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PHAN A

LY THUYET

CHUONG I
XE VA BANH XE

1.1. XE VA MOT SO KHAI NIEM

1.1.1. Thuat ngir 0 TO

Déi tuong nghién ctru ciia chung ta 1a 6 to (hinh 1.1). Tiéng Anh thuat ngir nay 1a “automobile”,
day 1a mot tir ghép gdbm 2 phan: “auto” va “mobile” ghép vao c6 nghia 13 “ty di chuyén” hay “tu hanh”.
Tiéng Nga ciing nhu viy tir “aBTomobmis” cling duge ghép tir “aBro” va “mobmis” va ciing cd nghia 14
“tu di chuyén”.

GRS
R i

Hinh 1.1. O t6 - Déi twong nghién ciru cia chung ta

Thyc sy chiing toi khong biét tir “6 t6” cua tiéng Viét xuit x( tir dau. Tuy nhién TCVN — 1779-
76 (nam 1976) da dinh nghia thuat nglr 6 t6 nhu sau:

Xe tw chay ¢é dong co, cé trén 2 banh hodc phoi hop banh véi xich va ding dé vin chuyén chi
yéu trén dwong bé.

Xe tu chay tirc phai co6 dong co 1am ngudn dong luc. Ma ta biét dong co hoi nudc ra doi nim
1964 do Jem Wat nguoi Anh sang ché. Theo nhiéu tai liéu thi chiéc 6 t6 dau tién ra doi nim 1769 do



Junio nguoi Phap sang ché co nghia 14 4 niam sau khi dong co hoi nudc ra doi. Ciing c6 tai liéu tiéng
Nga néi rang chiéc 6 t6 ra doi dau tién vao nim 1766 do Polzundp (ITons3ysos) sang ché. O 6 thoi ky
nay di nhién duoc lip dong co hoi nude - mot loai dong co ddt ngoai (xem hinh 1.9).

1.1.2. Xe

Hinh 1.2

Céc hinh thtrc van chuyén thoi c6 xua

Tiéng Viét ching ta co tir XE dé ch1 mdt phuong tién van chuyén rit chung. Hlen nay khong ai
biét xe ra doi tir luc ndo. Chung ta biét rang tir thoi thuong cb loai ngucn d3d c6 nhu cau van chuyen
Thoat dau 1a mang, vac, ddi, kéo 1€, khénh, kiéu, ... (hinh 1.2). Mot s6 hinh thuc nay con ton tai dén
ngay nay. Tir chd kéo 18, con nguoi da biét ché tao ra mot loai xe truot (hinh 1.3). N6 ¢6 dang mot cai
thung ké trén 2 khdc gd tron dit theo chidu doc va do stc vat kéo Khi d6 chua co banh xe, nhu vdy xe
con ra doi trude ca banh xe.

Hinh 1.3

Mot loai Xe truot tir thoi cd xua



Du thé so nhu vy nhung ciing d4 14 mot budc tién quan trong trong su phét trién ciia xa hoi loai
nguoi. Phuong tién tho so nay da giup con nguoi ting dang ké nang suat lao dong va han la mirc song

cta loai nguoi cling nho d6 ma tang 1én.

1G

Hinh 1.4

Di chuyén mot vat nang bang cach

lan trén cac thanh go tron

Hinh 1.5

Bénh xe don gian thoi ¢6 xua

Xe trugt mic du di cai thién dang ké ning suat lao dong cho con ngudi, nhung do ma sat giira xe
va miat dat 1a ma sat trugt cho nén van can luc kéo 16n. Trong qua trinh tién hoa, thong qua lao dong,
dén mot luc nao dé con ngudi phat hién ra mot diéu (ma bay gid ai ciing biét): Lan 1 vat tron nhe hon la
kéo né. (Ngay nay ching ta da biét ma sat lan nho hon ma sat truot). R6i con nguoi biét sir dung phat
hién nay vao viéc di chuyén 1 vét ning bang cach dat dudi vat ning cac khic gd tron (hinh 1.4). Céch

van chuyén nay van con ton tai cho dén ngay nay.

Banh xe va xe c6 banh

Tir nhitng phat hién trén ddy ma dén mot thoi diém nao do, banh xe da ra doi (hinh 1.5). Mot sb
nha nghién ctru cho rang do6 ciing 1a mdt moc quan trong trong qua trinh phat trién cua xa héi loai nguoi.

Hinh 1.6. Xe cé banh

Khi ¢6 banh xe, nguoi ta thay cac thanh truot &
xe kéo biang cac banh xe, va xe c¢6 banh da ra
doi (hinh 1.6). Xe c¢6 banh no6i chung phai hoat
dong trén dudng hodc trén dia hinh twong ddi
bang phéng.

Khi chua phat minh ra dong co, xe c6
banh phai do nguoi hoac stc vat kéo, va nguoi
va suc vat la nguén dong luc cua xe. Goi luc
kéo (hodc day) do con nguoi hodc suc vat sinh
ra la Px; luc can lai chuyén dong 1a Pc. Ta c6
diéu kién chuyén dong:

Pc>P.=fG (1.1)

Trong d6 f1a hé sb can giira banh xe va
mat duong khi lan.

Su lam viéc cuia banh xe (hinh 1.7):
Luc kéo Pk do con nguoi hodc suc vét sinh ra

théng qua khung xe tao thanh luc Py tac dung Ién truc banh xe. Luc nay tao nén mé men My = Pyrp. MO

men My 1am cho béanh xe quay va xe chuyén dong.

1.1.3. Xe tw hanh



Nim 1764 danh dau mot budc ngodt trong lich sir tién héa cia loai ngudi bang phat minh ra
dong co hoi nudc ciia nha khoa hoc Anh Jem Wat. Cé cau chuyén ké réng: Tu lac con nhd, Jem Wat
ngdi bén bép lira, nhin 4m nudc dun so6i, ong nhan thiy hoi nudc c¢6 sitc manh: chung ddy dugc nip
vung ctia Am nudce 1én. Tir quan sat d6 ong di suy nghi vé sirc manh ctia hoi nudc va cubi ciing da phét
minh ra dong co hoi nudc.

Hinh 1.7

Su lam viéc cua banh xe

Hoi nuée duge dun tir ndi (supze), sau d6 duge dua vao xi lanh, day pittong chuyén dong (tinh
tién). Co ciu truc khuyu thanh truyén ndi voi pittong da bién chuyén dong tinh tién cua pittdng thanh
chuyén dong quay cua truc khuyu. Phat minh nay da thuc day cudc cach mang cong nghiép va dua loai
ngudi tir nén van minh néng nghiép budc sang nén van minh cong nghiép.

Hinh 1.8. Xe tu hanh (6 t6) véi ngudn dong luc 13 dong co hoi nude

Ngay nay & Anh, trén mo Jem Wat nguoi ta ghi: NGUOI DA NHAN LEN GAP BQI SUC
MANH CUA CON NGUOL bong co hoi nudc duge dung dé chay may dét, may xay bdt,... (da co
trude d6 va chay bang strc gio, nudc) va hang loat cic may khac trude ddy khong thé ra doi vi thiéu
ngudn dong luc nay lan luot ra doi.

Khi d3 c6 dong co, ngudi ta ngudi ta nghi dén chuyén lip dong co 1én xe co banh. Trén xe cé
dong co, truc dong co duge ndi véi truc banh xe va dong co 1am viéc (quay) thi banh xe quay, xe
chuyén dong ma khong can ngudi (hodc suc vat) kéo. Xe tu hanh (automobile) — 6 t6 dé ra doi nhu vay
(hinh 1.8). Nhu d3 néi & trén, 6 tai liéu cho rang chiéc 6 t6 dau tién duogc sang ché 1 vao nim 1769.
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Khi d6 banh xe cua xe tu hanh lam viéc nhu sau: Nguén dong luc (dong co hoi nude) khi lam
viéc sinh ra mé men M, mémen M. dugc truyén dén banh xe lam banh xe quay. Khi quay banh xe s&

Hinh 1.9

tac dung vao mat duong mét lyc 1a P. Mat duong sé tac dung lai
vao banh xe mét luc Py nguoc chiéu véi P va vé gia tri Py = P.
Chinh lyc Pk 14 luc ddy vao xe lam cho xe chuyén dong: Luc Pk
thong qua banh xe va truc banh xe déy vao khung xe mét luc
Po. Nhu vdy theo phuong ngang, banh xe cua xe ty hanh chiu
tadc dung mot lyc tor dudong 1a Pk va mot luc tor khung 1a Py.
(hinh 1.9). Tuy nhién trén xe tu hanh khong phai tit ca cic banh
xe déu c6 md men tir dong co truyén dén. Ciing c6 nhimng banh
xe khong c6 mé men truyén dén tir dong co. Nhitng banh xe
nay dugc goi 1a banh xe bi dong va chung hoat dong nhu cac
banh xe cua xe khong c6 dong co. Cac banh xe c6 mo men tir

Su lam viéc cua banh xe ty hanh

dong co truyén xudng dugc goi
la cac banh xe chu dong.

bong co hoi nude tuy c6 vai tro lich str cuc ky to 16n nhung ciling
¢6 nhuge diém quan trong. D6 13 hidu suit thip (3 + 4 %). Mt khac
kich thudc va trong luong ciia dong co hoi nude 16n. Néu dong co hoi
nudc ma con ton tai dén ngay nay thi hin 1a van dé 6 nhiém ciing s&
duoc dat ra.

Loai ngudi lai tiép tuc di tim kiém cac ngudn dong luc méi. Va
niam 1877 hai nha sang ché: Ot t6 va Langhen da sang ché ra dong co
d6t trong dau tién chay bang nhién liéu xing 1a nhién liéu khi chay phai
c0 tia lira (trén dong co xang nguoi ta dung tia lira dién). Pong co cla
Ottd va Langhen khi méi ra doi co hinh dang nhu trén hinh 1.10. Dén
niam 1897 nha phat minh Diézen sang ché ra dong co dbt trong chay
bang nhién liéu diézen 1a loai nhién lidu c6 thé tw bdc chay trong didu
kién nhiét 6 va ap sut thich hop ma khong can tia lira dién.

Ngay nay, dong co hoi nude da hoan thanh xuét sic nhiém vy va
ciing da két thic vai tro lich sir ciia minh. Ngudn dong luc trén 6 t6 ngay
nay chi yéu la dong co dét trong. M men M. trén dong co ddt trong
khéng truyén truc tiép dén banh xe ma thong qua mot bo phan trung
gian 12 hé thong truyén luc. Ta s& nghién ctru k§ van dé nay & cac phan
sau.

1.2. BANH XE

1.2.1. Gi¢i thiéu chung

Hinh 1.10

Pong co dbt trong chay bang
xang cua Ottd va Langhen

Tir cac banh xe & hinh 1.6 dén banh xe 6 t6 ngay nay 1a mot budc tién dai khong chi 1a cong nghé
ma con la cac nghién ciru vé moi quan hé giira cac thong s6 két cau cia banh xe va kha niang chuyén

dong cua 6 to, dic biét 1a chit lvong kéo — bam.

Ngay nay banh xe dwogc hiéu 1a phin tir 1ién két than xe v6i mit dudng. Banh xe co cac nhiém vu

sau:
- B3 toan bo trong luong xe theo phuong thing ding,
- Giam tac dong tir mat duong lén xe,

- Truyén lyc doc, luc ngang khi chuyén dong thang, phanh va khi quay vong.
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Kha nang chuyén dong cua 6 t6 phu thudc cac luc théng dtng F, lyc doc P va luc ngang Y ta goi
la céac lyc trong tac banh xe - mat duong.

bé lam dugc nhitng nhiém vu trén day banh xe vira phai c6 d¢ cing virng, do bén cao lai vira
phéi ¢6 tinh ning dan hoi. O hinh 1.5 14 banh xe don gian, c4u tao bang gb, gan nhu khong co tinh ning
dan hoi. Khi con nguoi tim ra cao su, nguoi ta tim cach boc mot 10p cao su vao banh xe kim loai. Loai
banh xe nay hién van con ton tai (xe cai tién). Dan dan theo su phat trién ciia k¥ thuat, phan cao su cua
banh xe c6 chirc ning 1a v bén ngoai, trong vo 1a khong khi. Loai nay co d6 dan hdi cao hon nhiéu.
Bénh xe ngay nay c¢6 cdu tao nhu hinh 1.11 gdm c6 16p (2), vanh banh xe (3), van khong khi (4). Banh
xe hinh 1.11.a. 1a banh xe véi 16p c¢6 sam (1). Py Ia loai banh xe théng dung trudc day, khi ma cong
nghé lam kin chua phat trién. Khong khi dugc chira trong sim, sim dit trong 16p. Ngay nay do co thé
1am kin t6t nguoi ta din bo sim di va banh xe voi 16p khong sdm c6 cau tao nhu hinh 1.11.b.

Nhitng thudc tinh truyén Iyc ctia banh xe dén nay van con dugc nghién ctru va chua hoan chinh.
Thudc tinh cua 16p c6 vai trd quyét dinh trong van d& diéu khién 6 t6 thong minh va an toan dong luc
hoc (an toan tich cuc).

a) b)
Hinh 1.11. Banh xe & t6 ngay nay

a) Banh xe cé sam; b) Banh xe khong sam
1. Sam; 2. Lop; 3. Vanh béanh xe; 4. Van khdng khi

B6 phdn quan trong quyét dinh thudc tinh cia banh xe 13 16p va khong khi & trong d6. Vé ciu
trac, 16p c6 kha niang dan hdi (do cao su va khi nén) & cac phuong va gy tén hao van téc. Khi banh xe
chuyén dong theo phuong thing dung, 16p bién dang hudng kinh va gdy ra luc F tic dong vao mit
duong. Luc F bién ddi tir 0 dén Fax tuy theo dao dong cua banh xe va do vy ving tiép xtc banh xe
mit duong ciing thay déi. M6 men chu dong tir dong co truyén xudng banh xe hodc mé men phanh lam
cho banh xe bién dang tiép tuyén (khi banh xe chua truot 18t hodc truot quay). Ciing tuong tw, néu cd
mdt ngoai luc ngang, 18p ciing bién dang ngang. Nhu vay, néu xét chuyén dong, 16p c6 kha ning bién
dang dan hdi & tit ca cac phuong; su bién dang nay trudc hét phu thude cAu tric cua lép va vat liéu ciu
tao 10p cao su ngoai va ap sudt trong ctia 16p. Néu xét vé& qua trinh: ¢6 2 qué trinh xay ra khi banh xe
chuyén dong:

- Dudi tac dung cua céac luc vao banh xe, 16p bi dan hdi & cac phuong va gy tén hao van téc.
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- Khi cac Iyc va mé men chu dong vuot qua gidi han dan hoi, lép bi trugt twong déi so véi
duong.

Su truyén lyc giira banh xe va duong ¢ 2 ban chit co ban:

- Sy truyén theo khép mém do dudng cd cac map mé té vi, 16p ciing 6 mip mod té vi, hon nita
16p lai dan hdi nén c¢6 thé coi cac vAu té vi ctia 10p va duong dwoc cai vao nhau do vdy c6 thé coi su
truyén luc giita 16p va duong co ban chét gan gidng cac bo truyén banh rang, nhung khac & chd cac vau
té vi 13 mém (dan hoi).

- Khi vuot qua gidi han truyén theo dic diém trén, sy truyén quay tré vé kiéu truyén ma sat.

Nhu vy sy truyén luc giita banh xe va mit duong khong gidng nhitng dic diém cia dinh ludt ma
st Culbng.

Trong dong luc hoc 6 6 ¢6 dién, md men chi dong tir ddng co, md men phanh va géc quay béanh
xe dan hudng dudi tic dong cua 1ai xe 13 yéu t6 quyét dinh chuyén dong cua 6 t6. Cac yéu td luc va mod
men chii dong d6 1 can nhung chwa di. Ngay nay, khi 6 t6 nhu 1a mot ddi tugng tw dong diéu khién,
cac lyc doc P va luc ngang Y méi 1a yéu té quyét dinh chuyén dong cta 6 to. Vi vay trong dong luc hoc
6 to hién dai khong thé khong nghién ciru co ban dic tinh truyén lyc cua 16p.

Nghién ciru tuong tac gilta banh xe va dudong, nguoi ta chia 1am hai loai:

- Banh xe dan hoi trén nén cling,

- Banh xe dan hoi trén nén dudng khong c6 két ciu bén viing,

Loai thi nhit ¢6 ¥ nghia cho nghién ciru 6 t6 trén dudng giao théng, con loai thir hai ¢6 ¥ nghia
cho xe quan sy, cong truong, ving mo, nong nghi¢p. Trong pham vi gido trinh ndy chung ta chi xét
banh xe dan hoi trén nén cimg.

Khi nghién cttu dong luc hoc banh xe c6 3 van dé quan trong déu tién can duoc dé cap la céan lan,
bam va su truot cia banh xe.

1.2.2. L6p xe

Banh xe dan hoi dugc 1 nho 16p xe. Lp 1a mot baldng khi co cau tao nhu hinh 1.12. Phin tir co
ban ¢6 ¥ nghia ciia 16p 14 cac 16p manh. Manh 16p duoc dan béi nhiéu soi nilong c6 do dan hoi cao; cac
soi manh tao thanh cac 16p bd trong cao su c6 kha ning dan hdi. Tuy theo cac thiét ké, cac goc chay cua
soi manh c6 thé lam véi mat phing 16p mot goc nao d6 goi 1a goc manh. Goc manh c6 vai tro quyét
dinh dén thudc tinh cta 16p. Néu géc manh bé, dic tinh ngang cua 16p 1a t6t nhung 16p lin khong dugc
ém. Nguoc lai néu 16p manh dan 90° ¢ thé tao ra dic tinh ém dju khi chuyén dong nhung déc tinh
ngang 1a khong tt. Dé lgi dung dugc hai thude tinh trén, nguoi ta thuc hién giai phap trung hoa 1a cac
manh phai dan goc 16n hon 40°, phai c6 nhiéu hon hai 16p va dan léch huéng nhau. Do d6 khi chuyén
dong, cac phin tir cao su (ctia mot thiét dién 16p) co vao, gidn ra giita 16p va duong, giy mon 16p va
tang hé s can lan (v6i 16p manh chéo, cac phan tir cao su co kha ning co gidn ngang nhiéu hon). Do
han ché d6 nén ngay nay phin 16n cac 18p xe cao toc ¢6 cu triic manh vudng goc 90° (hinh 1.12.b).

Vé céu truc, 16p ¢6 3 16p: Lop trong cung 1a 16p manh vudng, dan cac soi nilong vudng goc véi
mit phing banh xe (géc manh 90° nén goi 1a Radial Tire). Trén 16p manh 1a 16p dém, nam gitra 16p
manh va bé mit 16p. Lép dém duoc dan boi soi dém 20°, nhiéu dém chéng 1&én nhau va léch nhau, xung
quanh bao phu cao su, tao thanh lé’p dém dan hdi ngang, nhim hd tro kha ning dan hdi ngang cho 16p
hudng kinh, ting cuong kha ning 6n dinh chuyén dong. Do chuyén dong ngang cua 16p so voi duorng
giam, nhiét nidng sinh ra trong 16p it hon 60% so véi 16p manh chéo trong diéu kién tuong tw nén tudi
tho cua 16p hudng kinh ting gip 2 lan.

Vi 16p hu’Ung kinh, 4p sudt nén hau nhu khong thay ddi trong bé mat tiép xuc. Nguoc lai lop
manh chéo, ap suit nén thay dbi theo tirg diém trén bé mat tiép xuc, tao ra cac chuyén dong twong ddi
ctia cac phan tir cao su cua bé mit 15p.
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Tém lai 16p dém chéo trong 16p hudng kinh c6 vai trd ting cudng dan hoi ngang nhu 16p manh
chéo, 1am tang ctng cho bé mit 16p. Qua mot sé dic diém két cdu ta dé dang thdy kha ning truyén luc
cta 16p 1a khac nhau, phu thudc cau tric, ap suit 16p va vi vdy ching c6 dic tinh khong giéng nhau.
Tinh chit truyén lyc phu thudc hai thudc tinh 14 bién dang cuia 16p (cu triic 16p) va twong tac 1p -
duong (quan hé tuong tac).

GOC MANH

SO MANH

CAC LOP SQI MANH DAT CHEO

a) L6p vGi soi manh dat chéo

L GOC MANH
CAC LOP TRONG LOP DEM

CAC LGP SOI MANH
BAT VUONG GOC

b) Lop v&i cac soi manh dat vuéng goc

Hinh 1.12. Lép xe

1.2.3. Ban kinh banh xe:
Tuy theo trang thai ctia 16p ma c6 cac loai ban kinh khac nhau:
- Ban kinh thiét ké, ban kinh tinh, ban kinh lan, ban kinh dong, ban kinh lam viéc trung binh.
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a. Bdn kinh thiét ké ro: Do nha thiét ké va san xuat cung cip theo kich thude tiéu chuan. Ky hiéu.
Vi du 16p t6rdit ap suét thap (hinh 1.13). Ky hiéu 16p: B-d. Lép to r6it c6: H =B do do:
_d+2B
0o 2 B
b. Bdn kinh tinh r. Khoang cach tir tAm truc banh xe dén mat duong
khi xe ding yén va chiu tai trong thiang dimg,

C. Ban kinh dong lyc hoc rq: Khoang cach tir tdm truc banh xe dén mat AT "W
duong khi xe chuyén dong. Ban kinh rg phu thudc: tai trong thang dimg, vat
liéu 16p, ap suét 16p, moé men trén banh xe, luc li tim khi banh xe quay. C6
thé coi ddy 1a ban kinh thyc té ciia xe khi xe chuyén dong.

d. Bdn kinh lan n: La ban kinh ctia banh xe gia dinh, khong bién dang

khi [am viéc, khong truot 1ét, truot quay va cung van toc gbc va vén tdc dai ! N
nhu banh xe thuc té. T11T71T1rt
Gia sir banh xe thuc t& quay n vong va di dwoc mot quing duong S, ™

khi @6 banh xe gia dinh ciing quay duogc n vong va di dugc quang duong S. i
Ta c6 biéu thirc sau day:

S =2nrn
Trong do6 r 1a ban kinh cta banh xe gid dinh va cling chinh 13 ban
kinh lin ctia banh xe thuc té. Ta ¢6 cong thirc tinh ban kinh lin:

h=—o (1.2)
270 Hinh 1.13
D6i voi banh xe bi dong khong phanh (khong c6 mé men xoan tac
dung vao banh xe) thi ban kinh lin x4p xi ban kinh dong luc hoc. Khi ¢6 md men xodn tac dung vao
banh xe (m6 men chii dong hodc mé men phanh) thi ban kinh lan s& thay déi.

Khi mé men chi dong trén banh xe tang 1én, ban kinh lan giam di, dén mot lac nao do, banh xe bi
truot quay hoan toan, banh xe ding tai chd va S = 0, do d6 trong truong hop nay r = 0, lGc ndy md men
chu dong dat cuc dai

Nguoc lai, khi md men phanh trén banh xe ting 1én, ban kinh lin ting 1én, dén mot lac nao do,
banh xe bi truot 16t hoan toan, banh xe khong quay va np = 0, do d6 11 = o va ddng thoi mé men phanh
dat cuc dai.

e. Bdn kinh lam viéc trung binh ry: La ban kinh c6 ké dén bién dang cua 16p do anh hudng cia
cac thong sé di trinh bay & trén. Ban kinh nay s& dwoc st dung trong qué trinh tinh toan dong luc hoc
ciing nhu thiét ké 6 to.

Iy = Al (1.3)
Lép ap sudt thip (ap suat = 0,08 + 0,5 MN/m?): A = 0,930 + 0,935
Lép ap sudt cao (ap suit = 0,5 + 0,7 MN/m?): A = 0,945 + 0,950

1.2.4. Can lan va hé sé can lan

O déy xét banh xe mém lan trén nén cing. Trudng hop nay dung véi da sb 6 o thong thuong vi
banh 6 t6 1a banh 18p cao su c6 khong khi & trong duwong nhién c6 do cing nhd hon mit duong nhwa
hoic bé tong va ca duong dat kho 1a loai duong 6 t6 thuong xuyén sir dung. Truong hop ndy coi rang
mit duong khong bién dang, chi c6 16p bién dang:

Trong muc nay ta chi khdo sat banh xe bi dong.

Banh xe bi dong 1a banh xe khéng c6 mdé men tir dong co truyén xudng, tirc khong c6 md men
cha dong. Banh xe bi dong chuyén dong duoc 14 nho lyc day tir khung xe.
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Trudc hét xem xét banh xe khi xe ding yén (hinh 1.14):

Khi dirng trén mat duong, banh xe va mat duong biér} dang tao nén ving tiép X}:lC c6 dang hinh
eliﬂp (hinh 1.14). Phan lyc tir mit duong 1én banh xe phan bo theo 1 quy lgét nao do6 doi xung qua tryc
thang goc di qua tam banh xe va hop luc cta ching (chinh 1a Fy) cling ndm trén truc d6. Banh xe chi
chiu Gy va Fp.

Khi xe chuyén déng (hinh 1.15), banh xe bi déng chiu tac dung cua céac lyc sau:

Tir phia khung xe: Luc diy doc Py;

Trong lugng xe tdc dung 1én banh xe G’y;

Trong lugng banh xe G”y: két hop véi G’pta ¢6 Gp = G’s + G

Tir phia mit dudng: Phan lyc thing dimg F, phan lyuc tiép tuyén Py, lyc ngang Y

Luee can lai chuyén déng Pr nam ngang tai vi tri tiép xuc giita 10p va mat dudng, can bang véi Py;

Luee thang dimg: Céc phan tir tiép xuc voi mat duong s& bién dang, ra khoi ving tiép xuc chiung
lai phuc hoi. Nhu vay ngoéi’ ma sat gita 16p va mat duong con qé ma sat gilia cac !c’fp Vflt’ liéu 16p lam
phat siqh nhiét nung néng 16p, mat dudng ’Vé‘l téa ra ngoai. Su bi’én dang cuta cac phan tur 10p khi di vao
vung tiép xuc 16n hon khi ra khoi vung ti€p xuc. Do vay ap suat phia trude 16n hon 1am cho phan lyc
thdng dung léch vé phia trude (hinh 1.15). Hop luc Fy cach truc thing ding qua tim banh xe 1 khoang
a.

Hinh 1.14 Hinh 1.15

Banh xe dung yén Banh xe chuyén dong

Liy m6 men tai tim banh xe:  Fya = Pitq

P = F =, =G, (1.4)
d
-2 (1.5)
rd

Pt 1a luc can nguoc chiéu voi chiéu chuyén dong cua xe, dugc goi 1a luc can lan;
f 1a mot hé s6 khong thir nguyén duogc goi la hé s6 can lan.
Foa = Psra = M¢ duogc goi 1a mo men can lan.

1.2.5. Cac yéu t6 anh hwéng dén hé s6 can lan
Céc phan tich & trén: Can lan do sy dich chuyén cua phan lyc mat duong 1én phia trude, ra khoi
vi tri di qua tdm banh xe. Hé s6 can lan f dugc xac dinh 1a ti sb gitra khoang dich chuyén phan lyc mat
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duong vé phia trude va ban kinh dong luc hoc ctia banh xe. C6 cac yéu t6 sau anh huong dén hé sé can
lan:

- Tinh chat co Iy va trang thai mat duong: Mirc do bién dang ciia mit duong 1a 1 trong nhiing
nguyén nhan gay ra sy dich chuyén phan lyc mat duong.

- Vat lié}l 16p va ap suét 16p: Mirc d6 bién dang ctia 16p ciing 1a 1 trong nhitng nguyén nhan giy
ra su dich chuyén phan luc mat duong.

- Tai trong tac dung 1én banh xe (Gp): tai trong cang 1on, mirc d6 bién dang cua 16p va duong
cang lon.

- Mf) men xodn (banh xe chii dong): M cang 16n: bién dang cang ting thi ton thit cang nhiéu va
dich chuyén phan lyc mat dudng cang tang.

- Luc ngang, goc 1éch bén 6, gdc nghiéng banh xe, ...

Chiing ta c6 thé tham khao gi tri hé s6 can ldn ciia mot vai loai dudng trong bang 1.1.

Béng 1.1. H¢ s6 can 1an ctia mot so loai duong

Loai dudng Hé s6 can lan f
Nhua 0,018 + 0,020
Nhua t6t 0,015 + 0,018
ba 0,023 + 0,030
Dt khd 0,025 + 0,035

1.2.6. Banh xe cha ddng va lwc kéo tiép tuyén

Nhu da trinh bay & muc 1.1.3, ddi v6i banh xe chu dong tirc banh xe c6 mdé men tur dong co
truyén dén, hoat déng cta n6 khac voi banh xe bi dong:

- Pong co 1am viée sinh ra mé men Me, mdmen M. dugc truyén dén banh xe 1am banh xe quay.
Khi quay banh xe s& tdc dung vao mat duong moét lyc 1a P. Mét duong s€ tac dung lai vao banh xe mdt
luc Pk nguoc chiéu voi P va vé gia trj Px = P (hinh 1.9). Chinh Iyc Pk 13 lyc ddy vao xe 1am cho xe
chuyén dong: Luc Pk thong qua banh xe va truc banh xe ddy vao khung xe mot luc P.

Trong truong hop mé men dong co truyén truc tiép dén banh xe (nhu hinh 1.8) thi lyc Pk duoc
x4c dinh theo biéu thirc:

P =—¢ (1.6)

Tuy nhién hién nay ngudn dong luc trén 6 6 1a dong co dét trong, mé men M, tir dong co truyén
dén banh xe thong qua hé théng truyén lyc (HTTL). HTTL ¢6 ti sé truyén ic va hiéu suat truyén luc 1
(s€ nghién ctu k¥ & chuong 2). Liuc nay lyc Pk dugce xac dinh nhu sau:

Pk M |t77t 1.7)
rd
- Phan luc tir mit dudng tac dung 1én banh xe ciing bi dich 1én phia truéc (theo chiéu chuyén
dong) mot khoang 1a a. S di c6 sy dich chuyén nay 1a do c6 mé men chi dong nén cac thd 16p trude
khi vao viing tiép xtic véi mit dudng bi nén lai va cac thd sau khi ra khoi ving tiép xtic bi gidn ra (hinh
1.17) lam cho ap lyc tir banh xe 1én mat duong phia trude 16n hon phia sau. Tuong tu nhu véi banh xe
bi dong, su dich chuyén ndy gdy nén mé men can lan Ms va luc can 1an Pr. Ta c0:
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P, =—F, =fF,=1G, (1.8)

Dbi v6i banh xe chu dong khoang dich chuyén a 16n hon ddi voi banh xe bi dong do d6 hé sb can
lan cling 16n hon. Tuy nhién dé don gian khi tinh toan ta coi hé sb can lan trén cac banh xe bang nhau.

1.2.7. Sw trwot cha banh xe
Khi banh xe lan tinh (khong truot) 1an dugc n vong thi quang dudng di duge S cta banh xe 1a:
S = 2nmry (12.9)
rq 1a ban kinh dong luc hoc cua banh xe

Tuy nhién trén thuc t& co thé xay ra S # 2narg. Hién \
tugng S # 2nnrg dugce goi la hién tugng trugt cua banh xe.

Chiing ta biét rang su lin khong truot (lan tinh) chi c6
thé ¢6 & banh xe 1y tuong. Dbi v6i banh xe khong co6 md men - —
X0dn (banh xe bi dong khong phanh) sy truot thuong khong V
dang ké. Tuy nhién ddi v6i cac banh xe ¢6 md men xoan, cu
thé trén banh xe 6 to 12 md men chu dong My va mé men -~ >
phanh My thi luén ¢é sy trugt. i PK

a. Banh xe chu dong Hinh 1.16

Déi v6i banh xe chu dong, quing dudng thuce té di dugc . .
Banh xe chiu md men chi dong

nho hon quing dudng 1y thuyét (dugc tinh & cong thirc 1.9)
tie 1a: S < 2nmrg.
Hién tuong S < 2nmrg duoc goi 1a hi€n tugng trugt ctia banh xe chi dong. S& di co6 su trugt nay 1a

~

VI

- Khi ¢6 mdé men chu dong M, cac thé 16p trude khi vao ving tiép xac bi nén lai lam cho quéng
duong S giam di. (hinh 1.16)

- Co sy truot gitra hai bé mat 16p va dudng (truot quay).

Pé danh gia mirc d9 trugt nguoi ta dua ra hé s6 trugt dbi voi banh xe chu dong dk. HE s6 truot 8k
duoc dinh nghia nhu sau:

5, = ViV 0096 = (1—“}100% (1.10)
| |
Trong d6: V| 1a van tdc (tinh tién) 1y thuyét ciia banh xe; V; 1a van tbc (tinh tién) thuc té cua banh
Xe.

v, = 2l (1.11)

t t
v, = Su_ 2Ny (1.12)

t t

Trong d6: S va St 1a quang dudng 1y thuyét va quing dudng thue té ma banh xe di duoc khi quay
dugc np vONg.
Thay (1.12) va (1.11) vao (1.10) ta cé:
5, = [1— V‘leO% - [1— r')loo% (1.13)
VI rd

Khi Vi = Vi : banh xe khong bi truot, khi d6 6k = 0; Khi Vi = 0: banh xe bj truot quay hoan toan,
khi d6 &k = 1.
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b. Banh xe khi phanh

D6i v6i banh xe khi phanh trc ¢6 md men phanh, quing duong thuc té di dugc I6n hon quing
duong 1y thuyét (duoc tinh & cong thirc 1.10): S > 2narg . Hién tugng S > 2narg duoc goi 1a hién tuong
trugt ctia banh xe khi phanh. Twong tu nhu ddi v6i banh xe bi dong, s& di ¢6 sy trugt ctia banh xe khi

phanh la vi:

- Khi ¢6 md men phanh My, cac thé 16p trude khi vao ving tiép xtc bi gidn ra 1am cho quéng

duong S tang 1én. (hinh 1.17)

- C6 sy truot gitra hai bé mit 16p va dudng (truot 1ét). —
Dé danh gia muc do truot nguoi ta dwa ra hé s6 truot dbi

voi banh xe khi phanh &,. Hé s6 trugt 8, dugce dinh nghia nhu

sau:
Vt _VI

p

t t

0, =—100% = l—v—I 00%
V V,

Trong d6: V) 1a van tbc (tinh tién) 1y thuyét cua banh xe;

V; 12 vén tbc (tinh tién) thue té cua banh xe.

v, =S _ 270,
t
_i_Z;zr,nb
Yot t

(1.15) Hinh 1.17

(1.16) Banh xe chiu mé men phanh

Trong dé: Sy va St 1a quing dudng 1y thuyét va quing dudng thuc té ma banh xe di dugc khi quay

duoc np vONg.

