
649.684 0.35738781 -0.25057068 0.28959265 0.67656702 0.083947182 0.21451712 42.456.177 | 35.510.872
649.685 0.36049685 -0.25640619 0.24254139 0.6850248 0.08174181 0.21757483 41.988.522 | 35.511.436
649.686 0.37066713 -0.25959885 0.19461304 0.69879729 0.081545115 0.21839142 4.228.649 35.512.001
649.687 0.38527551 -0.27087 0.13897608 0.68742502 0.085538626 0.21591187 42.154.477 | 35.512.566
649.688 0.38220161 -0.28027305 0.08758124 0.69891161 0.085818768 0.21155477 42.419.815 3.551.313
649.689 0.37450805 -0.28109774 0.039062224 0.70468348 0.082731247 0.20884871 42.205.878 | 35.513.695
64.969 0.35471204 -0.28827655 -0.010405456 0.72062761 0.080347061 0.20689964 42.135.397 | 35.514.259
649.691 0.33317709 -0.29370594 -0.059336156 0.72342783 0.082707405 0.20884871 41.991.968 | 35.514.824
649.692 0.32060623 -0.29404959 -0.10906636 0.6945684 0.079643726 0.21238923 4.223.671 35.515.392
649.693 0.31500879 -0.30227178 -0.16169624 0.68736786 0.081819296 0.21328926 42.122.519 | 35.515.957
649.694 0.313627 -0.30076605 -0.2093561 0.69976884 0.083351135 0.21413565 41.696.991 | 35.516.521
649.695 0.31972799 -0.30463973 -0.25764242 0.69102526 0.084632635 0.21717548 42.176.385 | 35.517.086
649.696 0.31972799 -0.3005411 -0.29597077 0.66353744 0.082546473 0.21753907 4.192.186 35.517.651




43

649.697 0.30016619 -0.30340263 -0.331835 0.64399302 0.080835819 0.21244287 41.923.492 | 35.518.215
649.698 0.27557486 -0.3086071 -0.36132705 0.64919347 0.083237886 0.21035075 42.035.086 3.551.878
649.699 0.25721335 -0.31025654 -0.38247806 0.66445178 0.085657835 0.20707846 42.144.113 | 35.519.344

64.97 0.24612971 -0.31895983 -0.40343812 0.656394 0.083130598 0.20469427 41.748.093 | 35.519.909
649.701 0.23731197 -0.32368946 -0.41154054 0.64165002 0.08289814 0.20319819 42.315.973 | 35.520.473
649.702 0.23950177 -0.3276881 -0.4117792 0.62027693 0.080835819 0.20445585 42.034.048 | 35.520.454
649.703 0.23606484 -0.33314249 -0.40300259 0.61633372 0.07789135 0.20301342 4.165.914 35.520.435
649.704 0.22006293 -0.34225813 -0.39068189 0.62176275 0.075036287 0.20335913 42.319.998 | 35.520.416
649.705 0.21061283 -0.35231718 -0.37551522 0.62822038 0.077956915 0.20022988 41.697.968 | 35.520.397
649.706 0.20662554 -0.35662821 -0.35530096 0.63336366 0.082546473 0.19904971 4.220.191 35.520.378
649.707 0.19906078 -0.36977372 -0.33392921 0.64262152 0.080132484 0.200665 41.963.071 | 35.520.359
649.708 0.19443527 -0.3809824 -0.30779624 0.64239293 0.078928471 0.20242929 41.874.686 | 35.520.336
649.709 0.19811225 -0.38908589 -0.27972418 0.63107777 0.080341101 0.20400882 42.119.861 | 35.520.317
64.971 0.21006832 -0.3978079 -0.24683125 0.62107694 0.079464912 0.20182133 42.068.015 | 35.520.298
649.711 0.20836449 -0.4059926 -0.20946349 0.60593295 0.077557564 0.20076036 41.856.079 | 35.520.279
649.712 0.1978195 -0.40862921 -0.16416039 0.61056185 0.077110529 0.19811392 42.423.666 3.552.026
649.713 0.19141406 -0.40944141 -0.12124981 0.61267632 0.078731775 0.19540191 41.682.559 | 35.520.241
649.714 0.18606251 -0.4143835 -0.085498951 0.60027534 0.080007315 0.19329786 42.115.213 | 35.520.222
649.715 0.18632014 -0.41629532 -0.049408015 0.59147465 0.080138445 0.19183159 42.309.198 | 35.520.203
649.716 0.18799469 -0.41679516 -0.018478036 0.59793234 0.08327961 0.19085407 41.787.503 | 35.520.184
649.717 0.18671243 -0.4202565 0.0076429979 0.60919034 0.084686279 0.19029379 4.240.527 35.520.164
649.718 0.20482802 -0.43092158 0.034820091 0.59478921 0.083130598 0.18854737 41.857.266 | 35.520.145
649.719 0.22255133 -0.43320206 0.061484072 0.57770216 0.08045435 0.18978715 42.131.281 | 35.520.126
64.972 0.22801997 -0.43820661 0.085361727 0.58598852 0.078338385 0.19085407 42.096.295 | 35.520.103
649.721 0.22853522 -0.44279879 0.10591011 0.58147389 0.079029799 0.19126534 42.313.516 | 35.520.084
649.722 0.21702415 -0.44653502 0.13052164 0.57953089 0.077748299 0.18683076 42.043.533 | 35.520.065
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649.723 0.19658408 -0.44853431 0.15337904 0.56307244 0.076419115 0.18631816 42.228.046 | 35.520.046
649.724 0.17801179 -0.45318899 0.17275801 0.56650126 0.079929829 0.18607974 41.735.822 | 35.520.027
649.725 0.17967463 -0.45407617 0.19895063 0.55067146 0.078892708 0.18487573 42.155.396 | 35.520.008
649.726 0.19407226 -0.44960895 0.22335334 0.53758472 0.076621771 0.18455386 41.945.663 | 35.519.989
649.727 0.20897926 -0.44504178 0.24316786 0.54152793 0.075817108 0.18393993 41.852.481 3.551.997
649.728 0.21001562 -0.43905631 0.2620874 0.53324157 0.07417202 0.18256307 41.913.727 | 35.519.951
649.729 0.18672414 -0.42912844 0.27779105 0.52849835 0.07455945 0.17805099 42.236.725 | 35.519.932
64.973 0.16307549 -0.41640779 0.28678843 0.51421148 0.075691938 0.1775682 4.176.178 35.519.913
649.731 0.16000743 -0.40260625 0.28227782 0.50689662 0.076252222 0.17766953 42.182.956 | 35.519.894
649.732 0.14870715 -0.39172247 0.27183059 0.49512431 0.077754259 0.17630458 42.006.015 | 35.519.875
649.733 0.15220262 -0.37918925 0.2526485 0.4907811 0.079363585 0.17719865 41.723.236 | 35.519.852
649.734 0.16368443 -0.36479416 0.23223735 0.4799231 0.07904768 0.17766356 42.092.603 | 35.519.833
649.735 0.14993672 -0.34920573 0.20597909 0.47575137 0.074845552 0.17703772 42.255.371 | 35.519.814
649.736 0.13039833 -0.33253643 0.1734859 0.47923735 0.071400404 0.17957687 41.552.744 | 35.519.794
649.737 0.10654476 -0.31011909 0.1418698 0.47872302 0.06955862 0.179106 42.280.746 | 35.519.775
649.738 0.088780478 -0.2882953 0.10586239 0.46266463 0.068622828 0.17746687 41.747.473 | 35.519.756
649.739 0.084998094 -0.26762736 0.067241676 0.4663792 0.071144104 0.17618537 42.300.497 | 35.519.737
64.974 0.08928401 -0.24721557 0.023358578 0.45123518 0.077462196 0.17433763 41.944.461 | 35.519.718
649.741 0.094963431 -0.22684129 -0.018698795 0.44312024 0.076502562 0.17188191 4.184.534 35.519.699
649.742 0.095718734 -0.2006065 -0.063250132 0.43877706 0.070422888 0.16987324 42.131.754 3.551.968
649.743 0.084576532 -0.17517143 -0.10680508 0.42849052 0.065529346 0.16993284 42.220.261 | 35.519.661
649.744 0.056618556 -0.14761209 -0.15189937 0.41826117 0.065481663 0.16742349 41.692.822 | 35.519.642
649.745 0.042753745 -0.1234016 -0.1990819 0.40100268 0.069057941 0.16713142 42.529.221 | 35.519.619
649.746 0.029117279 -0.10286487 -0.24898513 0.39128762 0.07174015 0.16628504 41.658.173 355.196

649.747 0.020504465 -0.078779347 -0.30057687 0.39991689 0.074183941 0.16613007 42.185.608 | 35.519.581
649.748 0.0078692185 -0.062309969 -0.35663745 0.37854379 0.073367357 0.16592741 42.145.477 | 35.519.562




45

649.749 -0.0068211602 -0.043972485 -0.41155845 0.37437204 0.069367886 0.16444325 4.203.815 35.519.543
64.975 -0.015949219 -0.027303176 -0.47093636 0.37922955 0.067174435 0.16444325 42.110.788 | 35.519.524
649.751 -0.0229109 -0.01080256 -0.53214002 0.38745877 0.069773197 0.16503334 42.161.569 | 35.519.505
649.752 -0.021476408 0.0054606353 -0.5951634 0.37111464 0.071811676 0.16527176 4.192.926 35.519.485
649.753 -0.011716002 0.022885934 -0.65938014 0.3748292 0.073355436 0.16448498 42.275.476 | 35.519.466
649.754 0.0096960012 0.036699966 -0.72894275 0.37431487 0.070941448 0.16459823 4.203.909 35.519.447
649.755 0.038274612 0.05121376 -0.79349357 0.36962882 0.068360567 0.16378164 4.225.285 35.519.428
649.756 0.061238211 0.063484572 -0.85290128 0.37345767 0.064301491 0.16129613 41.945.566 | 35.519.409
649.757 0.07878001 0.072718918 -0.9049226 0.35448477 0.063830614 0.1583457 4.189.032 3.551.939
649.758 0.087000534 0.078666888 -0.94778544 0.35002726 0.062018633 0.15707016 41.830.042 | 35.519.367
649.759 0.080647774 0.083702669 -0.97993857 0.36082813 0.063037872 0.15566945 42.228.998 | 35.519.348
64.976 0.070266731 0.081159785 -1.002.951 0.36402836 0.06506443 0.1563549 41.900.781 | 35.519.329
649.761 0.07505618 0.075617924 -10.163.158 0.37820089 0.062900782 0.15513897 42.064.978 3.551.931
649.762 0.10381044 0.068195462 -10.197.943 0.37934384 0.060713291 0.15332103 42.146.008 | 35.519.291
649.763 0.1548257 0.058136396 -101.202 0.38357276 0.057530403 0.15057325 418.38 35.519.272
649.764 0.20987509 0.041023489 -0.99861348 0.39974543 0.060230494 0.15151501 42.171.487 | 35.519.253
649.765 0.25406334 0.021049062 -0.98217595 0.40511727 0.063347816 0.15132427 42.157.626 | 35.519.234
649.766 0.28833893 -0.001824377 -0.96122783 0.41591811 0.059211254 0.15143752 4.187.103 35.519.215
649.767 0.29925278 -0.027490612 -0.94083458 0.41666105 0.058692694 0.14993548 41.998.428 | 35.519.196
649.768 0.29979146 -0.052682009 -0.91285795 0.41717535 0.061643124 0.14702082 42.349.939 | 35.519.176
649.769 0.29311666 -0.073687337 -0.88145065 0.41603243 0.060969591 0.14773607 41.661.942 | 35.519.157
64.977 0.30038282 -0.094823867 -0.84809834 0.42100424 0.060093403 0.14628172 42.332.632 | 35.519.135
649.771 0.3148917 -0.11622281 -0.80639893 0.42123282 0.059050322 0.14414787 41.801.108 | 35.519.115
649.772 0.30870289 -0.14067072 -0.76324373 0.40957478 0.055211782 0.14250875 42.180.499 | 35.519.096
649.773 0.30006665 -0.16889857 -0.72076273 0.4124893 0.052946806 0.13880134 42.190.479 | 35.519.077
649.774 0.28201544 -0.19425242 -0.66635489 0.40426007 0.054061413 0.13746023 41.821.127 | 35.519.058
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649.775 0.26260588 -0.22174302 -0.61072981 0.41551811 0.054699183 0.13806224 42.299.124 | 35.519.039
649.776 0.24440247 -0.24897747 -0.55433512 0.42003274 0.055724382 0.13957024 41.990.198 3.551.902
649.777 0.23060791 -0.27794257 -0.49746311 0.40963191 0.060522556 0.14201999 41.995.908 | 35.519.001
649.778 0.21705341 -0.30863211 -0.44116387 0.41671818 0.057995319 0.14033318 4.210.687 35.518.982
649.779 0.21017957 -0.33652884 -0.38092083 0.41551811 0.053757429 0.13818741 42.174.948 | 35.518.963
64.978 0.19963458 -0.37232286 -0.33112499 0.43386239 0.050479174 0.13513565 41.593.976 | 35.518.944
649.781 0.16905938 -0.41279653 -0.27979577 0.44232017 0.052976608 0.13518333 40.706.711 | 35.518.925
649.782 0.14520581 -0.4362635 -0.21077611 0.44169155 0.053489208 0.13315082 42.035.336 | 35.518.906
649.783 0.10867602 -0.47326964 -0.15834311 0.45860717 0.056123734 0.13100505 42.236.871 | 35.518.883
649.784 0.062660992 -0.5108943 -0.100421 0.45889291 0.054591894 0.12867451 42.152.542 | 35.518.864
649.785 0.020926032 -0.54561365 -0.043489315 0.4708367 0.054180622 0.12612939 42.096.036 | 35.518.845
649.786 -0.0020492757 -0.57505989 0.01705206 0.47958022 0.049465895 0.12422204 42.232.831 | 35.518.826
649.787 -0.029076293 -0.60739255 0.074186601 0.49655297 0.046628714 0.1265049 42.066.565 | 35.518.806
649.788 -0.065389454 -0.63112199 0.13213257 0.4948957 0.045669079 0.12870431 42.104.599 | 35.518.787
649.789 -0.095718734 -0.6538642 0.18673138 0.50683951 0.047206879 0.13075471 42.038.907 | 35.518.768
64.979 -0.12857156 -0.67335129 0.23701647 0.52204067 0.046885014 0.12780428 41.926.532 | 35.518.749
649.791 -0.1575893 -0.68695289 0.28231362 0.55010003 0.047212839 0.12561083 42.029.114 3.551.873
649.792 -0.16760732 -0.69497514 0.32098803 0.56198663 0.051689148 0.12324452 42.248.911 | 35.518.711
649.793 -0.16472077 -0.69467527 0.35457903 0.58267397 0.052803755 0.12381673 41.965.079 | 35.518.692
649.794 -0.16220309 -0.69912374 0.37990654 0.59067458 0.05068779 0.12239218 42.101.477 | 35.518.673
649.795 -0.15444513 -0.7005108 0.40203005 0.60959035 0.046557188 0.11985302 42.286.166 3.551.865
649.796 -0.16356732 -0.69849271 0.41948783 0.64119279 0.040948391 0.11783242 4.188.866 35.518.631
649.797 -0.19447626 -0.69896132 0.43282875 0.6560511 0.040763617 0.11726618 42.257.144 | 35.518.612
649.798 -0.22937834 -0.70314735 0.43527499 0.68302464 0.0395298 0.11646748 42.130.316 | 35.518.593
649.799 -0.24008141 -0.70386589 0.43581197 0.69862586 0.044620037 0.11562705 41.909.933 | 35.518.574