Thay (1.16) va (1.15) vao (1.14) ta cé:

.
Vl

}00% - (1— rd)100% (1.17)
r

Khi V| = V¢ : banh xe khong bi trugt, khi d6 dp = 0; Khi banh xe bi ham cing (khong quay), Vi =
0: banh xe bi truot 1ét hoan toan, khi d6 &, = 1.

1.2.8. Kha nang bam cua banh xe va hé s6 bam

a. Kha nang bam: Kha niang bam la kha nang giit cho banh xe khong bi truot khi c6 mé men
xo0dn tac dyung vao banh xe. C6 2 trudng hop:

Hinh 1.18

Cac luc tac dung Ién banh xe chi dong

- Kha nang bam cua banh xe chu dong: 1a kha nang
gitt cho banh xe khong bi trugt quay khi c6 mé men chu
dong M.

- Kha nang bam cua banh xe khi phanh: la kha nang
gitr cho banh xe khong bi truot 1ét khi c6 mé men phanh M.

Kha nang bam cia banh xe phu thudc va vat liéu lép,
cAu tao hoa vin va tinh trang cua 16p, vat liéu duong va tinh
trang mat duong,...

b. Luc bam: Luc bam gitta banh xe va mat duong cod
thé hiéu 1a luc ma sat

Xét banh xe chu dong (hinh 1.18), véi trong lugng Gy
va md men M tic dung 1én mit dudng, mat duong s& ¢
phan Iyc: phan luc hudng kinh Fp; phan luc tiép tuyén Xo.
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Luc X chinh 1a Iuc kéo (xem muc 1.2.6).

Ta co: X, _M (1.18)
fy

Ta thdy rang: khi My ting, Xp ciing s& ting; nhung chi ting dén mot gia tri nhit dinh rdi khong
tang duoc nita, khi do néu My tiép tuc tang thi banh xe s€ bi trugt

Nhu vy Xp (ma gid tri dic trung 13 Xpmax ) biéu thi kha ning gitr cho banh xe khong bi trugt khi
€0 Mk . Xbmax dugc goi 1a luc bam ky hiéu P,,.

Luc bam la lyc twong tic giita banh xe va mat dudng, nhu da noi ¢ trén do cac vau té vi ctia banh
xe va mit dudng cai vao nhau, truyén lyc nhu banh ring nhung do cic vu t& vi mém nén néu luc
truyén vuot qua mot gia tri nhat dinh thi cac viu bi bién dang, tham chi bi giy va banh xe bi trugt so vi
mit dudng, néu trugt nhidu sinh nhiét va lam chay 16p va duong.

Mit khac Xp 1a phan lyc tiép tuyén cta duong tac dung vao banh xe, c6 tic dung ddy banh xe vé
phia trude. Khi Xp < Xomax thi Xp phu thude vao My (biéu thirc 1.18), I0c ndy Xp chinh 14 lyc kéo. Nhur
vay luc kéo cuc dai bi khéng ché boi luc bam. Khi luc kéo vuot qua lyc bam thi banh xe s bi truot
quay.

D6i voi banh xe chiu mo men phanh ta ¢6 so @6 nhu hinh 1.19. Khi ¢6 m6é men M, tac dung,
phan Iyc tiép tuyén tir mit dudng Xp luc nay chinh 14 lyc phanh (Pp). Tuong tu nhu déi v6i banh xe chu
doéng, ta co:

Khi M, tang, Xp ciing s& ting; nhung chi ting dén mot gia tri nhat dinh va khong ting duoc nita,
néu Mp tiép tuc tang thi banh xe s€ bi trugt. Xpmax luc nay cling dwge goi 1a lyc bam (nhung 1a lyc bam
khi phanh) va ciing ky hiéu 1a P,,.

Nhu vay tuong tu nhu lyc kéo, luc phanh cuc dai
cling bi khéng ché b6i luc bam. Khi luc phanh vuot qua luc
bam, banh xe s& bi trugt 1ét.

C. Hé s6 bam: La mot hé s khong thir nguyén, c6 gia
tri bang ti s6 giita lyc bam cua banh xe va phan lyc thing
dung tir mat dudng tac dung vao banh xe d6. Hé s bam
duoc ky hiéu 1a o.

p=re o (1.19)
Fb Gb

Phan lyc thing dung tir mit duong tac dung vao banh
xe ciing chinh 14 trong lwong toan b xe phan b 1én banh
xe (bao gdm ca trong luong cia ban thin banh xe). Trong
luong xe phan bd 1én banh xe Gy trong truong hop nay  CAac luc tc dung Ién banh xe khi phanh
duoc goi 1a trong lwgng bam, ky hiéu Gy.

Hinh 1.19

Nhu vy luc bam dugce tinh biang cong thirc:
Py = 0G, (1.20)
Nhu da phan tich ¢ trén, lyc kéo va lyc phanh cyuc dai bi khéng ché boi lyc bam. Ma lyc bam
theo biéu thirc thirc (1.20) bao gdom hai yeu t6: hé s6 bam va trong lugng bam.
Hé s6 bam anh huong manh mé& dén chit luong dong luc hoc cua xe trong trudng hop xe chuyén
dong (truyén luc kéo) va trong truong hop phanh.
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Khi xe chuyén dong trén dudng xau, c6 lyc can chuyén dong 16n s& doi hoi co luc kéo 1on. Lic
nay néu hé sb bam cua duong nho, lyc kéo cuc dai s€ nho va kha nang xe khong thé chuyén dong duoc
(luc kéo nho hon lyc can) rat dé xay ra.

Khi phanh xe, néu hé sb bam cua duong nho thi lyc phanh cuc dai nhd, kha nang phanh cta xe
giam di (gia tdc chdm dan nho, quing duong phanh 16n) va tai nan d& xay ra hon.

Dbi véi 6 16, ngudi ta thiét ké 16p co két cdu va hoa vin 16p hop 1y dé ting hé sé bam. Pdi véi
cac xe may chuyén dung, ngudi ta lam 16p co vau cao (vi du may kéo hay cac loai xe, may hoat dong
trong linh vure néng 1am nghiép) dé ting hé s6 bam.

Yéu t6 trong lugng bam ciing anh hudng téi chat lugng dong luc hoc ciia xe. Tuy nhién trong
luong bam lién quan dén trong lugng xe. DAi vai 6 t6, ngudi ta mong mudn trong lugng ban than 6 to
cang nho cang tdt, cho nén nguoi ta khong dung bién phap ting luc bam bang cach ting trong luong cua
ban than 6 t6 ma chi phan bd hop 1y trong lwong 1én cic banh xe dé sir dung t6t hon trong lwong bam
ma thoi.

Bang 1.2. H¢ s6 bam ctia mot sb loai duong

Loai dudng Hé s6 bam [0)
Nhua, bé téng: - Khé, sach 0,7+0,8
- Uét 0,35+ 0,45
Puong dat: - Pha sét, kho 0,5+0,6
- Uét 0,2+0,4
buong cat: - Khd 0,2+0,3
- Uot 04+05

Dbi véi mot s6 xe may chuyén dung (vi du may kéo), luc kéo ciia xe phat ra dé kéo cac cong cu
canh tac. Do d6 dé lam ting luc kéo cuc dai (ting kha ning kéo thém cac may cong tac) ngudi ta cb st
dung bién phap ting trong lrong cua ban than xe, vi du treo thém cac vat ning (cu thé 1a cac cuc gang)
vao xe hay d6 nudc va 16p xe.
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CHUONG Il
CAC LUC VA MO MEN TAC DUNG LEN O TO

Khi chuyén dong, 6 t6 chiu nhiéu luc va md men tac dong, co thé so bo chia ra cac loai luc sau
day:

- Theo chiéu thing dtng: ¢6 trong lwong toan bo xe va phan lyc tac dung tir mit duong;

- Theo chiéu doc c6 céc luc: luc cha déng (lyc kéo); cac lyc can: lyc can lan, lyc can 1én dbc, luc
can quan tinh, lyc can mooc kéo; lyc phanh.

- Theo chiéu ngang: lyc theo chiéu ngang xuit hién khi xe quay vong, xe di trén dudng nghiéng
gdém cac luc quan tinh li tim (khi quay vong), thanh phan trong luong theo chiéu song song voi mit
duong khi di trén dudng nghiéng, cac luc tic dung tir mit dudng vao banh xe theo chiéu ngang.

2.1. LC VA MO MEN CHU PONG

Luc va m6 men chu dong dugc hiéu 1a luc va mo men lam cho 6 t6 chuyén dong. D¢ sinh ra cac
luc nay trén xe can phai cd nguon dong luc. Tat ca cac xe ty hanh déu phai c6 nguon dong lyc dat trén
Xe.

2.1.1. Nguén déng lwc trén 6 to

Tir thud xua (trude khi dong co hoi nudce ra doi) cac loai xe déu do ngudi hay suc vat kéo (hodc
day). Ta c6 thé coi ngudi hay suc vat kéo xe 1a ngudn dong luc cia xe. Trong trudng hop nay luc chu
dong 1a Iyc do ngudi hodc suc vat sinh ra va tac dung vao than xe qua cang kéo xe.

Tir khi c6 dong co nhiét (du tién 1a déng co hoi nudc, sau do 1a cac dong co dét trong nhu ngay
nay), ngudi ta lip dong co 1én xe va xe “ty hanh” (automobile) ra doi. Va trén xe “ty hanh” ngudn dong
luc chinh 1a dong co.

Hién nay dong co hoi nudc da két thac vai tro lich sir cia minh va khong con dugc st dung nira.
Trén 6 t6 ngudn dong lyc chi yéu duge dung hién nay 1a dong co dbt trong véi nhién lidu Ia xing hodc
diézen. Hai loai nhién liéu nay c6 nhiéu vu diém va dang duoc st dung rong rai. Tuy nhién nhugc diém
cta hai loai nhién liéu nay 1a gay ra 6 nhiém khong khi dong thoi gia thanh cao. Vi thé mot loai nhién
liéu khac c6 mic do gay 6 nhiém it hon va gia thanh ré hon la khi ga ciing dang duoc nghién ciru sir
dung. Loai ndy ciing c6 nhugc diém 1a tinh tién dung khong cao (phai nap vao binh véi 4p suét cao).
Céc loai nhién liéu trén déu c6 nguén géc 12 ddu mo 1a loai nhién liéu hoa thach. Loai nhién liéu nay
khong phai 12 v6 han ma dang dan can kiét. Va loai ngudi dang di tim cac nhién liéu thay thé, trong d6
nhién liéu c6 ngudn gdc sinh hoc dang dugc nghién ciru.

Vi Iy do ngudn nhién liéu hoa thach dang can dan va 1y do 6 nhidm méi truong cho nén con
ngudi dang quan tim nghién ciru cic ngudn ning lwong khac trong d6 ngudn ning lwong dién dang
dugc quan tAm. Chinh vi thé 6 t6 dién (mot loai ning lugng khi sir dung it gdy 6 nhidm méi truong)
dang quan tim nghién ctru va da c6 mot sé tng dung. Nhuoc diém cta 6 t6 dién 14 do ngudn ning luong
dién duogc luu gitt trong mot thiét bi dac biét goi 1a acquy c6 dung lugng khong cao nén chi chay dugc
mdt quing duong ngin sau d6 phai nap lai acquy. Chinh vi thé loai nay budc dau da dugc ap dung trong
cac diéu kién xe chay quing dudng ngan nhu trong khu du lich, trong cac kho bii, ...

Ngoai ra nguoi ta con quan tdm nghién cru cac ngudn ning luong khic nira nhu ning luong mat
troi, nang luwong khi nén, .. nhung ciing dang ¢ giai doan nghién ctru.
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Cho dén hién nay tuyét dai da sb 6 to déu dang sir dung ngudn dong luc 1a dong co dét trong, Dic
tinh clia cua cac loai dong co nay duoc gidi thidu k¥ trong cac tai liéu, gido trinh vé dong co ddt trong
va dugc gidi thi€u so qua ¢ chuong 3 cua tai li€u nay.

Céc thong sb can duoc quan tAm ctia dong co 1a md men (ky hidu 1a Me), sé vong quay ne (hoic
van tdc goc me), €O 2 thdng s6 nay thi ta s& co thong sé cong suat dong co Ne (Ne = Mewe). Ngodi ra mot
thong s6 khac nira cling dugc quan tim do 1a suat tiéu hao nhién liéu ge 1a lugng nhién ligu tiéu phi cho
mdt don vi cong suit trong mot don vi thoi gian (vi du g/kw.h).

2.1.2. Hé théng truyén lwc

Trén 6 t6 hé thong truyén lyc (HTTL) ndi dong co véi banh xe. S& di phai can HTTL 1a vi cac
thong sb va dic tinh cua dong co (ddt trong) khong phit hop véi yéu ciu ciia banh xe.

Trén hinh 1.8 ciia chuong 1 14 6 t6 voi ngudn dong luc 1a dong co hoi nude (dong co ddt ngoai).
O loai 6 t6 nay dong co duge ndi tryc tiép voi banh xe (xem hinh 1.8). Pic tinh va cac dic diém lam
viée ctia ciia dong co hoi nudc cho phép 1am nhu vdy. Ngay nay nhu di noi ¢ trén ngudn dong luc trén
0 t6 chu yéu la dong co dét trong. Péc tinh va cac dac diém lam viéc cua cua dong co ddt trong khong
cho phép chiing ta ndi tryc tiép dong co vdi banh xe. Ching ta s& xem xét mot cach cy thé sau day:

- V& gia tri s6 vong quay dong co va sb vong quay banh xe: S6 Vong quay cuc tiéu cua dong co
(Nemin) thuong 1a khdng dudi 500 v/ph. Trong lic d6 vi du mt xe ¢6 van tde cuc tiéu Vmin = 4 km/h, ban
kinh béanh xe r, = 0,5 m thi banh xe can c¢6 s6 vong quay cuc tiéu npmin la:

V .
= v L 804 510 ipn (21)
7 r, 36 314.05.36
Nhu vay 1 rang npmin nhé hon nhiéu so v6i nemin. Dé xe chay dugc van tdc cuc tiéu nhu da tinh &

trén thi truyén dong tir d6ng co dén banh xe can phai c6 ti s truyén i Ia:

j = femn _ 900 _ 5555 (2.2)
MNpmin 21,23

Nhu vy can mot hop giam toc dit giita dong co va banh xe.

- V& khoang thay doi van toc xe: Pong co dbt trong hién nay co khoang thay dbi tir nemin dén
Nemax khoang 6 + 8 1an (vi du 3000/500; 6000/800, ...). Trong liic d6 khoang thay déi van téc cua 6 to
rong hon nhiéu: Xe cn c6 Vimin khoang 4 km/h nhung Vimax thi c6 thé dat 100 + 200 km/h hoic hon nira.
Nhu vay gitra dong co va banh xe khong chi cin c6 mot hop giam téc ma phai 1a hop giam tdc co nhiéu
cap.

- Pong co d6t trong hién nay chi quay duoc mét chiéu trong lac d6 xe 6 t6 khong chi chuyén
dong tién ma con phai lui, nhu vay giita dong co va banh xe cin mét hop dao chiéu.

- Pong co ddt trong khong thé 1am viée tir s6 vong quay ne = 0, ma 1am viéc ngay & sb vong quay
Nemin do d6 néu ndi cung dong co voi banh xe thi xe khé co thé khai hanh an toan va thuan loi, hon nita
néu dung xe lai phai tt dong co thi khi st dung ciling khong that thuan tién. Do do can c6 mot bd phéan
dé gitip cho qua trinh khoi hanh 6 t6 duoc thudn tién hon va c6 thé ngit dong co ra khoi banh xe khi can
thiét.

Tt ca nhitng diéu noi trén cho thiy khong thé ndi truc tiép dong co voi banh xe ma cin phai co
mdt bo phan trung gian. Bo phan trung gian d6 chinh 1a HTTL. C4u tao, nguyén tic lam viéc cua HTTL
dugc trinh bay trong céc tai lidu va gido trinh ciu tao 6 t.

Ching ta quan tdm dén cac thong sd dic trung sau day cia HTTL:

-Tisd truyén it,

- Hiéu suét truyén lyc n;

- S cap s6 ne.
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2.1.3. M6 men xoan & banh xe chii déng My va lwc kéo tiép tuyén Py
Nhu da noi o trén, gilta dong co va banh xe c6 mot bo phén trung gian 1a HTTL.
Ta c6 so dd truyén dong sau day:

DONG CO’ HTTL B/XE
Me; We Ne; 1t Nt Mk; Wy

Hinh 2.2
So db truyén dong trén 6 to

Banh xe dugc ndi véi dong co qua HTTL dugc goi 1a banh xe chu dong. Khi dong co 1am viéce,
c6 md men Me, md men M, truyén tir dong co qua HTTL dén banh xe. Dén banh xe mé men c6 gia tri
nhu sau:

Mk = Me it Nt (23)

Chl y rang biéu thirc 2.3 ding khi xe chuyén dong 6n dinh (khong c6 gia toc). Mk duoc goi 1a md
men xodn & banh xe chu dong.

Khi banh xe chu dong cdé Mk diing trén mét dudng, banh xe sé tdc dung vao mat duong mot luc 1a
P, khi d6 miat dudng tac dung vao banh xe mot luc 1a Py (hinh 2.3). P va Py bang nhau vé gia tri nhung
nguoc chiéu nhau. Lyc Pk tic dung tor mat dudng lén banh xe chinh 1a luc déy cho xe chuyén dong. Trén
hinh 2.3, Py 13 lyc tac dung tir khung xe, Gy 12 trong lwong banh xe va ciia xe phan bd 1én banh xe. Ta
goi Px 14 Iuc kéo tiép tuyén.

Nhu vay ta co:

R = M _ Ml (2.4)

2.2. CAC LUC CAN CHUYEN DONG

Khi chuyén dong xe chiu cac luc can. Xe chuyén dong
duogce khi luc kéo tiép tuyén can bang véi cac luc can.

C6 cac luc can chuyén dong nhu sau:
- Luc can cua duong: Luc can lan va luc can 1én doc;

- Lyc can khong khi; Hinh 2.3
- Luc can quén tinh; Céc lyc tac dung Ién
. banh xe chu dong

- Luc can mooc kéo.

2.21. Lwc can lan

a. Cong thirc tinh
Nhu da trinh bay ¢ chuong I, k1,1i xe chuyén dong (lan banh) c6 luc can lai sy lin ciia banh xe do
ma sat gilra banh xe va mat dudng, bién dang ciia banh xe va mat duong (hinh 2.4).
Trén tung banh xe lyc can lan Ps dugc xac dinh nhu sau:
Pt = Ff (2.5)
F 14 phan lyc tac dung tir mat duong 1én banh xe, f1a hé sb can lan.
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P G Po
Hinh 2.4. Luc can lan Pt
Ddi véi ca xe ta co:

P: =P + Ps, = Fify + Fifo (2.6)

Ps1 1a luc can lan tai cac banh xe trudc;
Ps. 1a luc can lan tai cdc banh xe sau;
f1 1a hé s can 1an tai banh xe trudc;
f, 1a hé s can 1an tai banh xe sau;
C6 thé coi f1 = f = f (hé s6 can ldn ciia duong), do d6 c6 thé viét:
Pr = Faf + Fof = Gf (2.7)
G la trong lugng cua xe;
Bié}l th}'rc (2.6) dung trong trudng hop xe chuyén dong trén dudng bang. Trong trudng hop tong
quat co thé viét:
Ps = Gcosa.f (2.8)
o 1a goc déc mit duong
b. Cdc yéu té anh hwong dén hé sé can lin
Nhu d trinh bay ¢ chuong I, hé s6 can lin phu thude vao nhidu yéu té nhu:

- Tinh chit co Iy va trang thai mat duong,

- Vit lidu va ap suat 1p, Bang 2.1.

- Tai trong xe Loai duong f (v <80 km/h

- M6 men My Nhua 0,018 + 0,020

- Van téc xe: Khi van tdc xe nho (dudi 80 Nl,u,ra tot 0,015 _ 0,018
km/h) h¢ s6 can lan hiu nhu khong ddi. Khi van téc xe ba 0,023 + 0,030
16, 16n hon 80 kmv/h dac biét tir 130 kmv/h tré di, hé s6 bat kho 0,025 + 0,035

can lan tang Ién.
Ta ¢6 thé tham khao gia tri cia hé sb can lan f cua cac loai duong tai bang 2.1.

2.2.2. Lwc can doc
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Xét mot 6 t6 dang chuyén dong 1én dbc Vé:i goc doc cia duong 1a o nhu hinh v& (hinh 2.5). Trong
lugng toan b clia xe dugc chia thanh 2 thanh phan:

- Thanh phan vudng goc véi mit duong Geosa;

- Thanh phan song song voi mat duong: Gsino.

Thanh phan Gsina nguoc chiéu chuyén dong va song song véi mit dudng do d6 né 1 Iyc can lai
chuyén dong cta 0 t6, lyc nay chi xuat hién khi 6 t6 1én doc nén n6 dugc goi la lyc can doc ky hicu la
Pi.

Pi = Gsina (2.9
Nhu vdy khi xe chuyén dong 1én ddc, dudng s& c6 ¢6 luc can lan va luc can dbc. Tong cua 2 luc
can nay duoc goi la lyc can tong cong cua duong, ky hi¢u Py. Két hop véi bicu thic 2.8 ta co:
Py = Pt + P; = Gceosa.f + Gsina
Py = G(fcosa + sina) (2.10)
Thong thuong goc ddc o ctia dudng nho, do d6 co thé coi:
cosa = 1; sina, = tgo (2.11)
Khi d6 biéu thirc (2.10) c6 thé viét:
Py = G(f +tga) = G(f+1) = Gy (2.12)
v =f+1 duoc goi I hé sb can téng cong cia duong;
i1a d6 dbc (thudng nguoi ta hay tinh theo %) ciia duong:
i-H (2.13)
L
H, L xem trén hinh 2.5.

— @ GC OSQ G S inQ

: &
G
a

Hinh 2.5. Luc can déc

2.2.3. Lwc can khong khi

O t6 chuyén dffmg trong mdi truong khi quyén va do d6 bj khong khi ciia bau khi quyén can lai.
Luc can khong khi d6i voi 6 t6 ¢6 3 thanh phin sau day:

- Luc can chinh dién: day 13 thanh phan luc tac dung 18n toan bo dién tich phia trude cia 6 td.

- Luc can do ma sat gitra 16p khong khi sat véi mat bén cta 6 t6.

- Luc céan do tao thanh khoang chan khéng phia sau 0 to.
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Nguoi ta da tién hanh nghién ctru do dac dé xé4c dinh céc luc can noi trén va da dua ra duoge cong
thirc xac dinh lyc can cta khong khi P, tac dung va 0 td véi van toc V nhu sau:

P = % PCAV ? (2.14)

i 1G R

Hinh 2.6. Lyc can khong khi P,

Trong d6: p 1a mat do khong khi: p = 1,24 kg/m®; C: hé s6 khi dong (khong thir nguyén): phu
thudc hinh dang, chit lugng bé mat 6 t6, vo 6 td cang tron nhin, hinh dang 6 t6 cang c6 dang khi dong
hoc thi C cang nhé. Dang khi dong hoc tot nhat 1a dang mét giot nude roi ty do trong khong khi; A la
dién tich chinh dién cia 6 to.

[\
—
I\@ @(

N
TN T T T A TP T T
B Bo

Hinh 2.7. So dd xéc dinh dién tich chinh dién xe

Hé s C c6 gia tri nhu sau:
xe du lich: C=0,3 +0,45;
xe khach: C=0,4 + 0,6;
xe tai: C=0,6 + 0,85.
A 1a dién tich chinh dién cua 0 t6 (m?)
Xe tai: A=BH; dulich: A=0,85B;H (2.15)
Trong d6: B 1a chiéu rong co sd ctia xe, Bo 1a chiéu rong toan bo xe, H 1a chidu cao xe (hinh 2.7).
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Khi 0 td chuyén dong trén duong c6 gio, gia tri van tde trong cong thirc dugc cong hodc trir di
thanh phan gi6 song song voi xe.

Khi kéo mooc, hé s6 khi dong C tang Ién, mic dd tang duoc xac dinh nhu sau:

C tang 9 + 32% phu thudc khoang cach giita mooc va xe.

2.2.4. Lwc can quan tinh

Khi 6 to ’chuyén dong véi van téc’ thay d6i, c6 nghia 14 c6 gia toc (ta ky hiéu gia toc d6 14 j), ban
than 6 t6 c6 khoi lugng M. Khi do6 s€ xuat hién lyc quan tinh P;.

Pi=Mj (2.16)

Luc Pj c6 chiéu nguogc lai chiéu cuia gia toc j. Néu xe chuyén dong nhanh dan, gia toc j cing
chiéu véi V 7(chiéu chuyén dong), luc Pj ngugce chiéu véi chiéu chuyén dong. Trong trudng hgp nay nd
can lai chuyén dong va ta goi n6 1a luc can quén tinh.

Khi 6 t6 chuyén dong, toan bo khdi lugng cta 6 t0 cpuyén dong tinh tién theo quy dao chuyén
d(f?ng cua 0 t6. Ngoai ra tr’én 0 t6 con cd mot sc} chi tiét‘ chuyén dong quay. Do 1a céq banh xe va cac chi
tiet lién quan dong hoc dén banh xe nhu hé thong truyén luc, dong co. Nhiing chi tiét quay nay cling c6
khoi lru(_mg va do dé c6 mo men quén tinh khoi 1u’cyng I. Khi xe chuyén ddng cé gia toc j, banh xe va cac
chi tiét ¢6 lién quan s& ¢o gia tdc goc . Khi @6 s& xuat hién mé men quén tinh M;:

M;=1Ie (2.17)

Trong trudng hop xe chuyén dong nhanh dan, thanh phin M; ciing tao ra luc can can lai chuyén
dong cua 6 to.

Nhu vay luc can quén tinh xuét hién khi 6 to chuyén dong co gia tdc va c6 2 thanh phﬁn:

Pi=Py +P” (2.18)
Trong d6 P;’ 1a thanh phan do khéi lugng chuyén dong tinh tién cua 6 to gy ra;
P;” 1a thanh phan do cac khdi lugng chuyén dong quay gy ra
Khi tinh toan ta c6 thé diing cong thie sau day:
Pi = Mjoi (2.19)

Trong d6 & 1a hé sé ké dén cac khdi luong quay cua 6 t6, & dugc tinh theo cong thirc kinh

nghiém sau:
8i = 1,05 + 0,0015i (2.20)

2.2.5. Lwc can mooc kéo
Khi xe kéo mooc, xe chiu thém lyc can tir cdc mooc kéo. Cac mooc kéo ciling chiu cac luc can
gan giong voi xe kéo. Cu thé:
- Lyc can tong cong ciia duong Pu/m giéng voi xe kéo nghia la:
m —
P =nQy cosa (2.21)

Trong d6: n 1a s6 mooc kéo; Q 1a trong lwong 1 mooc kéo.

- Lyc can khong khi: Khi xe kéo mooc, do mooc kéo chuyén dong phia sau xe kéo do d6 no
khong chiu lyc can khong khi nhu déi véi xe kéo. Nguoi ta coi xe va cac mooc kéo nhu mot doan xe
chuyén dong, trong trudng hop nay, hé sb khi dong C cta doan xe ting 1én, mirc d6 ting dugc xac dinh
nhu sau: C tang 9 + 32% phu thudc khoang cach gitta mooc va xe.

- Lyc can quan tinh: Khi ting tdc khdi lwong cua mooc khi chuyén dong co gia tc ciing gy nén
luc can. Mooc kéo khong c6 dong co, HTTL, cac chi tiét chuyén dong quay cua mooc chi 14 cac banh xe

\ r A 5 5 5 \ . r 5 , , ) , r m ’
va ta c6 thé bo qua anh hudng nay. Khi d6 luc can quan tinh cia cac mooc kéo P" dugc tinh nhu sau:
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pr—n2j (2.22)
g
2.2.6. Diéu kién chuyén dong cua xe
Xe mudn chuyén dong dugc, trude tién luc kéo phat ra & banh xe phai thing tat ca cac luc can (ta
goi diéu kién nay 1a diéu kién can):
Pk >ZPc=Ps+ Pi+ Py + Pj+ Pn (2.23)
Tuy nhién nhu da trinh bay ¢ c}luqng I; luc kéo 9Pk khQng thé tang th y ma bi gidi pan boi luc
b&m Py, tirc Pimax = Po. Nhur vay c6 thé thay dé xe ¢6 thé chuyén dong dugc can thém mdot dicu kién nira
(ta goi 1a diéu kién du):
Pc<P, (2.24)
Két hop 2.23 va 2.24 ta c¢6 diéu kién chuyén dong cua xe 1a:
P« = Pe+Pi+ P, +Pj+Pn <P, (2.25)

2.3. PHAN LUC TU MAT BUONG

Khi xe chuyén dong (hodc dirmg yén) trén mat dudng, banh xe tiép xic voi mit duong va sé tac
dung luc vao mat duong, cac luc nay ciing kha da dang.

Chiing ta da nghién ctru phan lyc ciia mit duong tac dung vao banh xe theo chidu chuyén dong
cta xe khi banh xe c6 m6 men chu dong My, do6 1a luc kéo Pk. Cling theo chiéu doc cia xe con co:

- Phan lyc cua mat dudng tac dung vao banh xe khi phanh xe (banh xe c6 m6 men phanh My), luc
nay s€ duoc nghién ctru & chuong "Sy phanh 6 t6".

- Céc phan luc xuét hién khi xe di (hodc ding yén) trén duong doc

Theo chiéu thing ding do trong lugng cia xe thong qua banh xe tac dung 1én mit dudng va do
d6 c6 phan lyc thang ding tac dung tir dudong vao banh xe.

Khi xe chuyén dong quay vong hodc di trén dudng nghiéng con co phan luc theo chiéu ngang tac
dung tor mat dudng vao banh xe.

Sau dy ta s& lan luot nghién ctru cic phan luc d6 trong cac trudng hop cu thé.

2.3.1. Xe dirng yén trén dwong bang

Khi xe ding yén trén mat duong (hinh 2.8), trong luong toan b ctia xe G thong qua cac banh xe
trude va sau tac dung 1én mat duong va phan luc tir mat duong tic dung 1én banh xe trudce va sau: F1 va
F2 (hinh 2.8).

F1 va F2 dugc xac dinh nhu sau:

=26 (2.26)

F, = %G (2.27)

a; b va L nhu trén hinh 2.8, trong d6 L duoc goi la chiéu dai co s& xe.

Heé s6 phén bé trong lrong:

Ngudi ta goi my 13 hé s6 phan bd trong lugng xe ra ciu trude va my 1a hé sb phin bd trong lwong
Xe ra cau sau voi:

m, =

®|m
S
3
|
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Nhu vay ta s€ c6: F1=miG; Fo=mG
Truong hgp xe dung yén (xe ¢ trang thai tinh):

Hinh 2.8

Céc luc tac dung 1&n xe khi xe dttng yén trén duong bang

2.3.2. Xe chuyén déng thang trén dwong bang

Khéc, voi khi xe ding yén, khi xe chuyén dong, ngoai cac phan lyc thing ding tir mat duong Fi
va F2 s€ xuat hién thém cac lyc va cac mé men (hinh 2.9):

Luc chti dong Px; m6 men chi dong M.

Cac luc can chuyén dong: Luc can lan Py, Pr; luc can khong khi Pg,; lyc can quan tinh Pj; luc can
mooc kéo Pm; md men can lan My, Ms;

a. Xe chuyén dong trén dwong bang

Dé tinh’céc phan lyc Fy, F» ta can béng mo men do cac luc te_l‘o ra lan 111(_)19 tai cé9 diém dat cta F1
va F7 (diém ti€p xtc gilra banh xe trudce va sau véi dudng). Chu y rang khi xét tong thé 6 t6 thi md men
chu dong My 1a ndi lyc, do d6 khong tham gia vao cac phuong trinh can bang mé men dudi day.