64.98 -0.22525051 -0.70149791 0.4301379 0.70816946 0.049716234 0.11698604 41.982.184 | 35.518.555
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649.801 -0.20296611 -0.70340979 0.41418368 0.71817023 0.049555302 0.11510849 42.350.534 | 35.518.536
649.802 -0.1844992 -0.70034206 0.39796093 0.72805673 0.045269728 0.11557341 41.640.866 | 35.518.486
649.803 -0.18213962 -0.69546872 0.3812609 0.75394446 0.040721893 0.11737347 42.419.836 | 35.518.436
649.804 -0.19317643 -0.69025803 0.36511573 0.76434529 0.04054904 0.11402965 41.802.902 | 35.518.387
649.805 -0.214202 -0.68367279 0.35160774 0.77023143 0.041699409 0.11377931 42.258.307 | 35.518.337
649.806 -0.23738809 -0.67670637 0.33409625 0.78691846 0.042158365 0.11268258 42.170.905 | 35.518.291
649.807 -0.25425655 -0.66649741 0.31861934 0.80326259 0.043928623 0.11010766 41.850.845 | 35.518.242
649.808 -0.2599301 -0.6550138 0.3009766 0.82017821 0.044709444 0.10778308 42.162.646 | 35.518.192
649.809 -0.26029313 -0.63806957 0.28214654 0.82663584 0.044238567 0.10687113 42.270.731 | 35.518.143
64.981 -0.26248294 -0.62726706 0.25639543 0.8470946 0.04016757 0.10797977 41.895.303 | 35.518.093
649.811 -0.26950318 -0.61209095 0.22990449 0.8547523 0.037443638 0.1083374 42.389.374 | 35.518.044
649.812 -0.270358 -0.59425956 0.20599699 0.87429672 0.037670135 0.10442138 4.201.348 35.517.994
649.813 -0.27651754 -0.58034557 0.17624837 0.89875573 0.037771463 0.10178685 419.802 35.517.944
649.814 -0.28494298 -0.56553811 0.14509167 0.90407044 0.038701296 0.099205971 42.578.912 | 35.517.895
649.815 -0.27207941 -0.55314863 0.11045653 0.93104398 0.037926435 0.10022521 4.189.296 35.517.849
649.816 -0.23912704 -0.53637934 0.076889396 0.94744527 0.037515163 0.10052919 42.455.048 | 35.517.799
649.817 -0.20734571 -0.52514565 0.047952205 0.97373301 0.038486719 0.098377466 42.093.454 3.551.775
649.818 -0.19136721 -0.51000708 0.029844087 0.98481959 0.038897991 0.09534359 42.316.885 355.177

649.819 -0.19081683 -0.49342525 0.02005914 0.99899215 0.036668777 0.093728304 4.207.811 35.517.651
64.982 -0.20807174 -0.48247898 0.019605692 10.228.226 0.03670454 0.090789795 42.360.886 | 35.517.601
649.821 -0.23641615 -0.47376946 0.025882376 1.046.653 0.034737587 0.091719627 42.096.555 | 35.517.551
649.822 -0.24497627 -0.46661565 0.038936928 1.054.768 0.030457973 0.091928244 42.280.969 | 35.517.502
649.823 -0.23474745 -0.45826226 0.055529572 10.735.122 0.029468536 0.089687109 4.163.649 35.517.452
649.824 -0.20904954 -0.45841846 0.072736762 1.091.285 0.033503771 0.084578991 42.020.135 | 35.517.406
649.825 -0.17730919 -0.45858714 0.089472599 11.135.154 0.034636259 0.08123517 42.258.902 | 35.517.357
649.826 -0.16203915 -0.45825601 0.10981813 11.163.727 0.03324151 0.081706047 42.047.064 | 35.517.307
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649.827 -0.16513649 -0.46127996 0.12991306 1.140.146 0.031030178 0.08379817 42.017.258 | 35.517.258
649.828 -0.16806401 -0.46138617 0.15379073 11.653.479 0.02989769 0.08354187 42.176.221 | 35.517.208
649.829 -0.16041143 -0.46248582 0.17404079 11.814.635 0.027531385 0.083982944 41.910.654 | 35.517.159
64.983 -0.15540536 -0.46695927 0.18866451 11.892.927 0.029402971 0.082945824 42.057.541 | 35.517.109
649.831 -0.15462077 -0.46948341 0.20030501 12.066.655 0.033915043 0.080811977 42.366.327 | 35.517.059
649.832 -0.15592645 -0.47472537 0.21075223 12.240.382 0.040054321 0.07917285 41.769.937 3.551.701
649.833 -0.16715063 -0.48151681 0.2201971 12.274.671 0.040572882 0.07609129 42.019.354 | 35.516.964
649.834 -0.18753214 -0.4911885 0.2325834 12.537.549 0.03362298 0.071769953 42.329.657 | 35.516.914
649.835 -0.20180681 -0.50089145 0.2429471 1.277.071 0.026625395 0.069904327 41.766.467 | 35.516.865
649.836 -0.2095882 -0.51024449 0.25578687 12.888.433 0.022351742 0.065034628 42.451.279 | 35.516.815
649.837 -0.22327736 -0.51951635 0.27097738 13.094.163 0.021600723 0.063806772 41.925.592 | 35.516.766
649.838 -0.22170235 -0.52830708 0.29006997 13.231.317 0.024402142 0.063288212 42.101.639 | 35.516.716
649.839 -0.20866895 -0.53433001 0.3130646 13.286.749 0.027817488 0.063455105 42.187.952 | 35.516.666
64.984 -0.2108646 -0.54425788 0.33509862 13.486.766 0.032550097 0.063079596 41.842.636 | 35.516.617
649.841 -0.21735787 -0.54994345 0.36086765 13.566.772 0.033277273 0.06005168 42.248.276 | 35.516.567
649.842 -0.22789702 -0.55641621 0.38559252 13.677.065 0.033557415 0.05710721 42.202.048 | 35.516.521
649.843 -0.23033857 -0.56621289 0.40683898 13.738.214 0.030457973 0.055289268 41.783.316 | 35.516.472
649.844 -0.22625174 -0.57767773 0.42293641 1.398.909 0.027239323 0.052827597 42.425.629 | 35.516.422
649.845 -0.22351156 -0.58739942 0.42756638 14.110.242 0.024473667 0.054699183 41.960.565 | 35.516.373
649.846 -0.22487579 -0.59206033 0.42285886 14.251.968 0.021523237 0.054609776 41.976.755 | 35.516.323
649.847 -0.23337737 -0.60157579 0.41053817 14.222.251 0.024485588 0.050967932 42.478.244 | 35.516.273
649.848 -0.24310264 -0.61123502 0.38765693 14.279.399 0.029683113 0.048929453 41.908.011 | 35.516.224
649.849 -0.2440453 -0.62169397 0.3537139 14.479.985 0.03194809 0.04761219 42.239.993 | 35.516.174
64.985 -0.24517533 -0.63112819 0.31442493 14.463.984 0.031483173 0.044053793 42.092.438 | 35.516.125
649.851 -0.24362959 -0.64043128 0.26893091 14.530.847 0.0238657 0.045096874 42.365.076 | 35.516.075
649.852 -0.23898652 -0.64456737 0.2177449 14.720.576 0.019419193 0.044137239 42.085.049 | 35.516.029
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649.853 -0.23957789 -0.65034664 0.16457206 14.705.718 0.019329786 0.045114756 42.282.407 3.551.598
649.854 -0.24963105 -0.65757543 0.10690054 14.906.876 0.019770861 0.043970346 41.885.147 3.551.593
649.855 -0.26162809 -0.66232383 0.053304095 14.962.308 0.020849705 0.043785572 42.154.214 | 35.515.881
649.856 -0.2874431 -0.6681031 0.0051251641 15.046.887 0.019949675 0.043416023 41.719.269 | 35.515.831
649.857 -0.29460385 -0.67149568 -0.038334318 15.045.744 0.02015233 0.040382147 42.031.357 | 35.515.781
649.858 -0.27932799 -0.67500699 -0.077342845 15.153.753 0.018197298 0.035744905 42.114.966 | 35.515.732
649.859 -0.25400478 -0.67729998 -0.11463304 15.248.617 0.01963973 0.030380487 42.230.005 | 35.515.682
64.986 -0.2124806 -0.68037391 -0.15050919 15.372.055 0.019276142 0.027686357 41.857.205 | 35.515.633
649.861 -0.17356193 -0.68463492 -0.18554407 15.289.191 0.017273426 0.024837255 42.329.407 | 35.515.587
649.862 -0.1497435 -0.68750274 -0.2220109 15.336.623 0.014656782 0.024718046 41.844.434 | 35.515.537
649.863 -0.13162205 -0.6914264 -0.25686678 15.240.045 0.018906593 0.025695562 42.207.452 | 35.515.488
649.864 -0.11833689 -0.69163257 -0.29555312 15.286.334 0.020861626 0.028342009 42.302.679 | 35.515.438
649.865 -0.10810222 -0.69128269 -0.33645898 15.234.902 0.020569563 0.027859211 42.037.369 | 35.515.388
649.866 -0.11156256 -0.6966871 -0.3793934 15.316.051 0.02155304 0.029116869 41.987.442 | 35.515.339
649.867 -0.12374697 -0.69564366 -0.42449963 15.280.048 0.018912554 0.029039383 42.311.517 | 35.515.289
649.868 -0.12742396 -0.69917375 -0.47618085 15.286.334 0.020098686 0.027775764 41.846.817 3.551.524
649.869 -0.1270141 -0.70495927 -0.52661508 15.160.609 0.020116568 0.022953749 42.227.576 3.551.519
64.987 -0.12332541 -0.70414704 -0.56994331 15.276.619 0.01937151 0.018453598 41.970.236 | 35.515.144
649.871 -0.12211341 -0.70800197 -0.61340874 15.270.333 0.018054247 0.015896559 42.070.245 | 35.515.095
649.872 -0.13454373 -0.71211928 -0.64492345 15.289.191 0.015687943 0.017845631 42.346.356 | 35.515.045
649.873 -0.14960884 -0.71699888 -0.66915911 1.546.692 0.014156103 0.021380186 41.793.842 | 35.514.996
649.874 -0.1732399 -0.72593957 -0.68501788 15.556.641 0.016385317 0.022381544 42.261.554 | 35.514.946
649.875 -0.18283051 -0.73587996 -0.68977308 15.508.065 0.024336576 0.019669533 42.268.872 | 35.514.896
649.876 -0.18989173 -0.7505874 -0.68559062 15.534.925 0.023657084 0.014615059 41.979.074 | 35.514.847
649.877 -0.20201173 -0.76899362 -0.67427832 15.641.218 0.01860261 0.013673306 4.224.126 35.514.797
649.878 -0.19440599 -0.78327626 -0.65256643 15.626.932 0.016003847 0.012093782 42.209.039 | 35.514.748
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649.879 -0.18243822 -0.79648423 -0.61580729 15.787.516 0.014036894 0.011432171 41.885.818 | 35.514.702
64.988 -0.18034796 -0.80856138 -0.57666749 15.597.216 0.010597706 0.010210276 4.277.605 35.514.652
649.881 -0.17548825 -0.82716751 -0.53150159 15.705.224 0.01257658 0.0094592571 | 43.913.275 | 35.514.603
649.882 -0.17783028 -0.83520854 -0.47291124 15.665.792 0.016659498 0.010323524 41.975.641 | 35.514.553
649.883 -0.1735795 -0.84920996 -0.42872387 15.530.353 0.015413761 0.013291836 42.428.674 | 35.514.503
649.884 -0.16652414 -0.85512674 -0.37334943 15.285.763 0.013786554 0.016015768 42.241.534 | 35.514.454
649.885 -0.14473155 -0.86011875 -0.32882193 15.087.461 0.012403727 0.015622377 42.246.057 | 35.514.404
649.886 -0.11153914 -0.86366755 -0.28028503 15.005.741 0.01270771 0.012642145 42.108.905 | 35.514.355
649.887 -0.085320123 -0.86158079 -0.23617519 14.991.454 0.012052059 0.0074088573 | 42.090.665 | 35.514.305
649.888 -0.044621512 -0.85748839 -0.19286488 14.934.878 0.012165308 0.0058531761 | 42.097.906 | 35.514.259
649.889 -0.023742322 -0.85373968 -0.14747228 14.985.168 0.012922287 0.0040113926 | 41.901.129 3.551.421
64.989 -0.018273683 -0.85485804 -0.10511658 14.943.451 0.013643503 0.0051379204 | 42.006.821 3.551.416
649.891 -0.021300755 -0.85735095 -0.063482828 14.753.721 0.011855364 0.0047922134 | 42.133.163 | 35.514.111
649.892 -0.040985513 -0.85816318 -0.020637885 1.478.458 0.010621548 0.0030338764 | 42.165.436 | 35.514.061
649.893 -0.048052587 -0.86318022 0.016258525 14.664 0.011450052 0.0012814999 4.198.649 35.514.011
649.894 -0.053234324 -0.87135243 0.053566616 1.476.458 0.012087822 0.0009894371 | 42.388.782 | 35.513.962
649.895 -0.050300933 -0.87484497 0.092372283 14.709.146 0.012803078 0.00092983246 | 41.827.167 | 35.513.912
649.896 -0.040341455 -0.87818134 0.12971021 14.523.989 0.015097857 0.0024855137 | 42.175.467 | 35.513.863
649.897 -0.032706439 -0.88140523 0.15867126 14.503.416 0.016307831 0.0032246113 | 42.319.998 | 35.513.817
649.898 -0.038063832 -0.87703174 0.18703568 14.419.981 0.01218915 0.0028669834 | 42.071.552 | 35.513.767
649.899 -0.044943541 -0.87203348 0.20711271 14.359.405 0.012403727 0.0026285648 | 41.985.544 | 35.513.718

64.99 -0.054949861 -0.86296153 0.22245838 14.377.692 0.013172626 0.00064373016 | 42.434.183 | 35.513.668
649.901 -0.061185513 -0.84928495 0.23421225 14.354.833 0.0096976757 5,96E+01 41.901.788 | 35.513.618
649.902 -0.065945692 -0.83062261 0.23806059 14.199.393 0.0094354153 -0.00059008598 | 42.347.833 | 35.513.561
649.903 -0.066279426 -0.80020797 0.23816203 14.050.238 0.0085830688 -0.0013709068 | 42.094.708 | 35.513.504
649.904 -0.061232354 -0.77108669 0.23397955 13.820.505 0.0097811222 -0.0015318394 | 41.984.985 | 35.513.443
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649.905 -0.070483372 -0.74045336 0.22070424 13.833.078 0.0078439713 -0.0020980835 | 42.451.215 | 35.513.386
649.906 -0.070266731 -0.71343762 0.20093149 13.674.208 0.0086903572 -0.0031590462 | 41.887.033 | 35.513.329
649.907 -0.062520474 -0.68185467 0.1780562 13.571.343 0.010675192 -0.0034928322 | 42.321.103 | 35.513.271
649.908 -0.036102381 -0.64988428 0.15155928 13.429.618 0.0088453293 -0.0037133694 | 42.327.734 | 35.513.214
649.909 -0.0034135077 -0.62481165 0.12347529 13.374.186 0.0075817108 -0.0067651272 | 41.961.456 | 35.513.153
64.991 0.029035307 -0.59865183 0.092927158 13.333.039 0.01052618 -0.0097751617 | 42.371.848 | 35.513.096
649.911 0.055828124 -0.57378531 0.066472009 13.162.168 0.010490417 -0.0098228455 | 42.262.387 | 35.513.039
649.912 0.077638268 -0.55454189 0.033280753 1.310.845 0.0093519688 -0.0096261501 | 42.000.955 | 35.512.981
649.913 0.094735086 -0.53303045 -0.00048328089 13.165.026 0.0078558922 -0.0085115433 | 42.513.666 | 35.512.924
649.914 0.097650908 -0.50892621 -0.031323761 13.043.302 0.0074267387 -0.010257959 | 41.909.427 | 35.512.867
649.915 0.079734385 -0.49098232 -0.067426637 13.053.589 0.0088334084 -0.0096917152 | 42.267.841 | 35.512.806
649.916 0.069979832 -0.47518146 -0.099096455 1.291.072 0.010240078 -0.0095367432 | 42.333.203 | 35.512.749
649.917 0.07694152 -0.45410743 -0.12703128 12.800.997 0.0087440014 -0.01026392 42.360.675 | 35.512.691
649.918 0.095560648 -0.43113402 -0.15469763 12.710.705 0.0066161156 -0.010555983 | 42.278.973 | 35.512.634
649.919 0.10614076 -0.40725467 -0.18094991 12.539.263 0.0055670738 -0.012743473 4.207.196 35.512.577
64.992 0.1181788 -0.38017642 -0.20635498 12.401.538 0.0075757504 -0.015872717 4.212.197 35.512.516
649.921 0.12645787 -0.3512238 -0.23301896 12.264.384 0.0075757504 -0.017356873 | 42.185.956 | 35.512.459
649.922 0.13530488 -0.32502025 -0.2632091 12.141.517 0.0047147274 -0.019109249 | 42.117.978 | 35.512.402
649.923 0.14653492 -0.29363722 -0.29505193 11.914.643 0.0061511993 -0.019228458 | 41.871.759 | 35.512.344
649.924 0.15386547 -0.26647773 -0.32958564 12.023.222 0.0074982643 -0.018852949 | 42.429.272 | 35.512.287
649.925 0.17221527 -0.24043038 -0.36809298 11.895.213 0.0048577785 -0.017380714 | 41.995.923 | 35.512.226
649.926 0.19876802 -0.21693842 -0.406481 11.624.906 0.0025629997 -0.014835596 4.220.061 35.512.169
649.927 0.21082363 -0.19973804 -0.4489978 11.659.765 0.0021576881 -0.015842915 4.215.072 35.512.112
649.928 0.21382141 -0.1843558 -0.48906237 11.556.901 0.0015616417 -0.017511845 | 42.136.316 | 35.512.054
649.929 0.21204732 -0.17525265 -0.53159708 11.465.465 0.0023782253 -0.017535686 | 41.828.281 | 35.511.997
64.993 0.2034228 -0.16965456 -0.57494318 1.133.574 0.0029087067 -0.017565489 | 42.648.264 | 35.511.936
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649.931 0.17703399 -0.16215712 -0.61521065 11.283.165 0.0031530857 -0.019043684 | 41.951.602 | 35.511.879
649.932 0.15201527 -0.16240704 -0.65384924 1.131.231 0.0067770481 -0.021928549 | 42.101.129 | 35.511.822
649.933 0.12378795 -0.16065139 -0.68251795 1.112.201 0.0066995621 -0.024306774 | 42.279.492 | 35.511.765
649.934 0.10618175 -0.16395026 -0.70910436 10.850.559 0.0055968761 -0.024980307 | 41.989.316 | 35.511.707
649.935 0.091093227 -0.16862367 -0.72587597 10.737.979 0.0044941902 -0.026041269 | 42.261.655 3.551.165
649.936 0.071777344 -0.17723948 -0.7369855 10.677.403 0.00092387199 -0.026220083 | 42.235.196 | 35.511.589
649.937 0.063714907 -0.18135057 -0.73726588 10.401.382 -0.00067949295 -0.026297569 | 41.863.022 | 35.511.532
649.938 0.057976935 -0.18497433 -0.72879952 10.251.656 0.0013053417 -0.027859211 | 42.543.097 | 35.511.475
649.939 0.058012065 -0.19779496 -0.72249299 10.220.797 0.0043451786 -0.030863285 | 41.899.509 | 35.511.417
64.994 0.056132585 -0.21031567 -0.70788717 10.052.783 0.0054299831 -0.032132864 | 42.312.979 3.551.136
649.941 0.046904992 -0.21956876 -0.69032204 0.99007714 0.0022113323 -0.031208992 | 42.249.207 | 35.511.299
649.942 0.045341685 -0.23821865 -0.67276877 0.9828766 0.0015974045 -0.03015995 42.006.946 | 35.511.242
649.943 0.037027482 -0.25504416 -0.65312135 0.97144711 -0.0007212162 -0.030046701 | 42.361.728 | 35.511.185
649.944 0.041055772 -0.27281934 -0.6268869 0.9561888 0.0032365322 -0.037199259 4.244.368 35.511.127
649.945 0.05511966 -0.29233143 -0.60462618 0.951217 0.0022768974 -0.038683414 | 41.951.242 3.551.107
649.946 0.074400418 -0.31224337 -0.57979387 0.93858743 -0.00074505806 -0.03862381 42.633.203 | 35.511.009
649.947 0.098581865 -0.32791302 -0.54799879 0.91618568 -0.00050067902 -0.036287308 | 41.850.671 | 35.510.952
649.948 0.10084778 -0.3477625 -0.52103049 0.91418552 0.0013232231 -0.037151575 | 42.443.567 | 35.510.895
649.949 0.09638036 -0.37046725 -0.49487963 0.90207028 0.0039339066 -0.035065413 | 42.102.631 | 35.510.838
64.995 0.099038564 -0.3889859 -0.46971324 0.88704056 0.0036895275 -0.036025047 | 42.564.108 3.551.078
649.951 0.087170333 -0.40548027 -0.44680214 0.88544041 0.0042319298 -0.036782026 4.207.652 35.510.719
649.952 0.068890788 -0.42680424 -0.42895058 0.86578172 -0.00029802322 -0.038087368 | 42.269.464 | 35.510.662
649.953 0.053398266 -0.44993386 -0.41423735 0.84852326 -0.0023841858 -0.039255619 | 41.759.116 | 35.510.605
649.954 0.042162381 -0.47043934 -0.39527008 0.81909239 -0.00091791153 -0.042814016 | 42.460.028 | 35.510.548
649.955 0.037876468 -0.49387509 -0.37857005 0.81726366 -0.00056028366 -0.044727325 | 41.981.369 3.551.049
649.956 0.026734265 -0.51680475 -0.3583498 0.80166245 -0.00077486038 -0.046598911 | 42.127.847 | 35.510.433
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649.957 0.011423248 -0.53682917 -0.34129775 0.78514689 0.00012516975 -0.046485662 | 42.221.649 | 35.510.372
649.958 0.0030387829 -0.55634749 -0.32586855 0.75971633 -0.00069737434 -0.045144558 | 42.220.099 | 35.510.315
649.959 -0.014924581 -0.57939589 -0.31429368 0.75228721 -0.0020980835 -0.045585632 4.192.388 35.510.258
64.996 -0.049803253 -0.6034252 -0.30642992 0.7298283 -0.0021874905 -0.046336651 | 42.342.883 | 35.510.201
649.961 -0.088850737 -0.62308723 -0.2976712 0.72828531 0.0012099743 -0.045979023 | 42.272.168 | 35.510.143
649.962 -0.12783967 -0.64380515 -0.29166302 0.70159751 0.0016152859 -0.046807528 | 41.985.834 | 35.510.082
649.963 -0.14909944 -0.66429812 -0.28752232 0.67496687 0.00078082085 -0.048875809 | 42.491.409 | 35.510.025
649.964 -0.16168785 -0.68127358 -0.2858696 0.66370887 -0.0001013279 -0.05005002 42.078.812 | 35.509.968
649.965 -0.15621921 -0.69167632 -0.28545791 0.66016573 -0.0033318996 -0.051301718 | 42.093.048 | 35.509.911
649.966 -0.1477235 -0.70239764 -0.28781465 0.62770605 -0.0038444996 -0.053018332 | 42.252.444 | 35.509.853
649.967 -0.12549178 -0.70980138 -0.29120955 0.61107618 -0.0039577484 -0.051212311 | 42.042.764 | 35.509.792
649.968 -0.1044428 -0.71313769 -0.29335746 0.6171338 -0.0021994114 -0.053060055 | 42.260.614 | 35.509.735
649.969 -0.092275955 -0.71711761 -0.29663903 0.60810453 -0.0020742416 -0.04966259 42.285.486 | 35.509.678
64.997 -0.076830268 -0.71874827 -0.29670465 0.59118891 -0.0033855438 -0.049859285 | 42.017.981 | 35.509.621
649.971 -0.063205518 -0.71721131 -0.29533237 0.5699873 -0.0022649765 -0.049555302 | 42.467.236 | 35.509.563
649.972 -0.054510731 -0.71156949 -0.28916308 0.54261369 -0.0028431416 -0.048613548 | 42.050.882 | 35.509.506
649.973 -0.032314148 -0.7052654 -0.28474194 0.5311271 -0.0038087368 -0.048422813 | 42.195.663 | 35.509.445
649.974 0.0019146089 -0.69786167 -0.28142461 0.52564096 -0.0021159649 -0.049930811 | 42.589.737 | 35.509.388
649.975 0.035710093 -0.69062662 -0.2715084 0.53198433 -0.0046730042 -0.052404404 | 41.952.161 | 35.509.331
649.976 0.056220412 -0.6863656 -0.26357901 0.48735225 -0.0064074993 -0.055807829 | 42.395.016 | 35.509.274
649.977 0.062971309 -0.6807425 -0.25329885 0.48695225 -0.0045597553 -0.057560205 4.231.741 35.509.216
649.978 0.050611254 -0.67964292 -0.2456857 0.46609345 -0.0040352345 -0.059342384 | 42.106.003 | 35.509.155
649.979 0.039269976 -0.67328256 -0.23675394 0.45409253 -0.0061035156 -0.061321259 | 42.582.532 | 35.509.098
64.998 0.028982611 -0.66366708 -0.23260131 0.45797855 -0.0059306622 -0.063228607 | 41.843.292 | 35.509.041
649.981 0.012939712 -0.65134633 -0.23591268 0.43140504 -0.0049054623 -0.062382221 | 40.480.157 | 35.508.984
649.982 0.013173915 -0.62990987 -0.23254761 0.42963347 -0.0039935112 -0.061702728 | 42.512.177 | 35.508.926
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649.983 0.0015457394 -0.61147869 -0.23986246 0.42260435 -0.0036776066 -0.058591366 | 42.280.353 | 35.508.865
649.984 -0.016698668 -0.58481276 -0.24066196 0.38523 -0.0034570694 -0.058245659 | 42.246.939 | 35.508.808
649.985 -0.036371715 -0.56307644 -0.24016674 0.38505858 -0.0004529953 -0.055849552 | 42.116.513 | 35.508.751
649.986 -0.058714673 -0.53189963 -0.22896178 0.38248694 -0.0018298626 -0.05645752 4.193.324 35.508.694
649.987 -0.091983199 -0.50058532 -0.22153358 0.37505779 -0.0062406063 -0.058913231 | 42.375.897 | 35.508.636
649.988 -0.13665155 -0.46656567 -0.20917711 0.37997246 -0.0082075596 -0.059336424 | 42.101.974 | 35.508.575
649.989 -0.16669978 -0.43260852 -0.19676095 0.35602775 -0.0085175037 -0.061917305 | 42.097.525 | 35.508.518
64.999 -0.19078755 -0.39038542 -0.18049647 0.36825725 -0.0067830086 -0.063717365 | 42.235.608 | 35.508.461
649.991 -0.21201806 -0.35679689 -0.16427374 0.36117101 -0.0067591667 -0.065952539 | 42.292.252 | 35.508.404
649.992 -0.22368136 -0.32362697 -0.14312275 0.33162585 -0.0063121319 -0.066649914 419.004 35.508.347
649.993 -0.23262206 -0.28815159 -0.1180876 0.32236797 -0.0066041946 -0.064355135 | 42.285.086 | 35.508.289
649.994 -0.23949006 -0.25515661 -0.089275703 0.32751122 -0.0072598457 -0.062650442 | 42.186.526 | 35.508.228
649.995 -0.24793307 -0.22541676 -0.061883822 0.31636751 -0.0046610832 -0.061070919 4.197.384 35.508.171
649.996 -0.26530507 -0.19819482 -0.0286866 0.30082345 -0.0062465668 -0.05979538 42.319.565 | 35.508.114
649.997 -0.28671709 -0.16719291 0.0082456078 0.29779464 -0.0070154667 -0.061023235 | 42.096.082 | 35.508.057
649.998 -0.3025609 -0.13988973 0.043650407 0.28870821 -0.0079870224 -0.061666965 | 42.020.297 | 35.507.999
649.999 -0.31601 -0.11215544 0.080284297 0.28047901 -0.011849403 -0.063228607 4.213.111 35.507.938