Liy mé men tai diém tiép xuc gitra banh sau v6i mit duong:

FL+Ph,+Ph +M +M, -Gb+P h, =0 (2.30)

Trong d6: M1 + My = Fifry + Fofr, = Gfry (2.44)
Tir 2.43 két hop voi 2.44 ta rut ra:
Ezemom—%m¢am—mmzem;mygmiam—mh
L L
Lam tuong tu ta dugc:
G(a+ fr,)+P,h, +P,h, + P h,

F, = 0 |_ (2.32)

mo(2.31)
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Truong hop xe chuyén dong trén duong bang khong kéo mooc:
G(b- fr,)-P,h, FP;h,
L

+ P.
c :G(a+ fr,)+ P,h, £ P (2.34)

F - (2.33)

z L

Fn
hm
G
b Po P
Hinh 2.9

Céc lyc tac dung 18n xe khi xe chuyén dong thing trén dudng bang

b. Xe chuyén dong on dinh trén dwong bang khong kéo mooc
Khi do lyc can quan tinh Pj = 0 do d6:
G- fr,)-P,h,

F - : (2.35)
F - Gla+ frbL)+ P.h, (2.36)

C. Phanh xe trén dwong bang (khéng kéo mooc)
Khi phanh xe coi rang V nho do d6 : P, = 0 va Iyc can lan Ps rat nho so voi luc phanh Py Va ¢6
thé bo qua (hinh 2.10).
Liy m6 men céc lyc tai diém tiép xtic banh sau voi mat duong:
FiL-Gb-Pjhg=0

P.h
F, - Gb+Pihy (2.37)
L
Tuong tu ta co: F, = Ga-Pihy (2.38)
L
Chiéu cac lyc theo phuong ngang ta co:
Pj = Ppr + Pp2

Néu phanh cuc dai (gia tri cac lyc phanh dat cuc dai, gia tbc chdm dan dat cuc dai va luc quan
tinh P; dat cuc dai), khi d6 lyc phanh cyc dai tai mdi banh xe béng Iuc bam tai banh xe d6:
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Pimax = Ppimax + Ppamax = F1¢ +F1¢0 = (F1 + F2)o = Go (2.39)
Thay (2.53) vao (2.51) va (2.52) ta c6 phan lyc mat duong 1é€n cac banh xe khi phanh cyc dai:

Gb+Ph, Gb+G
E - TNy b o, —G(b+(phg) (2.40)

' L L L
Ga-Ph, Ga-G¢h, G
F, = - ile _ i g :t(a_(phg) (2.41)

Hinh 2.10.

Céc lyc téc dung 1én xe khi phanh xe trén dudng bang

d. Xe chuyén déng trén dwong bang véi vin toc cao
Khi xe chuyén dong véi van tdc cao, luc can khong khi P, s& 16n (xem cong thirc 2.14). Khi d6
kha ning lat xe s& c6 thé xay ra. Ta s& xem xét trudng hop do.

Hinh 2.11.

Cac luc tac dung In xe khi xe chay véi van téc cao trén dudng bang

Khao sat 6 t6 chuyén dong 6n dinh voi van téc cao nhu hinh 2.11. B6 qua lyc can lin ta c6: Lay
md men tai diém tiép xuc ctia banh xe sau v6i dudng:
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FiL-Gb + Pyh, =0
Ta rat ra:

F =GP Pun, (2.42)

L
Van tdc xe cang ting Ién, luc can khong khi P, cang tang lén, phan lyc F1 cang giam di, khi F1 —
0 xe s€ bi lat.

Diéu kién xe bi lat: F1<0 — Gb-P,h, <0 (2.43)
Thay Py, tir cong thirc 2.15 vao diéu kién 2.57 ta co:

Gb<l crveh v 280 (244
2 F.h,

Tir diéu kién 2.44 ta thay xe c6 chiéu cao cang 16n cang dé bi 1at. Do vdy nhitng xe c6 vén toc
cao ngudi ta ¢b ging ha thap chiéu cao xe.

e. Hé s6 phdn bo tdi trong:

Khi xe chuyén dong, do xuat hién thém céc luc nhu da noi & trén do do trong lugng xe phan b
1én cac banh xe thay doi:

Trudng hop xe chuyén dong 6n dinh trén dudng biang khdng kéo mooc: Tir 2.35 va 2.36 ta co:

m —Fu_Gb G tPh, G +PA,
G GL GL GL

m,, — Fa _ %+ Gfr, +P,h, _ m,, + Gfr, +P,h, (2.46)
G GL GL GL

Nhu vy ta thdy trong truong hop ndy phan lyc tac dung tir mit duong 1én cac banh xe trudc
giam di, nguoc tai cac banh sau lai tang Ién.
Khi phanh xe: Tur 2.37 va 2.38 ta c6:

F P.h P.h
mlp:ﬂzG—b+A:mlp+ L9 (2.47)
G GL GL GL
F,, Gb Ph, P,h,
m, =—f="—_ =m, — 2.48
G GL GL 2 GL (2.48)
Khi phanh xe cuc dai: Tir 2.40 va 2.41ta co:
m, =m, +% (2.49)
@h
m, =m, —Tg (2.50)

Nhu vdy ta thdy trong truong hop phanh xe phan lyc tic dung tir mit duong 1én cac banh xe
trudc ting 1€n, ngugc tai cac banh sau lai giam di.
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CHUONG Il
TINH TOAN SUC KEO O TO

3.1. CHON PONG CO’

3.1.1. Khai niém

O t6 mudn chuyén dong dugc phai co pguén d(f)ng luc Nguon dong lyc trén 6 t6 phai dam bao su
hoat dong binh thudong cua 63 to ,theo cac diéu kién‘ thiét ke dat ra. Do d6 mot trong nhitng céng?y viéc
quan trong cua qud trinh thi?ft ké 6 t6 1a chon nguon dﬁ)ng luc 1ap 1én 6 6. Trénﬂ tuyét dai da s0 0 tf)
nguon dong luc la dong co dot trong, cho nén chon nguon dong luc cho 6 t6 cu thé 1a chon dong co dot
trong (sau day ta goi la dong co).

Lua chon dong co 1a lya chon céc thong s6 sau day:

- Loai dong co: dong co xang, dong co diézen, c6 han ché hay khong han ché s vong quay,

- Coéng sudt dong co: Cong suét cuc dai hodc cong sudt tai s6 vong quay cuc dai,

- S6 vong quay cuc dai,

Con thong s6 md men xodn cua dong co s& duge tinh tir cong suat va s vong quay cua dong co.

Viéc chqn cac thong sd trén ddy dua vao yéu ciu cua 6 to thiét ké. Pong co dugc lya chon phai
thdéa man yéu cau dat ra cua 6 to.

Céc thong s can phai biét khi thiét ké 6 t6 (tirc yéu cau dit ra khi thiét ké 6 t6):

- Loai 6 t0: Tai; khach: duong dai, duong ngén; du lich,...

- Trong lwong toan bd cua 6 t6 G (bao gom tai trong Gt va tu trong Go),

- Van tdc cuc dai ctia 6 t0 Vimax,

- Loai duong ma xe s€ hoat dong: hé sb canlan f, goc dbc cuc dai amax clia duong.

Cin ctr vao cac thong sd yéu cau trén déy ta s& chon dong co ¢6 cac thong s6 phu hop.

3.1.2. So lwvgec dwdng dac tinh ngoai cua dong co’

Pé co thé lwa chon dung cac thong sb cia dong co ta can phai biét vé dudng dic tinh ngoai ciia
dong co.

Puong dic tin}l ngoai 1 cac dudng biéu dién mbi quan hé cﬁa’céng sudt, md men xodn, sudt tiéu
hao nhién li¢u voi s6 vong quay cua dong co khi nhién li€éu cung cap cho dong co cuc dai. Trén 6 t6
nhién liéu cung cap cuc dai cho @ng co duoc hicu 1a khi nguoi lai dap hét chan ga. Cac dudng biéu
dién néi trén khi nhién liéu cung cap khong cuc dai la cac duong dac tinh cuc bo.

a. Dong co xang khéng han ché sé vong quay

Puong dic tinh ngoai cua loai ddng co nay duoc trinh bay trén hinh 3.1. C6 nhitng diém can phai
chu y sau day:

- Cong suat va md men xodn khong dat cuc dai tai s6 vong quay cuc dai.

Ta ky hiéu cong sut cuc dai 1a Nemax, $6 vong quay cuc dai 1a nemax, cong SUAt tai nemax 12 Ny, md
men xo0an cyuc dai 1 Memax, 6 vOng quay tai Nemax 13 N, s6 vong quay tai Memax 12 nw,

Loai nay co: nemax = (khoang) 1,2 nn (3.1)

- Suit tiéu hao nhién li¢u ge (luorng nhién liéw/1 don vi cong suat trong mot don vi thoi gian) dat
cuc tiéu tai vi tri s6 vong quay ne gan dat gi tri nn. Ta ky hiéu suat tiéu hao nhién liéu cuc tiéu 13 gemin.
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- Pong co loai ndy ¢ sd vong quay 16n tuy nhién tai khu virc Nemax VA Nemax, tiéu hao nhién li¢u
16m.
Loai dong co nay thuong dugce lap cho xe du lich.

b. Béng co xing c6 han ché sé vong quay

Trén loai dong co ndy nguoi ta diat mdt bd phan han ché nhién liéu cép vao dong co khi sb vong
quay dat mot gid tri nao d6. Khi by phan han ché nhién liéu bit dau lam viéc sb vong quay dong co
khong ting 1én dugc nita, vi thé duoc goi 1 han ché sé vong quay. S6 vong quay ma bd phan han ché
bét dau lam viéc thuong 1a tai noi dong co c6 sut tiéu hao nhién liéu ge dat gia tri cuc tiéu (gemin). DO
d6 dudng dac tinh cua loai dong co nay c6 dang nhu hinh 3.2.

Ta ky hiéu cong suat va sb vong quay dong co tai vi tri han ché sé vong quay 1a Ny va ny. P6
ciing chinh 13 cong suit va s6 vong quay cuc dai thuc t& Nmax VA Nmax ctia dong co, tire trén dong co loai
nay Ny va ny chinh 1a Nmax Va Nmax.

Ne; Me; Je 1 Ne; Me; Oe
N
Ne max ¢ NV
Ny
Me max y4
Mn //r Me Me nh.lﬂax /
n
ge min
/ Oe e min [~
Ne ne
Nn...
emin Ny Ny Nemax Nemin My Ny Nemax
Hinh 3.1 Hinh 3.2

bic tinh ngoai dong co xdng

i Pic tinh i do -
khong han ché s6 vong quay ac inh ngoal dong co xang

€6 han ché s6 vong quay

Vi tri duge chon dé han ché sé vong quay: ny = (0,8 +0,9) ny 3.2

Loai dong co ndy c¢6 sb vong quay khong cao nhu loai khong han ché sé vong quay nhung tai
khu vuc Ny va ny, suét tiéu hao nhién liéu thép. Loai dong co nay thich hop cho céc loai xe tai, xe chd
khach 1a cac loai xe hoat dong véi muc dich kinh doanh, c6 tinh dén tinh kinh té.

C. Dong co diézen

Pong co diénzen sit dung loai nhién li€u diézen. Loai nhién li€u nay c6 kha ning tu bde chay
(khac véi nhién lidu xing dé bdc chay phai ¢ tia lira dién). Loai nhién liéu nay c6 kha ning chéng kich
nd t6t nén ti s6 nén duoc tang cao (18 = 20) va do doé dong co co6 hiéu sudt cao, khac véi nhién liéu
xang ti s6 nén khong vuot qua 10. Vi thé dong co diézen co suit tidu hao nhién lidu thip, d6 1a chua ké
nhién liéu diézen c6 gia thanh thip hon xing. Tuy nhién dong co diézen co sé vong quay thip hon dong
cO xang.

Pong co diénzen co6 ge dat gia tri cuc tiéu tai ny tirc tai Nemax.

Trén dong co diénzen nguoi ta dat bo phan han ché sb vong quay va vi tri bd han ché bat dau 1am
viéc 1a nn. Ny va ny cua dong co nay chinh 1a Nemax Va nn. Duong déc tinh cta loai dong co nay c¢d dang
nhu hinh 3.3.
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Loai dong co hién dugc dung phod bién trén xe tai, xe cho khach va ca trén mot so xe du lich.

MNe; Me; ge
N,
Me max
M, //
Je min 7/ —
Ne
Nemin Ny n Nemax

Hinh 3.2

Dbic tinh ngoai dong co diézen

3.1.3. Chon dong co va xay dwng dwdng dac tinh ngoai
a. Chon dong co
Chon logi dong co

Can ctr vao loai xe thiét ké dé chon loai dong co: Thong thuong néu xe du lich thi chon dong co
xang khong han ché sé vong quay. Xe tai va chd khach co thé chon dong co diézen hodc dong co xing
¢6 han ché s6 vong quay. Ngoai ra viéc chon con phu thude ngudi dit hang, ngudi st dung, ...

Chon s6 vong quay cia dong co

Néu mua dong co trén thj truong thi sb vong quay ciia dong co 1a c6 sdn. Con trong truong hop
nha thiét ké (ché tao, lip rap) ddt hang nha ché tao dong co thi c6 thé chon sé vong quay (thudng 13 nmax
tuc nemax hay ny).

Pong co xiang khong han ché sb vong quay ding cho xe du lich thudng cd nemax = 4000 + 6000
v/ph hodc hon nira. Pong co xang han ché s vong quay ding cho xe tai, xe chd khach: ny = 2800 +
4000 v/ph. Béng co diénzen: ny = 2000 + 3000 v/ph.

Chon céng sudt dong co

Cong suat dong co dé chi phi cho cac hoat dong cua 6 6, chu yéu la dé khic phuc cac sirc can.
Khoéng thé chon cong sudt tai cac vi tri hoat dong bat ky ctia 6 t0. Ta phai dya vao cac vi tri lam viéc dac
biét:

- Khi xe chay trén dwong c6 hé sé can cao nhdt: Trudng hop ndy banh xe phai c6 md men kéo
cuc dai. Khi d6 trong (mg dong co phai c6 mdé men cuc dai . Ta chua thé biét sé vong quay tai Memax
(tirc nm) va ciing khong biét duge van tde cua xe trong trudng hop ndy, do dé chua xac dinh dwoc cong
sudt dong co. Cho nén vi tri nay khong duoc lua chon.

- Khi xe chay ¢ vdn téc cie dai Vimax: Trudng hop ndy dong co phai co s6 vong quay cuc dai. Néu
ta xac dinh dugc cong suit dong co tai vi tri nay ta dugc mot diém trén duong cong suit. Pay 1a co so
dé xéac dinh cac vi tri khac trén dudng cong suat.
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Tai vi tri Vimax xe chay trén dudng bang va tdt (di nhién khong ai chay van toc cuc dai trén duong
xau hodc duong dbc). Khi dé cong sut kéo (tai banh xe) chi khic phuc 2 cong suit can: Cong suit can
lan Nf va cong suit can khong khi N,

Tir chwong 2 ta ¢6 N¢ va N,, trong truong hop niy bang:
Nf::Gfme (33)
1
N, = > PCAV 2 (34)
Nhu vy ta c6 cong suat dong co can sinh ra dé khic phuc cac ste can chuyén dong:
N, :(Gf\/max +% pCAvniax)l (3.5)
t

Trong do:

p 1a mat do khong khi: p = 1,24 kg/m?,

C 14 hé s6 khi dong ciia 6 t6; C phu thudc hinh dang khi dong hoc cuia xe, chit luong bé mit vo
Xe,... : Xe du lich: C=0,3 + 0,45; xe khach: C=0,4 + 0,6; xe tai : C= 0,6 ~ 0,85.

A 1a dién tich chinh dién cua xe (m?): Xe tai: A = BH; xe du lich: A = 0,85BoH

Trong do6: B 1a chiéu rong co so cua xe; Bo 1a chiéu rong toan b cua xe; H 1a chiéu cao cua xe.

1t 13 hidu sudt ciia hé thdng truyén lyc: hé thong truyén luc co khi: n: = 0,8 + 0,85

Trong cong thirc 3.5 Ny ¢6 thit nguyén 1a w; G (N); Vimax (M/s);

Trong trudng hop Ny tinh bang kw, Vmax tinh bang kmv/h ta c6 thé ding cong thic sau:

v AV 2
N, = SV, CAVm |1 (35
36.10°  933.10° )7,

Pong co lap 1én xe ngoai khic phuc cac strc can chuyén dong con phai dung cho cac cong viée
nhu chay may nén khi (cho hé théng phanh), bom dau (cho hé thdng lai, toi cau, ...), diéu hoa nhiét
do,....Vi thé cong suit dong co lip 1én xe phai co cong sudt 16n hon cong sudt tinh & cong thirc 3.5
khoang 20 + 30 %. Trong trudng hop c6 thé xac dinh dugc chinh xac cac ngudn tiéu thy phuy thi ta tinh
toan va cong vao cong suat dong co.

b. Xay dung duong ddc tinh ngoai ciia dong co

Puong dic tinh ngoai cua dong co c¢6 duoc bang cach do trén bé thir cong sudt dong co. Trong hd
so dong co khi xuit xudng ciing c6 thé c6 duong dic tinh ngoai cua dong co. Tuy nhién khong phai lic
nio ta ciing c¢6 thé c6 duoc dudng dic tinh thyc t& nay ciia dong co, dic biét trong cac trudng hop tinh
toan 1y thuyét. Ta c6 thé xdy dung gin dung dudng dic tinh ngoai cua dong co bing cong thic
Laydecman.

Cong thitc Laydecman nhu sau:

Néu ta biét cong sut tai 1 diém dac biét cua dong co 12 Nemax-nn (khi dong co khong han ché sb
vong quay) thi ta c6 thé tinh dugc cong sudt tai cac diém khac bing cong thirc sau (cong thirc

Laydecman):
2 3
Ne — Nemax|:ane+b[nej _C[neJ ] (37)
nN nN nN

Trong d6: Ne 1a cong suit tai sb vong quay bét ky ne.

Cachésba,b,c: phu thudc loai dong co: dong co xang: a=b=c=1; diézen 2 ky: a=0,87; b =
1,13; ¢ = 1; diézen 4 ky buéng chay truc tiép: a=0,5b=1,5;c=1; diézen 4 ky buéng chay du bi: a =
0,6;b=14; c=1; diézen 4 ky buéng chay xoay 1bc:a=0,7;b=13;c=1;
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Khi biét Ne Va ne ta co thé tinh ra Me
10°N, (kw) _ 10°N,(kw) _ 7612N,(ml) (3
,(1/5) 1,047n,(v/ ph) n, (v/ ph)
Néu dong co chon 1a dong co diézen thi sé vong quay ciia dong co chon theo muc 3.1.3.a chinh
la nn, cong sudt tinh theo cong thirc (3.5) hodc (3.6) chinh 12 Nemax.
Con ddi véi dong co xang thi khong phai nhu thé.

M, (Nm) =

bong co xing khong han ché s6 vong quay: s vong quay cua dong co ChQI} theo myc 3.1.3.a la
Nemax, cONg suat tinh theo cong thure (3.5) hodc (3.6) 1a Ny. ny dugce xac dinh theo di€u kién (3.1).
) Pong co xing han ché s6 vong quay: s6 vong quay ciia dong co c‘h()n theo myc 3.1.3.a la ny, céng
suat tinh theo cong thirc (3.5) hoac (3.6) 1a Ny. ny dugc xac dinh theo diéu kién (3.2).
Khi d6 cong sut Nemax dugc tinh nhu sau:

_ N, (3.9)

Nemax - 2 3
o () (e
r]N nN nN

Khi ¢6 duge diém Nemax-n ta lai ding cong thirc (3.7) dé tinh cac diém con lai.

3.2. TiINH Ti SO TRUYEN CUA HE THONG TRUYEN LYC (HTTL)
Nhu da trinh bay ¢ chuong 2, trén 6 t6 phai c6 HTTL.
Ta ¢6 so dd truyén dong sau day:

BONG CcoO HTTL
Me; We Ne; i Nt

Hinh 3.4. So db truyén dong trén 6 to

Pong co voi cac thong s 1a mé men xodn Me va van toc goc we (hodc sé vong quay ne); HTTL
voi cac thong sb: s6 cp s6 ne, ti sb truyén it va hiéu suit truyén luc ng; banh xe voi cac thong s 1a md
men kéo M; vén tdc goc op (hodc sé vong quay np) va ban kinh banh xe rp.

Ta s& x4c dinh ti s6 truyén cac cap s6 cia hé théng truyén lyc.

3.2.1. Chon s6 cap sb

Trén HTTL cang nhiéu cdp s ta cang d& chon duoc vi tri 1am viée thich hop voi didu kién duong
x4. Tuy nhién sb cap nhiéu thi HTTL s& cdng kénh phirc tap, tn thoi gian dé chuyén cip sd. Néu sb cip
s6 it thi két cAu HTTL don gian gon nhe nhung lai cé it phuong an chon vi tri lam viéc cho thich hop
v6i diéu kién dudng xa.

Hién nay s6 cip sb trong HTTL nim trong khoang 3 = 6, phd bién 13 4 hoic 5.

3.2.2. Tinh ti s6 truyén cua cac cap s6
a. Co so tinh todn

Ta chua thé tinh ngay duoc ti s6 truyén cua tat ca cac cip so. Trude hét ta phai cin cir vao cac
théng so da c6 ctiia dong co va 6 td dé tinh toan tai mét s6 diém dac biét. Co hai diém dac biét sau day:
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- Khi xe chay trén dwong c6 hé so cin cuwe dai (ymax): Dé xe chay duoc trén dudng c6 hé s6 can

cuc dai thi & banh xe chu dong phai c6 m6 men kéo cyc dai (Mimax). Mét khac ta lai co:
Mk = Meitnt (310)

Cho nén dé c6 Mkma x thi HTTL phai & vi tri ¢6 ti s6 truyén 16n nhat (imax). Nhu vy ti s6 truyén
cuc dai cua HTTL c6 thé tinh dugc tir diéu kién khic phuc luc can 16n nhit cua dudng. Luc nay van tde
xe khong bi rang budc.

- Khi xe chay véi vin toc cuc dai (Vinax):

Taco v=2ep (3.11)
It

Cho nén dé c6 Vmax thi thi HTTL phai ¢ vi tri c0 ti s6 truyén nho nhat (imin). Nhu vay ti s truyén
cuc tiéu ctia HTTL c6 thé tinh duge tir diéu kién xe chay voi van tdc cuc dai. Luc nay xe phai chay trén
duong bang, co hé s6 can nho nhat.

Sau khi ¢6 ti sb truyén cuc tiéu, cuc dai va s6 cap sé ciia HTTL, ta tinh ti s6 truyén cua cac tay s6
trung gian. Dé tinh ti s truyén cua cac tay sd trung gian ta phai xac dinh quy luat b tri cac s truyén.

Ngoai ra con mdt sd ti s6 truyén khac nhu: s 1, s6 truyén ting.

Cu thé ta tién hanh nhu sau:

b. Tinh ti s6 truyén cuc dai imax

Nhu d3 noi & trén, imax dugc tinh theo diéu kién xe khic phuc strc can 16n nhit cua duong: Ta c6
dicu kién khac phuc lyc can 16n nhat cua duong:
M

emaxltmax

e 2 GV e (3.12)
Ty
— i > SVmh (3.13)
M emax 77[
Ngoai ra dé xe chuyén dong duoc can phai thoa mén diéu kién bam:
M, . I
Mﬂt < Gq)(p (3.14)

Ty
Trong d6 G, 1a trong lwong bam ciia xe; ¢ 1a hé sb bam cua duong.
Khi tinh toan ta 1iy theo diéu kién 3.13 va kiém tra theo diéu kién 3.14.
C. Tinh ti s6 truyén ciec tiéu imin

Ti s6 truyén cuc tiéu imin dugc tinh theo di€u kién van toc cyc dai Vmax

. . 1/s
Tacd v _ (m/s)= a’emaxi(lls) LM = gy = Do (1/5) r,(m) (3.15)
tmin Vmax (m/S)

Hoic c6 thé dung cong thirc:

i, =0377 Neex (V/ PN) r, (m) (3.16)

V o (km/h)

Gia tri imin tinh theo 3.15 hodc 3.16 cin mot diéu kién rang budc. Do 1a tai vin téc cuc dai Vmax:

v s PP (3.17)

! itmin 77[

Trong d6 My la m6 men dong co tai wemax.
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Tuy Ilhié{l cling c6 thé thdy rang néu cong suit dong co lap 1én xe dugc chon theo diéu kién 3.5
(hodc 3.6) thi di¢u kién 3.17 mac nhién thod man.

d. Tinh ti 56 truyén cdc tay sé trung gian

’ Ta di c6 ti s6 tmyén’ cao nhat va thip nhéat cia HTTL, bay gid ta s& tinh cac ti s6 truyén ciia cac

tay sO con lai, tirc céc tay soO trung gian.

Dé tinh cac ti s truyén nay, trudc hét ta phai xac dinh quy luat thay déi ti sb truyén.

Hién trong HTTL cac loai xe, s truyén thuong duoc sip xép theo 2 quy luat:

- Quy ludt phdn bé cap s6 nhan: Quy luat nay nhu sau:

itl = a.itz; itz = a.ita; itn-l = a.im; (3.18)
Trong d6 a 1a cong boi: a > 1; n: sb cap s6
- Quy ludt cdp sé diéu hoa:
Vz—V1:V3—V2: :Vn —Vn.l (3.19)
V1, V2, ..., Vnla van tde xe tai cac tay $61,2,...,n.

Tinh ti 56 truyén theo cdp sé nhdn
Theo diéu kién (3.18) ta co:

i = a.de
ip = ais
in-1 = a.itn

Lay tat ca cac so hang vé trai nhan vdi nhau, lam tuong tu d6i voi vé phai, sau d6 can bang 2 vé
ta co:
i = a™ it

Ma i1 12 itmax , itn 12 itmin ChO NéN: a=nqm (3.20)

Itmin

Sau khi ¢6 gia tri a ta d& dang tinh dwoc gia tri ti s truyén cua céc tay sb.

Nhan xét: Khi st dung quy luat cap sb nhan, khoang cach giita cac tay s6 khong déu, & ving van
toc 10n s6 tay sé nhidu (ddy), ving van tc nho thi nguoc lai sé tay sb it (thua). Cach bé tri nay hop Iy
trén 6 t6. Khi xe chay vdi van tdc 10n 1a trén duong tt, thoi gian hoat dong nhiéu, ving d6 cin phai
nhiéu tay s6 dé ngudi 14i d& Iya chon. Ving van tdc nho, xe chay & sé thip chi yéu 1a chay trén duong
xau, duong chat hep voi thoi gian sit dung khong cao cho nén khong can nhiéu tay sb. Hon nita viing
ndy con c6 nhiém vy 1am viing “dém” dé chuyén sang van tdc cao do d6 can co luc kéo 16n dé c6 gia toc
16n va tang tbc nhanh (xem phan do thi ting toc).

Tinh ti s6 truyén theo cap s6 diéu hoa
Theo diéu kién 3.19: Vo~ V1 =V3— V2= .. = V4 -V

Ta lai c6: V=" (3.21)

I

Thay 3.21 vao 3.19 ta c6:

11 11 1. 1_ 1. 1 _, @

|t2 Itl |t3 |t2 Itk Itk—l Itn Itn—l
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_ Itl . . itl . i i
- - lis
1+aiy,

t1

:1+2aitl T "1+ (n-1)ai,

|t2

P (3.24)
(n _1)itlitn

a dugc goi 1a cong sai.

Khi c6 a ta thay vao 3.22 ta s& tinh dugc ti s6 truyén clia cac tay sb trung gian

Céch b tri ti s truyén kiéu nay s& cho khoang thay doi luc kéo giita cac s6 truyén déu nhau: hop
1y cho may kéo nong nghiép (canh tac) vi luc can trén cdc may nay la luc can khi canh tac dat. Trén 6 t6
thuong khong ding cach bo tri nay.

S6 lui i

S6 Iui khong thé thiéu dugc trén 6 t6. S6 Iui phai dam bao van tdc dé ngudi l4i Iui xe dé dang (3
+4) km/h

Thuong chon: i = (1,2 + 1,3)im. (3.25)

S6 truyén ting

Ti s6 truyén cuc t,iéu itmin UNg VO1 Vmax trong diél:l kién xe chd day tai, chay trén dudng duoc chon
cho loai xe d6 (voi hé s0 can lan f). Khi van hanh c6 thé xay ra:

- Xe chd khong du tai,
- Xe chay trén loai duong tot hon dudng chon khi thiét ké
’ Khi do6 xe thira cong suat. Dé tan dung cong suit trong truong hop nay hop sé duge bd tri thém
O truyén tang in+1
Thudng ngudi ta chon: inv1=(0,7+0,8)in  (3.26)

v Chﬁ y‘réng khi bd ,tri s6 truyén ting trén hop sé 3 truc cd truc so gép VvE‘l thir cAp dong tam, wu
diem vé do bén cua hop so s€ bi anh ,huc’r,ng‘. Nguyén,nhﬁn 1a khi df5 sO t{uyén thang s€ khong duoc dung
thuong xuyén nita. Do vay nguoi thiet ké can can nhac khi chon s6 truyén nay.

(C}}ﬁng ta biét riang kh1 chay & s tlzuyén thang, chi co truc so cip va thir cAp chiu mé men >§oén,
cac chi tiét khac (banh rang, 0 bi,...) c¢6 thé c6 quay nhung khong chiu lyc, ma thoi gian st dung s6 nay
Vi vi tri 1a s6 truyén cao nhat lai rat I6n nén hdp s6 nay it bi hong).

Sau khi ¢6 ti s6 truyén cua HTTL ta c6 thé tinh van tdc cua xe & cac tay sb:

Van tdc xe dugce tinh theo cong thirc (3.11):

V= & r,
It
Hay c6 thé ding cong thirc: V (km/h) = 0,377 (Vi/ ph) rm (327)

t

3.3. CAN BANG CONG SUAT O TO

3.3.1. Phwong trinh can bang céng suat

Khi xe van hanh cong sut ctia dong co lap trén 6 t6 tiéu tén cho chuyén dong cua 6 to gom:
- Cong sudt mit mat trong HTTL (ma sat, khudy dau, ...) (Ny),

- Cong suat can lan (Np,

- Cong sudt can khong khi (No,),

- Cong suét can 1én doc (N;),
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- Cong suat can quan tinh (Nj) va
- Cong suit can mooc kéo (Nm).
Ta c6 phuong trinh can bang cong suit nhur sau:

Ne = Nt + Nf+ Ng = Nj £ Nj + N (3.28)

Nk = Ne— Nt = Ns+ Ny £ Nij = Nj + N (3.29)
Trong d6: Nk 14 cong suat kéo trén banh xe chi dong:
Céc thanh phan cong suat dwoc tinh nhu sau:
Cong suit kéo trén banh xe chi dong: Ni=nNe (3.30)
Cong suit can lan: Nf = GfVcoso; (3.31)
Trong d6 Nt dugc tinh bang w; G tinh bang N; V tinh bang mys.
Néu V tinh bang km/h thi ding cong thire: N, = Gf\’g)% (3.32)

N
Ne + Ny
Ng
=
A%
Vima fle3
© Nep x
> e
Hinh 3.5. D4 thj can bang cong suét 6 to
Cong suit can khong khi:
N, =ZpCAV:  (333)
hodc N = 1 PCAV 2 (3.34) néu V tinh bé‘mg km/h.
¢ 933
Cac gia tri C; A; p xem ¢ muc 3.1.3.
Cong suét can 1én déc: N; = GsinaV (3.35)
hodic N, = GsinaV (336)  nbuV tinh bing km/h.
' 3,6

Cong suat can quan tinh: Nj=MjsvV  (3.37)



hoic N MgV (3.38)  néuV tinh bing kmv/h.

1 36
Cong suét can kéo mooc: Nm =PmV (3.39)
hodc N = FnV (3.40)  néuV tinh bing km/h.
" 36
Phuong trinh can bang cong suit tong quét (xe khong kéo mooc):
Nk = niNe = GfVcosa + KFV? £ GsinaV + Mj&V (3.41)
hodc Nk=niNe = Gfv cosr , 1 PCFV?® 1M1M+ l\S (3.42)
3,6 933 3,6 36 36
néu V tinh bang km/h.

3.3.2. B6 thi can bang céng suét:

Biéu dién céc gi4 tri ciia cac thanh phin trong biéu thirc 3.41 hodc 3.42 1én do thi N — V(ne) ta
dugc do thi can bang cong suat (hinh 3.5). D4 thi (hinh 3.5) biéu dién cac gia tri cong suit cua xe co hop
s6 3 cap. Khi xe chay s6 3, dudong Nt + N,, gip dudng Ny tai vi tri xe dat Vinax.

Ké 1 dudng thiang dung di qua diém c6 1 van tdc ndo d6 — cit cac dudng cong sudt — cho cac
gia tri cong suit tai van toc do.

Ng cong sudt du: Cong suat nay c6 thé sir dung dé ting toc, 1én dbc hodc kéo mooc. Vi du dé 1én
ddc: Ng = Ni = GsinaV

3.4. CAN BANG LUC KEO O TO
Khi xe chuyén dong, lyc kéo phat ra tai banh xe chi dong phai the"mg cac luc can: can lan, can
khong khi, can 1én ddc, can quan tinh va can mooc kéo.

3.4.1. Phwong trinh can bang lwc kéo:

Pk=Ps+ Py £ Pi £ Pj+ Py (343)
Biéu thuc tinh cac gia tri luc kéo va luc can da dugc trinh bay ¢ chuong 2.
Cu thé nhu sau:

Luc kéo: P = L Y (3.44)
r-b
Luec can lan: Ps= Gf (3.45)
f1a hé sb can lan
Luc can khong khi:
p 1 cav? (V tinhbing mss) (3.46)
2
p -1 cav? (V-kmh) (3.47)
¢ 2592

Cac gia tri C; A; p xem ¢ muc 3.1.3.

3.4.2. B6 thj can bang lwc kéo:

Biéu dién cac gia tri tinh todn dugc trén day lén dd thi P — V ta ¢6 dd thi can bang luc kéo (hinh
3.6).

Puong Pt + P, gip duong Pk (s6 16n nhit) tai Vimax.

43



Puong P, 1a duong lyc bam.

Phan duong Py > P, s& khong sir dung duoc vi néu Py > P,, thi banh xe s& bi trugt (quay).

Pk 1
P(P

Py,

/ }Xpd P:+ P,
"4

V2 Vl Vmax  V

\

Hinh 3.6. D4 thi can bang luc kéo 6 to

Tai Vi ké dudng song song véi P cit cac duong luc tai cac diém. Khoang cach giira cac diém do

biéu thi cac gia tri luc tai V1.