65 -0.32637933 -0.076305188 0.12034291 0.28425074 -0.010746717 -0.063925982 | 42.029.459 | 35.507.881
650.001 -0.34914386 -0.046709049 0.1570842 0.2752786 -0.010037422 -0.064074993 | 42.283.771 | 35.507.824
650.002 -0.35850614 -0.016994197 0.19798407 0.27996469 -0.0078558922 -0.06467104 42.211.804 | 35.507.698
650.003 -0.35817826 0.015975794 0.24600191 0.27099255 -0.00846982 -0.062322617 | 41.844.919 | 35.507.568
650.004 -0.35197774 0.050520249 0.29909122 0.26299194 -0.008559227 -0.061529875 | 42.450.644 | 35.507.442
650.005 -0.34084722 0.086407989 0.35639283 0.27676442 -0.010514259 -0.060772896 | 42.107.599 | 35.507.313
650.006 -0.32660183 0.12565708 0.42071095 0.26464918 -0.010478497 -0.060153008 | 42.088.831 | 35.507.187
650.007 -0.30200467 0.1658746 0.49091792 0.26687795 -0.0099718571 -0.061649084 | 42.491.037 | 35.507.057
650.008 -0.28254828 0.20386162 0.56076694 0.28270775 -0.013291836 -0.063431263 | 41.889.264 | 35.506.931
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650.009 -0.26149341 0.23706904 0.63047874 0.25756294 -0.011152029 -0.062936544 | 42.289.462 | 35.506.802
65.001 -0.25158077 0.26865199 0.69936711 0.26162037 -0.012981892 -0.063931942 | 42.277.017 | 35.506.676
650.011 -0.2553573 0.29779831 0.76571387 0.2634491 -0.011479855 -0.066274405 | 42.142.191 | 35.506.546
650.012 -0.26080254 0.32046556 0.82499033 0.25561991 -0.0091731548 -0.066840649 | 42.420.181 3.550.642
650.013 -0.25902843 0.34476352 0.88645053 0.23024651 -0.011104345 -0.06660223 42.163.724 3.550.629
650.014 -0.24960177 0.37170431 0.94860286 0.2507624 -0.0077843666 -0.066387653 | 42.190.628 | 35.506.165
650.015 -0.24293284 0.38887346 1.001.901 0.23504689 -0.0086784363 -0.06172061 42.420.941 | 35.506.039
650.016 -0.23810826 0.40164408 10.467.209 0.24847651 -0.010496378 -0.059902668 | 42.255.371 | 35.505.909
650.017 -0.23459521 0.41781357 1.093.778 0.24704783 -0.014668703 -0.060385466 | 42.405.789 | 35.505.783
650.018 -0.24308507 0.43428919 11.314.203 0.23241811 -0.01335144 -0.059843063 | 42.091.309 | 35.505.653
650.019 -0.25529289 0.44704109 11.655.482 0.24321896 -0.013440847 -0.061106682 | 41.961.618 | 35.505.527
65.002 -0.27417552 0.46306685 11.957.264 0.23441827 -0.015670061 -0.064140558 4.210.397 35.505.398
650.021 -0.28630137 0.48286635 12.239.835 0.23801854 -0.011336803 -0.065857172 | 42.273.172 | 35.505.272
650.022 -0.30158311 0.49982929 12.475.091 0.23504689 -0.0088453293 -0.065225363 | 41.931.467 | 35.505.142
650.023 -0.32435936 0.51579887 12.621.149 0.23956153 -0.0082969666 -0.065618753 | 42.233.896 | 35.505.016
650.024 -0.3398343 0.53299922 12.779.438 0.24487622 -0.007891655 -0.064599514 | 42.159.164 | 35.504.887
650.025 -0.34745762 0.54946858 12.866.548 0.24613346 -0.0092327595 -0.064337254 | 41.905.792 | 35.504.761
650.026 -0.33814219 0.56431979 12.945.962 0.2539055 -0.014036894 -0.061929226 | 42.329.025 | 35.504.631
650.027 -0.32363915 0.57809007 13.006.282 0.25001949 -0.015628338 -0.060027838 | 42.295.923 | 35.504.505
650.028 -0.32015541 0.59304124 12.967.262 0.25441983 -0.018495321 -0.059956312 | 41.754.822 | 35.504.379
650.029 -0.31078142 0.60667408 12.879.078 0.25664857 -0.014740229 -0.059688091 | 42.258.133 3.550.425
65.003 -0.30045894 0.6198321 1.275.438 0.26104891 -0.010102987 -0.061434507 | 42.163.132 | 35.504.124
650.031 -0.29332745 0.63157809 12.591.436 0.26499209 -0.0085353851 -0.063323975 | 41.862.897 | 35.503.994
650.032 -0.29046431 0.63481444 1.235.266 0.25647712 -0.013822317 -0.064355135 | 42.363.736 | 35.503.868
650.033 -0.28569829 0.63881934 12.049.148 0.27122113 -0.019222498 -0.063472986 4.181.037 35.503.738
650.034 -0.28037605 0.64254934 11.706.078 0.27322128 -0.020027161 -0.062203407 | 42.289.993 | 35.503.613
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650.035 -0.27782321 0.64006889 11.240.577 0.27139258 -0.016242266 -0.059640408 | 42.160.168 | 35.503.483
650.036 -0.27031118 0.6387006 10.762.784 0.2593345 -0.010746717 -0.059747696 | 41.960.339 | 35.503.357
650.037 -0.25694403 0.6349144 10.199.435 0.26927814 -0.0065803528 -0.059652328 | 42.323.691 | 35.503.227
650.038 -0.25596625 0.62815422 0.9604522 0.27893603 -0.009149313 -0.062197447 | 42.209.375 | 35.503.101
650.039 -0.25572619 0.62244368 0.90096688 0.27642155 -0.014704466 -0.063538551 | 41.968.176 | 35.502.975
65.004 -0.25653419 0.61639577 0.83937538 0.2847079 -0.01205802 -0.065940619 | 42.454.883 | 35.502.846
650.041 -0.26079082 0.60835475 0.77464557 0.28910825 -0.010234118 -0.068277121 | 41.919.083 3.550.272
650.042 -0.26119483 0.60363138 0.71685475 0.2996805 -0.012427568 -0.068098307 | 42.300.323 3.550.259
650.043 -0.26259416 0.59497184 0.65899229 0.31373873 -0.013828278 -0.066405535 | 42.328.391 | 35.502.464
650.044 -0.25542757 0.5779714 0.59954876 0.31516743 -0.013387203 -0.06608963 41.968.216 | 35.502.335
650.045 -0.26243022 0.55912155 0.54240227 0.3187677 -0.016587973 -0.06390214 42.381.268 | 35.502.209
650.046 -0.26894107 0.53848487 0.48805404 0.32031068 -0.018906593 -0.064367056 | 42.172.787 | 35.502.079
650.047 -0.27822721 0.51651734 0.44216025 0.33099723 -0.017505884 -0.062763691 | 42.207.083 | 35.501.953
650.048 -0.28751338 0.48648387 0.39726883 0.32865417 -0.014591217 -0.06364584 42.290.085 | 35.501.823
650.049 -0.29257801 0.45666903 0.36070058 0.34848431 -0.010377169 -0.064575672 | 42.321.695 | 35.501.698
65.005 -0.29376072 0.42023775 0.32785538 0.32979712 -0.01591444 -0.065153837 | 42.181.308 | 35.501.568
650.051 -0.27616623 0.3851622 0.30157921 0.33614048 -0.01924634 -0.06570816 42.084.253 | 35.501.442
650.052 -0.2431085 0.35294822 0.28146636 0.35214174 -0.021958351 -0.064796209 | 41.842.825 | 35.501.316
650.053 -0.21488704 0.32248986 0.26616845 0.34871289 -0.020444393 -0.066179037 | 42.067.398 | 35.501.186
650.054 -0.20105736 0.28747684 0.25285137 0.34756994 -0.015211105 -0.066816807 | 42.455.084 3.550.106
650.055 -0.20337011 0.24668451 0.24422392 0.35745642 -0.011485815 -0.067037344 | 41.770.956 | 35.500.931
650.056 -0.21541986 0.20982209 0.24320963 0.35008442 -0.01372695 -0.069707632 | 42.221.832 | 35.500.805
650.057 -0.22826588 0.17403431 0.24479669 0.37025744 -0.013774633 -0.070494413 | 42.071.561 | 35.500.675
650.058 -0.23870547 0.13590358 0.25198624 0.37060031 -0.013965368 -0.072336197 4.207.626 35.500.549
650.059 -0.24950223 0.10189645 0.26265422 0.3675715 -0.018173456 -0.074273348 | 42.147.238 3.550.042
65.006 -0.25555053 0.063765727 0.27276734 0.37248617 -0.021129847 -0.074285269 | 42.524.115 | 35.500.294
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650.061 -0.25305626 0.022754729 0.28052965 0.38603008 -0.020140409 -0.071418285 | 41.752.222 | 35.500.164
650.062 -0.25252929 -0.016894231 0.29563069 0.39054471 -0.016647577 -0.068503618 | 42.405.545 | 35.500.038
650.063 -0.26286352 -0.054687575 0.31811219 0.38574433 -0.018638372 -0.067383051 | 42.230.029 | 35.499.908
650.064 -0.27031118 -0.091050155 0.34545037 0.39197341 -0.019598007 -0.070828199 | 42.033.859 | 35.499.783
650.065 -0.26355439 -0.12519474 0.38379067 0.39883107 -0.021529198 -0.072127581 | 42.398.364 | 35.499.657
650.066 -0.25913382 -0.1569339 0.42510819 0.3983739 -0.019419193 -0.074982643 | 42.013.873 | 35.499.527
650.067 -0.24919777 -0.18786085 0.46922997 0.40826038 -0.018197298 -0.075083971 | 42.368.597 | 35.499.401
650.068 -0.24638733 -0.21428308 0.5217405 0.41608956 -0.016450882 -0.076937675 | 42.196.851 | 35.499.271
650.069 -0.25821459 -0.24023046 0.57159603 0.38974467 -0.01796484 -0.077170134 | 42.080.042 | 35.499.146
65.007 -0.28578025 -0.26384115 0.62455404 0.43603396 -0.0200212 -0.07442832 42.291.098 | 35.499.016
650.071 -0.32641447 -0.2864022 0.67754787 0.4215757 -0.01706481 -0.07494688 4.232.341 3.549.889
650.072 -0.36164445 -0.30501458 0.73214072 0.42483312 -0.016760826 -0.073713064 | 41.939.798 3.549.876
650.073 -0.39511204 -0.31889111 0.78676939 0.42780477 -0.013589859 -0.073885918 4.254.462 35.498.634
650.074 -0.4273091 -0.32490778 0.83396387 0.42980492 -0.018388033 -0.074672699 | 41.826.569 | 35.498.505
650.075 -0.45061228 -0.33449826 0.87498307 0.45706418 -0.021415949 -0.073999166 | 42.236.798 | 35.498.379
650.076 -0.47184864 -0.34615678 0.91073394 0.44083434 -0.020062923 -0.07622242 42.443.726 | 35.498.249
650.077 -0.47547293 -0.34906828 0.94221878 0.44117725 -0.017130375 -0.077909231 | 42.070.889 | 35.498.123
650.078 -0.48584813 -0.35809645 0.96974194 0.43449101 -0.014257431 -0.079202652 | 42.549.542 | 35.497.997
650.079 -0.50158656 -0.35968342 0.99885809 0.46357897 -0.017595291 -0.082147121 | 42.027.164 | 35.497.868
65.008 -0.525446 -0.36033943 10.208.145 0.4463205 -0.018668175 -0.083148479 | 42.880.582 | 35.497.742
650.081 -0.56649005 -0.36308226 10.411.482 0.46260747 -0.020766258 -0.082409382 | 44.616.278 | 35.497.612
650.082 -0.58215821 -0.3517049 10.745.482 0.44483465 -0.021398067 -0.082778931 | 42.172.888 | 35.497.486
650.083 -0.60655046 -0.35014918 1.088.981 0.45969296 -0.017940998 -0.083321333 | 42.203.412 | 35.497.356
650.084 -0.59137994 -0.34200194 11.052.157 0.47117957 -0.014102459 -0.083136559 | 42.310.504 | 35.497.231
650.085 -0.57773179 -0.33349237 11.190.697 0.47043666 -0.015097857 -0.08289814 41.890.707 | 35.497.101
650.086 -0.56866229 -0.31793517 11.426.073 0.47135103 -0.014317036 -0.082558393 | 42.172.998 | 35.496.975
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650.087 -0.55898386 -0.30217806 11.634.779 0.48232329 -0.016236305 -0.08225441 42.284.293 | 35.496.845
650.088 -0.53608465 -0.27714285 11.899.331 0.48935241 -0.018870831 -0.084203482 | 42.053.214 | 35.496.719
650.089 -0.50272828 -0.25213888 1.208.065 0.480266 -0.018578768 -0.085902214 4.216.012 35.496.593
65.009 -0.46294308 -0.21827546 12.215.968 0.48055172 -0.018334389 -0.086265802 | 42.306.384 | 35.496.464
650.091 -0.41955698 -0.18256265 12.270.561 0.48855236 -0.019204617 -0.086903572 | 41.997.919 | 35.496.338
650.092 -0.37376446 -0.14380714 12.270.502 0.50078189 -0.01924634 -0.086051226 | 42.202.914 | 35.496.208
650.093 -0.33410218 -0.10303981 12.159.526 0.49906746 -0.016576052 -0.085699558 | 42.493.951 | 35.496.082
650.094 -0.29743186 -0.058492526 11.959.711 0.49975324 -0.018388033 -0.086706877 | 41.820.682 | 35.495.953
650.095 -0.25699672 -0.011839706 11.658.287 0.49283841 -0.01847744 -0.087767839 | 42.255.469 | 35.495.827
650.096 -0.20572385 0.03715606 11.193.024 0.49918175 -0.020098686 -0.090277195 | 42.211.679 | 35.495.697
650.097 -0.16629578 0.086401746 10.613.147 0.49746734 -0.019973516 -0.091332197 | 41.873.419 | 35.495.571
650.098 -0.14792258 0.13246101 0.99348831 0.49140972 -0.018012524 -0.091528893 | 42.326.111 | 35.495.441
650.099 -0.13608946 0.17304716 0.91487461 0.47437984 -0.016087294 -0.089710951 | 41.872.406 | 35.495.316

65.01 -0.1444388 0.21368952 0.83798522 0.47998026 -0.018376112 -0.089520216 | 42.363.031 | 35.495.186
650.101 -0.16160002 0.25242004 0.7627008 0.48135179 -0.018757582 -0.089401007 | 42.187.466 3.549.506
650.102 -0.16549364 0.29078194 0.68944496 0.47912306 -0.015586615 -0.091534853 | 42.081.616 | 35.494.976
650.103 -0.17070466 0.32850656 0.62036562 0.48889524 -0.01758337 -0.093084574 | 42.287.341 | 35.494.892
650.104 -0.18875585 0.36077678 0.55602366 0.45877862 -0.022435188 -0.092744827 | 42.399.094 | 35.494.812
650.105 -0.19814739 0.39262217 0.49706337 0.44043431 -0.021499395 -0.092291832 | 41.793.765 | 35.494.728
650.106 -0.20058896 0.42571086 0.44911712 0.4428345 -0.023943186 -0.093173981 | 42.656.113 | 35.494.644
650.107 -0.21828298 0.4563379 0.39976877 0.43797699 -0.021570921 -0.092822313 | 41.772.046 3.549.456
650.108 -0.22608194 0.48372856 0.35759208 0.43734837 -0.020873547 -0.094729662 | 42.273.383 3.549.448
650.109 -0.2173169 0.52184051 0.32710958 0.43060499 -0.018268824 -0.095647573 | 42.299.902 | 35.494.396
65.011 -0.21017957 0.55900288 0.29487294 0.43866277 -0.018000603 -0.09726882 42.136.563 | 35.494.312
650.111 -0.20456454 0.59296 0.26047647 0.43917707 -0.018149614 -0.10027885 42.245.651 | 35.494.228
650.112 -0.19315886 0.62666726 0.23171231 0.42203289 -0.01502037 -0.099593401 | 42.301.776 | 35.494.148
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650.113 -0.16735555 0.66134292 0.19896854 0.42243293 -0.014555454 -0.10042787 42.367.557 | 35.494.064
650.114 -0.13333759 0.69017053 0.16095641 0.40591735 -0.013875961 -0.10076761 42.161.703 3.549.398
650.115 -0.082954675 0.71422482 0.12518169 0.39260203 -0.015443563 -0.099128485 | 42.196.457 | 35.493.896
650.116 -0.050096005 0.73997229 0.090468995 0.3970595 -0.015825033 -0.096541643 | 42.092.044 | 35.493.813
650.117 -0.021593509 0.75402999 0.05218837 0.38517287 -0.016105175 -0.097179413 | 42.349.243 | 35.493.732
650.118 -0.0078984937 0.76403284 0.023722529 0.3694002 -0.016874075 -0.099819899 | 41.779.382 | 35.493.649
650.119 -0.010322494 0.77100545 -0.0070344219 0.36934307 -0.012713671 -0.10430217 42.222.055 | 35.493.565
65.012 -0.017916525 0.77494788 -0.031007541 0.35711354 -0.015050173 -0.10647774 42.246.753 | 35.493.481
650.121 -0.020071192 0.77316093 -0.054181159 0.3504273 -0.015032291 -0.10764599 42.163.788 | 35.493.401
650.122 -0.0029333916 0.76473886 -0.072611466 0.35202745 -0.017493963 -0.10427237 41.927.252 | 35.493.317
650.123 0.013689161 0.76351428 -0.081972793 0.32631114 -0.015968084 -0.1044035 42.413.251 | 35.493.233
650.124 0.030891366 0.75810361 -0.085946441 0.31328157 -0.015360117 -0.10589361 41.748.181 | 35.493.149
650.125 0.035370495 0.75367385 -0.07933563 0.30888122 -0.014007092 -0.10640621 42.299.222 | 35.493.069
650.126 0.031031888 0.74377102 -0.068906307 0.28985116 -0.016504526 -0.10477901 42.338.608 | 35.492.985
650.127 0.020750379 0.73731071 -0.057200175 0.28499365 -0.015622377 -0.10440946 41.967.783 | 35.492.901
650.128 0.025346613 0.73167515 -0.045171849 0.26133466 -0.014716387 -0.10533333 42.042.673 | 35.492.817
650.129 0.040259484 0.72313428 -0.037057504 0.26556355 -0.014984608 -0.10614395 42.343.939 | 35.492.733
65.013 0.058767371 0.72555846 -0.02927131 0.25607711 -0.013226271 -0.10759234 41.694.397 | 35.492.653
650.131 0.08947137 0.72032899 -0.037833139 0.23950438 -0.011098385 -0.10949373 42.476.694 | 35.492.569
650.132 0.10610563 0.71684271 -0.047385395 0.23281814 -0.012671947 -0.1096487 41.837.543 | 35.492.485
650.133 0.11505219 0.71596801 -0.061072387 0.22287451 -0.016748905 -0.10902286 42.329.507 | 35.492.401
650.134 0.12127613 0.71293151 -0.073637687 0.19841546 -0.020855665 -0.10964274 42.180.093 | 35.492.321
650.135 0.11852425 0.70292246 -0.088523932 0.19595812 -0.02015233 -0.1085043 42.038.956 | 35.492.237
650.136 0.13380013 0.69739306 -0.10201403 0.17144193 -0.014442205 -0.11107922 42.200.177 | 35.492.153
650.137 0.1308199 0.69121397 -0.11740743 0.16612723 -0.01283288 -0.11449456 42.385.782 | 35.492.069
650.138 0.10744059 0.67530066 -0.13343923 0.14281113 -0.01578331 -0.11755824 41.769.901 | 35.491.989
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650.139 0.079617284 0.66199893 -0.14107625 0.12012365 -0.015592575 -0.1193583 42.671.088 | 35.491.905
65.014 0.057760298 0.64158714 -0.15481696 0.10109359 -0.014317036 -0.1206398 41.958.331 | 35.491.821
650.141 0.021540815 0.62015074 -0.16527013 0.075434446 -0.01475215 -0.12212992 42.370.868 | 35.491.737
650.142 -0.01566232 0.59579027 -0.16993588 0.062519155 -0.019878149 -0.12140274 42.218.588 | 35.491.653
650.143 -0.040593222 0.57612199 -0.16775218 0.055832922 -0.019049644 -0.12170672 42.113.712 | 35.491.573
650.144 -0.066794671 0.5543794 -0.16066405 0.030459516 -0.016832352 -0.12074113 42.254.526 | 35.491.489
650.145 -0.071689516 0.53333038 -0.15040776 0.0070862663 -0.015437603 -0.12245774 42.463.678 | 35.491.405
650.146 -0.073914446 0.5199787 -0.13286048 0.0057147308 -0.015324354 -0.12519956 42.251.105 | 35.491.322
650.147 -0.065939836 0.50228471 -0.11420942 -0.0079434766 -0.015830994 -0.12619495 42.361.023 | 35.491.241
650.148 -0.075466037 0.48922044 -0.092718333 -0.018344287 -0.014650822 -0.12316108 4.204.823 35.491.158
650.149 -0.098763376 0.47853658 -0.066400409 -0.053261295 -0.01552701 -0.12338161 42.129.904 | 35.491.074
65.015 -0.10922639 0.46727791 -0.037761543 -0.049489573 -0.016504526 -0.12509227 42.081.378 3.549.099
650.151 -0.10980019 0.4575375 -0.0069091269 | -0.085035197 -0.016874075 -0.12555718 42.040.283 | 35.490.906
650.152 -0.072661459 0.44912162 0.029718792 -0.098750554 -0.014102459 -0.12537837 41.884.753 | 35.490.826
650.153 -0.021324176 0.43653217 0.06638848 -0.11092293 -0.015205145 -0.12549758 42.476.791 | 35.490.742
650.154 0.028080931 0.42043766 0.10651869 -0.13001013 -0.014907122 -0.12797117 41.916.232 | 35.490.658
650.155 0.070694156 0.40459934 0.15854597 -0.14441125 -0.017160177 -0.12926459 4.213.837 35.490.574
650.156 0.073393345 0.38742393 0.21216628 -0.1584695 -0.017428398 -0.13073683 42.191.312 | 35.490.494
650.157 0.079980299 0.3676807 0.27082822 -0.18795751 -0.017696619 -0.13250709 42.099.094 3.549.041
650.158 0.089248881 0.35002422 0.33178726 -0.19972984 -0.017595291 -0.13462305 42.072.827 | 35.490.326
650.159 0.096204706 0.33274886 0.39460781 -0.22316025 -0.017786026 -0.13539195 42.541.791 | 35.490.242
65.016 0.10642181 0.31279942 0.45372918 -0.27167833 -0.019711256 -0.13677478 41.916.205 | 35.490.162
650.161 0.11024518 0.29194406 0.51588148 -0.27516431 -0.021106005 -0.13498068 4.213.692 35.490.078
650.162 0.10059601 0.27340662 0.58056951 -0.2847079 -0.020980835 -0.13635159 42.419.611 | 35.489.994
650.163 0.078469694 0.26384738 0.65007246 -0.31522456 -0.022065639 -0.13510585 41.866.022 3.548.991
650.164 0.043468062 0.25637496 0.71534526 -0.33808348 -0.021034479 -0.13424754 42.528.079 | 35.489.826
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650.165 0.0049943775 0.24896498 0.77334493 -0.34654129 -0.018817186 -0.13571978 41.966.751 | 35.489.746
650.166 -0.045862786 0.24711561 0.82905942 -0.37048602 -0.01732707 -0.13713837 42.276.755 | 35.489.662
650.167 -0.09135671 0.24997088 0.87328857 -0.39225915 -0.017595291 -0.13769269 42.243.332 | 35.489.578
650.168 -0.1293093 0.25273246 0.90879482 -0.39820245 -0.017309189 -0.14102459 42.059.521 | 35.489.494
650.169 -0.16545266 0.26192304 0.94091213 -0.42323297 -0.018268824 -0.14320016 42.257.959 | 35.489.414
65.017 -0.18637869 0.2680397 0.96445566 -0.43340519 -0.022852421 -0.14307499 42.468.115 3.548.933
650.171 -0.19080512 0.28029177 0.9829874 -0.45672131 -0.021266937 -0.14510751 41.939.105 | 35.489.246
650.172 -0.20119202 0.29454941 0.99592263 -0.46929371 -0.020104647 -0.14491677 42.478.058 | 35.489.162
650.173 -0.22218247 0.31391156 10.060.059 -0.48649505 -0.017517805 -0.14539361 42.103.571 | 35.489.082
650.174 -0.2433427 0.3300373 10.081.598 -0.4962101 -0.016486645 -0.14656186 42.288.498 | 35.488.998
650.175 -0.2595261 0.34943068 1.002.611 -0.51323998 -0.020647049 -0.14771223 42.532.767 | 35.488.914
650.176 -0.28390664 0.36184517 0.98589903 -0.52986985 -0.022292137 -0.14837384 41.908.594 | 35.488.831
650.177 -0.31363285 0.3798078 0.97080988 -0.54952854 -0.024217367 -0.14905334 42.532.956 | 35.488.747
650.178 -0.32916051 0.39550245 0.94658023 -0.56215811 -0.024664402 -0.14756322 42.069.394 | 35.488.667
650.179 -0.32695898 0.41635156 0.91822177 -0.59547496 -0.021201372 -0.14898181 42.744.461 | 35.488.583
65.018 -0.32540154 0.44205528 0.88582408 -0.59907526 -0.020062923 -0.14796853 41.871.423 | 35.488.499
650.181 -0.32972258 0.46644071 0.84685731 -0.6079331 -0.020480156 -0.14690161 40.199.512 | 35.488.415
650.182 -0.32161918 0.50540239 0.8138749 -0.63284934 -0.022298098 -0.14813542 42.215.387 | 35.488.335
650.183 -0.3278724 0.53677917 0.76034403 -0.65690833 -0.024020672 -0.15012622 42.240.131 | 35.488.251
650.184 -0.32902583 0.57242328 0.70389563 -0.67599553 -0.024080276 -0.15206933 42.090.628 | 35.488.167
650.185 -0.31988606 0.6076737 0.64355713 -0.67885292 -0.024348497 -0.15287995 41.925.293 | 35.488.083
650.186 -0.30796513 0.64872843 0.58004451 -0.6886251 -0.020897388 -0.15352964 42.324.796 | 35.488.003
650.187 -0.2968815 0.68294179 0.50409776 -0.7166844 -0.018441677 -0.15291572 42.013.739 | 35.487.919
650.188 -0.28467366 0.71912318 0.42874175 -0.73497158 -0.019490719 -0.15386343 4.216.012 35.487.835
650.189 -0.26404038 0.75292414 0.34628567 -0.77086008 -0.021874905 -0.15584826 42.344.397 | 35.487.751
65.019 -0.2501463 0.78703749 0.25881779 -0.77680337 -0.023388863 -0.15704632 42.102.271 | 35.487.667
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650.191 -0.23255765 0.8170647 0.16552669 -0.82086396 -0.022506714 -0.15932322 42.086.688 | 35.487.587
650.192 -0.22462988 0.84414923 0.067402773 -0.83320779 -0.022488832 -0.16181469 42.386.911 | 35.487.503
650.193 -0.20120373 0.86727881 -0.036311697 -0.82354987 -0.021785498 -0.15989542 42.048.315 | 35.487.419
650.194 -0.17781857 0.88448542 -0.14075407 -0.84600878 -0.02477169 -0.15784502 41.993.704 | 35.487.335
650.195 -0.17124918 0.90554702 -0.24518451 -0.85686678 -0.024187565 -0.15617013 42.494.907 | 35.487.255
650.196 -0.17072222 0.92204762 -0.34863645 -0.8642388 -0.022208691 -0.15566349 41.868.674 | 35.487.171
650.197 -0.18192297 0.94185334 -0.44575205 -0.87326807 -0.022614002 -0.15655756 42.562.946 | 35.487.087
650.198 -0.20024936 0.95631719 -0.53480703 -0.88812637 -0.024747849 -0.15929937 41.943.158 | 35.487.003
650.199 -0.20163116 0.96618253 -0.6103301 -0.90887082 -0.025606155 -0.15953183 42.229.471 | 35.486.923