Vi du Pg trén dd thi 1a luc kéo du khi xe chay & s6 2 tai V1. Luc kéo du nay dung dé 1én déc, tang

toc, kéo mooc.

3.5. NHAN TO DONG LU'C HOC

Qua gia tri luc kéo Pk ¢ thé danh gia kha nang dong luc hoc cta xe, nhung chua toan dién. Vi cé
2 xe c6 cung luc kéo thi xe nao cé trong lugng nho hon sé c6 kha nang dong luc hoc tot hon, hoac xe

nio c6 hinh dang khi dong hoc tét hon ciing s& c6 kha nang dong luc hoc tt hon.

Vi thé ngudi ta dua ra 1 gia trj c6 thé danh gia toan dién kha ning dong luc hoc cia xe, trong do
c6 chira cac yéu to luc kéo, trong luong va ca Iyc can khong khi (1a luc ma khi xe chuyén dong 1a mac

nhién xuét hién). Gia tri nay dugc goi la nhan td dong luc hoc, ky hiéu la D.

44

3.5.1. Coéng thirc tinh:

D= =P (3.48)

Tir biéu thirc 3.43 ta bién ddi nhu sau: P - P, = Ps+ Pi £ Pj + Ppy
Chia biéu thurc trén cho G va khai trién vé phai ta co:

P.—-P, =Gf coswiGsinoeJ_eri +Gm005a (3.49)
G G G G G
Xe khong kéo mooc; o nhd — cosa = 1, sina ~ tgo. =1 — Diéu kién chuyén dong:
D> f+i+ o (3.50)
g

Nhan t6 dong Iyc hoc theo diéu kién bam Dy,



D —¢ © (3.51)
4 G
D
\ Dy
7o
D2
i~ D
r v

Vv,

Hinh 3.7. B4 thi nhan t6 dong lec hoc

3.5.2. D6 thi nhan t6 dong lwc hoc:

Hinh 3.8

Biéu dién cac gia tri ciia D, Dy, , f1én dd thi D — V ta dwoc d thi nhan t6 dong luc hoc (hinh 3.7).
Nhin db thi D ta thdy sau khi ¢c6 HTTL dudng dic tinh dong luc hoc cta 6 t6, xay dung tir dudong
dic tinh ctia dong co da phi hop v6i yéu cdu cua 6 t6 (hinh 3.8). O déy thé hién 13 vai trd cua HTTL 1a
bién dbi duong dic tinh ciia ddng co cho pht hop véi yéu ciu ciia 6 t6.

3.5.3. Nhan té dong lwc hoc 6 to khi
tai trong thay déi:

Nhan t6 dong lyc hoc vua trinh bay & trén la
cho xe ché du tai. Khi xe ché khong du tai xe ¢6 thé
c6 kha nang gia tdc, vuot doc va van toc 16n hon.
Khi qua tai thi nguogc lai.

Goi Dy la nhan tb dong luc hoc cua xe
khong du tai (hodc qua tai), Gy 1a trong luong xe.
p _A-F (3.52)
X GX
Két hop voi cong thire 3.48 ta co:
D -2 D (3.53)
G,

Hinh 3.9 thé hién d6 thi nhan t6 dong luc hoc

0,2

0,1

Va

0.4

N
=
-

D

"~

0,2

20

khi day tai va khi Gx = 0,5G. (Déi vdi Dy chi can thay déi ti 18 xich).
Trudng hop tong quat ta 1am nhw sau: Lap dd thi D — Dy & goc phén tu ther 2 (hinh 3.10). Tir

gbc toa do vé& cac tia hop voi Dx 1 goc a voi gia tri o theo biéu thirc 3.54.

tger = 2 = Cx (3.54)
D, G
Gy = Go + aG; (3.55)

40

60

Hinh 3.9

V(km/h)
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a: % tai trong; G tai trong xe; Go: trong lugng xe khong tai.

D6 thi goc phan tu thir 2 nhu trén hinh 3.10 con dugc goi 1a db thi tia.

Str dung db thi: Dung d6 thi hinh 3.10 c6 thé danh gia chat lwong dong luc hoc ctia xe day tai va
cac tai trong khac nhau. Vi du:

- Khi xe chay s6 2, can biét néu chd qua 40% tai (tirc chd 140% tai) hodc chi 80% tai thi xe co
thér di trén loai duong co \y’béng bao nhiéu: Tur D2 ké dudng ngang gip céac tia 140% va 80%, giong
xudng Dy, gip Dx va ta ¢6 két qua: y1 Va yo.

- Puong ¢ hé sb can tdng cong s, néu chd 120% tai thi s& chay duoc sé miy, van tdc bao nhiéu
(xem d6 thi 3.10)

100 120 140 —% tai D
D,
80 Ut SRt tl] SELEEEEEE \
NN\ .
40 PN : /-/—\D2
el : i ' I: Ds
2 P ;
1 L1450 ' f i
v ! v v
D, Y, Ys Y4 A Viax  V
Hinh 3.10

Do thi nhan t6 dong luc hoc véi cac tai trong khéc nhau cua 6 to

3.6. KHANANG TANG TOC CUAO TO

Kha ning ting tdc cua 6 t6 ciing 1a mot yéu t6 danh gia chat lugng dong luc hoc cua 6 t6. Nhin
trén cac do thi cAn bang cong suit, can bang luc kéo hay
db thi nhan tb dong luc hoc ta théy khi 6 t6 chua dat gia .
tri van tdc cuc dai bao gio ciing ton tai mot cong suét !
(hodc lyc kéo) du. Cong suit (hodc luc kéo) du niy
duoc dung dé tang tdc, 1én dbc hodc kéo mooc.

Kha ning ting toc duoc danh gia bang cac thong
s6: gia tc, thoi gian ting tde va quing dudng ting tdc

1

3.6.1. Gia téc 6 to

Tir biéu thire 3.50, néu xe chay trén duong bing i
khéng kéo mooc ta c6: \%
. N
Dot % =(D;f)9 (3.56) Vinax
g Hinh 3.11. D4 thi gia téc 6 t6

Biéu dién céac gié tri j tinh tir 3.56 1én dd thij — V
ta duoc do thi gia téc 6 to (hinh 3.11).
jn Cét trllc hoanh tal Vmax.
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8i =1,05 + 0,0015i¢ (3.57)
3i 1a hé sb ké dén anh hudng ciia cac khdi lwong cua cac chi tiét quay cua 0 to (dong co, HTTL,
banh xe). Cong thirc kinh nghiém 3.57 cho thiy hé s nay phu thude chii yéu vao t1 s6 truyén cia
HTTL. Vi du HTTL ctia mdt xe tai ¢ imax = 40 thi tai s6 1 & = 3,45. Pay la mot con sé kha 16n. Piéu
nay giai thich vi sao & nhirng xe ¢6 imax 16m (xe tai) co thé xay ra truong hop j2 > ji.

3.6.2. Th&i gian tang téc

Thoi gian va quing duong ting toc 6 t6 14 mot chi tiéu quan trong danh gia kha ning dong luc
hoc cua 6 to.

Ta co:

V2

jzd—v—>dt:£_dV—>t:J.1_dV (3.58)
dt j i

Biéu thtc 3.58 ¢6 nghia 1a: néu ¢6 d thi 1/j — V thi thoi gian ting tc tir Vi dén V, chinh 14 phan
dién tich dudi d thi 1/j giéi han boi Vi va V.

Tur d6 ta lam nhu sau:

Xay dung d6 thi 1/j — V tir s6 liéu ciia @6 thi j — V (hinh 3.12); chia truc V thanh n-1 doan nho
(s6 luong khoang chia quyét dinh mtrc d6 chinh x4c cua két qua). Dién tich khoang dudi d thi trong
timg doan chinh 1a thoi gian ting toc cua 6 t6 trong khoang d6. Ta lap bang nhu sau dé xac dinh gia tri
thoi gian ting toc (bang 8)

Bang 8
Khoang vén tbc Vi-V: V2—Vs Vi1—Va

Dién tich S1 Sz Sn1
Téng dién tich S S1+S, Si+S2+...+ Sna
Thoi gian ting tbc uS1 u(S1 + S) w(S1+ Sz +...+ Sp1)

1 t(s)

J

\)
V, Vo Vi e Vo
Hinh 3.12 Hinh 3.13

D6 thi: Biéu dién cac gia tri t vira xac dinh dugc trén dd thi t — V ta duoc do thi thoi gian tang tde
(hinh 3.13).

p la ti 1é xich: p = pvpyj trong d6 pv va pyj la ti 1€ xich cua truc hoanh (truc V) va truc tung (truc
1))
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O day ta coi rang thoi ’gian tang toc bat dau tir Vmin va diém xuét phat ctia d6 thi trén truc hoanh
18 Vmin. Thoi gian tu V = ’0 dén Vmin 12 thoi gian khoi hanh, thi gian truegt 1i hop, thoi gian nay phu thude
nguoi 1ai va mot so yeu to khac.

Tai Vimax — j = 0 — 1/j = oo do @6 chi xay dung d6 thi dén 90 + 95 % Vax.

Céch tinh nhu trinh bay ¢ trén dd bo qua thoi gian sang sd.

Gia st Eh@i gian chuyén 'sé 1a ts, ta c6 thé tinh duoc luong sut giam van tbc AV nhu sau: Trong
thoi gian chuyén s6 dong co ngat khoi HTTL, Px = 0, xe chi c6 lyc can. Bo qua luc can khong khi ta co:

Mé‘iszV,=Gt//—>j:y/§—>AV:jtS:¢//§ts (3.59)
Thoi gian sang s phy thudc chit yéu vao kha ning ciia ngudi 1i
Nguoi 14i thanh thao: t= 0,5+ 3 s.

3.6.3. Quang dwong ting téc S
Céch tinh:

t, Vv,
Ta co: v =%f—>ds =th—>S=Ith=Ith (3.60)
Vl

t1
Tir 3.60 ta ciing lam twong ty nhu tinh thoi gian ting toc: Sau khi c6 do thi thoi gian ting tde (t —
V), ta chia truc hoanh thanh n-1 doan nhé. Phan dién tich tinh quing dudng ting toc S luc nay nim giita
dd thi va truc t (truc tung) (Hinh 3.14).
Ta 1ap bang nhu sau dé x4c dinh gia tri thoi gian ting toc:

Bang 9
Khoang vén tbc Vi— Vs V- Vs Vii—Va
Dién tich S; S Sna
Téng dién tich S Si1+S, Si+S2+...+ Sna
Quiéng dudng ting tdc uS; u(S1 + Sy) u(S1 + Sy +...+ Sp.a)

Biéu dién cac gia tri S vira xac dinh duoc trén dd thi S — V ta dugc dd thi quang duong ting tbc
(Hinh 3.15).

t(s) S(m)

V, V, Vinax

min

Hinh 3.14 Hinh 3.15
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CHUONG IV
SU PHANH O TO

4.1. MO DAU:

4.1.1. Khai niém vé sw phanh

Xe luu thong trén duong ludn gip tinh hudng phai giam vén toc. Vi du:

- Can phai ding xe;

- Gap chudng ngai vat;

- Gap duong xau;

‘Qué trinh lém’ giam vén tbc 6 ’té trong cac truong hop ké trén 1a qua trinh phanh 6 t6 va duoc thuc
hién bang mdt h¢ thong goi 1a h¢ thong phanh. Chiing ta s€ xem xét dong hoc va dong luc hoc qua trinh
nay tirc 1a xem xét sy phanh 6 t6.

Xe ¢6 khdi luong M chay véi van toe V s& cb dong niang:

MV 2
T2

Gia sir xe dang chay véi van tdc Vi va co nhu cdu giam van téc xudng V. Khi d6 cin phai tiéu

phi di mét lugng nang lugng:

L

MW V) g
2

O mot khia canh khéc, khi xe chuyén tlr Vi dén Vo (V2 < V1) xe thyc hién mét chuyén dong cham
dan, nghia 1 phai tao cho xe mdt gia tdc j nguoc chiéu voi chidu chuyén dong. Ma ta biét ring mudn
tao cho mot vat thé c6 khdi lugng M mdt gia tde j thi ta phai tac dung vao vat thé mot ngoai luc P = Mj.
Nhu vy dé 1am giam van tdc cla xe ta phai tao ra mdt lyc, can lai sy chuyén dong cua xe. Ta goi lyc
nay la lyc phanh.

Tuy nhién trén 6 t6 ngoai khéi lugng chuyén dong tinh tién con c6 cac khéi lugng chuyén dong
quay bao gdm banh xe va céc chi tiét lién quan dong hoc dén banh xe. Do vay lyc tic dung vao xe dé
tao ra gia toc j phai 1a:

P=M;é 4.2)

Trong d6 & 1a hé s6 ké dén anh huong cua cac khéi lwong quay khi phanh xe. Hé sb nay gan
gidng vé6i truong hop tinh lyc can quan tinh khi ting tdc 6 t6 (dwoc trinh bay trong chuong 2).

Trong qué trinh chuyén dong, xe chi tiép xuc v6i khong khi va mit duong. Nhu vy dé tao ra mot
ngoai luc tac dung vao xe thi chi c6 thé tao ra tir khong khi va duong.

Dbi v6i 6 t6 luc can do khong khi tao ra khong du dé phanh xe c6 hiéu qua. Mot sé phwong tién
khac vi du may bay khi ha canh trén mét dién tich hep (nhu tau sin bay), ngudi ta c6 dung lyc can
khong khi h tro cho qué trinh phanh biang cach bung du ra.

Nhu vy luc can lai sy chuyén dong ciia xe (tirc luc phanh) chi c6 thé 1a luc ma sat giita banh xe
va mat duong. Khi banh xe lan ty do trén mat duong, luc ma sat gitta banh xe va mit duong chinh la luc
céan lan Ps.

Pf =Gf
Trong d6 G la trong luong xe; f1a hé sb can lan.
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Luc can nay rat nho (trén dudng tét hé s6 can lin f chi bang khoang 0,02) dwong nhién khong thé
dung dé phanh dugc. Nhung néu ta giit banh xe lai khong cho banh xe quay thi ma sat giira banh xe va
mit duong chuyén thanh ma sat truot va luc ma sat giita banh xe va mat dudng lic nay 1a:

Pms = G

Hé s6 ma st p gitra banh xe va mit dudng luc nay nhu da trinh bay & chuong 1 chinh 1a hé sé
bam ¢. Ma trén trén duong t6t ¢ = 0,6 + 0,8 cho nén lyc ma sat giita banh xe va mit duong cé gia tri 16n
va do d6 c6 thé dung dé phanh xe.

Nhu vay dé tao ra luc ma sat 16n gilta banh xe va mat duong du dé phanh xe c6 hi¢u qua phai
tao ra md men can, can lai chuyén dong quay cua banh xe. C6 nghia 1a thuc chat dé lam giam van toc
cta xe, hé thong phanh phai sinh ra mot mé men can lai chuyén dong quay ctia banh xe. M6 men nay
duoc goi 1a m6 men phanh. Lyuc can lai chuyén dong cua banh xe tirc lyc phanh chinh 1a lyc ma sat gitia
banh xe va mit duong. Hinh 4.1 13 so d6 chiu lyc cia mot 6 t6 dang phanh trén duong bang. O day ta bo
qua lyc can lan Ps.

Hinh 4.1. C&c luc tac dung Ién 6 td khi phanh

Ngoai truong hop phai giam van toc khi dang luu théng trén dudng con c6 trudng hop ciing can
phai tao ra luc can & banh xe nhu khi can dirng hodc dd xe trén déc. Khi d6 thanh phin Gsina (o 13 goc
déc) cua trong luong xe (xem thém phan 2.2.2 cua chuong 1) s& kéo xe tut xudng dbc. Khi d6 ciing can
luc phanh dé giit xe dimg trén ddc.

4.1.2. Hé théng phanh

Trén 6 to ngudi ta 1ip mot hé théng dé thyuc hién qué trinh phanh noéi trén, hé thdng nay dugc goi
1a hé théng phanh 6 t6. Hé théng phanh trén 6 t6 thudong ¢ 2 bd phan chinh:

- B6 phan co cdu phanh: Bo phin nay c6 chirc ning sinh ra mé men phanh tirc mé men can lai sy
quay ctia banh xe. Hién nay trén 6 t6 mdé men phanh duoc sinh ra nho ma sat. Co ciu phanh c6 mot cip
chi tiét ma sat. Mot chi tiét (hodc cum chi tiét) gin véi banh xe, quay ciing banh xe; mot chi tiét (hodc
cum chi tiét) gin véi than xe (thong qua ciu xe hodc bd phan nao d6). Khi phanh ngudi 1ai didu khién
cho cip chi tiét ma sat nay tiép xuc voi nhau, mé men ma sat do cip chi tiét ma sat nay tao ra chinh 1a
md men phanh. Cach nay c6 thé tao ra mé men phanh theo yéu ciu cua ngudi lai.

- B phan dan dong phanh: BO phan nay truyén lyc diéu khién tir ngudi 1ai hodc tir mot ngudn
nang luong nao d6 (vi du khi nén) dén co ciu phanh dé diéu khién co ciu phanh sinh ra mé men phanh.
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Cau tao, nguyén 1y lam viéc ctia hé thong phanh dugc trinh bay k¥ trong cic sach va gio trinh
"Cautao 6 t0".

4.2. LYC PHANH VA MO MEN PHANH

Nhu da néi ¢ trén, luc phanh xe 1a lyc ma sat gitta banh xe va mit duong, moé men phanh 1a moé
men can lai sy quay cta banh xe. Do vay dé khao sat lyc phanh va mé men phanh ta khao sat mo hinh
banh xe sau day (hinh 4.2).

Cac lyc va md6 men tac dung: mé6 men M,
nguoc chiéu voi chidu chuyén dong; mé men quan
tinh Mjs ctia banh xe va cac chi tiét quay cling banh
xe; luc Pp tac dung tir khung xe; trong luong xe
phan b 1én banh xe Gp; phan lyc mat duong Fo.

Lay md men tai tim banh xe ta c6 phuong
trinh can bing mé men:

Mp - Mjb = Pyl 4.3
p-Mo=Mp (4

p
Ty

M6 men quéan Mjs cia banh xe va céc chi tiét

Hinh 4.2. Luc va md men tac dung quay cung bénh xe thuong kho xac dinh chinh xac.

Ién banh xe khi phanh Do vay cling giong nhu tl:uc‘mg hop tinh todn lyc can

quan tinh ¢ chuong 2, dé thuén ti¢n trong tinh toan

ngudi ta thay viéc tinh todn giad tri Mjp béng viéc dua vao mot hé s6 ké dén anh hudng cua cac khéi
luong quay cta xe khi phanh (xem biéu thirc 4.2). Liic d6 Iyc phanh dugc xac dinh theo biéu thirc:

P —_P (4.5)

Nhin vao biéu thirc (4.5) ta thdy khi M, ting 1én thi Pp ciing ting 1én tuong (rng. Tuy nhién trén
thuc té, Pp khong ting 1én v han. Dén mot gia tri Pp nao d6 s& xay ra hién twong M, ting nhung P
khong tang, néu My tiép tuc ting 1én, banh xe s& bi truot. Gia tri lyc phanh luc nay nhu di trinh bay &
chuong | dat cuc dai va béng luc bam.

Ppmax = Py = Fu@ (4.6)

Va nhu vAy mé men phanh cyc dai can sinh ra trén co cdu phanh (dit tai banh xe) ciing chi cin
béng moé men bam:

Mpmax = Mg = Foo@rp (4.7)

Cht ¥ rang néu mé men phanh trén banh xe vugt qua gia tri dugc tinh trong biéu thirc (4.7) thi
cling vo ich thoi, chua ké 12 n6 con lam cho banh xe bi truot va hé sd bam s& giam di. Vén dé nay sé
dugc trinh bay k§ & phan "Chéng hdm cimg banh xe".

Tir biéu thirc (4.7) c6 thé x4c dinh duoc gia tri md men phanh can thiét sinh ra trén cac banh xe.

Xét so dd mot 6 t6 dang phanh trén duong bang (hinh 4.3): Xe chiu cac luc: trong luong G; phan
lyc mat duong Ién cac banh xe trude va sau F1, Fo; luc phanh tai cac banh xe trudc va sau Ppi, Ppa; luc
quén tinh Pj (xe dang phanh: c6 gia téc chim dan). Bo qua luc can lan P va luc can khong khi P,,. Ta
xac dinh cac phan lyc mat duong 1én cac banh xe. Pé xac dinh F1 ta léy mo men cac luc tai diém tiép
xtc banh sau voi mat duong:

FiL-Gb-Pjhy=0
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E Gb+P;h,

) (4.8)
L
Ga-P.h
Tuong ty ta co: F, = %g (4.9)
Chiéu céc luc theo phuong ngang ta co:
Pj=Pp1+ Pp2

Hinh 4.3.

So d6 xac dinh phan lyc thing ding tac dung tir mat dudng I&n béanh xe khi phanh

Néu phanh cuc dai (gia tri cac lyc phanh dat cuc dai va gia tbc cham dan dat cuc dai, luc quan
tinh P; dat cuc dai):
ijax = Pplmax + PpZmax = F1p +F19 = (F1 + F2)o = Go (4.10)
Thay (4.10) vao (4.8) va (4.9) ta c¢6 phan luc mat duong Ién cac banh xe khi phanh cuc dai:

Gb+Ph Gb+G
F SR GOYOM, G ) @iy

' L L L
Ga-P.h, Ga-G¢h, G
F = 19 = 9 =—\a—
2 L L L (a-gn,)
Va ta ¢6 mé men phanh can thiét sinh ra trén cac banh xe trudc va sau nhu sau:
G
M, =For, = f(b +¢h, Jo, (4.12)
G 413
Mpzzefﬂrb:f(a_(ﬂhg)‘ﬂrb (4.13)

Tir cac biéu thic trén ddy ta c6 thé xac dinh duoc md men phanh cin thiét sinh ra trén cac co ciu
phanh cua hé théng phanh. Gia tri nay dung lam co so dé thiét ké hé thong phanh.

4.3. CAC CHIi TIEU DANH GIA HIEU QUA PHANH

4.3.1. Khai niém
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Khong c6 dinh nghia cu thé hiéu qua phanh (con dugc goi chat lwgng phanh) ma nd dugc danh
gi& thong qua cac chi tiéu: Luc phanh Py, gia tbc cham dan j, thoi gian phanh t, quang duong phanh S.

Xe chi duoc phép lwu hanh (lwu théng trén duong) khi mot s6 chi tiéu néu ¢ trén nam trong
pham vi cho phép. Sé luong chi tiéu, chi tiéu nao, pham vi cho phép cua chi tiéu phu thudc timg nuéc.
MJi nudce ¢6 tiéu chuan riéng caa minh.

Bang4.1.  Pudng nhua kho, bing, xe khdng tai, van toc xe: 30 km/h

Loai 6 td Quang duong phanh Gia toc cham dan cyc dai
S(m) < jmax(m/s?) >
O t6 con 7,2 5,8
O 16 tai, trong lugng toan bg < 80 kN, xe
khéch co chiéu dai< 7,5 m 9,5 5,0
O 16 tai, trong luong toan bo > 80 kN, xe
khach co chiéu dai > 7,5 m 11 42

Viét Nam ciing ¢ tiéu chuan riéng ciia minh d6 1a tiéu chuan TCVN 5658-1999. Nam 2000 B
Giao thdng Van tai ban hanh quy dinh “Tiéu chuan an toan kj thudt va bao vé méi triong ciia phirong
tién co gidi dwong bg” (bang 4.1). Cac tram ding kiém 13 co quan kiém tra va cip phép luu hanh cho
cac loai xe.

Cac chi tiéu néi trén khong doc 1ap riéng ré véi nhau ma lién quan mat thiét ¢én nhau va ¢6 thé
biéu dién mbi quan hé giira cac chi tiéu bang cac biéu thirc toan hoc.

4.3.2. Lwc phanh va lwc phanh riéng

Tt ca cac loai 6 t6 déu duoc trang bi hé thdng phanh véi co cdu phanh niam trén banh xe (hoic
truc nao do6 c6 lién quan dong hoc dén banh xe). Khi ngudi lai tic dung vao bo phan diéu khién phanh
(thuong 14 dap ban dap phanh) co cdu phanh ¢6 nhiém vu sinh ra md men can lai sy quay banh xe (mo
men phanh My). Giita banh xe va mat duong xut hién luc ma sat nguoc chiéu chuyén dong cua xe (luc
phanh P, theo biéu thuc 4.5), 1am giam van téc xe. Theo biéu thirc (4.2), gia téc cham dan cang Ién khi
lyc phanh cang 16n. Tuy nhién luc phanh cuc dai nhu da trinh bay & trén bi han ché bai luc bam (xem
biéu thuc 4.6)

Nhu vy mdi loai xe tlly theo trong lugng, mé men phanh yéu ciu dugc xac dinh va hé théng
phanh thiét ké phai dam bao sinh ra luc phanh yéu ciu. Nhu d trinh bay & trén md men phanh yéu ciu
tai 1 banh xe khi thiét ké dugc xac dinh tir cac biéu thuc (4.12), (4.13).

Trong qua trinh st dung, Mp bi giam di vi nhiéu Ii do 1am cho P, giam do vay dinh ky (6 théng, 1
nam, ... tiy loai Xe), xe phai duoc kiém tra (kham) lai.

Tri s6 luc phanh Py chi ¢6 ¥ nghia di vai ting loai xe cu thé. Xe c6 trong lwong khac nhau doi
hoi lyc phanh khac nhau. Dé danh gia tong quat hon ngudi ta dwa ra thong sb luc phanh riéng p.

i (4.14)
=3 :

G la trong luong dat 1én banh xe phanh.
Tai c4c tram ding kiém & Viét Nam, xe kiém tra néu p = 0,5 1a dat yéu cau.

4.3.3. Gia téc cham dan
Gia téc cham dan 1a 1 chi tiéu quan trong danh gia hiéu qua phanh.
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Vé co hoc gia toc j c6 quan hé mat thiét vai luc phanh Py, do d6 ta cd thé tinh gia toc phanh tir
luc phanh.

Dinh luat Niuton: Luc bang tich cua khdi lwong va gia téc: P = M;.

Déi vai 6 t: Py gy ra gia tc j cho ca xe (vai khéi lwgng m) va gay gia téc & cho banh xe va cac
chi tiét lién quan. Banh xe va cac khdi luong quay lién quan khac da duoc ké dén qua hé s6 & (tham
khao muyc 4.4. chuong 2).

Xét trudng hop phanh xe trén duong bang khong kéo mooc (hinh 4.3), bo qua Py, P, ta co:

Pp = Pp1 + P2 = P; = M3

Trong d6 & nhu di néi & trén 1a hé s6 ké dén anh huong cua cac khdi lugng quay cua 6 td khi

phanh, m 1a khéi lwong cua 6 t6. Nhu vay:

j= e a1s)
Mo
Khi phanh véi luc phanh cuc dai, gia tc ciing s& dat cuc dai: i = Pomax
™ MS
Ma Ppmax = Py = Go cho nén:
i =P _ P Gy _gg (4.16)
™ MS MS GSs S

Nhu vay ta thiy gia téc cham dan cuc dai cua 6 t6 khi phanh phu thudc cha yéu vao hé sé bam
gitra banh xe va mat duong. Mit dudng c6 hé sé bam cang cao thi phanh cang c6 hiéu qua.

Gia tc cham dan cua xe thay d6i trong qua trinh phanh. Khi do gia tbc cham din ngudi ta quan
tam dén 2 gia tri :

Gia tdc cham dan cuc dai: Thiét bi do gia tri nay twong ddi don gian: N6 ¢6 dang 1 con lic, duoc
gin vao xe. Khi xe c6 gia tc, con lic s& quay, b phan danh diu s& danh dau goc quay 16n nhit. C6 mot
s6 nuéc dung gia tri nay dé danh gia chit lugng phanh xe khi luu hanh. Nudc ta ciing c¢6 quy dinh gi4 tri
gia tbc cham dan cuc dai cho cac loai xe (ng véi van téc 30 km/h (bang 4.1).

Gia téc cham dan trung binh: Gia tri nay danh gia chit luong phanh chinh xac hon, nhung phai
c6 thiét bi do hién dai, chu yéu la ty ghi duoc cac gid tri gia toc trong qué trinh phanh.

4.3.4. The&i gian phanh

Th(‘)’i gian pl‘lanht ciing 1a 1 chi tiéu danh gia chat luong phanh. Thoi gian phanh ciing c6 quan hé
vai gia toc cham dan va do d6 cling ¢6 quan hé véi luc phanh.

Khi phanh gia téc cua 6 to 1a gia téc cham dan, véc to gia tbc nguoc chiéu vai chiéu chuyén dong
cua xe. Ta c6:

. dv
=—_— (4.17)
="
Thay (4.17) vao (4.15):
P
i :_P:_d_v_)dt:_@dv
Mo dt P,
Thoi gian phanh tir khi xe c6 van téc Vi dén khi xe c6 van toe V; Ia:
A A
t:j_@dv :J‘md\/ (4.18)
uw P v Py

Khi phanh véi lyc phanh cuc dai ta cd ta s& c6 thoi gian phanh 12 cuc tiéu tmin:
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o = [0 dvj ng(p (L=t oy, (419

A Pomax v, 9¢ go
Néu phanh dén khi xe dimg lal thi thoi gian phanh nho nhat la:
. =2y (4.20)
ge

Trong d6 V 1a van toc xe luc bat dau phanh.

Nhu vay ta théy thoi gian phanh phu thudc chu yéu vao hé s bam va van toc xe (lac bat dau
phanh va luc két thic phanh).

Thoi gian phanh trong céc biéu thirc 4.19 va 4.20 1a thoi gian phanh tinh tir lac lyc phanh di dat
gia tri 6n dinh. Thoi gian phanh thuc té con phai ké dén thoi gian cham tac dung cua hé thong phanh,
thoi gian gia ting lyc phanh, ngoai ra con phai chu ¥ dén thoi gian phan ng ciia nguoi 1ai. Muc  dudi
day s& dé cap dén van dé nay.

4.3.5. Quang dwéng phanh

Trong céc chi tiéu danh gia chit luong phanh thi quing duong phanh S la chi tiéu quan trong
nhat. Nguoi 1ai ¢6 thé nhan biét dugc quing duong phanh mot cach tryc tiép (bang truc giac), dé dang
tao diéu kién cho ngudi lai xe xir tri khi diéu khién xe. Vi du nguoi l4i ¢ thé udc lugng khoang cach dé
quyét dinh lic ndo cin phanh dé xe ding dung chd mong muébn. Trong truong hop c6 chuéng ngai vat
thi tai nan s& khdng xay ra khi quang duong phanh nho hon khoang cach tir xe dén chudng ngai vat.

Ciing nhu thoi gian phanh, quing dudng phanh ciing c6 quan hé véi gia toc cham dan va do do6
cling c6 quan hé vai luc phanh.

Ta c6: L\
Mo dt
Nhan 2 vé cua biéu thirc trén voi dS ta co:
o gs _—‘Lsdv - VAV > ds = Mvgy
M& P,
v
S= j ——VdV j Movav = M (2 _vz) (4.21)
v, Py 2P,
Khi phanh véi luc phanh cuc dai thi quing dudng phanh s& cuc tiéu. Ta co:
Stin = Mo (Vlz —sz) Mo (V -V 2)= ﬂ(\/lz _V22)= i(Vlz _sz) (4.22)
2P, e 2P, 29Gop 29¢
Néu phanh cho dén khi xe dimg lai (V2 = 0):
s =9y (4.23)
299

Trong d6 V 1a van téc xe lac bit dau phanh.

Nhu viy ta thiy ciing nhu thdi gian phanh, quing duong phanh ciing phu thude cha yéu vao hé
s6 bam va van téc xe (lac bit ddu phanh va lic két thic phanh) va quing dudng phanh thuc té con phai
ké dén quing duong xe di trong thoi gian chdm tic dung cua hé thdng phanh, thdi gian gia ting luc
phanh, thoi gian phan Gng cta nguoi lai. Theo bang 4.1. nudce ta cling quy dinh quang dudong phanh cho
phép voi ting loai xe khi xe ¢6 van téc 30 kmv/h.

4.4. DIEU HOA LU'C PHANH
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4.41. Dat van dé
Ta biét lyc phanh cyc dai bi gidgi han boi Iyc bam gilra banh xe va mat duong:
Ppmax = Fo = Gb(P

Trong qué trinh van hanh trong lugng tac dung 1én cic bénh xe thay d6i, khong cb dinh do 2 1y
do chu yéu sau day:

- Do chit }éi: X,e téi’: Trong luong hang hoé’ va f:éch sap xép hang hod; Xe chd nguoi: sé luong
nguoi va cach bo tri sap x€p nguoi trén xe. Cac yeu td ndy lam cho trong lugng tac dung 1én banh xe
khac n}lau tuy theo ting truong hop cu thé. Déi Yé’i xe tai thi trong lugng tac dung Ién cic banh sau
thay doi trong mot khoang rong (tir khong tai dén day tai).

- Khi phanh do xuét hién Iyc quan tinh P; (hinh fl.3) 1am cho trong luong phan bé 1én cac banh xe
trude tang 1én, ngugc lai & cac banh sau bi gidm di (bi€u thuc 4.11).

Tur (4.12) va (4.13) ta c6 khi phanh cuc dai ti 1€ mé men phanh ctia cac banh trude va sau la:

Mo _BHely, 409
M 2 A~ (phg

Nhu vy ti 16 mé men phanh cuc dai thay d6i theo hé s6 bam giira banh xe va mit duong.