65.02 -0.18329892 0.97515446 -0.6756804 -0.90007013 -0.026386976 -0.16150475 42.262.769 | 35.486.839
650.201 -0.15867834 0.97974044 -0.72746307 -0.91601425 -0.024700165 -0.16674399 42.195.401 | 35.486.755
650.202 -0.13246517 0.98724413 -0.76457423 -0.93538719 -0.021129847 -0.16900897 42.278.391 3.548.666
650.203 -0.11184946 0.99427295 -0.79334438 -0.94093049 -0.019603968 -0.16812682 42.509.375 | 35.486.561
650.204 -0.107909 0.99407929 -0.81234151 -0.95636022 -0.018405914 -0.16630292 41.797.525 | 35.486.465
650.205 -0.10826616 0.98979324 -0.82348084 -0.96556097 -0.022894144 -0.16489625 42.679.532 | 35.486.366
650.206 -0.091614328 0.98379529 -0.82800341 -0.98219085 -0.028920174 -0.16551614 42.268.671 | 35.486.271
650.207 -0.080958098 0.97642905 -0.82688767 -0.98870564 -0.027912855 -0.16668439 42.370.706 | 35.486.176
650.208 -0.059914965 0.96635121 -0.82575405 -10.119.646 -0.028222799 -0.16670823 42.526.721 | 35.486.076
650.209 -0.032290727 0.95827901 -0.82203096 -10.238.512 -0.024670362 -0.16496778 42.065.527 | 35.485.981
65.021 -0.022717685 0.94549584 -0.81654185 -10.243.084 -0.020140409 -0.16412139 42.423.233 | 35.485.882
650.211 -0.033332933 0.92321599 -0.80656004 -10.329.376 -0.017821789 -0.16456246 42.227.698 | 35.485.786
650.212 -0.048116989 0.89748728 -0.7919423 -10.440.242 -0.025641918 -0.1663506 42.583.759 | 35.485.687
650.213 -0.061823718 0.87665063 -0.76276642 -10.525.391 -0.029176474 -0.17018318 42.230.527 | 35.485.592
650.214 -0.09156163 0.85785705 -0.72305387 -10.683.689 -0.029820204 -0.17154217 42.278.146 | 35.485.497
650.215 -0.12264036 0.83182842 -0.67540592 -10.766.554 -0.028854609 -0.17083883 41.945.935 | 35.485.397
650.216 -0.15443927 0.80978596 -0.61457819 -10.904.279 -0.028932095 -0.171417 4.254.581 35.485.302
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650.217 -0.17470953 0.78405726 -0.54493201 -11.142.583 -0.028574467 -0.17225742 4.211.138 35.485.203
650.218 -0.19000298 0.75810361 -0.47021443 -11.210.016 -0.023972988 -0.17350912 42.267.545 | 35.485.107
650.219 -0.20751551 0.73162514 -0.38948265 -11.244.305 -0.021630526 -0.1706481 42.388.992 | 35.485.012
65.022 -0.21518564 0.71070731 -0.29674044 -11.355.742 -0.027370453 -0.17060041 42.264.743 | 35.484.913
650.221 -0.24135783 0.68134856 -0.20236941 -11.320.311 -0.02912879 -0.16787648 4.196.814 35.484.818
650.222 -0.27282298 0.65280831 -0.098768294 -11.462.036 -0.032836199 -0.16905069 42.464.059 | 35.484.718
650.223 -0.28656486 0.62703586 0.0076907296 -11.534.041 -0.033921003 -0.16949177 42.311.963 | 35.484.623
650.224 -0.31362113 0.60473722 0.11324883 -1.158.776 -0.033563375 -0.16673803 41.950.546 | 35.484.528
650.225 -0.3310107 0.58149517 0.21557312 -11.586.046 -0.033891201 -0.16804934 42.507.849 | 35.484.428
650.226 -0.33814219 0.55960262 0.31143576 -11.672.338 -0.034099817 -0.17180443 42.030.588 | 35.484.333
650.227 -0.34094092 0.54090279 0.4106575 -1.175.863 -0.03054142 -0.17441511 4.217.139 35.484.234
650.228 -0.3460758 0.52179056 0.50313717 -11.837.494 -0.029057264 -0.17518997 42.399.133 | 35.484.138
650.229 -0.3562285 0.50938857 0.58880919 -11.907.214 -0.030606985 -0.17659664 42.057.144 | 35.484.043
65.023 -0.36665052 0.50106013 0.67309099 -11.910.071 -0.033438206 -0.1744628 42.372.293 | 35.483.944
650.231 -0.37544486 0.49538708 0.75313663 -1.180.492 -0.033724308 -0.17142892 42.156.287 | 35.483.849
650.232 -0.39399374 0.4877272 0.82901174 -11.868.925 -0.029277802 -0.16825199 42.072.617 | 35.483.749
650.233 -0.42262504 0.47876775 0.90341908 -11.982.648 -0.023907423 -0.16579628 42.460.016 | 35.483.654
650.234 -0.45100456 0.47007072 0.97755796 -12.030.081 -0.024920702 -0.16497374 42.083.636 | 35.483.555
650.235 -0.46623948 0.46340424 10.500.083 -11.971.219 -0.031030178 -0.16436577 42.259.598 | 35.483.459
650.236 -0.46477571 0.46014285 1.117.244 -11.927.787 -0.036394596 -0.16548038 42.536.435 | 35.483.364
650.237 -0.46605796 0.45930564 1.181.944 -11.682.625 -0.040560961 -0.16646385 42.046.619 | 35.483.265
650.238 -0.47545537 0.45770618 12.387.862 -11.760.917 -0.040632486 -0.16889572 42.525.146 3.548.317
650.239 -0.47523871 0.45108971 12.818.936 -11.631.763 -0.039064884 -0.16986728 42.398.312 3.548.307
65.024 -0.46866348 0.44963396 13.176.087 -11.503.183 -0.034362078 -0.17064214 42.288.782 | 35.482.975
650.241 -0.46892697 0.44836563 13.405.974 -11.442.034 -0.028926134 -0.17111897 42.567.719 3.548.288
650.242 -0.46163738 0.45228305 1.353.461 -11.480.894 -0.027644634 -0.1707375 42.259.177 3.548.278
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650.243 -0.43984482 0.4624733 13.581.506 -11.619.762 -0.028508902 -0.16893148 42.557.971 | 35.482.685
650.244 -0.40261826 0.47365075 13.529.538 -11.643.193 -0.032043457 -0.16790628 42.340.094 | 35.482.586
650.245 -0.37100086 0.48719612 13.369.937 -11.399.746 -0.036996603 -0.16885996 42.440.393 | 35.482.491
650.246 -0.35559031 0.49996677 13.166.124 -11.376.886 -0.038069487 -0.16884804 42.304.663 | 35.482.395
650.247 -0.3562929 0.51822305 12.928.301 -11.307.738 -0.039374828 -0.1691699 42.394.547 | 35.482.296
650.248 -0.34826562 0.53850985 12.633.262 -11.329.454 -0.036251545 -0.16681552 41.948.999 | 35.482.201
650.249 -0.32998607 0.55848426 12.269.906 -11.266.593 -0.029855967 -0.16735196 42.497.546 | 35.482.101
65.025 -0.29376659 0.58557504 11.874.689 -11.251.162 -0.031733513 -0.16688704 4.226.907 35.482.006
650.251 -0.24631122 0.61335927 11.433.829 -11.183.157 -0.03657937 -0.16866326 42.260.715 | 35.481.907
650.252 -0.19177121 0.63851947 10.933.962 -11.169.442 -0.037950277 -0.17012358 42.266.589 | 35.481.812
650.253 -0.14552198 0.65658826 10.424.668 -10.995.713 -0.037133694 -0.17051101 42.482.037 | 35.481.716
650.254 -0.12101851 0.67598164 0.99167454 -11.034.002 -0.033074617 -0.17113686 41.890.817 | 35.481.617
650.255 -0.10495219 0.69048297 0.93807209 -10.724.264 -0.033020973 -0.17003417 42.683.487 | 35.481.522
650.256 -0.0910054 0.7002421 0.88089579 -10.739.123 -0.036066771 -0.16912222 42.200.546 | 35.481.422
650.257 -0.083979316 0.70753336 0.82465619 -10.659.117 -0.038409233 -0.17002821 42.071.066 | 35.481.327
650.258 -0.082702905 0.71534324 0.77016479 -10.510.533 -0.040358305 -0.17210245 42.451.761 | 35.481.232
650.259 -0.089916356 0.71811104 0.70833468 -10.219.654 -0.040405989 -0.17132163 42.459.024 | 35.481.133
65.026 -0.096251547 0.71827346 0.6552096 -10.111.645 -0.038218498 -0.17248392 42.155.209 | 35.481.037
650.261 -0.10684337 0.72475249 0.59910125 -10.148.791 -0.035184622 -0.17256141 42.763.116 | 35.480.938
650.262 -0.11806755 0.72499615 0.54521841 -10.083.643 -0.032883883 -0.17274022 42.014.096 | 35.480.843
650.263 -0.13396408 0.72692049 0.48800036 -0.9928202 -0.034880638 -0.17154813 42.629.782 | 35.480.747
650.264 -0.14476083 0.7311191 0.43274525 -0.97813338 -0.035864115 -0.16925335 42.240.576 | 35.480.648
650.265 -0.16368443 0.73787302 0.37168479 -0.98356235 -0.038033724 -0.16866922 4.231.684 35.480.553
650.266 -0.18362094 0.73918509 0.31079137 -0.9539029 -0.037002563 -0.16644001 42.567.776 | 35.480.453
650.267 -0.183902 0.74617642 0.2537702 -0.95230275 -0.038069487 -0.16546845 42.274.686 | 35.480.358
650.268 -0.16579811 0.75612926 0.20363429 -0.95624596 -0.041586161 -0.16663074 42.333.621 | 35.480.263
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650.269 -0.15150587 0.76032782 0.15389812 -0.92807233 -0.044447184 -0.16827583 42.600.436 | 35.480.164
65.027 -0.14754198 0.759803 0.11042073 -0.94270205 -0.043576956 -0.17026067 42.196.606 | 35.480.068
650.271 -0.16376054 0.75711018 0.074854843 -0.92527211 -0.039899349 -0.17104149 42.488.867 | 35.479.969
650.272 -0.18303545 0.74752599 0.045004789 -0.89829856 -0.035345554 -0.17296076 42.512.335 | 35.479.874
650.273 -0.1945231 0.73181885 0.02245168 -0.88944072 -0.03502965 -0.17468929 42.282.669 | 35.479.774
650.274 -0.18518426 0.71488714 0.010131 -0.87652546 -0.04222393 -0.17567277 42.634.369 | 35.479.679
650.275 -0.16414112 0.6938318 0.0034306978 -0.86406732 -0.046235323 -0.17620325 42.182.632 | 35.479.584
650.276 -0.13187967 0.66734087 0.00079950172 | -0.86783904 -0.046008825 -0.17567873 42.638.742 | 35.479.485
650.277 -0.100637 0.63862568 0.0034903621 -0.85480946 -0.042337179 -0.17303228 42.448.636 | 35.479.389
650.278 -0.084547259 0.61498374 0.018997116 -0.85320932 -0.039744377 -0.17262101 42.580.649 3.547.929
650.279 -0.084072992 0.58813041 0.03692624 -0.8306933 -0.041252375 -0.17110705 42.292.538 | 35.479.195
65.028 -0.096520878 0.55684108 0.056418572 -0.81097746 -0.040954351 -0.1681447 42.518.872 | 35.479.099
650.281 -0.11549132 0.5244959 0.081489511 -0.84223706 -0.042694807 -0.16921759 43.978.217 35.479

650.282 -0.11885213 0.50279081 0.11846945 -0.81789231 -0.044465065 -0.16967058 42.265.262 | 35.478.905
650.283 -0.12063793 0.46915227 0.14599259 -0.80749148 -0.047028065 -0.17125607 42.568.597 | 35.478.806
650.284 -0.12812656 0.44293624 0.18744735 -0.80737722 -0.04440546 -0.17361045 42.139.676 3.547.871
650.285 -0.15361956 0.41702634 0.22936153 -0.77143157 -0.044262409 -0.17475486 42.544.312 | 35.478.615
650.286 -0.1849442 0.38941076 0.27892467 -0.77417463 -0.045704842 -0.175035 42.285.681 | 35.478.516
650.287 -0.22274455 0.35751539 0.32546285 -0.74485803 -0.042623281 -0.17384887 42.204.602 3.547.842
650.288 -0.25381157 0.32659471 0.37732902 -0.7325142 -0.040119886 -0.17273426 42.530.002 | 35.478.321
650.289 -0.26261175 0.29622385 0.43029302 -0.73725748 -0.039023161 -0.16987324 42.309.265 | 35.478.226
65.029 -0.25471324 0.26483455 0.48529756 -0.73822898 -0.041162968 -0.16977191 42.104.181 3.547.813
650.291 -0.24584867 0.23899338 0.54443085 -0.737086 -0.046491623 -0.170362 42.419.104 | 35.478.031
650.292 -0.23591846 0.21397068 0.59927428 -0.72554225 -0.044953823 -0.17305017 42.431.393 | 35.477.936
650.293 -0.23371109 0.18730478 0.65819877 -0.72565657 -0.046992302 -0.17374754 42.044.559 | 35.477.837
650.294 -0.25370032 0.16614327 0.71856713 -0.71851313 -0.046724081 -0.17563701 42.680.872 | 35.477.741
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650.295 -0.28012428 0.13763425 0.77396542 -0.70199758 -0.046396255 -0.17656088 42.080.887 | 35.477.642
650.296 -0.30013689 0.11330505 0.82437581 -0.70325482 -0.047618151 -0.17681718 42.669.189 | 35.477.547
650.297 -0.29937574 0.089813076 0.86969084 -0.68953943 -0.048488379 -0.17608404 42.173.694 | 35.477.451
650.298 -0.28907669 0.064690411 0.90981507 -0.67868143 -0.043934584 -0.17516613 42.191.226 | 35.477.352
650.299 -0.26480153 0.044634756 0.94404447 -0.67016649 -0.045728683 -0.17546415 42.525.479 | 35.477.257
65.03 -0.23468889 0.02269225 0.96987915 -0.68222457 -0.047940016 -0.17536283 42.282.819 | 35.477.158
650.301 -0.23771597 0.0073100035 0.99354798 -0.68759644 -0.048029423 -0.17463565 42.265.558 | 35.477.062
650.302 -0.26605451 -0.007841072 10.065.428 -0.69765437 -0.049030781 -0.17399192 42.585.742 | 35.477.043
650.303 -0.29590955 -0.022223661 10.067.875 -0.67313814 -0.046658516 -0.17367005 42.095.859 | 35.477.024
650.304 -0.31513175 -0.03220775 10.029.153 -0.6695379 -0.042748451 -0.17143488 42.507.339 | 35.477.005
650.305 -0.32925418 -0.042304303 0.98965788 -0.68376756 -0.042778254 -0.17047524 42.572.083 | 35.476.986
650.306 -0.33007389 -0.044878423 0.97151393 -0.65850848 -0.045073032 -0.16925335 42.178.986 | 35.476.967
650.307 -0.33000949 -0.052313384 0.94308984 -0.66679484 -0.046646595 -0.16899109 42.632.446 | 35.476.948
650.308 -0.32222223 -0.054937489 0.91184962 -0.6573655 -0.046813488 -0.16999841 42.256.165 | 35.476.929
650.309 -0.31377923 -0.056711882 0.88069296 -0.65427953 -0.049501657 -0.17116666 42.577.451 3.547.691
65.031 -0.31649598 -0.057036772 0.84359962 -0.65193653 -0.047683716 -0.17380714 42.330.786 | 35.476.891
650.311 -0.32191777 -0.054368932 0.80528921 -0.66085148 -0.049424171 -0.17530918 42.495.129 | 35.476.871
650.312 -0.31068775 -0.04955183 0.7649979 -0.65610826 -0.047671795 -0.17389655 42.328.699 | 35.476.852
650.313 -0.27966172 -0.045703143 0.72102529 -0.63884979 -0.046807528 -0.17310381 42.350.259 | 35.476.833
650.314 -0.2317438 -0.042829122 0.67498231 -0.62827754 -0.048071146 -0.1745224 42.072.269 | 35.476.814
650.315 -0.19051823 -0.038899217 0.63142741 -0.6346209 -0.049006939 -0.17212629 42.365.808 | 35.476.795
650.316 -0.15934582 -0.031276818 0.58652401 -0.63759255 -0.052785873 -0.17094016 4.240.838 35.476.776
650.317 -0.13727219 -0.023673166 0.54181159 -0.64799333 -0.052165985 -0.17015338 42.009.711 | 35.476.757
650.318 -0.11537421 -0.01513858 0.4971827 -0.62559164 -0.047123432 -0.17020106 42.492.648 | 35.476.738
650.319 -0.094020762 -0.0064977808 0.4477866 -0.62959194 -0.045382977 -0.17011166 42.226.596 | 35.476.719
65.032 -0.084459431 | -0.00088719703 0.39916617 -0.65336519 -0.048416853 -0.17294288 42.202.542 354.767
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650.321 -0.062151603 | 0.00085595768 0.34961495 -0.61924827 -0.048339367 -0.17409325 42.395.227 | 35.476.681
650.322 -0.029673511 0.014370092 0.29914492 -0.62044835 -0.048959255 -0.17299056 42.728.168 | 35.476.662
650.323 0.0026172176 0.017356573 0.24702814 -0.62342 -0.047600269 -0.17237067 4.184.017 35.476.643
650.324 0.021054843 0.022423591 0.19504263 -0.61050475 -0.046133995 -0.17155409 42.599.405 | 35.476.624
650.325 0.023513975 0.023441995 0.14477545 -0.62759179 -0.04619956 -0.17136931 42.174.225 | 35.476.604
650.326 0.020510321 0.027765518 0.09389969 -0.62953478 -0.046825409 -0.16919374 42.234.244 | 35.476.585
650.327 0.010176118 0.03124558 0.048125234 -0.63650674 -0.047212839 -0.16881227 42.396.591 | 35.476.566
650.328 0.0035540294 0.029346228 0.0022254786 -0.64227861 -0.049710274 -0.16744733 42.216.107 | 35.476.547
650.329 0.0085484069 0.02951492 -0.040500134 -0.63204926 -0.054013729 -0.16723275 42.437.256 | 35.476.528
65.033 0.01363061 0.027584329 -0.076274849 -0.6438216 -0.052791834 -0.16723871 42.351.575 | 35.476.509
650.331 0.020902611 0.024847765 -0.10734206 -0.62913471 -0.048130751 -0.16751289 42.029.138 3.547.649
650.332 0.03112557 0.023835611 -0.13428049 -0.6224485 -0.048327446 -0.16971231 4.265.723 35.476.471
650.333 0.036149222 0.016744282 -0.16038363 -0.62707746 -0.048857927 -0.17143488 42.312.598 | 35.476.452
650.334 0.037566148 0.0076911235 -0.18078883 -0.63513523 -0.04978776 -0.17068386 4.225.589 35.476.433
650.335 0.035610557 0.00024991465 -0.19622397 -0.63484949 -0.049990416 -0.1703918 42.529.398 | 35.476.414
650.336 0.044697627 -0.010358962 -0.20674279 -0.62999195 -0.049203634 -0.16865134 4.212.403 35.476.395
650.337 0.051723715 -0.022848448 -0.21443352 -0.64205003 -0.04889369 -0.16869903 42.452.606 | 35.476.376
650.338 0.061431427 -0.035625335 -0.21764347 -0.64222145 -0.046497583 -0.16720891 42.564.395 | 35.476.357
650.339 0.085208878 -0.044934656 -0.21645615 -0.63936412 -0.046920776 -0.16761422 42.168.201 | 35.476.337
65.034 0.1027214 -0.056224547 -0.21577001 -0.6369068 -0.049203634 -0.1666069 42.603.061 | 35.476.318
650.341 0.11041497 -0.067726873 -0.217548 -0.66016573 -0.051885843 -0.16644001 42.376.187 | 35.476.299
650.342 0.12539224 -0.076642573 -0.21905154 -0.65696549 -0.053328276 -0.16874671 42.644.412 3.547.628
650.343 0.13524634 -0.084802292 -0.21940953 -0.63827831 -0.052589178 -0.17111301 42.248.251 | 35.476.261
650.344 0.14231926 -0.094380267 -0.22181401 -0.63256359 -0.053423643 -0.16955733 42.547.324 | 35.476.242
650.345 0.15501891 -0.099940866 -0.22630672 -0.64662182 -0.051039457 -0.16670823 42.211.755 | 35.476.223
650.346 0.1731755 -0.10194018 -0.2280549 -0.63782114 -0.048059225 -0.16797185 42.571.063 | 35.476.204
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650.347 0.18486808 -0.10804436 -0.23266098 -0.62353432 -0.05338788 -0.16797185 41.818.298 | 35.476.185
650.348 0.19605713 -0.11907808 -0.23559646 -0.61947685 -0.054228306 -0.16905069 42.533.698 | 35.476.166
650.349 0.20451185 -0.13039921 -0.23748782 -0.64753616 -0.05672574 -0.17011166 42.308.371 | 35.476.147
65.035 0.20715834 -0.14314486 -0.23414065 -0.65130788 -0.055205822 -0.17004013 42.343.481 | 35.476.128
650.351 0.21285532 -0.15600297 -0.23443897 -0.63313508 -0.054949522 -0.16956329 42.157.278 | 35.476.105
650.352 0.21447718 -0.16510612 -0.23438527 -0.62399149 -0.054037571 -0.1691699 42.520.111 | 35.476.086
650.353 0.19795416 -0.17828912 -0.23851404 -0.62462008 -0.054734945 -0.16997457 42.021.872 | 35.476.067
650.354 0.17304084 -0.19140963 -0.24165238 -0.63107777 -0.051766634 -0.17114878 42.582.953 | 35.476.048
650.355 0.11989433 -0.21025945 -0.25174758 -0.60547578 -0.051128864 -0.17230511 42.414.505 | 35.476.028
650.356 0.075706095 -0.2300027 -0.2602796 -0.59833235 -0.053745508 -0.17144084 41.991.348 | 35.476.009
650.357 0.037531018 -0.24916491 -0.26848343 -0.59764659 -0.053983927 -0.16862154 4.243.934 3.547.599
650.358 0.0092041753 -0.2694205 -0.27159789 -0.58621711 -0.057679415 -0.1681149 42.338.373 | 35.475.971
650.359 0.0087416247 -0.28395304 -0.2706731 -0.60358989 -0.057953596 -0.1675725 4.216.261 35.475.952
65.036 0.01243032 -0.29720476 -0.27008241 -0.58838868 -0.055807829 -0.16809106 42.598.337 | 35.475.933
650.361 0.023502264 -0.31362414 -0.26408616 -0.59656078 -0.055205822 -0.16988516 4.213.443 35.475.914
650.362 0.027079713 -0.32265857 -0.24682528 -0.59158897 -0.056689978 -0.1709044 42.502.863 | 35.475.895
650.363 0.022173163 -0.33667877 -0.22571605 -0.58267397 -0.056928396 -0.17431974 42.413.177 | 35.475.876
650.364 0.011973625 -0.3516424 -0.19924895 -0.5898174 -0.054067373 -0.17405748 42.135.895 | 35.475.857
650.365 -0.00026933337 -0.36266366 -0.1638919 -0.60130399 -0.053465366 -0.17377734 42.739.349 | 35.475.838
650.366 0.0097838277 -0.37222287 -0.12282494 -0.57490194 -0.053775311 -0.17341971 42.311.072 | 35.475.819
650.367 0.033192411 -0.38225695 -0.078345202 -0.57953089 -0.054746866 -0.17107129 42.245.676 354.758

650.368 0.06989786 -0.39146006 -0.029301142 -0.57735926 -0.057649612 -0.16812086 42.591.754 3.547.578
650.369 0.11531567 -0.40226889 0.019784685 -0.56810141 -0.057035685 -0.16465783 42.176.596 | 35.475.761
65.037 0.16382495 -0.4095414 0.069437325 -0.60690445 -0.054317713 -0.16700029 42.579.321 | 35.475.742
650.371 0.19773167 -0.4207688 0.12017585 -0.57427335 -0.054693222 -0.16961098 42.497.708 | 35.475.723
650.372 0.20913151 -0.42661682 0.16680947 -0.56981581 -0.05184412 -0.17222762 42.327.386 | 35.475.704




69

650.373 0.21670212 -0.43350196 0.20999449 -0.58153105 -0.050103664 -0.17403364 42.513.452 | 35.475.685
650.374 0.20896757 -0.44139302 0.24978463 -0.57655919 -0.05594492 -0.17781854 42.583.496 | 35.475.666
650.375 0.20267336 -0.44700983 0.28490901 -0.57713068 -0.05671978 -0.17733574 42.603.436 | 35.475.647
650.376 0.20127985 -0.45279536 0.3119787 -0.57815933 -0.058531761 -0.17647147 4.242.467 35.475.628
650.377 0.19131452 -0.4598617 0.33504492 -0.5578149 -0.059634447 -0.17418861 42.336.774 | 35.475.609
650.378 0.16894229 -0.46084887 0.35479382 -0.52832687 -0.06018877 -0.17167926 42.383.661 3.547.559
650.379 0.16048171 -0.45854965 0.36977553 -0.53449881 -0.06095767 -0.16593933 42.600.214 | 35.475.571
65.038 0.14986645 -0.45643789 0.37466204 -0.52312648 -0.05863905 -0.16647577 41.849.109 | 35.475.552
650.381 0.13099556 -0.45622545 0.37673238 -0.52838403 -0.058096647 -0.16701221 39.868.875 | 35.475.533
650.382 0.12533955 -0.44642255 0.38148764 -0.52221215 -0.059950352 -0.16890168 42.717.145 | 35.475.513
650.383 0.10278581 -0.44431701 0.37357613 -0.53215575 -0.059807301 -0.17198324 42.132.593 | 35.475.494
650.384 0.090636529 -0.43844402 0.36326018 -0.55644333 -0.059235096 -0.17138124 42.400.732 | 35.475.475
650.385 0.09235207 -0.42669803 0.34545037 -0.53352731 -0.059062243 -0.17223358 42.422.577 | 35.475.456
650.386 0.084067143 -0.41074723 0.32715732 -0.52101201 -0.058287382 -0.17316341 42.018.808 | 35.475.437
650.387 0.055113804 -0.39729556 0.29891223 -0.52564096 -0.058335066 -0.17309189 42.378.503 | 35.475.418
650.388 0.026090207 -0.38171339 0.27110866 -0.52758396 -0.058531761 -0.17161369 42.435.678 | 35.475.399
650.389 0.014327364 -0.36816803 0.23701647 -0.52364081 -0.059652328 -0.17105937 42.208.667 3.547.538
65.039 0.017500814 -0.34655041 0.20047805 -0.51626879 -0.066065788 -0.1701355 42.329.407 | 35.475.361
650.391 0.025674496 -0.32905638 0.15972732 -0.50318205 -0.065124035 -0.17021894 42.550.992 | 35.475.342
650.392 0.024474205 -0.31367412 0.11926895 -0.50392497 -0.061923265 -0.17092824 42.067.484 | 35.475.323
650.393 0.014661103 -0.29498675 0.079997905 -0.51386863 -0.062197447 -0.1712203 42.645.227 | 35.475.304
650.394 0.0021312467 -0.27553716 0.033286717 -0.5021534 -0.065684319 -0.17206073 42.106.522 | 35.475.285
650.395 0.01399948 -0.2565124 -0.020584187 -0.48158038 -0.064182281 -0.1709342 42.419.479 | 35.475.266
650.396 0.028900642 -0.23708779 -0.072915755 -0.49049535 -0.060403347 -0.17185211 42.382.657 | 35.475.246
650.397 0.050218962 -0.21470168 -0.13361226 -0.482209 -0.059318542 -0.17280579 42.078.442 | 35.475.227
650.398 0.080120824 -0.19820106 -0.20221427 -0.47146532 -0.061368942 -0.17125607 42.661.642 | 35.475.208
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650.399 0.085712418 -0.18158799 -0.26826864 -0.46500766 -0.063252449 -0.17310977 4.227.673 35.475.189
65.04 0.064745396 -0.16448133 -0.33324903 -0.45614985 -0.060015917 -0.17139912 42.150.189 3.547.517
650.401 0.03082696 -0.1549096 -0.40281761 -0.4576928 -0.055134296 -0.17039776 42.692.773 | 35.475.151
650.402 0.0088938558 -0.14978635 -0.46711189 -0.46026444 -0.056731701 -0.16962886 42.229.669 | 35.475.075
650.403 0.0071548992 -0.1399647 -0.52885848 -0.45163518 -0.060737133 -0.16648769 42.545.218 | 35.474.995
650.404 0.012008755 -0.13414794 -0.59176254 -0.43809128 -0.067138672 -0.16645789 42.467.358 | 35.474.918
650.405 0.022407364 -0.12898095 -0.64902836 -0.44620621 -0.065791607 -0.16656518 42.218.588 | 35.474.842
650.406 0.029328061 -0.12253316 -0.70047688 -0.43911994 -0.061661005 -0.16692281 42.451.437 | 35.474.766
650.407 0.031687655 -0.11684135 -0.74678832 -0.43837702 -0.062346458 -0.16779304 42.573.679 | 35.474.686
650.408 0.034995772 -0.11238037 -0.78906643 -0.43631971 -0.063949823 -0.17058253 42.592.575 | 35.474.609
650.409 0.028830381 -0.10845671 -0.82389253 -0.43254799 -0.06455183 -0.17146468 42.456.622 | 35.474.533
65.041 0.020633278 -0.10782567 -0.85105765 -0.41271788 -0.061488152 -0.17262697 42.218.149 | 35.474.457
650.411 0.012073161 -0.11085589 -0.87175524 -0.39551654 -0.060629845 -0.17300248 42.226.151 | 35.474.377

650.412 0.0062356531 -0.11223667 -0.88706505 -0.36677143 -0.064760447 -0.17097592 42.308.057 354.743