Hinh 4.4

Trong khi d6 & cac xe ¢6 bd tri cac hé théng phanh cd dién thi hodc 1a mé men phanh & cac banh
xe trudc va cac banh xe sau bé‘mg nhau hodc néu khac nhau thi theo mot ti 18 khong thay ddi duoc. Nhu
vay khi phanh co thé xay ra truong hop luc phanh tai cac banh sau da dat cuc dai va xay ra trugt 1ét
nhung cac banh trude thi chua hoac nguogc lai va nhu vy ta khong st dung triét dé luc phanh cuc dai
trén tit ca cac banh xe.

Tir biéu thuc (4.11) ta co:

P = Fip = %(b +oh Jp (4.24)

Pp2max = Fz(p=%(a—(ﬂ"]g)¢ (4.25)

Tir (4.24) va (4.25) khi ta cho hé s6 bam ¢ thay d6i ta s& c6 quan hé giira luc phanh cuc dai cua
cac banh xe trudc va sau voi ¢ nhu trén hinh 4.4.a. Nhin trén hinh v& ta thiy khi ¢ thay ddi luc phanh
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cuc dai trén cac banh xe trudc va sau thay ddi rat khac nhau. Trong liic d6 luc phanh trén cac xe c¢6 hé
thong phanh c6 dién nhu da néi ¢ trén hodc 1a bang nhau hodc 1a khac nhau theo mét ti 1¢ khong ddi.
Hinh 4.11.b. biéu dién mdi quan hé giita lyc phanh cta cac banh trudc va sau khi hé s6 bam ¢ thay doi.
Trong d6 duong 1 1a duong luc phanh thyc té ctia 6 t6 (Pp1 = Ppa), trong luc d6 duodng 2 14 quan hé luc
phanh cuc dai cua cac banh trudc va sau theo biéu thie (4.25) va (4.26) khi khong tai, con duong 3 la
khi xe day tai.

Nhu vay luc phanh thuc € va luc phanh yéu cau khac xa nhau do vAy can phai c6 giai phap dé
khic phuc nhuge diém trén cta hé thong phanh cb dién.

4.4.2. Biéu hoa lyc phanh

Diéu hoa luc phanh ¢ tic dung lam thay ddi lyc phanh trén cic cau dé phu hop véi phan bd
trong luogng 1én cac cau. Tuy nhién khong phai hé thong phanh nao ciing c6 thé lap dugc bd diéu hoa.
Chi ¢6 hé thong phanh din dong bang chat long hodc khi nén méi co thé thuc hién dugc. Hé thong
phanh dan dong co khi khong dugc ap dung. Cac bd diéu hoa luc phanh hién nay tac dong dé 1am thay
d6i m6 men phanh thong qua viéc thay ddi ap suit ciia chit 1ong (hodc chét khi) di dén co cdu phanh.
C6 nhiéu loai diéu hoa Iyc phanh. Sau day 1a mot s6 loai:

a. Van han ché ap sudt:

Pay 1a mot loai diéu hoa don gian. Trén dudng din chét 16ng (hodc chit khi) ra cac co cau phanh
sau nguoi ta dit mot van han ché ap sudt. Khi ap sudt trong hé thong dat mot gia tri nao d6 (theo tinh
toan cua nguoi thiét ké) van han ché ap suit s& dong lai va ap suét chat 16ng (hodc chat khi) di dén cac
co cAu phanh sau khong ting 1én nita, dong thdi md men phanh trén cac co ciu phanh ciu sau ciing
khong tang 1én nira.

Hinh 4.5 Hinh 4.6

Hinh 4.5 thé hién 4p suét di dén cac co ciu phanh trude py va co cdu phanh sau p2. Puong 1 va 2
1a duong ap sudt phanh yéu ciu dé dam bao didu kién 4.24 va 4.25 khi xe khong tai va diy tai; duong 3
1a duong 4p suét thuc té ciia hé thong phanh khong c6 van han ché 4p suit; duong 4 4p suit khi c6 van
han ché 4p suét. Ta thiy khi c6 van han ché 4p suit, 4p suit trong hé thong gin véi duong yéu ciu hon
(duong 3 va 4 so véi duong 2).

b. Bé diéu hoa luc phanh mét théng sé kiéu pittong vi sai

Loai diéu hoa nay chi st dung 1 théng s 1a ap suit sau xi lanh chinh (hodc sau van phan phdi) dé
diéu chinh ap suét di dén co ciu phanh sau cho nén duoc goi 1a didu hoa 1 thong sb.

CAu tao cua bo diéu hoa luc phanh mét thong sb kiéu pittong vi sai dugc thé hién trén hinh 4.7.
Bo diéu hoa duoc lap trén dudng chit 1ong (ddu phanh) di dén cac co cau phanh sau, nhu vdy dau phanh
di qua bo diéu hoa dén co ciu phanh sau. Than 1 cia bd diéu hoa duogc c¢b dinh 1én than xe.
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Xét can bang pittdng vi sai 3:
Khi khong phanh, ap suit trong hé théng bang ap suat khi quyén. Lo xo 2 day pittdng vi sai 3
nam sat sang phia phai, vién bi 5 m¢ van di€u hoa, duong vao va ra cta bd diéu hoa thong nhau. Khi

, , 2 _ A2
phanh &p suat trong hé thong tang 1én, phia trai cta pitttdng 3 chiu cac lyc:  p M p con phia
4
5 ohai chin lye: D7
bén phai chiu lyc: 7 p

Tu xi lanh
chinh (pl) l

AT

NN

VAN WO | = A
W

/ / Pén phanh sau
1 23 4 5 P (b))
Hinh 4.7. Bo diéu hoa 1 thong s6

1. Than bd diu hoa; 2: Lo xo; 3: pittdng Vi sai;
4, 5:10 xo va vién bi cua van 1 chi€u

242 2 . , ,
Khi p nhé: p 4 ”(D—d) p> 7D p - Lac nay van di€u hoa mo, ap suat chat long ra phanh sau
4 4

béng 4p suét trong hé théng (tirc bing 4p sudt ra phanh cu trudce). Khi cuong do phanh ting 18n, ap suit

trong hé thong tang 18n, lyc tic dung 1én 2 phia cua pittdng vi sai ting 1én nhung luc tac dung phia bén
2 2 2

ﬁ(D —d ) o < D
4 4

van s& dong lai va 4p sudt phia phai pittong vi sai (tirc 4p suat ra phanh sau) khong ting nita, trong khi
2 2

7Z'<D -d ) 0>
4

mé ra. Qua trinh ctr tiép tuc cho dén khi cudong do phanh (tirc p1) khong ting nira. Khi bo didu hoa lam

viée pittdng vi sai & trang thai can bang nhu sau:

z ( D? -d? ) D2
5 Ty

Bién dbi biéu thirc (4.26) ta co:

phai ting nhanh hon (do dién tich 16n hon). Dén mét luc nao d6 p 4

p. Khi do

Ay Xk = £ PRV P 2 .
d6 phia trai ap suat van tiép tuc tang. BPén mot luc nao do ta lai co: P + D~ p,> van lai

P o, (4.26)
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4P D? —d?
+—

p2 = 7Z'D2 D2 pl (427)
2
pa 4 P
Ta co: p2=A+Bp: (4.28)

Biéu thurc (4.28) cho ta quan hé giita p1 va pz khi diéu hoa lam viéc. A va B 1a cac hiang s6 do vay
p2 thay dbi chi khi ps thay d6i, cho nén diéu hoa loai nay dugc goi 1a diéu hoa 1 thong s6. Poan thing 4
trén d6 thi hinh 4.6 biéu dién quan hé giira p1 va pz khi hé thong phanh c6 lap diéu hoa loai 1 thong sb
(ta goi nd 1a dic tinh cua bd didu hoa). Poan thing 3 nét lién 1a khi diéu hoa chua hoat dong, van didu
hoa dang m& hoan toan, ap sudt chit 1ong ra phanh trudc va phanh sau bang nhau. Poan thing 4 1a khi
didu hoa hoat dong, 4p suat phin bd theo quy luat cho & biéu thic (4.28). Ta thiy d6 nghiéng cta doan
théng 4 phu thudc B tiic phu thudc quan h¢ gitta D va d; con diém bét dau cua doan théng 4 phu thude
vao A tirc phy thudc luc cing cua 16 xo 2. Nhu vy khi thiét ké ta c6 thé chon D, d, P sao cho dic tinh
ctia bd didu hoa gan sat véi duong dic tinh yéu cau ciia hé thong phanh. Diéu hoa loai nay cha yéu lip
cho xe con 14 loai xe ¢6 sy chénh léch trong luong 1én cau sau khi ddy tai va khong tai khong 16n, tirc
duong 1 va 2 (trén cac d6 thi hinh 4.5 va 4.6) gan nhau. Con ddi véi xe tai, sy chénh 1éch trong lugng
1én cau sau khi ddy tai va khong tai twong ddi 1on, tirc dudng 1 va xa nhau (va gitra 2 duong nay con
mot ho duong tmg véi tirng tai trong khac nhau) thi b diéu hoa loai nay khong con thich hop. Bai vi bo
diu hoa chi ¢6 thé thich hgp v6i mot tai trong nhat dinh, khi thay ddi tai trong thi bo diéu hoa khong
con thich hgp nira.

c. Bé diéu hoa liec phanh hai théng s6 kiéu pittong vi sai

Nhu di néi & trén, dbi voi xe tai bo diéu hoa 1 thong sé khong thich hop va ngudi ta dung bo
didu hoa hai thong s. D6i voi didu hoa 1 thong sb thong s6 diéu chinh hoat dong cta b diéu hoa 1a
cuong do phanh tirc ap sudt p1. BO diéu hoa 2 thong s6, ngoai cudng do phanh nguoi ta dua thém 1
thong sb diéu chinh nita d6 12 tai trong ciia xe, cu thé 1a khoang cach giira cdu sau cua xe va than xe.

A 17

= P\Wh\/

Tu cau sau H
Hinh 4.8. B6 diéu hoa 2 thong s

Chung ta biét rang khi tai trong thay doi, bién dang cta hé théng treo thay d6i va do dé khoang
cach giita cAu xe va than xe thay d6i theo. Tai trong ting, khoang cach giita cAu xe va than xe giam di
va nguoc lai, tai trong giam, khoang cach giita cau xe va than xe ting 1én.

CAu tao cua bd diéu hoa 2 thong sb duoc thé hién trén hinh 4.8.
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Su khac biét cua bo diéu hoa 2 théng sb so voi by dicu hoa 1 thong s6 1a dé cua 10 xo 2 khong
phai ¢b dinh trén than b diéu hoa ma dugc ndi voi
cau sau thong qua mot hé thong don. Khi tai trong
thay d6i khoang cach giita ciu sau va than xe thay
d6i 1am cho dé 16 xo di chuyén dan dén thay doi
chiéu dai H ciia 16 xo va do d6 lyc cing P cua 10 xo
thay d6i. Nhu vay luc P thay doi theo tai trong va
do d6 hé sd A trong biéu thirc 4.28 ciing thay ddi
theo va két qua 1 ung voi mot tai trong ta co mot
duong déc tinh (cac duong 4 trén hinh 4.9).

Ngoai bo diéu hoa loai pit tong vi sai nhu da
gi6i thiéu ¢ trén con ¢ cac loai diéu hoa khac. Ciu
tao va cach tinh toan thiét ké by diéu hoa dugc gidi
thiéu ky & cac gido trinh CAu tao 6 to va gido trinh Hinh 4.9
Tinh toan thiét ké 6 t6.

4.5. CHONG HAM CU'NG BANH XE KHI PHANH

4.5.1. Co s& ly thuyét

Nhu d3 trinh bay & chuong 1, hé sé bam giita banh xe va mit duong khi phanh thay déi theo d6
trugt. Trén hinh 4.10 biéu dién sy thay d6i ctua hé s6 bam doc x va hé s6 bam ngang @y khi do truot
thay doi.

T d9 thi ta thiy:
A (p
(meax
Py
Py
0 (%)
| ] | 1 1 ] >
40 80 100

Hinh 4.10. Méi quan hé gitra hé sé bam va do truot

- Khi d6 truot 6 tang tir 0 dén 100%, hé sé bam doc @y tang va dat cuc dai @xmax tai d0 truot ndm
trong khoang 15 + 25 %, sau d6 giam dan va khi & = 100% thi ¢x =~ 0,8 @xmax-

- B6i véi hé sb bam ngang @y, khi do truot § tang thi ¢y lién tuc giam va dat gid tri rat thap khi &
= 100%.

Ta thiy rang khi phanh néu d¢ trugt 16n (dic biét khi & dat 100%) thi s& gdy nén nén nhirng hiu
qua xau:
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- Hé s6 bam doc ¢x giam, 1am giam luc phanh cuc dai vi Ppmax = Foox.

- Hé s6 bam ngang ¢y giam manh lam ting nguy co léch hudng xe, tham chi quay xe khi phanh
boi vi khi phanh s& xuat hién Iyc quan tinh theo chiéu chuyén dong cuia xe, néu trong tim xe khong nam
trén tdm hinh hoc ciia xe (ma diéu nay thi luén xay ra) thi s& lam xuat hién mo men Pja (a 1a khoang
cach tir trong tim xe dén tim hinh hoc ciia xe) tic dung vao xe, trong lic d6 hé sé bam ngang di giam
di dang ké va kha nang léch huéng hodc quay xe xay ra 1a rit cao.

Nhu vay ta théy réng khi phanh khong nén dé xe bi truot 1ét va dé phanh dat hi¢u qua cao, do
trugt & nén duy tri trong khoang 15 + 20%. Dé giai quyét vin dé nay ngudi ta dwa vao hé thong phanh
mdt bo phan goi 1 b chéng hdm cing banh xe khi phanh ABS (Antilock brake system).

4.5.2. B6 chéng ham cirng banh xe khi phanh

Nhlem vu co ban cta by ABS 1a gili cho banh xe trong qua trinh phanh ¢6 hé sé truot nim trong
vung c6 he s6 bam cao, cy thé § = 15 + 25 %, trong viing hé sb trugt niy ta c6 hé sé bam doc cao nhit
con hé s6 bam ngang ciing rat cao (xem hinh 4.10). Khi d6 xe ¢6 hiéu qua phanh tét nhat, dong thoi tinh
6n dinh huéng khi phanh ciing cao.

Nguyén tic lam viéc ciia bd ABS dé dat cac yéu cdu noi trén 1a didu chinh mé men phanh trén
cac banh xe dé do truot cua banh xe nam trong pham vi c6 1gi nhéit. Viéc diéu chinh md men phanh trén
cac banh xe duoc thyc hién thong qua viéc diéu chinh 4p suit cua chit 1ong (hodc khi) di dén cac co cdu
phanh. Nhu vay hé thdng ABS chi 4p dung dugc trong hé thdng phanh dan dong bang chit long hoac
khi nén, khdng &p dung duoc cho loai ddn dong bang co khi.

Céc bo ABS hién nay c6 thé sir dung cac nguyén ly diéu chinh sau day:

- Theo gia téc cham dan cua banh xe duoc phanh,

- Theo gié tri do truot cho trudc,

- Theo gia tri cua ti s6 van téc goc banh xe va gia téc goc banh xe.
Nguyeén tic 1am viéc cua hé théng phanh ¢ bo ABS duoc thé hién trén hinh 4.11.
Vé co ban, bd ABS c6 nhitng bd phan va chirc ning cua chiing nhu sau:

Banh xe
BO PHAN BO PHAN CO CAU
NGUO! LA TAO AP SUAT [~| PHAN PHOI AP SUAT PHANH
t L
BO PHAN .
PHAN TiCH, BIEU KHIEN Cam bien

1

Hinh 4.11
Nguyén tic 1am viéc cua hé théng phanh c6 ABS

- Cam bién dé thu nhan va phat tin hiéu vé tinh trang banh xe khi phanh, chu yéu 1a hé sb truot
dang & trong khoang nao. Tuy theo sy lwa chon nguyén 1y diéu chinh c6 thé dung cam bién vén téc goc,
cam bién 4p sudt di dén co cAu phanh, cam bién gia téc ciia xe hodc cam bién khac. Trén xe hién nay co
nhiéu bd phéan diéu khién (cta cac hé théng khac) cho nén mot sb tin hiéu tir cac cam bién cta bod phéan
khac cling co thé dugc thu nhan.

- B0 phan phéan tich diéu khién dé xur 1y cac thong tin khi nhén dugc tin hiéu tir cac cam bién sau
d6 phat cac 1énh giam hodc ting ap suit di dén co ciu phanh.
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- BO phan phan phdi ap suét la dé thay doi ap suat di dén co cau phanh sao cho lyc phanh dii dé
duy tri d¢ trugt trong pham vi ¢6 1oi nhat. Bo phan nay lam viéc dudi sy diéu khién cua bd phan phan
tich diéu khién.

Y

a)

Hinh 4.13.

Sy thay doi van tdc xe, banh xe va d truot trong qué trinh phanh c6 ABS

Dbi v6i hé théng phanh thong thuong, chit long (hodc khi) ciia dan dong phanh tir bd phan tao ap
suat di thang dén cac co céu phanh.

Dbi v6i hé thong phanh ¢6 bo phan ABS, chit long (hodc khi) ciia ddn dong phanh di qua mot bo
phan phan phdi ap suat. B phan phan phdi ap suét thyc hién cac 1énh tir b phan phan tich, diéu khién.
Tin hiéu dua vao bd phan phén tich diéu khién duoc 1iy tir cam bién dit tai banh xe (va cac cam bién
khac). Khi phanh néu hé s6 truot 1éch ra khoi vung c6 1¢i, cam bién s& dua tin hiéu vé bd phén phan tich
diéu khién, bo phan nay sau khi phan tich sé ra 1énh cho bd phan phan phdi 4p sudt giam (hodc ting) ap
suét di dén co cAu phanh.

Khi phanh c6 hé théng ABS, van tdc 6 t6 giam gan nhu theo mot duong thing, con vén toc goc
cua banh xe giam theo quy luat trén hinh 4.13.a. Con do truot s& thay ddi xung quanh gié tri 5o 1a gia tri
cho ta hé sé bam cao nhét (hinh 4.13.b).

4.6. GIAN DO PHANH VA CHI TIEU PHANH THUC TE

4.6.1. Gian do6 phanh thwc té

Quing duodng phanh S tinh & cong thie 4.21, 4.22 va 4.23 1a theo ly thuyét va chi tinh khi phanh
da co tac dung. Trén thuc té con c6 cac khoang thoi gian: thoi gian phan ung cia nguoi l4i, thoi gian
cham tac dung cuia hé théng phanh, thoi gian gia ting luc phanh tir gia tri 0 cho dén khi dat gia tri mong
mudn.

Ngudi ta da tién hanh nghién ciru, do dac va xac dinh duoc dién bién cua luc phanh (twong tng
Vai né 1a gia toc phanh) theo thoi gian trong qua trinh phanh. D4 thi biéu din qua trinh trén trong thuc
té dwoc goi 12 gian @6 phanh thuc té

Hinh 4.14 biéu dién gian @ phanh thuc té.

Tai diém O (géc toa d6), nguoi lai nhin thiy chuéng ngai vat, khi nhin thiy chuéng ngai vat
ngudi lai s& tién hanh dong tac phanh xe, nhung khong thé ngay tic thi. Sau mot khoang ti nguoi lai
mai bat dap duoc vao ban dap phanh va t; duoc goi la thoi gian phan xa ctia ngudi 1ai. Nhu vay thoi
gian phan xa t; ciia ngudi lai 12 khoang thoi gian tir lac ngudi 1ai phét hién ra chudng ngai vat dén khi
dat chan (hoic tay) 1&n bo phan diéu khién phanh (ban dap,...). Thuongt; = 0,3+ 0,8 s.
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t, 1a thoi gian cham tac dung cua hé thong phanh: Tir lic ngudi i tac dung vao bo phan diéu
khién phanh dén khi phanh bit dau c6 tc dung: Phanh dan dong chat long: t, = 0,03 s, phanh din dong
khi nén: t,=0,3s.

t3 1a thoi gian gia tang luc phanh (tir 0 dén gia tri 6n dinh): Phanh dan dong chat long: t3 = 0,2 s,
phanh dan dong khi nén: t;=0,5+ 1.

t4 1a thoi gian phanh hoan toan: phu thugc tinh hudng trén dudng. Cong thirc xac dinh thoi gian
phanh 4.18 chinh la céng thirc xac dinh gia tri ta.

ts 12 thoi gian nha phanh: Nguoi lai nha phanh (khi da dat van téc mong mudn) luc phanh giam
dén 0: Phanh dan dong chit long: ts = 0,2 s, phanh dan dong khi nén: ts = 1,5 + 2 s. Tuy nhién ts khong
tham gia vao thoi gian phanh.

A.Pp

j

o A B
b bt b |t t

Hinh 4.14. Gian d6 phanh thyc té

Thoi gian phanh dugc tinh nhu sau: t=t;+t +tz3+ 4

Trén thyc té gian dd phanh khong tron tru nhu hinh 4.14. Do diéu kién mat duong va nhiéu ly do
khac ma gian d6 phanh do trén thuc té hinh ring cwa. Puong trung binh cua gian dd thuc té méi ¢ dang
nhu hinh 4.14.

Quéng duong phanh thuc té S tinh tir ic ngudi i bit diu tac dung vao bo phan diéu khién
phanh c6 thé tinh theo cong thirc sau:

S =V, +k, M0 (2 -v2) (4.29)
2P,

ks: hé sb hiéu dinh quing duong phanh, x4c dinh bang thuc nghiém: du lich: 1,1 + 1,2; xe tai va
khach: 1,4 + 1,6.

Néu phanh dén khi xe dirng hin, véi cuong do phanh cuc dai ta c6 quing duong phanh thuc té 1a:

2

S =V, +k M (4.30)
299

Vi du: Véi : V1 =50 km/h = 13.88 m/s; t = 0,02s; ks=1,2; 8= 1; 9 =0,7; g =9,81
Ta sé co6 quang duong phanh: S=17,25m
Hé thong phanh cii, ma phanh mon, ro rio,.. quing dudng phanh con ¢ thé tang 10 + 15 %.

4.6.2. Thor phanh
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Hé thong phanh lién quan dén an toan chuyén dong cho nén né khong chi dwoc kiém tra nghiém
ngat sau khi dugc ché tao ma con dugc kiém tra thuong xuyén trong qué trinh sir dung. Nguoi ta tién
hanh thir phanh dé xac dinh chat lugng hé théng phanh va hiéu qua phanh cua 6 to.

Co 2 céch tha phanh:

- Thir bang thiét bi thir phanh (bé thur phanh)

- Thur trén duong

C6 nhiéu loai bé thir phanh, mdi loai c6 thé kiém tra dwgc mot sb théng sé danh gia hiéu qua
phanh. Bé thir phé bién hién nay ¢ Viét Nam la bé thir do luc phanh. Loai bé thir nay duoc trang bi cho
c4c tram dang kiém dé kiém tra va cip gidy luu hanh xe. Céch thir nay phai cd bé thir, nha xuong va c6
d6 an toan cao khi thir. Tuy nhién kho do duoc két qua turong tng véi khi van hanh trén duong.

Thir phanh trén duong c6 thé kiém tra duoc gia tc cham dan, quing duong phanh, thoi gian
phanh twong &ng véi diéu kién van hanh trén duong véi cac thiét bi do khong doi hoi phic tap. Tuy
nhién khi thir trén duong c6 thé gay nguy hiém do vay tot nhat 1a phai cé béi thir riéng. Bi thir riéng doi
hoi dién tich Ion va dau tu ton kém.

Trude day van toc xe khi thir phanh dugc quy dinh 1a 30 km/h. Ngay nay van téc 6 td cang ngay
cang tang 1én do d6 van tdc thir nay khong dap tng dugc nita do d6 nhiéu nude da nang van toc thir 1én
(40, 50 km/h, tham chi con cao hon nira).

O nuéc ta nhu da n6i & trén viéc kiém tra hé thong phanh truéc lic cdp phép luu hanh xe duoc
tién hanh trén bé thir do luc phanh. Néu lyc phanh riéng p = 0,5 1a dat yéu cau.

C6 2 ché do thir phanh:

- Thir khi xut xuong (xe moi),

- Thir trong qua trinh xe lwu hanh

Bang 4.3
Loai xe V (km/h) P (N) j (m/s?) S (m)
> <

Xe du lich 80 500 7,0 43,2
Xe khach trong Iugng toan bd dén 50 kKN 60 700 7,0 25,8
Xe khach trong Iugng toan bd trén 50 kN 60 700 6,0 32,1
Xe tai trong luong toan bd dén 35 kN 70 700 55 44.8
Xe tai trong luwong toan bd 35 + 120 kN 50 700 55 25,0
Xe tai trong luwong toan bd trén 120 kN 40 700 55 17,2
Poan xe trong lugng toan b dén 35 kN 70 700 55 46,9
Poan xe trong lugng toan b 35 + 120 kN 50 700 55 26,5
Doan xe trong lugng toan b trén 120 kN 40 700 55 18,4

Thar xe khi xudt xweeng

Déi v6i HT phanh qua trinh thir ndy rat nghiém ngat. Tuy nhién khdng phai thir cho tit ca cac xe
ma chi thar mot sé luong xe nhit dinh 1y ngau nhién trong 16 xe sau khi ché tao.

Tiéu chuin chau Au va cac nuéc phat trién khéac (My, Nhat, chau Au): ¢6 3 loai thu: loai 0, loai |
va loai Il.

Loai 0: thir khi co cdu phanh ngudi (< 100°),

Loai I: thir khi co cau phanh néng,

Loai II: thir khi xe chuyén dong trén déc dai.
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Bang 4.3 1a tiéu chuan cu thé khi thir phanh loai 0, xe day tai.

Khi thir theo loai | thi tiéu chuan vé quang dudng phanh ting 25% va thir theo loai II thi tang 1én
33%.

Thir xe day tai v6i van toc cao nhu trong bang 4.3 1a rat khé khin va nguy hiém. Can c6 dudng
thir chuyén dung véi cac phuong tién hién dai ca vé thiét bi do ca vé bao ho lao dong.

Thet phanh trong qué trinh vgn hanh

- Bé dam bao xe van hanh an toan trén duong, mot sé bo phan cua xe nhu hé théng phanh, hé
thong 14i, 16p xe, dén chiéu dang,... phai dwoc kiém tra dinh ky, thoi gian quy dinh tly theo loai xe (6
thang, 1 nim, ...) sau khi kiém tra dat y8u cau, xe duoc cip gidy cho phép luu hanh, hét han phai dén
kiém tra lai.

- Viéc kiém tra nay dugc thyuc hién tai cac tram dang kiém.

- CAc tiéu chuan thir trong qua trinh van hanh n6i chung thap hon khi thir Xuat xuong.

65



CHUGNG V
TINH NANG DAN HUONG CUA O TO

5.1. MO PAU:

Khi di chuyén trén dudng, khong phéi lac ndo 6 6 ciing chuyén dong thing. Tuy theo duong x4
va tinh hudng trén dudng ma 6 to phai déi hudng chuyén dong, ta goi do6 la quay vong xe. Khi quay
vong, quy dao 6 to s& chuyén tir duong thing sang duong cong va do d6 xudt hién vén tc goc, gia
tdc,... va s& phat sinh cac lyc ngang, cic lyc, mé men quan tinh, ...

5.1.1. C4c phwong phap quay vong

Lam thé nao dé xe c¢6 thé quay vong duoc. Sau day 1a mot s6 phuong phap quay vong (tirc lam
d6i hudng chuyén dong cua xe):

a. Thay d6i hwéng ciia banh xe

Pay la phuong phap dugc ap dung trén tuyét dai cac xe cd banh trong d6 ¢ 6 t6. Khi cac banh
xe chuyén dong song song véi truc doc ctia xe, xe s& chuyén dong thing, nguoc lai khi cac banh xe doi
hudng chuyén dong, khong con chuyén dong song song vdi truc doc ciia xe nita thi xe s& khong con
chuyén dong thing dugc nira ma s& d6i hudng chuyén dong tire thuc hién quay vong. Tuy nhién khong
bét budc phai d6i hudng chuyén dong cia tat ca cac banh xe. Pon gian chung ta c6 thé quan sat mot
phuong tién giao thong don gian 14 xe dap hodc xe may, ta thiy chi can lam thay d6i hudng chuyén
dong cua banh trude 14 xe c6 thé ddi hudng chuyén dong dugc.
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Hinh 5.1 Hinh 5.2

Trén 6 t6 cling nhu vay, chi can lam thay d6i huéng chuyén dong cuia cac banh trude 1a ca xe s&
do6i hudng chuyén déng (tirc xe s& quay vong) va banh sau khong can d6i huéng. Liac nay cac banh xe
sau co truc quay ludn vudng goc vadi truc doc cua xe. Con cac banh trude truc lap banh xe dugc két noi
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voi than xe qua mot khép quay ma ta thuong goi 1a tru ding. Truc ciia khép quay nay (tru dirmg) gan
nhu vuong goc véi mit duong, khi quay vong cac banh xe trude vira quay quanh truc quay cia nd vira
quay quanh try ding. Luc nay cac banh trudce duoc goi la banh din hudng. Trudng hgp nay duge mo ta
trén hinh 5.1. Khi quay vong, banh xe phia trong quay mot goc a1 va banh xe phia ngoai quay mot goc
2.

Phuong phap quay vong chi bang cac banh dan huéng trudc co két cdu don gian va dang duoc ap
dung trén hau hét cac 6 t6. Nhung trudng hop ndy c6 ban kinh quay vong R (xem trén hinh 5.1) 16n, tirc
khong ngodt. Bé quay vong ngoit (ban kinh quay vong R nhd) ngudi ta lam thay ddi hudng chuyén
dong cua tat ca cac banh xe (hinh 5.2). Khi tit ci cac banh xe déu 1a banh din hudng thi xe ¢6 thé quay
vong ngodt trén mot dién tich bé. Nhin trén hinh 5.1 va 5.2. ta thdy ciing mot ban kinh quay vong R thi
truong hop xe c6 4 banh din hudng, goc quay cua mot banh dan huéng nhé hon trudng hop cé 2 banh
din hudng. Tuy nhién néu tit ca cac banh xe déu din hudng thi viéc phdi hop dong hoc giita cac banh
xe rat kho khan, phtc tap cho nén phuong phap nay chi dang dugc thir nghiém ma théi, chua ap dung
dai tra duoc.

b. Thay d6i mé men trén 2 banh xe chii dong trén cing 1 truc

Ngit md men kéo dén banh xe chii dong phia quay vong, tham chi phanh banh xe d6 lai. Phuong
phap nay thuc chit chi 4p dung trén cac xe chay bang xich (may kéo xich, xe ting) ma khong ap dung
trén xe c6 banh.

c. Phéi hop 2 phwong phdp trén

Truong hop nay nguoi ta thuong ap dung cho may kéo banh bom. May kéo loai nay c6 cac banh
trude 1a banh din hudng, ddng thdi hé thong phanh dugc lam riéng r& cho 2 bén banh xe (c6 2 ban dap
phanh riéng). Khi xe chay trén dudng, xe quay vong bang cach thay d6i huéng chuyén dong ciia 2 banh
xe dan hudng. Luc nay ngudi ta gai 2 ban dap phanh v6i nhau dé phanh dugc d& dang. Khi lam viéc &
dia hinh phuec tap, vi du canh tac trén rudng nude, cac banh xe bi lin vao bun cho nén quay vong kho
khin, ngudi ta tich roi 2 ban dap phanh va néu cin quay vong ngodt ngudi i phanh banh xe phia trong
lai dé xe co thé quay vong ngoit hon.

5.1.2. Hé thong lai

Pé thyc hién quay vong xe, trén xe phai c6 hé théng l4i. Khi quay vong nguoi 1ai s& 1am thay doi
hudng chuyén dong cua banh xe din hudng thong qua hé thdng 14i (hinh 5.3) bt dau tir vo lang.

A 4
A 4

NGUOI LAI HE THONG LAI BANH XE DAN HUONG

Hinh 5.3

Hé thdng 14i 12 mot hé théng din dong (hién nay phan 16n dang 1a co khi) gdm 3 b phan chu
yéu: vo lang, co cAu 14i, dan dong lai (xem hinh 5.4). Dan dong lai bao gém cac chi tiét 5, 6, 7, 9, 10,
12 trong d6 9, 10, 12 con goi 1a hinh thang 1ai. Cac chi tiét 9, 10, 12 cung v&i ddm cdu 11 tao thanh mot
co cdu 4 khau hinh thang, c¢6 thé vi thé ma cum chi tiét nay dugc goi 14 hinh thang 14i. Ngoai ra con c6
truc 14i 2 1a chi tiét truyén dong tir vo ling dén co ciu l4i.

V6 lang 14 noi nguoi 1ai tac dong vao khi diéu khién xe.

Dén dong l4i ndi co ciu lai voi banh xe din hudng trong d6 cac chi tiét 5, 6, 7 ndi co cau lai véi
banh xe dan hudng phia nguoi lai; cac chi tiét ciia hinh thang 14i nbi banh xe dan huéng phia ngudi lai
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va banh xe din hudng con lai. Hinh thang 14i con lam nhiém vu dam bao diéu kién quay vong 1y tuong
(s& khao sat & phan sau).

Phia dat vo lang hay phia nguoi 1ai phu thude luat di duong. Néu luat di duong 1a bén phai (nhur
Viét Nam va da s cac nudc trén thé gioi) thi nguoi 1ai ngdi phia bén trai va nguoc lai, luat di duong 1a
bén tréi (nhu Anh, Nhat, Thuy Dién va mot sd it nudc khac) thi ngudi 1ai ngdi phia bén phai.