650.413 0.0042917687 -0.1159604 -0.89746457 -0.36814296 -0.0662148 -0.16999841 42.196.765 | 35.474.224
650.414 0.010638668 -0.12513852 -0.90397394 -0.37505779 -0.068384409 -0.16936064 42.172.369 | 35.474.148
650.415 0.02597896 -0.13788415 -0.90828168 -0.35648492 -0.069087744 -0.16816258 42.612.262 | 35.474.068
650.416 0.059774444 -0.15211681 -0.90886045 -0.35339898 -0.069117546 -0.16793609 42.149.765 | 35.473.991
650.417 0.092773631 -0.16533728 -0.90434384 -0.34385538 -0.065296888 -0.16723871 42.287.952 | 35.473.915
650.418 0.10217103 -0.18474941 -0.8966949 -0.34174091 -0.062960386 -0.16919374 42.443.109 | 35.473.839
650.419 0.10309613 -0.20989707 -0.88507229 -0.33431175 -0.065392256 -0.16895533 42.201.004 | 35.473.759
65.042 0.11139862 -0.22730362 -0.86563963 -0.32665402 -0.068950653 -0.16975999 42.385.718 | 35.473.682
650.421 0.1211239 -0.25108302 -0.84611744 -0.32459673 -0.069469213 -0.16979575 42.596.021 | 35.473.606
650.422 0.14221387 -0.27185091 -0.81714445 -0.30299503 -0.066101551 -0.16906261 41.998.053 3.547.353
650.423 0.1607042 -0.2946119 -0.78261673 -0.30945268 -0.065714121 -0.16898513 42.354.599 3.547.345
650.424 0.14350784 -0.31744158 -0.74842912 -0.30985272 -0.069016218 -0.16734004 42.435.495 | 35.473.373
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650.425 0.10979433 -0.34695026 -0.70608532 -0.27573577 -0.067734718 -0.16926527 41.992.822 | 35.473.297
650.426 0.069388472 -0.38040134 -0.65699357 -0.27207834 -0.06596446 -0.16977787 42.568.793 | 35.473.221
650.427 0.032805976 -0.40971008 -0.59843302 -0.27825025 -0.067412853 -0.17188787 41.960.504 | 35.473.141
650.428 0.010088291 -0.43361443 -0.53553492 -0.2879653 -0.065296888 -0.17578006 42.504.538 | 35.473.064
650.429 -0.0075530442 -0.46218592 -0.47747555 -0.27573577 -0.067055225 -0.17582774 42.373.941 | 35.472.988
65.043 -0.014825045 -0.49140093 -0.42010832 -0.27190691 -0.070643425 -0.1747191 42.190.793 | 35.472.908
650.431 -0.018841626 -0.5144493 -0.35980561 -0.27436423 -0.065642595 -0.17383099 42.404.388 | 35.472.832
650.432 -0.038415134 -0.54373932 -0.29936567 -0.27990752 -0.061780214 -0.17078519 42.526.172 | 35.472.755
650.433 -0.058451194 -0.57212961 -0.23846035 -0.24104735 -0.060540438 -0.16901493 41.984.677 | 35.472.679
650.434 -0.078709751 -0.59375972 -0.17595601 -0.24104735 -0.064820051 -0.16791224 42.751.031 | 35.472.599
650.435 -0.10300244 -0.6133343 -0.11491942 -0.23458971 -0.069314241 -0.16855597 41.967.841 | 35.472.523
650.436 -0.13779914 -0.6321466 -0.053441323 -0.24413331 -0.07045269 -0.17035604 42.557.214 | 35.472.446
650.437 -0.16955706 -0.65183365 0.0091107404 -0.23950438 -0.073224306 -0.17225146 42.419.525 3.547.237
650.438 -0.19673046 -0.66959631 0.070529178 -0.23893291 -0.07160306 -0.17142892 42.394.498 3.547.229
650.439 -0.22987017 -0.68555337 0.12709095 -0.24407616 -0.070232153 -0.17290115 42.431.293 | 35.472.214
65.044 -0.25465471 -0.69717443 0.18126614 -0.23213238 -0.066572428 -0.1722157 42.457.291 | 35.472.137
650.441 -0.27313915 -0.70572776 0.22951667 -0.22036003 -0.064784288 -0.17074943 42.464.447 | 35.472.061
650.442 -0.27747193 -0.71919191 0.27372196 -0.20710185 -0.066208839 -0.17173886 42.380.276 | 35.471.981
650.443 -0.26187986 -0.71997911 0.32160255 -0.19361509 -0.071227551 -0.17104149 4.226.897 35.471.905
650.444 -0.25389352 -0.72001034 0.36705482 -0.18195704 -0.072288513 -0.16924143 42.368.683 | 35.471.828
650.445 -0.25522265 -0.72543979 0.41235793 -0.17618516 -0.070619583 -0.16989708 42.409.955 | 35.471.752
650.446 -0.26253563 -0.72662061 0.45034024 -0.15361197 -0.069016218 -0.16971827 42.211.047 | 35.471.672
650.447 -0.27056879 -0.73107535 0.48913398 -0.1274385 -0.07084012 -0.17037392 42.226.175 | 35.471.596
650.448 -0.27262977 -0.72706419 0.53083336 -0.13995376 -0.067937374 -0.16992092 42.683.884 | 35.471.519
650.449 -0.27329725 -0.72520232 0.56904835 -0.1232096 -0.067085028 -0.1708746 4.217.905 35.471.443
65.045 -0.27049851 -0.72201592 0.60565835 -0.12623841 -0.068235397 -0.17089248 42.278.641 | 35.471.363
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650.451 -0.24721876 -0.71191311 0.63427931 -0.13292465 -0.069731474 -0.17055273 42.509.412 | 35.471.287
650.452 -0.21851718 -0.70552778 0.65618211 -0.12263813 -0.069695711 -0.16754866 42.295.029 3.547.121
650.453 -0.19738036 -0.69701195 0.67072231 -0.13686781 -0.069129467 -0.16566515 4.208.934 3.547.113
650.454 -0.19027817 -0.69071412 0.68084139 -0.11526612 -0.068414211 -0.16443729 42.870.593 | 35.471.054
650.455 -0.18340431 -0.68105489 0.68478519 -0.1159519 -0.068485737 -0.16502738 41.940.717 | 35.470.978
650.456 -0.15166396 -0.66876537 0.67983902 -0.11738057 -0.065600872 -0.16420484 42.539.218 | 35.470.901
650.457 -0.11421491 -0.65447026 0.66966027 -0.095664598 -0.065523386 -0.16517043 42.317.297 | 35.470.821
650.458 -0.092480883 -0.63917547 0.65304375 -0.10149363 -0.066608191 -0.16753674 4.233.577 35.470.745
650.459 -0.084547259 -0.61820763 0.63248342 -0.097664751 -0.069862604 -0.16625524 42.547.385 | 35.470.669
65.046 -0.092486739 -0.60477471 0.60899955 -0.096064627 -0.073289871 -0.16784668 42.356.253 | 35.470.592
650.461 -0.11117613 -0.584113 0.58926857 -0.10035068 -0.074535608 -0.16847849 42.347.891 | 35.470.512
650.462 -0.13930391 -0.56396365 0.56463319 -0.083720811 -0.072258711 -0.16738772 4.270.372 35.470.436
650.463 -0.15822165 -0.54895002 0.53534997 -0.088978365 -0.070726871 -0.16795397 42.252.023 3.547.036
650.464 -0.17610304 -0.52665138 0.51036251 -0.084292285 -0.070613623 -0.16639829 42.611.246 | 35.470.284
650.465 -0.18805909 -0.50520873 0.48556009 -0.05909032 -0.077021122 -0.16249418 4.253.356 35.470.203
650.466 -0.19872704 -0.47987363 0.46152729 -0.050575368 -0.078308582 -0.16025305 42.119.119 | 35.470.127
650.467 -0.2090144 -0.45430735 0.43779284 -0.036402836 -0.074058771 -0.16097426 42.780.435 | 35.470.051
650.468 -0.22060744 -0.4257921 0.42301399 -0.024573343 -0.06930232 -0.16192794 42.254.724 | 35.469.975
650.469 -0.22814879 -0.39768293 0.40543687 -0.025601994 -0.070333481 -0.16158819 42.703.326 | 35.469.894
65.047 -0.23002826 -0.37369114 0.39104584 -0.020744475 -0.073987246 -0.16242266 42.504.523 | 35.469.818
650.471 -0.23051423 -0.346944 0.37980509 -0.013086734 -0.074887276 -0.16392469 42.404.562 | 35.469.742
650.472 -0.21682507 -0.31426767 0.36970988 -0.0060576149 -0.074070692 -0.16483068 42.480.167 | 35.469.666
650.473 -0.20821226 -0.28241605 0.35547996 -0.012343819 -0.075095892 -0.16332269 42.589.661 | 35.469.585
650.474 -0.2022635 -0.25984251 0.33564752 -0.0064576459 -0.071364641 -0.16100407 42.587.219 | 35.469.509
650.475 -0.19099835 -0.23241438 0.31912053 0.010229369 -0.071322918 -0.16098022 42.510.739 | 35.469.433
650.476 -0.17598593 -0.21147779 0.30378678 0.016001247 -0.072550774 -0.16059875 42.338.519 | 35.469.353
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650.477 -0.16282374 -0.19299659 0.28677052 0.021315947 -0.07352829 -0.16046166 42.242.935 | 35.469.276
650.478 -0.15785863 -0.17404057 0.27344748 0.020858768 -0.071901083 -0.15907884 42.730.698 354.692
650.479 -0.14387086 -0.16932967 0.26396087 0.028859392 -0.07070303 -0.15975833 42.060.068 | 35.469.124
65.048 -0.13014071 -0.16130741 0.2647365 0.040346 -0.072598457 -0.16044974 42.579.977 | 35.469.044
650.481 -0.13026367 -0.15950178 0.2782087 0.040060263 -0.073039532 -0.1609385 43.727.023 | 35.468.967
650.482 -0.11532152 -0.15423483 0.30249208 0.038117256 -0.07391572 -0.16078353 42.389.117 | 35.468.891
650.483 -0.11213636 -0.15704636 0.32456788 0.036517132 -0.077271461 -0.15969872 42.258.234 | 35.468.815
650.484 -0.1150112 -0.15616542 0.35991898 0.039260201 -0.078266859 -0.15839934 42.725.726 | 35.468.735
650.485 -0.12832564 -0.15753995 0.40223292 0.051604021 -0.072586536 -0.15776157 42.261.966 | 35.468.658
650.486 -0.14915799 -0.15918939 0.4521063 0.041888978 -0.069260597 -0.15709996 42.285.361 | 35.468.582
650.487 -0.18287736 -0.16611202 0.50064319 0.03806011 -0.069379807 -0.15947819 42.704.895 | 35.468.506
650.488 -0.20523202 -0.17072295 0.55827892 0.0414318 -0.069570541 -0.16176701 42.156.537 | 35.468.426
650.489 -0.2061864 -0.17606488 0.61985844 0.057147309 -0.069969893 -0.16149879 42.323.062 | 35.468.349
65.049 -0.18086906 -0.17431547 0.69018477 0.058347404 -0.070798397 -0.15981793 42.472.751 | 35.468.273
650.491 -0.1498079 -0.18036966 0.75490266 0.056518689 -0.070971251 -0.15791655 42.247.574 | 35.468.197
650.492 -0.11549132 -0.18425582 0.8265118 0.060004678 -0.073426962 -0.1583159 42.606.015 | 35.468.117
650.493 -0.10593584 -0.18761092 0.89688581 0.077206016 -0.07687211 -0.15676618 42.262.039 3.546.804
650.494 -0.12070819 -0.19508338 0.96169919 0.086292438 -0.078606606 -0.15713573 4.229.411 35.467.964
650.495 -0.13494188 -0.203493 10.230.937 0.065605111 -0.07982254 -0.1588583 42.647.345 | 35.467.888
650.496 -0.13985428 -0.21167146 10.784.384 0.091950022 -0.075262785 -0.16124249 42.290.952 | 35.467.808
650.497 -0.13351908 -0.22296761 11.320.467 0.088178299 -0.068002939 -0.15879273 42.552.878 | 35.467.731
650.498 -0.11119955 -0.23299544 11.853.091 0.11486609 -0.071555376 -0.15681982 42.558.987 | 35.467.655
650.499 -0.089272298 -0.24887127 1.227.092 0.11549471 -0.07506609 -0.15449524 42.041.211 | 35.467.579
65.05 -0.061355311 -0.26942673 12.644.836 0.12092371 -0.074523687 -0.152421 42.831.665 | 35.467.499
650.501 -0.045464642 -0.29040706 1.303.331 0.14795439 -0.073778629 -0.14927983 42.298.611 | 35.467.422
650.502 -0.048251659 -0.31011909 13.422.142 0.15241188 -0.075364113 -0.15193224 42.613.623 | 35.467.388
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650.503 -0.066595599 -0.33070582 13.778.696 0.15995532 -0.075775385 -0.15339851 42.500.027 3.546.735
650.504 -0.10229398 -0.35245463 14.069.799 0.15401199 -0.07275939 -0.15480518 42.460.898 | 35.467.316
650.505 -0.12685016 -0.37168556 14.346.999 0.15612645 -0.072133541 -0.15385747 42.382.257 | 35.467.281
650.506 -0.13944443 -0.38565579 14.596.574 0.14561135 -0.070953369 -0.15302896 42.636.685 | 35.467.243
650.507 -0.144673 -0.40729842 14.739.411 0.15646933 -0.070643425 -0.15121698 42.395.935 | 35.467.209
650.508 -0.14588501 -0.42367408 14.839.587 0.15172611 -0.071650743 -0.15260577 42.534.479 | 35.467.175
650.509 -0.14101943 -0.43500769 14.843.943 0.15166897 -0.07122159 -0.15351176 42.214.755 3.546.714
65.051 -0.14363666 -0.44489181 14.785.115 0.13663922 -0.073349476 -0.15211105 42.178.873 | 35.467.102
650.511 -0.15695694 -0.45322022 14.633.447 0.15024027 -0.070619583 -0.15162826 42.525.427 | 35.467.068
650.512 -0.17988542 -0.45808733 14.326.057 0.14195392 -0.069135427 -0.15064478 42.340.369 | 35.467.033
650.513 -0.21251574 -0.45880583 13.924.397 0.14458269 -0.066620111 -0.15226007 42.319.687 | 35.466.995
650.514 -0.22273284 -0.45643163 13.402.811 0.14795439 -0.068837404 -0.15220046 42.509.512 | 35.466.961
650.515 -0.20673677 -0.4504087 12.770.966 0.13046731 -0.068134069 -0.15366673 42.404.114 | 35.466.927
650.516 -0.19325255 -0.44974017 12.033.635 0.15355483 -0.070762634 -0.15352368 42.141.449 | 35.466.888
650.517 -0.1950559 -0.44752216 11.215.637 0.15818375 -0.072109699 -0.15178323 42.652.991 | 35.466.854
650.518 -0.2051442 -0.4421865 10.389.943 0.15121178 -0.069588423 -0.15140772 42.233.365 3.546.682
650.519 -0.21310709 -0.43725693 0.95203954 0.16184118 -0.066798925 -0.14986396 4.225.293 35.466.785
65.052 -0.22377504 -0.43472028 0.85735226 0.15886952 -0.066155195 -0.14795065 42.536.749 | 35.466.747
650.521 -0.23077185 -0.4311465 0.76502174 0.1678988 -0.066453218 -0.14778376 42.316.168 | 35.466.713
650.522 -0.22705974 -0.42597952 0.67405754 0.17412786 -0.067234039 -0.14671683 42.170.013 | 35.466.679
650.523 -0.20984583 -0.4310278 0.57866025 0.17229915 -0.067609549 -0.14294982 42.606.857 3.546.664
650.524 -0.18330477 -0.42905971 0.48465317 0.18167131 -0.065422058 -0.14320016 42.114.951 | 35.466.606
650.525 -0.14082037 -0.42501736 0.39769843 0.18184274 -0.067615509 -0.14161468 42.752.417 | 35.466.572
650.526 -0.11178505 -0.42465499 0.30902532 0.17492792 -0.066381693 -0.14057755 4.209.281 35.466.534
650.527 -0.092363782 -0.42649809 0.2219393 0.19407226 -0.065976381 -0.13994575 42.382.336 | 35.466.499
650.528 -0.079722673 -0.43747559 0.13223401 0.19721536 -0.069063902 -0.13833046 42.507.477 | 35.466.465
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650.529 -0.065120123 -0.44266757 0.047510691 0.19641531 -0.069946051 -0.13865232 42.410.352 | 35.466.431
65.053 -0.044030149 -0.4453854 -0.031884607 0.1890433 -0.070804358 -0.13728738 42.360.651 | 35.466.393
650.531 -0.029410033 -0.44990885 -0.11108898 0.18332857 -0.069212914 -0.13654828 42.674.762 | 35.466.358
650.532 -0.020317104 -0.45896825 -0.18922536 0.19207211 -0.067991018 -0.13664365 42.003.784 | 35.466.324
650.533 -0.012629393 -0.47482535 -0.26447397 0.18938619 -0.065523386 -0.13760924 42.853.571 | 35.466.286
650.534 -0.01241861 -0.4812544 -0.32755706 0.18681456 -0.064098835 -0.13434291 42.368.982 | 35.466.251
650.535 -0.015826263 -0.49438742 -0.3922272 0.20098709 -0.06557107 -0.13340116 42.551.117 | 35.466.217
650.536 -0.015908234 -0.5127936 -0.45125312 0.19184352 -0.066423416 -0.13129115 42.398.984 | 35.466.179
650.537 -0.0039111888 -0.52474582 -0.50090575 0.18481441 -0.067424774 -0.12901425 42.520.892 | 35.466.145
650.538 0.015832119 -0.54187745 -0.5430944 0.18664311 -0.06608963 -0.12669563 42.473.792 3.546.611
650.539 0.042917687 -0.55626005 -0.56692427 0.17847104 -0.06377697 -0.1252532 42.552.878 | 35.466.076
65.054 0.063275777 -0.57542223 -0.58904785 0.18498585 -0.062996149 -0.12577772 42.388.721 | 35.466.038
650.541 0.064306267 -0.59414709 -0.60170263 0.18224277 -0.063127279 -0.12623072 42.483.698 | 35.466.003
650.542 0.052572701 -0.61129123 -0.59655958 0.18567161 -0.065749884 -0.12633204 42.253.421 | 35.465.969
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PHU LUC 5
MOT SO HINH ANH THi NGHIEM
1. CONG TAC CHUAN BI TRUGOC THi NGHIEM
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Hinh 5.1. Cac chuyén gia lap dat thiét bi tai phong thi nghiém
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Hinh 5.2. Nghién cau sinh lp dat thiét bi tai phong thi nghiém
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Hinh 5.4. Chuyén gia va NCS hiéu chinh thiét bj tai phong thi nghiém
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2. LAP BAT THIET BI THI NGHIEM

Hinh 5.6. Lap dat cam bién gia toc 3 phuong tai san xe (hang ghé thi 3)
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Hinh 5.7. Lap dat cam bién gia toc 1 phuong trén nguoi (Pui — Nguc — Dau)
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Hinh 5.7. Lap dat cam bién HF — 650 tai dau xe



Hinh 5.9. Bo thu thap dit liéu Dewesoft Sirius I6ACC va R2DB dugc két ndi

Vi cac cam bién
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3. BUOI THi NGHIEM

Hinh 5.10. Xe thar nghiém chay qua map mé don hinh Sin
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Hinh 5.11. Xe thir nghiém chay qua map mé don hinh Xung
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Hinh 5.13. Céac chuyén gia, nha khoa hoc tham gia thi nghiém