Hinh 5.4. So d6 hé thong lai

1. V6 lang; 2. Truc lai; 3, 4. Co cAu lai; 5. Pon quay duang; 6. bon kg’:o doc;
7. bon quay ngang; 8. Tru ding; 9, 10, 12. Hinh thang lai; 11. Dam cau trudc;
12. Cam quay banh xe (lap banh xe dan huéng)

Khi 14i xe, ngudi l4i diéu khién cac banh xe din hudng bang cach tac dong vao vo ling. M6 men
tr vo lang qua truc 1ai dén co cdu lai va dugc ting 1én khi qua co cdu 1ai. Sau d6 théng qua cac chi tiét
5, 6, 7 s& truyén dén banh xe phia v6 ling va qua hinh thang lai den banh xe con lai. Goi ay la goc quay
cta vo ling, o 1a goc quay banh xe din hudng, ic 1a ti s6 truyén co ciu lai. Ta co:

Oy = O.ic (5.1)

O déy ta bo qua ti sb truyén cta din dong lai vi trén thyc té khi thiét ké ngudi ta cd ging bd tri
sao cho ti s truyén cua dan dong 1ai x4p xi bang 1.

5.1.3. Tinh diéu khién ctia 6 t6: O day tinh diéu khién cua 6 t6 duoc hiéu 1a phan Gng cua xe
dbi voi tac dong ciia ngudi 1ai vao hé thong 14i (cu thé 13 vo ling) va cac tic dong ciia méi truong (nhu
gi6, dudng nghiéng, ...) khi 6 t6 chuyén dong trong didu kién nhit dinh (vi du v = const). Khi khao sat
quy dao chuyén dong ctia 6 t6 ta c6 thé thay thé tac dong ciia nguoi 1ai bang cac ham goc quay vo ling.

Khi n6i dén tinh diéu khién ctia xe, ngudi ta thuong dé cap dén 2 van dé:

- biéu khién xe theo hudng mong mubn,

- On dinh huéng chuyén dong chdng lai cac tac dong bén ngoai (nhu gid, duong,...).
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O t6 duoc 1a mot hé nhiéu vat. Tuy nhién khi khao sat quay vong xe, tam thoi ta coi ca xe 1a mét
vat, bién dang cua hé théng treo cling tam thoi dugce bd qua. Hé toa dd Txyz gén vao xe, T la trong tdm
xe; OXoyoZo l2 hé toa d ¢ dinh (gan voi duong) (hinh 5.5). Khi ¢6 nhu ciu chuyén hudng, nguoi 1ai tac
dong vao xe thong qua hé thdng lai bat dau tir vo lang voi thong sé tac dong 1a ay. Thong qua hé théng
141, banh xe dan hudng quay mot goc o. Cac goc ay va a quan hé véi nhau theo biéu thie 5.1. Khi d6 xe
s& chuyén hudng (quay vong) va lam xuat hién goc quay than xe € (hinh 5.5).

Hinh 5.5

5.2. PONG HOC QUAY VONG

5.2.1. Banh xe khéng bién dang

Céc banh xe sir dung trén 6 t6 déu 1a banh xe dan hdi (banh hoi cao su). Khi quay vong s& xuit
hién luc ngang (luc li tAim). Luc ngang nay lam bién dang 18p theo chiéu ngang. Tuy nhién dé dé tiép
can ta xét trudng hop banh xe khong dan hdi c6 nghia 1a banh xe khong bi bién dang. Trén thuc t& khi
Xe quay vong & van téc chuyén dong thap, ta c6 thé bo qua luc li tim va do d6 co thé coi banh xe khong
bién dang theo chiéu ngang. Trong mot sb tai liéu ngudi ta goi trang thai quay vong nay la quay vong
hinh hoc, quay vong Ackerman hay quay vong khong trugt.

Xét truong hop xe quay vong bing cach thay doi hudng chuyén dong cua cac banh xe trude. Dé
cac banh xe khi quay vong khong bi cudng burc 1dn nhau thi cac banh xe phai quay quanh cung 1 tim
nghia 13 truc quay cta cic banh xe phai cit nhau tai mot diém. Do banh sau khéng ddi hudng, truc cua
no6 cb dinh cho nén tim quay phai nim trén dudng truc banh xe sau (hinh 5.1). Gia st truc quay cua cac
banh xe cit nhau tai tim quay O. Khi d6 banh trudc phia ngoai quay mot goc oz va banh phia trong
quay mot goc oz, Tir hinh 5.1 ta c6:

R+g R—g
cot ga, = ——=jcotgar, =——= (5.2)
Khi d6: cot g, —cot gar, =% (5.3)

Trong d6 L 1a chiéu dai co s& xe, m 1a khoang cach giira 2 tru dtng.
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Biéu thirc 5.3 dugc goi la diéu kién quay vong 1y tuong, tirc 1a khi quay vong cac banh xe dan
hudng quay cic goc a1 va ap thoa man biéu thirc 5.3 thi cic banh xe s& khong bi trugt hodc cudng birc
1an nhau. Cong thirc nay tuy dugc thiét 1ap trén co so gia thiét banh xe khong bién dang nhung van dugc
su dung trong thiét ké dan dong lai. Trén thuc té kho c¢6 mot co cdu co khi ndo ndi 2 banh xe dan hudng
thoa mén diéu kién trén. Do d6 ngudi ta thudng chon co cdu dap tmg gan dung biéu thirc 5.3. Sai sb
duogc khic phuc bang bién dang cia 16p. Hinh thang 1ai trén hinh 5.4 1 co cau 4 khau c6 thé dap ung
duogc gin dung biéu thirc 5.3. Chi tiét cta van dé nay duoc dé cap trong gido trinh “Thiét ké 6 t6”.

5.2.2. Banh xe dan hoi

a. Bién dang ciia banh xe dan hoi khi chiu lyc ngang

Trén thuc t& banh xe 6 t6 la banh xe dan hdi, c6 nghia 1 khi c6 luc tic dung, banh xe bi bién
dang. Khi chuyén dong trong cac truong hop quay vong, di trén mit dudng nghiéng, c6 gid ngang, ...sé
xudt hién cac lyc ngang tac dung vao 6 t6 va lam banh xe bién dang (hinh 5.6). Gia st c6 lyc ngang Y,
khi d6 16p s& bién dang va hudng di chuyén cua 16p s& 1éch di 1 goc 8. Goc & phu thude luc ngang Y. Sy
phu thudc cua 6 vao luc ngang Y duoc thé hién trén hinh 5.7.

Y=Cl (54
Trong d6 Cy 12 hé sb can 1éch bén ciia 16p (c6 thé hiéu 1a d6 cimg cia 16p theo phuong ngang).

Hinh 5.6 Hinh 5.7

Bién dang cua 15p khi c6 luc ngang tac dung Quan hé giita lyc ngang va bién dang

Trén hinh v& (hinh 5.7) doan OA: 15p bién dang dan hdi, khi d6 bién dang tuyén tinh véi luc tac
dung (luc ngang Y); doan AB: banh xe bi trugt ngang (@n 1a hé s6 bam ngang; Zp 1a phan luc tir dudng
tac dung 1€n banh xe).

Mot s6 tai liéu cho rang 16p bién dang dan hoi khi & < 4% Con do cimg cua 16p nam trong giGi
han sau:

Xe du lich: CL =250+ 750 N/d6

Xe tai: CL=1150 + 1650 N/do (5.5)

Khi 16p bi bién dang ngang, hudng chuyén dong cua 16p bi 1éch di 1am cho tim quay tirc thdi cua
xe khong con nim trén truc sau nita (hinh 5.8). Cac banh trude bi 1éch hudng chuyén dong cac goc 81
va 8”1 (trung binh 14 81), twong tw cac banh sau bi 1éch hudng chuyén dong cac goc 8’2 va &7 (trung
binh la 82). Khi d6 tim quay vong O c6 vi tri nhu hinh v€ (hinh 5.8).

Nhu vy trén thuc t& khi quay vong, luc ngang s& xuét hién va lam bién dang 16p. Su bién dang
ctia 16p s& anh huong dén dong hoc quay vong, luc nay tuy theo gia tri cac goc 1éch & ma s& co cac trang
thai quay vong khac nhau.
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Hinh 5.8

Quay vong xe khi 16p c6 bién dang ngang

b. Béng hoc quay vong xe cé banh xe dan hoi

Khi quay vong, c6 luc ngang tac dung, cac banh xe s& bi bién dang va léch hudéng chuyén dong
nhu trén hinh 5.8. Gia tri cac goc 1éch phy thudc gia tri luc ngang, d6 cimg cua 16p theo cong thirc 5.4.
Céc goc léch d6 thé hién trén hinh 5.8. Khi d6 cac dudng vudng goc v6i hudng chuyén dong cia cac
banh xe ¢6 thé khong gip nhau tai tim quay vong O nhu trén hinh v&. Khi d6 viéc khao sat su quay
vong cia xe s& rat kho khan. Vi thé dé viéc khao sat ¢6 tinh kha thi, ngudi ta coi cac banh trude co goc
léch trung binh 13 81, cac banh sau c6 goc léch trung binh 13 8. Khi d6 mé hinh quay vong thé hién trén
hinh 5.8 s& dugc don gian hoa thanh mé hinh 1 day (hinh 5.9).

Xét 6 to quay vong nhu trén hinh 5.9. Khi quay vong, dic biét 1a quay vong véi van tdc xe cao,
cac goc léch 81, 8, va goc quay banh xe dan hudng a c6 gia tri nho.

Mit khac ban kinh quay vong R ciing 16n hon nhiéu so v6i chidu dai co s& L (R>>L). Khi d6 ta

coi rang:
ABO = &
R
Theo quan hé hinh hoc: 0, = BOC:a — o, =COA
a-5,+5,=A0B== - ag-tis_s5 (58
R R
2
Ta c6: P, = m\% (5.7

Trong d6: m: khéi luong cua xe, V: van tdc tinh tién cua xe.

Vi cac goc 52, 62 va a nhd nén co thé coi:
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2 2
Vb GV°hb (5.8)

2 2
\Y a_GV a (59)

O

Hinh 5.9. M6 hinh quay vong 1 day

Cho nén;

2 2
v, -8V v oy GV (5.10)
g R g R
Theo biéu thirc (5.4) ta c6:
2
W _ GV s Y. GV (5.11)

51 == 2 =—2
CL1 g CLlR CLZ g CLZR
Thay (5.11) vao cbng thirc (5.6) ta co:
2 2
L ,GV" _GV° _ H[Gl GzJV (5.12)
CL2

2
a=— =—+| -
R 9gC,R 9C,R R (Cy, oR
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2

gt kY (5.13)
R oR

Trong do: K = G _G (5.14)
CLl CLZ

Pugc goi 1a hé sé quay vong.

Cong thice 5.13 biéu dién mbi quan hé giita goc quay banh xe din hudng va cac thong sb quay
V(:)ng Xe nhu’ ban kinh quay vong R, van toc xe V, bién dang cuia 16p (thong qua hé so K). Gia tri cia hé
s0 K s& quyét dinh trang thai quay vong xe.

Khi K =0 (khi d6 61= 62) xe c6 trang thai quay vong du,

Khi K > 0 (khi 6 81> 82) xe ¢ trang thai quay vong thiéu,

Khi K <0 (khi d6 81 < 82) xe cé trang thai quay vong thura,

Ta s& khao sat cac dic diém cua cac trang thai quay vong do.

5.2. CAC TRUONG HQP QUAY VONG

5.3.1. Quay vong du

Khi h¢ s6 quay vong K = 0, tirc cac gdc 1éch cta cac banh xe trudce va sau bang nhau:

e &=8 va O _ G (5.15)

CLl CLZ

Khi ban kinh quay vong R chi phu thudc géc quay banh xe dan huéng a ma khong phu thude vao
van tc tinh tién cua xe. Khi do:

a=Lt (5.16)
R

Trén hinh 5.10 thé hién quan hé giita goc quay banh dan hudéng va vén tdc xe trong truong hop
chiéu dai co so xe L = 3m, ban kinh quay vong xe R = 30 m = const.

Khi K =0, gia tri goc a theo cong thirc 5.16 khong ddi, trén hinh 5.10, duong biéu dién o 1a mot
dudng nim ngang.

Ngucn ta goi trang thai nay la trang thai quay vong du. Kh1 quay vong du, ban kinh quay vong sé€
khong ddi néu ta giit nguyén goc quay vo ling, noi cach khac néu ta giir nguyen goc quay vo lang thi xe
s& chuyén dong trén mot cung tron ¢ ban kinh khong ddi (hinh 5.11). O didu kién quay vong da K = 0,
néu xe chuyén dong thing va c6 luc ngang Y tac dung (vi du gio, duong nghiéng,...) thi cac banh xe bj
bién dang véi mot goc nhu nhau (didu kién 5.15), xe s& bi 1éch huéng nhung quy dao xe van 1a duong
thing (hinh 5.12).

5.3.2. Quay vong thiéu
Khi hé sb quay vong K > 0, tirc cac goc 1éch cua cac banh xe trude 16n hon goc 1éch banh xe sau:
the:  8,>8% va G G (5.17)
CLl CLZ

Trudng hop ndy goc quay ciia banh din huéng s& ting theo binh phuong cua van tdc chuyén
dong cua xe.

Ngudi ta goi trang thai ndy 1a trang thai quay vong thiéu. Trén dudng dic tinh biéu dién quan hé
gilta goc quay banh din hudng va van tdc xe trang thai quay vong thiéu duoc thé hién bing mot dudng
parabol (hinh 5.10).
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Khi xe quay vong thiéu, khi van tdc xe ting, dé giit cho ban kinh quay vong khong ddi, goc quay
banh xe din hudng phai ting, nghia 1a nguoi 1ai phai ting goc quay vo ling. Néi cach khac néu giir
nguyén goc quay vo lang thi ban kinh quay vong xe s& ting 1én (hinh 5.11). O diéu kién quay vong thiéu
K > 0, néu xe chuyén dong thing va co lyc ngang Y tac dung (vi du gio, dudng nghiéng,...) thi cac banh
xe bi bién dang véi cac goc khac nhau (diéu kién 5.17), xe s& bi 1éch hudng nhung quy dao xe di theo
quy luat nhu trén hinh 5.12.

BAN KINH QUAY VONG KHONG POl R=30m

ds  rad CHIEUDAICO SO XE L=3m

0P e — 2L
% R
‘O 1 O -
2 QUAY VONG THIEU
- K=0.0175 rad (1°)
L
a)
T QUAY VONG BU L
> 01 Y
< 5 F K=0 l R
om |
E |
-] . . i
o QUAY VONG THUA Vv
g K =-0.035 rad (-2°) ~
o ol o N N R N R S S | 13t 1 NI km/h

50 100 150

Hinh 5.10

Quan hé giira van téc xe va goc quay banh din hudng & céc trang thai quay vong

O truong hop quay vong thiéu, cu thé K = 0,0175 rad (1°), khi van tdc xe ting, goc quay banh
dan hudng ciing ting Goc quay banh dan hudng a dat gia tri 2L/R (gép doi truong hop quay vong du)
khi xe dat van tdc Va.

v, - 9t (5.18)
R
V2 trong trudng hop nay duoc goi 14 van te dic trung (characteristic speed).

5.3.3 Quay vong thira
Khi hé s6 quay vong K < 0, tire cac goc léch cua cac banh xe trude nho hon goc 1éch banh xe sau:
e &1<8 va O G (5.19)
CLl CLZ

Trudng hop nay néu mudn gitt nguyén ban kinh quay vong, goc quay ciia banh din hudng phai
giam theo van tdc chuyén dong cua xe. Nguoi ta goi trang thai nay 1a trang thai quay vong thira. Quan
hé giita goc quay banh dan hudng va véan tdc xe khi quay vong thiéu duoc biéu dién trén hinh 5.10.

Khi xe quay vong thua dé gitr cho ban kinh quay vong khong d6i, nguoi 1ai phai giam goc quay
vo lang. Noi cach khac néu giit nguyén goc quay vo lang thi ban kinh quay vong xe s& giam xudng
(hinh 5.11). O diéu kién quay vong thira K < 0, néu xe chuyén dong thang va co luc ngang Y tac dung
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(vi du gio, dudng nghiéng,...) thi cac banh xe bj bién dang véi cac goc khac nhau (didu kién 5.19), xe s&
bi 1éch hudng nhung quy dao xe di theo quy ludt nhu trén hinh 5.12. Khi xe quay vong thira, cy thé K =
-0.035 rad (-2°), khi van tdc xe tang, dé giir cho ban kinh quay Vong khong d6i, goc quay banh xe din
hudng phai giam. Khi xe dat van toc V1 goc quay banh dan hudng bang khong (vé vi tri trung gian).

GOC QUAY BANH DAN HUONG KHONG DO

QUAY VONG TH|M
K,.>0 -
QUAY VONG
, THUA K,,<0
4 R
QUAY VONG BU
K,y = 0 N
Hinh 5.11

Quy dao quay vong xe & cac trang thai quay vong

V, = % (5.20)

Vi trong trudng hop nay dwoc goi 1 van te gidi han (critical speed).

C6 thé co mot cach giai thich mang tinh dinh tinh nhu sau:

Khi xe c6 trang thai quay vong thtra hoac thiéu, su léch hudéng cua cac banh xe s€ tao ra mot
“quay vong phu” theo mét ban kinh nao dé va s€ tao ra mot luc li tdim. Chinh lyc li tim nay s€ lam gia
tang hodc lam giam di sy léch hudng cta xe tuy theo trang thai quay vong xe.

Trén hinh 5.13 ta thiy gia sir xe dang quay vong va c6 luc li tim P, luc li tim nay lam 18p bién
dang. Tuy nhién néu bién dang cua 16p truéc va sau khong bang nhau thi s& xay ra trudng hop quay
vong thira hodc quay vong thiéu.

Trén hinh 5.13.a 1a truong hop quay vong thira (81 < 87), luc nay xe s& xudt hién thém mét quay
vong "phy" ¢6 tim quay tai O1. Quay vong phu nay lam xuat hién luc li tim phu Pp cing chiéu voi P
lam trim trong thém bién dang cua 16p va gia ting quay vong phu. Luc nay ban kinh quay vong s& nho
din mic du goc quay cua banh dan hudng van khong ddi (gitt nguyén vo ling). Trudng hop nay néu xe
dang di thing ma c6 luc ngang P tac dung thi xe s& bi 1éch hudng va su 1éch hudng ngay cang ting.

Trén hinh 5.13.b 1a truong hop quay vong thiéu (81> 82), luc nay xe s& xuét hién thém mot quay
vong phu c6 tim quay tai O,. Quay vong phu nay lam xudt hién Iyc li tim phu Pp nguoc chidu véi P va
lam giam bién dang cua lop, dua xe tro lai quy dao ban dau. Néu xe dang chuyén dong thang thi lyc P,
dua xe tro lai quy dao chuyén dong thang

Nhu di trinh bay & trén, ta thdy ring dic tinh quay vong phu thudc phan bd trong lugng 1én cac
cau, do cing bén cta 16p CL.
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Hinh 5.12

Quy dao chuyén dong cuia xe khi co
luc ngang tac dung

Khi thiét ké nguoi ta c¢b ging dé phan bd tai trong 1én cac 16p twong ddi déu nhau. Trong truong
hop nhu vay xe s€ c6 trang thai quay vong du. Tuy nhién trong st dung khong phai lic nao cling ddm
bao dugc diéu do va do vay cé the xay ra cac trang thai quay vong thi€u hodc thura.

O,

a) b)

Hinh 5.13. Tam quay vong phu khi ¢c6 luc ngang tac dung

Nhiing xe c6 dong co dit trude va cu trude chii dong, khi chd khong du tai, trong lwong phan
1én cau trudc 16n hon va c6 thé xay ra hién tuong quay vong thiéu. Pdi véi xe tai, thing ché hang &
phia sau, khi khong du tai cling twong ty nhu truong hop trén, nhung khi du tai hodc qua tai trong lugng
phan 1én cac 16p sau nhiéu hon, c6 thé xay ra hién twong quay vong thira.

76



CHUONG VI
DAO PONG O TO

6.1. MO DAU

6.1.1. Khai niém

Khéi niém dao dong dl{oc hiéu nhu sau: Dao dong la mcf)‘E qua trinh trong do m(f?t dai‘ luong vat ly
(hda hoc, sinh hoc, ...) thay doi theo thoi gian ma cé mot ddc diém nao d6 1ap lai it nhat 1 lan.

Trong hé co hoc, dao dong c6 thé xay ra khi co hé ¢6 mot chi tiét dan hoi:

Xét mot khdi luong M dit 1én mot 16 xo c6 d6 cing C nhu hinh v& (hinh 6.1): Khi ¢6 mot chan
dong vi du c6 mot lyc tac dung thing ding xubng khéi lwong M 1am nén 10 xo lai, ning luong chan
déng s€ dugc tich vao 10 xo dudi dang thé niang cua 10 xo.

LSS S,

Hinh 6.1

Sau d6 khi chin dong két thic, thé nang cua 10 xo lai duoc giai phong, truyén cho khéi lwong mot
dong nang, kh@i luong di 1én va d@ng‘nér}g vua nhan duoc lai bién thanh thé nang cua khoi lugng va lai
nén 10 xo xuong. Qua trinh 1ap lai nhiéu lan tao ra dao dong (hinh 6.1).

Dao déng c6 mot sb dai lugng co ban nhu sau:

- Chu ky T 1a khoang thoi gian nho nhét can thiét dé dai lugng dao dong tré lai vi tri ban dau.

- Bién d6 dao dong h 12 gid tri tuyét d6i ciia do léch I6n nhét cua dai lwong dao dong (& vi du trén
day la dich chuyén theo chiéu thang dirng cta khoi lvgng M) so vai gid tri trung binh caa no.

- Téan s6 dao dong f: 1a s 14n dao dong trong 1 don vi thoi gian.

F=1 (6.1)
T

an vi ctia tin s dao dong 1a s™ hodc Hz (Hertz), dbi voi dao dong 6 t6 ngudi ta co thé ding
don vi "lan/phut".

- Tén s6 dao dong goc o

w=2% (6.2)
T
don vi cua tan sé dao dong goc 1a rad/s hodc s
Nhur vay: ® = 2xf (6.3)
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6.1.2. Banh xe dan hoi va hé théng treo

a. Banh xe dan héi

Nhu da trinh bay ¢ chuong 1, banh xe c6 ¢ cAu tao 12 mot balon khi v&i vo co vat lidu 1a cao su:
khi va cao su déu co tinh dan hdi. Vi thé banh xe 1a mot bd phéan c6 tinh dan hoi cao. Khi xe di chuyén,
banh xe tiép xtic vi mat duong khong phang tuyét ddi ma co nhitng map mé nhat dinh. Nhu vay do
map mod mit dudng dugc coi la tic nhin gy ra cac chan dong tac dung 1én banh xe dan hoi va do do s&
tao ra dao dong.

Tinh dan hdi ciia banh xe duoc dic trung bang d6 cing Cr. Lp bién dang mot khoang A s& tao ra
lyc dan héi Pan:

Pdanh = CLA (6.4)

Ngoai ra khi 16p bién dang, c¢6 sy dich chuyén twong ddi cua cic 16p vat liéu gy ra ma sat phat
sinh nhiét 1am tiéu tan di mot phan ning lwong chin dong. Pic trung cho tinh chit nay cua 16p 1a do can
KL. Luc can do tinh chit nay cta 16p dwoc tinh nhu sau:

chL =Kwv (6.5)

v 1a van téc bién dang cua 1p.

b. Hé thong treo

Trén 6 to hé thong treo ding dé ndi dan hoi khung vo 6 to véi banh xe, c6 tac dung lam ém diu
cho qua trinh chuyén dong, dam bao dung dong hoc banh xe (banh xe dao dong trong mit phang thing
dung) va truyén luc gitta khung vo v6i banh xe.

Pé dam bao cong dung nhu dd néu & trén hé thong treo thudng c6 3 bd phan chu yéu:

- BO phan hudng

- B6 phan dan héi

- B6 phan giam chén

B6 phan dan hdi ndi dan hdi khung vo v6i banh xe, tiép nhan lyc thing ding tac dung tir khung
vo xudng banh xe va nguogc lai. B6 phan dan héi c6 ciu tao chit yéu 1a mot chi tiét (hodc mot cum chi
tiét) dan hoi bang kim loai (nhip, 10 xo0 xoan thanh xo0én) hodc bang khi (trong truorng hop hé thng treo
khi hodc thuy khi). Khi xe di qua cac map md mit duong, tac dong tir cic mip moé théng qua banh xe
tac dong 1én bo phan dan hdi cua hé théng treo va giy ra dao dong.

B6 phdn giam chin c6 tac dung dap tit nhanh chong cic dao dong bing cach bién ning luong
dao dong thanh nhiét ndng tod ra ngoai. Viéc bién nang lugng dao dong thanh nhiét nang dugc thyc hién
nho ma sat. Giam chén trén 6 t6 12 giam chin thuy luc. Khi xe dao dong, chét 16ng trong giam chin
duoc pittdng giam chan don tir budng no dang budng kia qua cac 15 tiét luu. Ma sat giita chat long véi
thanh 15 tiét luu va gitra cac 16p chat 16ng v6i nhau bién thanh nhiét nung néng vo giam chén va toa ra
ngoai.

B0 phén hudng c6 tac dung bao dam dong hoc banh xe tirc ddm bao cho banh xe chi dao dong
trong mit phiang thing dirng va 1am nhiém vu truyén luc doc, ngang va mé men gitta khung vo va banh
Xe.

B0 phan dan hdi véi dic trung la d6 cung C, luc tdc dung lén bo phan nay duoc tinh béng cong
thure:

Pah = CA (6.6)

Trong d6 A 14 bién dang ctia bd phan dan hoi.

B0 phan giam chin duoc dic trung la hé sb can K, luc tac dung Ién bo phan nay dugc tinh bi’mg
cong thuc:

Pgc = KV (6.7)

78



Trong d6 V 1a van tdc clia pittdng giam chan.
Nhu vay banh xe dan hoi, hé thong treo va mat duong 1a cac yéu té chu yéu tao ra dao dong khi 6
to dich chuyén.

6.2. PO EM DJU CHUYEN PONG VA AN TOAN PONG LUC HOC

6.2.1. D6 ém dju chuyén dong

Khi 6 t6 dao dong s& tao ra nhiéu yéu t6 anh huong dén chit luong van hanh ciia 6 t6.

Dbi turong dau tién bi anh hudng 1a ngudi hodc hang hoa duge chuyén chd trén xe. Xe chay "ém"
thi nguoi ngdi trén xe cam thiy d& chiu, ngugc lai s& cam thay kho chiu tham chi anh hudng dén sirc
khoé. Béi v6i hang hoa duge chuyén ché trén xe, xe chay "ém", hang hoa dugc bao quan tdt, nguoc lai
hang hoa ¢6 thé bi hong.

Bang 6.1.
Muc cho phép
Gia toc (m/s?) Van téc (m/s)
Phuong Z Phuong X, Phuong Z Phuong X,
Y Y
1Hz 1,10 0,39 20,0 6,3
2Hz 0,79 0,42 7,1 3,5
4 Hz 0,57 0,80 2,5 3,2
8 Hz 0,55 1,62 1,3 3,2

Nguoi ta dung khai niém "d9 ém diu chuyén dong" dé chi mirc d6 ém diu cua xe khi chuyén
dong. Khong c6 dinh nghia cu thé vé do ém diu chuyén dong. i véi ngudi mic do ém diu phu thude
cam nhén ciia con ngudi. Mdi ngudi mot cam nhédn, khéng giéng nhau; cing mot ngudi ciing tuy thudce
strc khoé va cac yéu té khic ma & cac thoi diém khac nhau ciing c¢6 thé c6 cam nhan khac nhau,... D3 co
nhiéu thi nghiém dé xac dinh mtrc 46 cam nhan vé do ém diu va két qua thu duoc rat phén tan.

Céc tac gia nghién ciru vé dao dong 6 t6 di dua ra nhiu thong sé dé danh gia d6 ém diu chuyén
dong. Tuy vay that kho dé c6 thé c6 mot thong 6 nao do c6 thé danh gia duoc do ém diu chuyén dong.
Ngudi ta thiy rang d6 ém diu dugc danh gia bang tip hop mot sé thong s6 dao dong. Trong khudn khd
cua tai liéu ndy chung toi xin néu ra mot sé thong sb co ban sau day:

Tan sé dao dong:

Tan s dao dong 1a thong sb dau tién duoc dung dé danh gia d6 ém diu chuyén dong c6 18 boi day
1a thong sé d& x4c dinh bing tinh toan va do dac. Ngudi ta thdy con nguoi thuong xuyén thyuc hién mot
dao dong khi di lai. Khi di bd cham rai (di dao) nguoi ta budc khoang 60 budc trong mdt phut. Pay 1a
co s6 dé nguoi ta dua ra chi tiéu vé& d6 ém diu chuyén dong sau day:

Xe chd nguoi: 60 + 90 1an phut (1 + 1,5 Hz)

Xe tai: 90 + 120 lan/phit (1,5 + 2 Hz)

bay la chi tiéu rat so bo, chua danh gia duoc toan dién d¢ ém diu chuyén dong. Tuy vay do tinh
tién loi ctia né ma nd van dugc dung dé danh gid d6 ém diu khi thiét ké hé thdng treo (chi it 13 trong d6
4n mon hoc va dd an tét nghiép dai hoc hién nay ¢ Viét Nam).

Gia toc va vgn toc dao dong
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Van tbc va gia toc dao dong lién quan dén ning lugng dao dong, ning lugng dao dong cang 1on
murc d9 tac hai ciia dao dong cang 16n. Do vay hai thong s6 nay ciing 1a mot thong s6 quan trong ddnh
gia d6 ém diu chuyén dong. Vién Bao ho lao dong Viét Nam di tién hanh mot dé tai nghién ciru vé anh
huong cia dao dong dén sirc khoé con ngudi di dwa ra mot két qua nhu sau:

Gié6i han nguy hiém téi sirc khoé.
Giéi han giam do ém diu
Giéi han giam cong suat.
80+ 127+ 40 —1152

801 7941 25

321+ 502+ 16

N
o
3
1

3.17T 10 40

63 /

/)
7
/
/
/

/
a
126+ 2 -+ 7 e —
(o} e
\; 8+ 1274+ 4 ‘\\\ A ; ~
H =
= \\\ 1 min / / / H308
o ' -
; 5 T 0.79"‘ 2.5 \\\\ 16 // 7 /A =
bg \ 25 min / _‘é'
S 324 054 16 —— A~ g
@ : o
= SN / / / &
g 24 oad 1 PN f V. 120
8 g \ ~ T 7 4 1 «
= N 2.5/ / / 5
C 126f 02 063 » S IAR
084 0.12T 04 Y
H10
0.5+ 007+ 0.25
0.32+ 005+ 0.16 : —1100
00 O T 25 4 638 10 16 25 40 6380
Tan so kich thich [Hz]
Gidi han tdc dong ciia dao dong thdng dig theo ISOIDIS 2631

Hinh 6.2

Murc cho phép véi thoi gian tic dong 480 phut ddi voi nhom 1 (hanh khéch trén cac phuong tién
giao thdng) theo bang sau (bang 6.1)

Trong bang 6.1. ta thiy gia tri cho phép cua gia tdc va van tc dao dong phu thudc vao tin sb dao
dong va thoi gian dao dong (trong bang la d6i vdi thoi gian tac dong 1a 480 phut).

Két hop cdc thong so: tan sé, gia toc va thoi gian dao déng

O céc nudc phat trién hién nay ngudi ta thién vé xu hudng két hop nhiéu thong sb. Sau day 1a
mot vi du (hinh 6.2)
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TU hinh 6.2 cho thay khoé‘ng t:?m’ 5O da}o d(f)ng 4 +’8 Hz la khoang ma con nguﬁri qém thdy kho
chiu nhat (khoang nay chi ti€u vé gia toc xuodng thap nhat). Thoi gian ciing 1a mdt y€u to quan trong:
Neéu chi trong 1 phut thi con nguoi chiu dung dugc gia toc 1on hon nhiéu khi chiu voi thoi gian 16n hon
(vidu 4 gio hodc 8 gio).

Trén dd thi nay ngudi ta ciing chia cam giac con ngudi thanh 3 murc:

- Mitc giam ndng suat lao dong

- Mirc kho chiu

- Mirc nguy hiém dén sirc khog.

6.2.2. An toan dong lwc hoc

Khi 6 t6 khong dao dong cic banh xe tac dong xudng mit dudng mot luc bang trong luong toan
bd xe. Khi 6 t6 dao dong luc tac dong tir banh xe xudng mit dudng va nguoc lai s& thay doi. Néu luc
ndy ting 1én s& anh huong dén do bén cua mat duong va do bén cac chi tiét khac cua 6 6. Néu lyc nay
giam di lai anh hudng dén chit lugng truyén luc (ctia banh xe chu dong) va chit lugng phanh.

Gia sir khi dao dong luc tic dong gitra banh xe va miat dudng F(t) thay d6i theo thdi gian nhu trén
hinh 6.3. Luc F(t) thay déi dao dong xung quanh gia tri trung binh Fy. Theo quy luat thong ké, Fy bing
lyc thang ding tinh Fr.

) Ft) —

10

oW
U

SRV
Ft Tach banh xe
khéi duong

—J——
N/ t
Hinh 6.3.

Luc tac dong gitra banh xe va mat duong

Ta c6: F(t) = Fe + Fa(t) (6.8)
Trong d6 Fq(t) 1a luc dong tac dung giita banh xe va mat duong.
Nguoi ta dua ra gia tri:

D = i 2 [[F()-F.F ©9)
Hay Dy, = |3 [F* - (6.10
k=1

A

La d6 1&ch quan phuong cua lyc dong.
Tur d6 nguoi ta dua ra gia tri:
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pLC = 2x (6.11)

t
DLC duoc goi 1a hé s6 tai trong dong (Dynamic Load Coefficient)
Va nguoi ta ding hé s6 DLC dé danh gia mirc d6 tac dong cua dao dong dén mit duong.

Vé khia canh dé dam bao chit luong kéo va phanh (con duoc goi 1 "d6 bam" giita banh xe va
mit dudng), co tac gia dung ti sé gitra luc tic dong thuc té gitta banh xe va mat duong va lyc tinh dé
danh gi4. Cu thé:

F 05 :gi6ihancanhbdo; ' — 0,3 : ii han can thiép; (6.12)

t t
Vién MADI (MAJIA - Lién X6 cii) dua ra gia tri d 1éch quan phuong cua dich chuyén twong ddi
gitta banh xe va mat duong:

2 = \/hgn% [, 20)-hoT (6.9)

Trong d6 Z(t) 1a dich chuyén tAm banh xe theo chiéu thing dtng, h(t) 13 chiéu cao nhip nho mit
duong. Gid tri cho phép cua Dz theo MADI c6 thé lay nhu sau:
[Dz] <8/3 (6.10)
8 = 2,5 cm - duoc coi 1a bién dang cua 15p.

6.3. MAT DPUONG - NGUON CHU YEU GAY RA DAO PONG

Dao dong 6 t6 do nhiéu ngudn géy ra nhung chit yéu nhat 1a mat du’c‘mg Mat duong du dugc thi
cong bang cac phuong phap hién dai dén miy ciing khong thé phing tuyét di. Khi banh 6 t6 lan qua
cac mip md cia mit dudng s& gy ra dao dong cho 6 t6. Dé nghlen ctru dao dong 6 t0 ta phai mo ta
duoc bién dang mat duong dudi mdt dang nao do (vi du la bang mot biéu thie toan hoc). Viéc nay
khong phai 1a d& dang vi dang mp mé cua bé mit duong khong tuan theo mot quy luit nio ca.

Anh hudng cia mép mo mat duong téi dao dong dugce xac dinh boi hinh dang, kich thudc hinh
hoc va dic tinh thay ddi cia mip mo

Dua vao hinh dang, kich thudc hinh hoc va dic tinh thay ddi cua mép mo mit duong dé chia bién
dang mat duong thanh cdc nhom véi cac dac trung khac nhau. Tac gia Tasenkd (SIILIEHKO - Lién X6
cii) phan thanh 3 nhém cha yéu nhu sau:

- Nhom 1: Mip mé c6 dang ngan, tic dung cua chung 1én cic banh xe mang tinh va dap (tac
dung xung).

- Nhom 2: Mép mé ¢6 dang ham diéu hoa (thudng 13 ham sin).

- Nhom 3: Mép mo thay ddi lién tuc véi hinh dang bat ky.

Sau day 1a mo ta bién dang mat duong theo cac nhoém ndi trén.

6.3.1. Cac dang map mé thudéc nhém 1
Nhém nay c6 rat nhiu dang, xin néu ra mét s6 dang sau day:
a. Mdp mé c6 dang hinh bdc (hinh 6.4)
Biéu thirc mo ta bién dang loai ndy nhu sau:
hy(S) = 0khiS< Sy
{ ho khi S > Sg (6.11)
S: Chiéu dai quang duong 6 to di dugc; ho chiéu cao ciia bac (mip mo).
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Truong hop 6 to chuyén dong déu véi van tdc V: S = Vt ta c6 thé chuyén 6.11 thanh dang biéu

dién theo thoi gian:
ha(t) = { Okhit<to

ho khi t > to (6.12)
Voi: t, = Si
v
a
hy , hy

So S So S
Hinh 6.4. Nhip nhd dang bac Hinh 6.5. Map md dang chit nhat

b. Mdp mé cé dang hinh chit nhdt (hinh 6.5)

Biéu thirc mo ta bién dang loai ndy nhu sau:

(0khi S<So
hz(S) = < hokhiSp<S<Sg+a (6.13)

0khiS>So+a
Va ta cling c6 thé chuyén thanh dang biéu dién theo thoi gian:

(O khit<to
ha(t) = < hokhito< t<to+t (6.14)
\OkhitEto-l-T
Voir f, =202
\Y \Y

¢. Mdp mé c6 dang hinh thang (hinh 6.6)

a

/// ho

/S 4 SSs

Hinh 6.6. Mip m6 dang hinh thang

Biéu thirc mo ta bién dang loai nay nhu sau:
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[ 0khiS<S
ho—S  KhiS<S<So+a
a
hi(S)= { hokhiSo+a<S<So+b
hOLSO_b khi So+b<S<So+cC
c-b

Va ta cling c6 thé chuyén thanh dang biéu dién theo thoi gian:
[ Okhit<to
t-1,

7
{ hokhito+m< t<to+1

,—-t-1,-7,

h, khito<t<t+m

h3(t) =

h, Khito+Ta<t<to+13

3770
\ Okhit >to+ 13
. S a b c
Voi: ty =21 =—1,=— T, =—
V V \Y, V
Ngoai ra con ¢6 nhiéu dang khac va ta ciing c6 thé biéu dién nhu trén

6.3.2. Cac dang map moé thudéc nhém 2

(6.15)

(6.16)

Méip mé thudc nhém nay c6 dang ham diéu hoa (vi du ham sin). Hinh 6.7 1a mot vi du vé méip

mo thudc nhdém nay.

Hinh 6.7. Nhip nho dang diéu hoa

Phwong trinh biéu dién chiéu cao ctia mip mé c6 dang nhu sau:
h(S) = hesinQS
Trong d6 :
SO
ho 12 bién do ctia mip mo
So 1a chiéu dai ctia mip mé (co thé goi 1a sdng mit dudng).
Q 13 tin s6 cta song mat dudng.
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Ta c6 thé chuyén vé biéu dién chiéu cao mip mé theo thoi gian (hinh 6.8).

Gia sir 6 t6 chuyén dong déu: S = Vit (6.19)
So=VTo (6.20)
h To
ho t
Hinh 6.8
Két hop 6.19; 6.20 v6i 6.17; 6.18 ta c6:
h(t) = h, sin 27y (6.21)
TO
< 27
bat Z_w (6.22)
TO
Vataco: h(t) = hesinmt (6.23)
o duge goi 12 tan sé ciia mip mo; To 1a chu ky ciia mip mo.
w=2F (6.24)
S0

Tir 6.24 ta thiy: Khi So = const thi tin sb kich thich ctia song mit duong ting 1én khi van tbc 6 t6
tang 1én.
Vi 6 t6 ¢6 2 truc (2 cau) v6i chiu dai co sé 1a L, thi:
Dbi v6i cu trude ta ¢ ham biéu dién mip mo:
he(t) = hosinot
Déi voi cau sau:
hs(t) = hosinm(t - At)

i V = const: At=—2 .
Khi V a 6.25

6.3.3. Cac dang map mé thudéc nhém 3

M4p mb thay ddi lién tuc véi hinh dang bat ky.

Dbi v6i bién dang mit duong thuée nhom 3 c6 thé ding hai phuong phap sau day dé mé ta toan
hoc chiéu cao map moé va bién dang mit dudng:

Phuong phap thtr nhat: Sir dung dic tinh thong ké cta chiéu cao mip md h(S). Trong trudng hop
nay do tung do (chiéu cao) ciia map mé tai mot vi tri (doc theo chiu dai duong) 1a mot dai luong ngiu
nhién, do d6 chiéu cao map mo bién dang duong theo chiéu dai duong 1a mot ham ngiu nhién. Viéc mod
ta chung phai sir dung dic tinh ngiu nhién (theo 1y thuyét xac suit).
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Phuong phap thtr hai: Thay thé bién dang thuc té cua duong giita cic mdc do dac hodc cac diém
dugc chon trén bién dang bang cac ham xap xi hodc ndi suy. Khi da thay thé bang cac ham xap xi hodc
noi suy thi c6 thé dua ham dé vao vé phai ciia phuong trinh dao dong.

Dbi voi phuong phap thir nhat dé ¢ thé dwa ham moé ta mit duong vao phuong trinh dao dong
thi phai dua dua vé dang ham mat do phd.

i "ljuy npién hién nay voi cac phuong tiép may tinh cac cég Bang 6.1
phan mém dé gidi cac bai toan c6 kha nang tiép nhan cdc ham so

dudi dang sb thi viéc mé ti mat dudng tré nén don gian hon 2 h|(18)
X 1 1
nhiéu. o ) ’ S, hy
Khi tién hanh do dac chiéu cao map mdé mat duong ta co Ss hs

két qua dudi dang bang (bang 6.1). Tir két qua ¢ bang 6.1, két
hop voi van tdc 6 t6 V ta ¢ thé chuyén h(S) thanh h(t). Khi giai
bai toan dao dong hoan toan co thé dua vao may dit liéu h(t) dé
giai.

6.4. LAP MO HINH MO TA DAO PONG O TO

6.4.1. Khai niém

Mo hinh dao dong cuia xe duoc hiéu nhu 12‘10 mot so dd quy wéc md ta dao dong cua xe trong do
cac bd phan cta xe dugc mo ta sao cho tir d6 c6 the 1ap dugc h¢ phuong trinh vi phan mo ta dao dong.

Mot s6 khai niém khi xdy dung mo hinh:

- O t6 dugc khao sat nhu mot hé nhiéu vat duoc gén voi nhau béng cac lién két. Nhiém vu cta
xay dung mo hinh 1a m6 ta cac vat va cac lién két do.

- Vat (vat thé) c6 cac dic trung: Kkhéi lwgng m, mé men quan tinh khéi luong Jx, Jy, Jz, c6 céc toa
d’é X, Y, 2 (dich chuyen) va ox, @y, ¢z (quay). Vat the c6 the dugc mo té dudi cac dang: chat diém, thanh,
tam, khoi.

- S6 bac ty do: 1a 56 toa do du dé xac dinh vi tri co hé tai mdi thoi diém khao sat.

Céc vat trén 6 t6 dugc phan chia nhu sau:

- Khéi luong duoc treo M: 1a toan bd khéi lugng CI:Ja 0 t6 ndm trén }}é théng treoﬁbao gérq khung,
vo, ca bin, thung, hang hoa, nguoi, ... Trong trudng hop can khao sat chi tiet hon, cé thé chia khoi lugng
duoc treo thanh cac vat nho hon: khung, vo, thung, cabin,...

- Khéi luwong khong dugc treo m: 1a khéi lugng nam dudi hé théng treo: cAu xe, banh xe.

Céc lién két gdbm co:

- Hé théng treo,

- Banh xe. J 7z
Ngoai ra néu chia nhé khdi lwong duoc treo nhu da néi & M 8
trén thi gitra cic bd phan nay dugc ndi v6i nhau bang cac lién két vi
du cac dém cao su thi cac dém cao su nay dugc coi la cac lién Kkét.

6.4.2. M ta cac vat va cac lién két trén 6 to Hinh 6.9

a. Khoi luong duroc treo:

Tuy theo mirc d6 khao sat, khéi luong dugc treo duge mod ta nhu 1a mot chit diém, nhu mot
thanh hodc nhu mot tAim.
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Truong hop coi khéi lwong dugc treo nhu mot chat diém, ta c6 mo ta nhu hinh 6.9. Trong d6
khéi lugng dugc treo co dac trung 12 khéi lugng M va toa do Z. Téng quat, dé xac dinh vi tri mot chat
diém trong khong gian ta can 3 toa d6 (X, Y, Z). Tuy nhién trong trudng hop nghién ctru dao dong 6 10,
néu ta chi xét dao dong thang dimg thi chi cin mot toa do thiang ding Z 1a du.

Truong hop mo ta trén day thuong dugce dung khi nghién ciru mé hinh 1/4.

Truong hop coi khéi lugng duoc treo nhu mot thanh ta c6 mo ta nhu hinh 6.10.

<

y

Hinh 6.10.

Lac nay khéi lugng dugc treo ¢6 dic trung 1a khéi lugng M, md men quan tinh khdi lugng theo
truc y: Jy va vi tri dugc xac dinh bang cac toa do Z va ¢y.

Céach md ta nay thudng duge ding dé xay dung mé hinh phing khi nghién ctru vé dao dong 6 t6.

Truong hop coi Kkhéi lugng duoc treo nhu mot tAm ta c6 md ta nhu hinh 6.11.

/]
/

Hinh 6.11.

Luc nay khéi luong dugc treo c6 dic trung 13 khdi lwong M, mé men quan tinh khéi lugng theo
truc x va y: Jy, Jy va vi tri dugc xac dinh bé‘mg cac toa do Z, ox, ¢y.
Céach mo ta nay thudng dugc diung dé xay dung mé hinh khong gian khi nghién ctru vé dao dong

(@)
—
(@)}

b. Khoi luong duoc treo:

Tuy theo murc do khao sat va tuy thudc loai hé théng treo ma khéi luong duoc treo cling dugc mo
ta nhu mot chat diém hodc mot thanh.

Trong trudng hop hé thng treo doc 1ap hodc trong truong hop khao sat dao dong 6 t6 bang mod
hinh 1/4, m6 hinh phang thi khoi lugng dugc treo dugc moé td nhu mot chat diém tuong tu nhu trén hinh
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6.9 nhung dic trung cla khdi lwong duoc treo luc nay 1a khéi lugng khong dugc treo m va duge xac
dinh bang toa do &.

Truong hop khao st dao dong 6 t6 bang mé hinh khong gian, hé thong treo 6 t6 1a hé théng treo
phu thudc thi khéi luong khong duoc treo dugc md td nhu mét thanh giéng nhu hinh 6.10 nhung lic
nay khéi lugng khong duge treo c6 dic trung 1a khdi lwong m, mé men quéan tinh khdi lwgng theo truc
X: Jx va vi tri dugc xac dinh bfmg cac toa do & va ox.

c. Cac lién két

- H¢ théng treo

>

2) b)

Hinh 6.12 Hinh 6.13

B0 phan dan hi cta hé théng treo voi dic trung 1a d6 ciing C dugc mod ta nhu hinh 6.12.a. va b
phan giam chin véi ddc trung 1a hé s6 can K dwgc mo ta nhu trén hinh 6.12.b. Néu hé thng treo chi c6
bd phan dan hdi khong co bd phan giam chin (xe tai thé hé cii hoidc cac xe van chuyén tho so) thi hé
thong treo dwoc md ta nhu hinh 6.12.a. Néu hé thdng treo c6 ddy du bo phan dan hdi va bd phan giam
chén thi n6 dugc mé ta nhu trén hinh 6.13 véi cac dic trung C va K.

- Lbp xe: Lop xe ciing duge mo ta trong tw nhu hé thong treo véi cac dic trung Cp va K.
6.4.3. Xay dwng cac mo hinh dao déng
Sau khi d3 mo ta duoc cac bo phan trén 6 t6 ta dé dang xay dung dugc cac mo hinh dao dong.

a. M6 hinh don gian 1 khéi lwong

Z V6 _TZ

Ve
RS

Hinh 6.14 Hinh 6.15

M6 hinh loai nay chi c¢6 1 vat thé (voi 1 khéi lugng). Pon gian nhat 1a phan lién két chi c6 mot
chi tiét dan hdi (hinh 6.14). M6 huinh con don gian hon nita néu h = 0, khi d6 ta c6 mé hinh dao dong tu
do khong can (dao dong diéu hoa).

Trong truong hop li€n két co bod phéan dan hdi va bd phén giam chin thi mé hinh duge thé hién
trén hinh 6.15. Néu h = 0 thi ta ¢6 mé hinh dao dong tu do ¢ can (dao dong tat dan).

b. M6 hinh phang (hinh 6.16)
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Ci Kj C, K,

L

Hinh 6.16

Mé hinh nay nghién ctru dao dong trong mit phing doc vudng goc véi mit dudng va di qua trong
tam xe. Hai hé thdng treo trai va phai dugc quy vé thanh mot; hai 18p trai va phai ciing dwoc quy vé
thanh mot. Nhép nh6é mat duong dugc thé hién br:ing ham hy va h,. M6 hinh nay con dugc goi 1a mo
hinh 1/2.

C. M6 hinh phdng don gidan

,® Z

(M,Jf;

N

7777 2 b 7777

L

Hinh 6.17

Dé nghién ciru so bd dao dong 6 t6 ta co thé ding mé hinh don gian (hinh 6.17).0 mé hinh nay
hé thdng treo va 16p da duoc don gian hod chi con lai bo phan dan hdi ¢6 do cimg C1 va Co. Nhip nhd
mit duong duoc thé hién bang ham h; va h,.

d. M6 hinh 1/4

M6 hinh 1/4 1a mé hinh dugc xay dung chi c6 mot hé théng treo, mot banh xe va phﬁn khdi
luong duoc treo 13 khdi lwong dit 1én hé thong treo nghién ciru. M6 hinh nay duoc xay dung dé nghién
cutru cac dac tinh cua hé théng treo.
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M6 hinh 1/4 duogc trinh bay trén hinh 6.18. Trong
d6 M 1 khéi luong duge treo, m 12 khéi luong khong &M 1z
duoc treo; C, K 1a d6 cing va d¢ can cua hé thong treo,
Ci, KL 12 do cimg va do can cuia 16p; Z 1a toa d6 ciia khéi
luong duogc treo, & la toa do cua khéi lugng khong duoc 1
treo, h 14 chiéu cao nhip nhé mit duong. C K

Khi m6 ta khdi luong dugc treo dang tam ta co thé
xay dung dugc md hinh khong gian. Trong khuon kho cia ‘I g

tai liéu nay chung t6i khong dua ra mo hinh khong gian. m

Ban doc c6 thé tham khiao mé hinh nay trong céc tai lidu

vé dao dong 6 to. C, Ky
6.4.4. Lap hé phwong trinh vi phan mé ta h

dao dong

a. Phuong phap xdy dung phuong trinh . R
Tir md hinh dao dong ta phai xay dung hé phuong Hinh 6.18. M0 hinh 1/4
trinh vi phdn mo ta dao dong. Hién nay nguoi ta dung 2
phuong phap chu yéu 1a nguyén ly Dalambe va phuong trinh Lagring loai 2 dé xay dung phwong trinh
vi phan. Sau ddy ching t6i gi¢i phuong phap dung nguyén ly Palam be. Phuong phap dung phuong
trinh Lagring loai 2 c6 thé tham khao trong cac tai liéu Co hoc hodc Dao dong 6 to

Nguyén ly Dalambe phat bié¢u nhu sau: Tai mdi thoi diém, cac lyc tac dung Ién cac chat diém cia
co hé va cac lyc quén tinh cua cac chit diém thudc co hé tao thanh hé lyc can bang.

(B Fy By B ESLES)=0 629)

b. Xay dung phwong trinh vi phdn
M6 hinh 1 khéi heong
D6i voi md hinh & hinh 6.14 ta lam nhu sau:

Fqt 7 Fqt 7

| |
6 2

! P

Fc Fo Fy

Hinh 6.19. Hinh 6.20.

Bo lién két (10 xo), dat luc tac dung cuia 16 xo va lyc quan tinh (hinh 6.19) ta c6:

Luc quan tinh: Fo= MZ

Luec tac dung cta 16 xo:  Fc = C(h-2)

Ta c6 phuong trinh: Fo—Fu= C(h - Z)— MZ =0

Bién ddi di ta c6: MZ +CZ =Ch (6.27)
Néuh =0 ta co: MZ+CZ =0 (6.28)
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Dbi v6i mo hinh ¢ hinh 6.15:
B lién két (16 x0), dat luc tac dung cua 10 xo, lyc tdc dung cia giam chin va luc quan tinh (hinh
6.20) ta co:

Luc quan tinh: Fu =MZ

Luec tac dung ctia 16 xo: Fc=C(h-2)

Luec tac dung cta giam chéan: F = K(ﬁ — Z)

Ta c6 phuong trinh: F.+F —F,=Ch-2)+K(fi-2)-MZ =0

Bién déi di ta co: MZ + KZ +CZ = Kh+Ch (6.29)
Néuh=0ta co: MZ +KZ+CZ =0 (6.30)

M6 hinh phdng don gian (hinh 6.17)
Bo lién két (10 xo), dit luc tic dung cuia 16 xo va lyc quan tinh (hinh 6.21) ta c6:

Luc quén tinh: Fu=MZ
M6 men quan tinh: M, =J¢
Luc tac dung cua 10 xo0: Fc1 = Cy(hi- Z + atgo)
Vi géc ¢ nho nén coi rang ¢ = tgp nén: Fcy = Cy(hi- Z + ag)
Tuong tu ta co: Fco = Ca(h2- Z - bo)
E
t

S

N\
FC] Fc2
a b
L
Hinh 6.21
Ta c6 cac phuong trinh sau:
Phuong trinh cin bang luc:
Fci+Fco-Fqe=0
Thay cac lyc vao: C,(h,—Z+ap)+C,(h,—Z —bp)-MZ =0
Biénddiditaco:  MZ+C,Z-Cap+C,Z+C,bp=Ch +C,h, (6.30)

Phwong trinh cin bing mé men:
aFc1 - bFc; - Mqr =0
Thay céc lyc vao: aC,(h, —Z +ag)—bC,(h, —Z —bp)- I =0
Bién ddi di ta c6: Jé+aC,Z —a’¢C, —bC,Z —b’¢C, =bC,h, —aC,h,  (6.31)
Nhu vay ta ¢6 hé phuong trinh vi phan:
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MZ +C,Z -C,ap+C,Z +C,bp=C,h +C,h,
J@+aC,Z —a’¢C, —bC,Z —b?¢C, =bC,h, —aC,h,  (6.32)
Néu hy = hy=0taco:

MZ +C,Z -C,ap+C,Z +C,bp =0
J¢p+aC,Z —a%pC, —bC,Z —b?¢C, =0 (6.33)

M6 hinh 1/4 (hinh 6.18)
Tach cac khdi luong (cac vat), bo cac lién két va thay bang cac luc ta ¢o nhu sau:
Dbi v6i khéi lugng dugce treo M (hinh 6.22.a.)

qlt FCT[IFK
M 69 m G4
el Trg H

For, Fxi,
a) b)
Hinh 6.22
Luc quén tinh: Fo =MZ
Luec tac dung cta 16 xo: Fc=C(E- 2)
Luec tac dung cua giam chin: Fc = K(§ — Z)
Ta c6 phuong trinh: Fo+F—Fy =C(¢-2)+ K(ff—Z')— MZ =0
Bién dbi di ta duoc: MZ +K(Z —£)+C(z-¢£)=0 (6.34)
boi véi khoi ugng khong dugc treo m (hinh 6.22.b.):
Luc quén tinh: Fot = mé
Luec tac dung cta 16 xo: Fc=C(E- 2)
Luec tac dung cua giam chin: Fc = K(§ - Z)
Luc tac dung ctia 10p: Fco =Cu(h- &) va F, =K, (h - f)
Ta c6 phuong trinh: Foo +Fa —Fgt —Fc —F¢ =0
Thay céc lyc vao: C.(h-&)+K, (h-&)-mé—c(6-2)-K(¢-7)=0
Bién ddi di ta dugc: mé+(K+K )é-KZ-CZ+(C+C )é=K,h+Ch  (6.35)
Nhu vdy d6i v6i mé hinh 1/4 ta c6 hé phuong trinh:
MZ +K(Z -&)+c(z-¢&)=0
mé+(K+K_ )E-KZ-CZ+(C+C_ )e=K. h+C_h (6.36)

Khi h =0 ta cé:



MZ +K(Z -&)+c(z-¢)=0
mé+(K+K )é-KZ-CZ+(C+C )¢=0  (6.37)
V6i phuong phap nhu trén ta c6 ghé lap hé phuong trinh vi phan cho bt cir mo hinh nao. S6
phuong trinh vi phén trong h¢ bang véi so bac tu do cua hé.
6.4.5. Khao sat dao dong 0 td
6.4.5.1. Khdo sat dao dong ciia mé hinh & hinh 6.14

Xét phuong trinh 6.28: MZ +CZ =0
Chia 2 vé cho m va dat c = w?
M
Ta co: Z+w’Z=0 (6.38)

Nghiém cua phuong trinh nay la: Z = Asin(ot + o) (6.39)
Trong dé: A va a 14 hing s6 phu thudc diéu kién dau
Véi md hinh nhu hinh 6.14, khéi lugng m s€ thyc hién mot dao dong diéu hoa vdi tan s g0c :

o = 2nf (rad/s); f1a tan s6 dao dong (lan/s tirc Hz).
Nhu vy tan s6 dao dong goc va do cing ciia bd phan dan hdi quan hé voéi nhau theo biéu thirc:
0=
M
Tir d6 ta co: C =Mo? (6.40)

Nhu vy cing mot do cing C ciia bo phan dan hoi, néu khéi lwong M thay ddi thi tan s dao
dong o sé& thay doi.

Mot thong sb duoc st dung khi nghién ctru dao dong 6 t6 la do vong tinh cua hé théng treo fi. PO
vong tinh f; 13 bién dang thing dimg ctia hé thong treo khi chiu tai trong tinh (cu thé 1 khdi luong duoc
treo M).

Ddi v6i md hinh hinh 6.14 do vong fi dugc tinh nhu sau:

f - Mg (6.41)

Trong d6: Mg 1a trong lugng cua khéi luong dugc treo (N); g 1a gia tdc trong trudng.
Két hop 6.40 va 6.41 ta co

M
f=mo -9 (6.42)
Mo® o
Goi n 1a s6 1an dao dong trong 1 phut, ta c6

n=60f— 4= 2%,
60

Thay vao 6.42 va xap xi: 21~ 6; g~ 10 ta c6 cong thirc gin dung nhu sau:

2 2
f = %(m) hoac: f, = 32?
n

(cm) (6.43)

Nhu vy nhin vao biéu thirc 6.43 ta thiy tdn s6 dao dong (cu thé 1a sb 1an dao dong n) chi phu
thudc vao do vong tinh fi.
6.4.5.2. Khdo sat dao dong ciia mé hinh ¢ hinh 6.15
Xét phwong trinh 6.29: MZ +KZ +CZ =0
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Chia 2 vé cho m va dat Ezwg;ﬁzgh
M M

Ta co: Z+2hZ +?Z =0 (6.44)
Phuong trinh vi phan nay c6é phuong trinh déc trung la:
A +2hi+w? =0 (6.45)

Phuong trinh 6.45 c6 nghi¢m la: 4, , = -h+,/ h> —w.  (6.46)
T 6.46 ta co:
-Khih <o ttc K <2/CM nghiém cia hé 6.44 1a:

Z= Ae’“‘sh(,/hz —aolt+ ,6') (6.47)

-Khi h> o tiic K > 2,/CM nghiém cta h¢ 6.4 la:
Z=e"(Ct+C,) (6.48)
A, C1, Cy, B 1a cac hing sé phu thudc didu kién dau.
Nghiém 6.48 cho thay: Khi K >2,/CM h¢ thong treo “cting” dén muc khdi luong M khong dao
dong duogc.

- Khi h<o, 6.46 duge viét thanh: 1, = -h+iJe? —h*  (6.49)
Khi d6 nghiém ctia 6.44 1:Z = Ae ™(sinat + ) (6.50)

Trong do: = 1la)g —h? (6.51)

bay 1a mdt dao dong tat dan co bién do Ae™; do tit dan phu thude do 16n cia h titc d9 1on cia hé

s6 can giam chan K. K cang 16n tit din cang nhanh tirc kha ning ddp tit dao dong cang nhanh, tuy

nhién K cang 16n thi h¢ thong treo cang “cting” va khi K >2y/CM thi nhu da n6i & trén hé thng treo

“ctmg” dén muc khéi lugng duoc treo M khong dao dong dwoc nita. Nhu vAy ta thdy mirc d6 dap tat
dao dong phu thudc vao quan hé gitra cac thong sb: K, C, M. Ngudi ta dua ra thong sb:

K
l// =
2/CM

1a hé sb khong thir nguyén duoc goi 1a hé sb dap tat chin dong. Hé sb \ thé hién mtc do dap tat
dao dong cua giam chin. Trong Iy thuyét dao dong v dugc goi 1a hé sé Kehr. Khi w < 1 hé dao dong
hinh 6.15 cho ta mét dao dong tat dan, khi y > 1, hé s€ khong dao dong (dé hiéu rd thém, xin tham khao
thém & cac gido trinh vé dao dong).

(6.52)
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CHUONG VII
TINH NANG CO PONG CUA O TO

7.1. KHAI NIEM

Tinh ning co dong cia 6 t6 dwoc hiéu 1a kha ning chuyén dong cua 6 to trong cac diéu kién
duodng xa khac nhau. Kha ndng chuyén d(fn}g khong chi 1a ch}lyén dong ’du’qc ma con phai chuyén dong
linh hoat, dé¢ dang. Loai dudong x4 dugc dé cap & (;Iéy chui yéu 1a noi dén duong x4 khé khan, dia hinh
phirc tap. Ngudi ta con dung tinh viét da cua 6 t6 dé chi tinh nang co dong cao cta 0 t0.

~ Khi thiét ké 6 t6, tuy theo cong dung cua xe, loai duong ma xe s& hoat dong ma ngudi ta thiét ké

de xe c6 tinh ndng co dong cao hay thap. Vi du:

- Xe du lich;

- Xe chd khach trong thanh phd (buyt);

- Xe chd khach duong dai (phai qua cau, pha, ...);

- Xe tai;

- Xe tai 1am viéc trong diéu kién duong x4 kho khin (xdy dung, 1am nghiép, ...);

Vé phia ngudi st dung: Tuy theo nhu cau st dung, ¥ thich ca nhén, ... ngudi mua chon cac loai
xe ¢o tinh nang phu hop.

Tinh ning co dong cua 6 t6 dugce danh gia dya trén cac nhan t6 sau:

- Chét luong lugng kéo — bam: kha nang kéo, kha nang bam;

- Cac thong sb hinh hoc cua xe;

- CA4c trang bi phu: toi, ...

7.2. CHAT LWONG KEO - BAM

7.2.1. Chét lwong kéo:

Hai yéu t6 sau ddy thudng duoc dung dé danh gia chat luong kéo ciia 6 t6:

- Kha ning ciia xe khic phuc duge duong co hé s6 can y 16n. Dé xe c6 thé chuyén dong dugc:

Px=Pc hay D>y (7.1)

Trong do6: Pk 1a luc kéo phat ra 6 banh xe; Pc 1a téng cac luc can cta xe; D 1a nhan tb dong luc
hoc cua xe.

Xe ¢6 D cang 16n cang c6 kha ning vuot duoc duong co hé sb can cao.

- Kha ning ting tdc: Kha ning ting toc ciing 1a mot yéu td quan trong danh gia kha ning co dong
cua 0 t6. Mot vi du qhé: khi 14i xe trén du(‘mg,’ ta can vuot mot xe nao do, kl}i do6 xe co gia toc ’lén s€ de
vuot hon xe ¢co gia‘téc nhd. Ngay nay thong so thoi giqn tur lac khéi hanh d’én khi xe dat van toc nao d(:)
(vi du 100 km/h) nam trong céc chi ti€u ma nha san xuat quang cao cho chiéc xe cuia minh. Ma thong so
nay chinh l1a kha ning tang toc cuia xe.

Trong chuong “Tinh toan strc kéo” ta da cé:

j=(D- !//)% (72)

I
Trong d6 &; 1a hé s6 tinh dén anh hudng cta cac khéi luong quay cta dong co va hé thong truyén
luec.
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Xe ¢6 D cang 16n cang co gia toc 16m.

Nhu vay 2 yéu t6 trén day déu lién quan dén nhan t6 dong luc hoc D. Nhén t6 dong luc hoc D lai
lién quan dén mo men dong co hay sau xa hon 1 cong suat dong co. Di nhién xe lip dong co cong suét
cang cao thi xe cang “khoe”. Tuy nhién cong suit dong co con lién quan dén gia thanh, mirc tiéu hao
nhién liéu va con nhiéu yéu té khac. Vi thé chi nhimng xe hoat dong it lién quan dén tinh toan kinh té
nhu xe dua, xe du lich cao cp ngudi ta méi lap cac dong co cong sudt cao dé tang tinh ning co dong.

7.2.2. Kha nang bam
Kha ning bam 1a mot yéu té quan trong dé danh gia kha ning co dong ciia 6 t6. Nhu ta da biét
luc kéo cuc dai trén mdt banh xe bi khong ché boi luc bam P, trén banh xe do:
Pimax < P(p (73)

Ma Py = Gy (7.4)
Nhu vay luc bam phu thudc hé s6 bam ¢ va trong luong bam Ge,.
- Hé s6 bam ¢ phu thudc chét luong dudng x4 va 16p: mau bam, chiéu rong 10p, ap suét 16p, ...
- Trong lugng bam G, lién quan dén:
+Sb luong banh xe (hodc cau) chu dong,

+ Céc van d¢ lién quan dén vi sai va bo tri vi sai trén xe.

7.2.3. Anh hwéng cua vi sai dén kha nang bam cua xe

a. Vi sai giita cdc banh xe

Trén 6 16, vi sai duoc ldp & cau cha dong gita 2 banh xe chi dong, co chirc ning truyén md men
dén cac banh xe chii dong, dam bao cho cic banh xe chu dong quay vdi van téc khac nhau khi di trén
duong vong va duong khong bang phing. Nhu vdy vi sai 1a mot bd phan quan trong khong thé thiéu
trén 6 t6. Tuy nhién dé cac banh xe c6 thé quay véi van tc khac nhau, mo men phén ra cac banh xe s&
phai phan b6 lai theo “quy luat” cia vi sai va diéu d6 co6 liic anh hudng dén tinh ning co dong ciia xe.

Vi sai giira cac banh xe cu chu dong trén 6 t0 thuong 12 loai vi sai banh rang con ddi xing (hinh
7.1.a). 1 1a banh rang bi dong cua truyén lyc chinh (& day truyén lyc chinh 1a mot cip banh ring con).
Trén béanh riang 1 nguoi ta lip vo vi sai, trong vo vi sai la cac banh riang hanh tinh 2 va cac béanh riang
ban truc 3, 4. C6 2 banh rang bén truc (banh ring 3 va 4), sé lugng bénh riang hanh tinh 2 ¢6 thé 1a 2, 3
hozc 4 (thuong gap 1 4). Céc banh rang vi sai va banh riang ban truc déu Ia cac banh rang con va duoc
lip an khép voi nhau nhu trén hinh 7.1.a. Cac banh ring ban truc 3 va 4 duogc lip véi céc ban tryc,
thuong |4 bang then hoa.

Khi m6é men can hai bén banh xe bang nhau, m6é men trén cac banh ring béan truc bang nhau do
d6 luc thc dong tir 2 banh rang bén truc 3 va 4 vao banh rang hanh tinh 2 bang nhau Fy = Fy, banh ring
hanh tinh 3 can bing v& mé men quanh truc cta n6 (hinh 7.1.b). Do d6 né khéng quay quanh truc cua
n6 (wv = 0). Khi d6 ca co cdu vi sai nhu mot khéi cing.

Khi d6 ta co:

O=0t=0f— Ot of=20 (7.5)
M

|\/|t:|\/|f:7 (7.6)

Khi m6 men céan hai bén banh xe khac nhau, mé men trén cac banh rang ban truc khac nhau do
d6 lyc tac dong tir 2 béanh rang ban truc 3 va 4 vao banh rang hanh tinh 2 khac nhau (F; # Fy) lam xuat
hién mé men (F; - Ff)rz; trong do rz 1a ban kinh vong chia trung binh ctia banh rang 2. Banh rang vi sai 2
s& quay quanh truc ctia nd v6i oy. Khi dé cac banh rang ban truc 3 va 4 ngoai viéc quay cung vo vi sai
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con ¢6 mot chuyén dong quay phu ngugc chiéu nhau 1am cho oz # wa (o # wf) Va hai banh xe s& quay
khéng cling van téc.

Khi d6 ta co:
r4 . r3
W0 =0-0,— 5 O=0-0,—
r2 r-2

Trong d6 r3, 4 12 ban kinh vong chia trung binh ctia banh rang 3 va 4.
Vi vi sai d6i xtmg nénr3=ry  — o+ 0fr=20

Nhu vay cong thue (7.5) dung cho ca truong hop vi sai lam viéc va khong lam viéc.

NN
4

r

F, /Q«*f

Hinh 7.1.b

OWs M )

Hinh 7.1.a. Co CAu vi sai

1. banh ring bi déng cua truyén lyc chinh; 2.
banh rang hanh tinh; 3, 4. banh rang ban truc

Vé md men ngudi ta chirng minh duoc rang:

M=iM-M) : M, =iM+Mm,) (77)
2 2
— Mf— Mt = Mg (7.8)

Céc cong thuc trej:n dang trong truong hgp mé men can bén phdi 16n hon bén trai, trong truong

hop nguoc lai, cac chi so f va t d6i cho cho nhau.
’ Trqng truong hop xe di trén dudng c6 hé sb cﬁm hai bén trai phai khac nhau, vi du bén trai c6 hé
s0 bam thap hon. Khi d6 ta ¢c6 m6é men cuc dai cé thé cé ctia banh xe bén phai:
Mtmax = M(pt + Mms (7-9)
Trong d6 My 1a m6 men bam cua banh xe bén trai.
Khi d6 md men kéo cuc dai cua xe chi ¢ thé béng:
Mimax = M(pt + Mtmax = 2M(pt + Mms
Hay: Mkmax = 2Memin + Mms (7.10)

Trong &6 Mymin 1 M6 men bam ctia banh xe phia c6 hé s6 bam thap.

Nghia 1 trong trudng hop xe di trén duong c6 hé sé bam khac nhau & hai banh xe trai phai, khi
d6 moé men kéo cuc dai cua xe chi phu thugc vao mé men bam bén banh xe c6 hé s6 bam thap va mo
men ma sat trong co cau vi sai, khong phu thuoc moé men bam bén banh xe c6 hé s6 bam cao. Vi sai
banh rang con thudng c6 mdé men ma sat trong co cau vi sai nho, chi bang khoang 4 + 6% mo6 men di
qua vi sai. Néu @min c6 gia tri thap thi mé men kéo ctia xe s€ c6 gia tri nho, khi gia tri nay nho hon tong
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lyc can cua xe thi xe khong chuyén dong duogc cho dil banh xe dimg & vi tri ¢6 hé s6 bam thap van quay

N
A

tic xe bi “sa lay”, nguoi ta van goi hién twong nay 1a xe bi “patiné”. Nhu vay rd rang, khi st dung vi
sai, tinh ndng co dong ctia xe s€ bi anh hudng.
b. Bién phdp ting mé men kéo ciia xe bang cdch ting mé men ma sat Ms trong co cdu vi sai:
Nhin vao cong thirc 7.10 ta thdy mé men ma sat
Mpms 12 mot thanh phan cia mé men kéo cua xe, cho | ,
nén tdng md men ma sat trong co cAu vi sai cling la O N O

mot bién phap dugc lya chon dé lam tang m6 men kéo

cta xe. C6 thé co6 cac su lua chon sau day: I I |
- Dung vi sai c6 ma sat 16n nhu vi sai cam; —Hi—() visai T2
- Dung vi sai banh rang con nhung thém vao | | | I I I

cac dia ma sat (hinh 7.2). N
Trén hai ban truc (hodc banh ring ban truc) //Céc dia ma sat
nguoi ta ldp (thudng bang then hoa) cic dia ma sat. O O
Xen k& cac dia ndy la cac dia ma sat dugc lap trén vo
vi sai (ciling bang then hoa hodc vau). Khi vi sai lam
viée, ¢6 su chénh 1éch véan toc gitta vo vi sai va ban
truc cac dia ma sat chuyén dong twong ddi voi nhau, phat sinh ma sat va lam ting mé men ma sat trong
co céu vi sai. MO men ma sat trong co cdu vi sai loai nay c¢6 thé dat 10 + 15% mo men truyén qua vi sai

do d6 c6 thé cai thién phin nao kha ning vuot 1iy cua xe.

Hinh 7.2. Vi sai ting ma sat

Tuy nhién khi md men ma sat trong co cau vi sai 16n, s& 1am mit mat cong sudt khi vi sai lam
viéc (dac biét 1a khi xe quay vong trén duong tot) mat khac lam can trd sy quay vong xe, gay cudng buc
banh xe va phan nao d6 lam tang mon 10p.

c. Cai cung vi sai
~ 1 2 I
=( ( D \I\

) )|-. =) J/

Hinh 7.3. Co c4u gai cimg vi sai Hinh 7.4

//

C6 mot bién phap khéc phuc anh huéng cia vi sai dén tinh ning co dong cia xe 1a dung co ciu
gai climg vi sai. Gai cimg vi sai thuc chét 1a v6 hiéu hoa sy hoat dong cua vi sai trong trudng hop cin
thiét (vi du khi xe bi sa lay). So dd ciu tao cua co ciu gai cimg vi sai dwge mé ta trén hinh 7.3.

Nguoi ta ldp mot khép gai dang vAu vao co cdu vi sai. Mot phia khop duoc gin trén vo vi sai,
phia con lai lap then hoa trén ban truc. Khi cAn gai vi sai nguoi 1ai didu khién dé khép vAu an khép vao
nhau. Khi d6 ban truc va vo vi sai quay ciing mot van tdc do d6 co ciu vi sai khong 1am viéc nira, vi sai
tro thanh mét khép ctirng (hinh 7.4). Do d6 cong thire 7.8 khong con dung nira.

M6 men kéo cuc dai trén 2 banh xe s€ la:

Mifmax = Mor ; Mimmax = Mot — Mimax = Mot + Mgt (7.11)
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Nhu vy néu 1 banh xe dimg & vi tri ¢6 hé s6 bam thap nhung banh xe con lai dimg & vi tri 6 hé
s0 bam cao thi xe van c6 thé chuyén dong dugc. Khi chay trén duong binh thuong co cau nay phai 6 vi
tri “khong gai”.

7.2.4. Chét lugng kéo - bAm ciia xe nhiéu ciu chii dong

Nhitng xe hoat dong trén

cic dia hinh phirc tap, nhidu kha <> /o C?
nang x4y ra hi¢n tuong “patiné”

dugc thiét ké nhidu cAu chi | norse I HOP | o o |
dong. Vi du xe 2 cu chu dong i PHAN

(4x4) hodc 3 cau chu dong (3x3). Lo o pHél

Nhitng xe nay khd nang vugt

qua nhitng loai dudng c6 hé sb dD Q

bam thip cao hon nhiéu so voi
loai xe ¢6 1 cau chii dong. Hinh 7.5

Xét xe c6 so dd truyén
dong nhu hinh 7.5.

Vi giita cac banh xe trén cing mot truc déu ¢6 co cau vi sai cho nén ap dung cong thirc 7.10 ta
co:

Mkimax = 2M(plmin + Mms1 ; Miemax = 2M(p2min + Mms2 (712)

Trong d6: Mkimax; Miemax 18 m6 men kéo cuc dai trén clu cha dong thi nhat va tht 2; M imin;
M2min 14 m6 men bam phia banh xe ¢6 hé s bam thap cta cau chii dong thir nhit va thir 2; Mims1; Mms2
12 mé men ma sat trong co cAu vi sai cua 2 cau.

Cho cd xe: Mkmax = 2M(p1min + Mms1 + 2M(p2min + Mms2 (713)

Nhu vay khi c6 2 hay nhiéu ciu cha déng thi mé men kéo cuc c6 thé co cua dai cua xe ting 1én
nhiéu so v6i xe mot cau chi dong do d6 kha ning vuot qua dai hinh c6 hé s6 bam thip cua xe ciing ting
1én twong tmg. Néu cac banh xe cia mot trong cac ciu chu dong dimg & vi tri c6 hé sé bam cao thi kha
ning chuyén dong cta xe con cao hon nira.

7.3. THONG SO HINH HQC CUA XE

Mot s thong sb hinh hoc ciia xe ciing 13 yéu t6 danh gia tinh ning co dong cua xe.

Trén dudng phing nhu cac duong cao toe, duong qudc 16, co thé cac thong sé hinh hoc cia xe it
anh hudng dén tinh ning co dong cua xe. Trudng hop nay didu dugc quan tim hon la dang khi dong hoc
cta xe. Xe can phai c6 dang khi dong hoc hop 1y sao cho vira dam bao tinh thAim my vira c6 hé sb can
khong khi nho.

Tuy nhién néu xe di trén duong x4u: nhiéu 6 ga, séng trau, c6 nhidu ciu, pha, ... thi mot sb thong
s6 hinh hoc cua xe s& c¢6 anh hudng tryc tiép dén tinh ning co dong cia xe. Cac thong s hinh hoc d6 1a:
khoang sang gdm xe, ban kinh co dong doc va ngang, goc thodt trude va sau, ban kinh banh xe...

7.3.1. Khoang sang gé‘im xe

Khoang sang gdm xe 14 khoang cach giita mit dudng va diém thip nhat cua gim xe (hinh 7.9).

Khoéng séng gam xe Ks 1a thong sb dic trung cho chiéu cao cﬁa‘ chudng ngai vat ma xe c6 thé di
qua dugc. Néu chiéu cao ctia chudng ngai vat 16n hon khoang sang gam xe thi xe khong thé vugt qua
dugc. Mot s6 thong s6 tham khao:
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Xe c6 tinh ning co dong thap: Xe du lich: Ks = 175 + 210 mm; xe tai: Ks = 175 + 210 mm. Xe
¢6 tinh ning co dong cao gia tri ndy c6 thé ting 1én 20 + 50 mm. Pic biét co nhirng xe ¢ khoang sang
gém xe dat 400 mm hodac hon nira.

7.3.2. Ban kinh co dong doc va ngang

Bin kinh co dong doc p1 va ngang p> Ia ban kinh cac vong tron tiép xtic véi cac banh xe va dlem
thp nhat cua gam xe trong mit phing doc va ngang (h1nh 7.6). Néu khoang sang gam xe la thong sb
dic trung cho chiéu cao cta chudng ngai vit ma xe c6 thé di qua duoc thi ban kinh co dong dic trung
cho chiéu dai, chidu rong va hinh dang ctia chudng ngai vat ma xe c¢6 thé vuot qua dugc. Nhin trén hinh
7.6 néu chudng ngai vat c6 duong kinh theo chiéu doc nho hon p1 hodc ban kinh theo chiéu ngang nhé
hon p2 1a xe khong vuot qua duge. Nhu vay ban kinh co dong cua xe cang nho thi tinh ndng co dong
cang cao.

Bén kinh co dong doc cua loai xe 4x2 thuong nam trong gidi han sau: xe du lich: loai nho: 2,5 +
3,4 m; loai trung binh: 3,5 + 5,5 m; loai 16n: 5,5 + 8,5 m; xe tdi: loai nhé: 2,5 + 3,4 m; loai trung binh:
3,5+5,5m; loai l6n: 5,0 + 6,0 m.

Hinh 7.6

7.3.3. Goc co dong trudc a1 va goc co dong sau a2 (con goi la goc thoat trude va goc thoat sau)

Goc co dong tr}rdc (hoac sau) la goc gitta mat dudong va d}Idng thing di qua diém thap nhit phia}
trude (hodc sau) va ti€p xac véi banh xe (hinh 7.6). Cac thong s6 nay dic trung cho kha nang xe ¢ thé
vuot qua dugc chudng ngai vat 1on nhu duong hao, go dong, dac biét 1a cau pha.

Dbi v6i cac 6 t6 hién nay cac goc ndy thudng cb cc gia tri sau: Xe du lich ¢ tinh ning co dong
thip: o= 20° + 30% ap = 15° + 20°% Xe tai c6 tinh ning co dong thip: a = 40° + 50°%; o = 20° + 40°; Xe
c6 tinh ning co dong cao: o > 45° + 50°; ap = 35° + 407,

7.3.4. Ban kinh banh xe

Banh xe 1a noi xe tiép xuc véi chuéng ngai vat. Ban kinh banh xe ciing 1a théng sé quan trong
anh hudng t61 kha nang vuot chudng ngai vat cia xe. Ngoai ra tuy thudc banh xe la chu dong hay bi
dong ma kha nang vuot chudng ngai vat cua xe ciing khac nhau.

Xét’m(}t banh xe bi dong ban kinh T dang Wm chu’('):ng ngai vat co chiéu cao h nhu hinh 7.7.
Banh xe ti€p xuc voi chudng ngai vat tai diém O. Picu kién d€ banh xe vugt qua chudng ngai vt la:

T(rb—h)>Ga (7.14)
Trong d6 G 1a trong luong xe phan bd 1én banh xe; T 1a Iyc tac dong tir khung xe.
C6 thé coi rang:

T =P« (7.15)
Pk 1a Tyc kéo va m6 men kéo do banh xe chi dong sinh ra.
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Két hop 7.14, 7.1 ta co diéu kién dé xe c6 thé vuot dugc chudng ngai vat:

(7.16)

P.>G
r,—h

Hinh 7.7 Hinh 7.8

Nhin vao cong thirc 7.16 chiéu cao h cua chudng ngai vt cang 16n, xe cang kho vuot, khi h > rp
thi xe khong thé chuyén dong duoc cho du lyc kéo Pk 16n dén miy. Mit khéc ta ciing thay khi rp ting thi
kha nang vuot chudng ngai vat clia xe cling tang Ién.

Trong truong hgp banh xe chu dong (hinh 7.8): Bén than banh xe c6 m6é men kéo My, khi d6
diéu kién dé xe c6 thé vuot duge chudng ngai vat:

Mk > Ga (7.17)

Hay: P >G a (7.18)
r.b

So sanh cong thirc 7.16 va 7.18 ta thy néu c},luc'mg ngai vat ¢6 hinh dang nhu hinh v& 7.8 thi
banh xe chit dong ¢6 kha nang vuot chudng ngai vat tot hon banh xe bi dong.

Tuy nh}én nhiing qdiéu ’néi trén ddy méi chi 1a diéu kién can vi ta chua xét dén kha ning bam cua
banh xe tai diém O la diém ti€p xtic banh xe vdi chudng ngai vat.

Luc bam cta banh xe chu dong tai diém O dugc tinh nhu sau:

P, =Ro (7.19)
Két hop voi cong thirc 7.17 ta c6 diéu kién dé xe c6 thé vuot duoc chudng ngai vat:
Ga <M< Ror,  (7.20)
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PHAN B

THUC HANH (BAI TAP)

BAI TAP TINH TOAN SUC KEO O TO

Tinh toan stc kéo 6 t6 1 cong viéc dau tién khi thiét ké mot 6 t6. Noi dung chii yéu cuia cong
viéc nay la:

- Chon dong co lap 1én 6 to,

- Tinh toan cac théng s6 ciia hé thng truyén Iyc,

- Xay dung cac duong dac tinh kéo cia 6 td dé danh gia kha nang dong lyc hoc cua 6 to.

Céc dir liéu can phai biét khi thiét ké 6 t6 (tirc yéu cau dit ra khi thiét ké 6 t6):

- Loai 6 t0: Tai; khach: duong dai, duong nge"m; du lich,...

- Trong lwong toan b cua 6 to6 G (bao gdm tai trong Gt va tur trong Go),

- Van tdc cuc dai ctia 6 t0 Vimax,

- Loai duong ma xe s€ hoat dong: hé sb canlan f, goc dbc cuc dai ama clia duong.

‘ Cin clr vao cic thong sb yéu cau trén ddy ta s& chon QC)ng co, tinh toan cac thong s cua hé thong

trU}yén‘ lyc va xay dung cac duong dic tinh kéo cua 6 t6 d¢ danh gid kha ning dong lyc hoc cua 6 to.
Van dé tinh toan stc kéo 6 t6 da duoc trinh bay k¥ & chuong 111

1. CHON PONG CO VA XAY DUNG BUONG DAC TiNH NGOAI

Nhu d3 trinh bay trong phan 1y thuyét, 6 t6 mudn chuyén dong dwoc phai c6 ngudn dong lyc.
Nguon dong lyc trén 6 t6 phai dam bao su hoat dong binh thuong qﬁa Q t0 theo cac diéu lfién thiét ke d,é.t
ra. Do d6 mét trong nhiing c’f)ng viéc quan trong cua qué trinh tl}iét ké 6 t6 1a chon nguon Q(fm g luc lap
1€n 6 t6. Trén tuyét dai da s6 6 td6 nguon dong luc la dong co dot trong, cho nén chon ngudn dong luc
cho 0 t6 cu thé 1a chon dong co dot trong (sau day ta goi 1a dong co).

Nhu d trinh bay & chuong I11, lra chon dong co 12 lya chon cac thong sb sau ddy:

- Loai dong co: dong co xing, dong co diézen, ¢ han ché hay khong han ché s6 vong quay,

- Cong sudt dong co: cong suét cuc dai hodc cong sudt tai sb vong quay cuc dai,

- Sé vong quay cuc dai,

Con thong s6 mé men xodn cua dong co s& dugc tinh tir cong sudt va sb vong quay cua dong co.

Viéc chqn cac thong sb trén day dua vao yéu cau cua 6 to thiét ké. Pong co dugc lya chon phai
thdéa man yéu cau dat ra cua 6 to.

1.1. Chon loai déng co
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Can ctr vao loai xe thiét ké dé chon loai dong co: Thong thuong néu xe du lich thi chon dong co
xang khong han ché s6 vong quay. Xe tai va chd khach cé thé chon dong co diézen hodc dong co xang
¢6 han ché so vong quay. Ngoai ra viéc chon con phy thudc nguoi dat hang, ngudi st dung, ...

1.2. Chon sé vong quay cua déng co

Néu mua dong co trén thi truong thi s6 vong quay cta dong co 1a c6 san. Con trong trudng hop
nha thiét ké (ché tao, lap rap) dat hang nha ché tao dong co thi c6 thé chon sé vong quay (thudng 13 nmax
tlrc nemax hay ny).

Pong co xang khong han ché s6 vong quay dung cho xe du lich thuong c6 nemax = 4000 + 6000
v/ph hodc hon nira. Pong co xing han ché s vong quay ding cho xe tai, xe chd khach: ny, = 2800 +
4000 v/ph. Bong co diénzen: ny = 2000 + 3000 v/ph.

1.3.Chon céng suat dong co

Cépg suat dong co dé chi phi cho cac hoat @ng cta 6 0, chu yéu 1a dé khic phuc cac sirc can.
Khong thé chon cong suat tai cac vi tri hoat dong bat ky cua 6 t6. Nhu da trinh bay ¢ qhuong 111, ta phai
dua vao cac vi tri lam viéc dac piét, o day vi tri dac ‘biét c}n’nh 1a khi xe chay & van toc cuc dai. Khi xe
chay & Véll’l’t(')C cuc dai, cong suat kéo (tai banh xe) can khac phuc 2 cong suat can: Cong suat can lan N
va cong suat can khong khi No,.

’ Nhu vy ta c6 cong suat dong co can sinh ra dé khic phuc céac stic can chuyén dong khi xe chay &
van toc cuc dai nhu sau:
N, = (Gf\/m +£pCAanax jl (11)
2 T

Trong do6:

p 1a mat ¢o khong khi: p = 1,24 kg/m?,

C 1a hé sb khi dong cta 6 t6: C = 0,3 +~ 0,45; xe khach: C = 0,4 + 0,6; xe tai : C=0,6 ~ 0,85.

A 14 dién tich chinh dién cua xe (m?): Xe tai: A = BH; xe du lich: A = 0,85BoH

Trong d6: B 1a chiéu rng co so cua xe; Bo 1a chiéu rong toan b cua xe; H 1a chiéu cao cua xe.

1t 12 hidu sudt ciia hé thdng truyén lyc: hé thong truyén luc co khi: ;= 0,8 + 0,85

Trong cong thirc 1.1 Ny c6 thit nguyén 1a w; G (N); Vimax (M/S);

Trong trudng hop Ny tinh bang kw, Vimax tinh bang kmv/h ta c6 thé ding cong thic sau:

3
N, =| Vo, PCAV | L (1.2)
36.10°  933.10° |7,

Pong co lap 1én xe ngoai khic phuc cac strc can chuyén dong con phai dung cho cac cong viée
nhu chay may nén khi (cho hé théng phanh), bom du (cho hé théng lai, toi cu, ...), didu hoa nhiét
do,....Vi thé cong sudt dong co lap 1én xe phai co cong sudt 16n hon cong suit tinh & cong thire 1.1 (hoic
1.2) khoang 20 + 30 %. Trong trudng hop c6 thé xac dinh dugc chinh x4c cac ngudn tiéu thy phu thi ta
tinh toan va cong vao cong sudt dong co.

1.4. Xay dwng dwong dac tinh ngoai cua dong co

Trong truong hop da c6 duong dac tinh ngoai cua dong co thi ta khong phai xay dung. Vi du ta
tinh toan strc kéo cho mot 6 td cu thé di co dong co va trong hd so cla dong co da cho sin dudng dic
tinh ngoai. Tuy nhién khong phai lic nio ta ciing ¢6 thé c6 duge dudng dic tinh thyc té nay cua dong
co, dic biét trong cac truong hop tinh toan 1y thuyét. Khi d6 ta c6 thé xay dung gan dung duong dic
tinh ngoai cia dong co bang cong thirc Laydecman.
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Cong thirc Laydecman nhu sau:
Néu ta biét cong suét tai 1 diém dac biét cua dong co 1a Nemax-Nn (khi dong co khong han ché sd
vong quay) thi ta cé thé tinh dugc cong suat tai cac diém khac bang cong thirc sau (cong thiurc

Laydecman):
n 2 3
N, = Nema{a”wb(ej —c(”EJ } (1.3)
nN nN nN

Trong dé: N |2 cong suat tai sb vong quay bét ky ne.

Cachésda,b,c: ph‘u thudc loai déqg co: dong coxdng:a=b=c=1; diézen‘Z ky:a=0,87;b=
1,13; ¢ = 1; diézen 4 ky budng cha{ty tryc tiép: a =,0,5; b=1,5; c=1; diézen 4 ky budng chay du bi: a =
0,6; b = 1,4; ¢ = 1; diézen 4 ky budng chay xoay 16c: a=0,7;b=1,3;c=1;

Khi biét Ne VA ne ta c6 thé tinh ra Me
10°N,(kw)  10*N,(kw)  7612N,(ml) (1.4)

M, (Nm) = = =
 (Nm) o,(/s)  1,047n,(v/ph)  n,(v/ph)

Néu fi(f)ng co chon 14 dong co diézen thi sb vong quay cua dong co chon theo myc 1.2 chinh la
Nn, cong suat tinh theo cong thire 1.1 hoac 1.2 chinh 1a Nemax.
Con ddi véi dong co xang thi cac gia tri cong sut va sb vong quay duge xac dinh nhu sau:
Pong co xing khong han ché sé vong quay: s6 vong quay cua dong co chon theo muc 1.2 1a
Nemax, cOng sut tinh theo cong thirc 1.1 hodc 1.2 12 Ny. ny duge xac dinh theo diéu kién sau:
Nemax = (khoang) 1,2 ny 1.5)
~ Dong co xing han ché sb vong quay: sb vong quay cta dcf)ng co chon theo muc 1.2 1a ny, cbng
suat tinh theo céng thirc 1.1 hodc 1.2 Ia Ny. ny duoc xéc dinh theo diéu kién sau:
ny = (0,8 + 0,9) nn (1.6)
Khi d6 cong sut Nemax dugc tinh nhu sau:

N N, (1.7)

Nermx - 2 3
m(nvj _(mJ
nN nN nN

Khi ¢6 duge diém Nemax-n ta lai dung cong thire (1.3) dé tinh cac diém con lai.

Sau day 1a mot vi du:

2. TINH Ti SO TRUYEN CUA HE THONG TRUYEN LUC (HTTL)

2.1. Chon s6 cap s6

Trén HTTL cang nhiéu cip sb ta cang d& chon dwoc vi tri 1am viéc thich hop véi diéu kién dudng
x4. Tuy nhién sb cap nhiéu thi HTTL s& cdng kénh phirc tap, tn thoi gian dé chuyén cip sd. Néu sb cip
s6 it thi két cAu HTTL don gian gon nhe nhung lai cé it phuong an chon vi tri lam viéc cho thich hop
v6i diéu kién dudng xa.

Hién nay s6 cip sb trong HTTL ndm trong khoang 3 + 6, phd bién 1a 4 hoic 5.

2.2. Tinh ti s6 truyén cua cac cap s6
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2.2.1. Tinh ti 56 truyén cuc dai imax

Nhu d3 trinh bay ¢ chuong IT1, imax dugc tinh theo diéu kién xe khic phuc surc can 16n nhat cta
duong.

i > SV (1.8)
M emax 77t
Ngoai ra dé xe chuyén dong dugc can phai thoa mén diéu kién bam:
M, ]
%ﬂwm <G,p (1.9
b

Trong d6 G, 1a trong lwong bam ciia xe; ¢ 1a hé sb bam cua duong.

Khi tinh todn ta liy theo diéu kién 1.8 va kiém tra theo diéu kién 1.9.

2.2.2. Tinh ti 56 truyén cuc tiéu imin

Ti sb truyén cuc tiéu imin duge tinh theo diéu kién van tée cuc dai Vimax:
@y (L1'5)

i = r.(m (1.10)
tmin Vmax(m/S) b( )
Hoic c6 thé dung cong thirc:
. h
i = 0,377w r, (m) (1.11)
V. ux (km/h)
Gié tri imin tinh theo 1.10 hozc 1.11 can mét diéu kién rang budc. D6 14 tai van tée cuc dai Vimax:
M, > w (1.12)
Itminnl

Trong d6 My la m6 men dong co tai wemax.

Tuy nhiér} cling co6 thé thdy rang néu cong suit dong co lap 1én xe duge chon theo diéu kién 1.1
(hodc 1.2) thi dieu kién 1.12 midc nhién thod man.

2.2.3. Tinh ti 56 truyén cdc tay so trung gian

’ Ta da c6 ti s6 truyén, cao nhat va thip nhét cia HTTL, bay gid ta s& tinh cac ti s truyén cua cac

tay sO con lai, tirc cac tay sO trung gian.

Dé tinh cac ti s truyén nay, trudc hét ta phai xac dinh quy luat thay dbi ti s6 truyén.

Hién nay trén 6 t6 ti sb truyén cua HTTL dugc tinh theo cip s6 nhan. Quy luat ndy nhu sau:

itl = a.itz; itz = a.itg; itn—l = a.im; (113)
Trong d6: i, it, ..., in 1 ti sO truy€n cac cap so; a la cong bdi: a > 1; n: s cap so.
Cong boi a dugc tinh nhu sau: a=n b (1.14)
i, .
tmin

Sau khi c6 gia tri a ta d& dang tinh duoc gia tri ti sb truyén ciia cac tay sb trung gian (theo biéu
thire 1.13).

2.2.4. 86 lui i

S6 lui khong thé thiéu dugc trén 6 t6. S6 i phai dam bao van toc dé ngudi lai lui xe d& dang (3
+4) km/h

C6 thé chon: i1=(1,2+1,3)in.  (1.15)

Sau d6 kiém tra van toc khi lti nhu da noi & trén.

105



2.2.5. 86 truyén tang inv1

Thuong nguoi ta chon: in+1 = (0,7 + 0,8)in (1.16)

Sau khi ¢6 ti s6 truyén ctia HTTL ta c¢6 thé tinh van tdc clia xe & cac tay s:
Van téc xe dugce tinh theo cong thic sau:

Vo (1.17)
It

Hay c6 thé ding cong thirc: V (km/h) = 0,377 n, (v /p )r m) (1.18)

t

3. CAN BANG CONG SUAT O TO

3.1. Phwong trinh can bang céng suét
Ta c6 phuong trinh can bang cong sudt nhu sau:
N = Ne — Ni = Ni + No £ Ni £ Nj + Nin (1.19)
Trong d6: Nk la cong suit kéo trén banh xe chi dong; Ni 1a cdng suat mit mat trong HTTL (ma

sat, khudy dau, ...); Nf 1a cong sudt can lin; N,, 13 cong suét can khong khi; Ni 13 cong suat can 1én ddc;
N;j Ia cong suat can quan tinh va N, 1a cong suat can mooc kéo.

Céc thanh phin cong suat duoc tinh nhu sau:

Cong suat kéo trén banh xe chu dong: Nk =ntNe (1.20)

Cong suat can lan: N¢ = GfVcosa; (1.21)

Trong dé: N duoc tinh bang w; £ 1a hé s can lin; G 1a trong lugng toan bo 6 to tinh bang N; V 14

van toc 6 t6 tinh bang m/s; a la géc doc cia duong.
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GfV cos

Néu V tinh bang kmv/h thi ding cong thire: N, = 3 (1.22)
Cong suit can khong khi:

N, = % PCAV ? (1.23)
hoic N, @ PCAV 3 (1.24)  néu V tinh bang km/h.
Cac gia tri C; A; p xem ¢ myc 1.3.
Cong suit can 1én déc: Ni= GsinaV (1.25)
hodc N =S S;”GO‘V (1.26)  néu V tinh bing km/h.
Cong sut can quan tinh: i\Ij = MjéiVv (1.27)
hodic N, = % (128)  néuV tinh bing km/h.
Cong suét can kéo mooc: Nm =PmnV (1.29)
hodic N = Psmg (130)  néuV tinh bing km/h.
Phuong trinh can bang cong sut t,éng quat (xe khong kéo mooc):

Nk =niNe = GfVcosa + KFV? £ GsinaV + Mj&iV (1.31)



GfVcosa | 1 SCFV? +GsinaV , Mjsv , PV (1.32)
3,6 933 3,6 3,6 3,6

néu V tinh bang km/h.

hoac Nk=mniNe =

3.2. B6 thi can bang céng sut:
Biéu dién céc gi4 tri ciia cac thanh phan trong biéu thirc 1.31 hodc 1.32 1én do thi N — V(ne) ta
duoc d6 thi can béng cong suit.

4. CAN BANG LUC KEO O TO
Khi xe chuyén dong, luc kéo phat ra tai banh xe chi dong phai théng cac luc can: can lan, can
khong khi, can 1én déc, can quan tinh va can mooc kéo.

4.1. Phwong trinh can bang Iwc kéo:
Pk = Ps+ P, £ Pi £ Pj + Py (1.33)
Trgng d6: P 1a lyc kéo trén banh xe chit dong; Pr1a lyc can 1an; Py, 1a lyc can khong khi; P; 1a lyc
can 1én doc; Pj 1a lyc can quén tinh va Pm 1a Iyc can mooc kéo.
Biéu thuc tinh cac gia tri luc kéo va luc can da duogc trinh bay ¢ chuong 2.
Cu thé nhu sau:

Luc kéo: P = M.z, (1.34)
rb

Lyec can lan: Pt = Gf (1.35)

Luc can khong khi: p L1 cav? (V tinhbing m/s) (1.36)
[0 2

< 1

hoac P =—— oCAV? (V-km/h) (2.37)

“ 2592 P

Cac gia tri C; A; p xem ¢ myc 1.3.

4.2. Po thi can bang lwc kéo:
Biéu dién céc gia tri tinh todn dugc trén day 1én do thi P — V ta ¢6 d6 thi cdn bang luc kéo

3.5. NHAN TO PONG LUC HOC

Nhu di trinh bay & chuong III, nhin té dong luc hoc (ky hiéu 1a D) 1 thong s6 c6 thé danh gia
toan dién kha nang dong luc hoc cua xe, trong d6 c6 chira cac yéu td luc kéo, trong lugng va ca luc can
khong khi (14 Iyc ma khi xe chuyén dong 1a mic nhién xuét hién

5.1. Céng thirc tinh:

p-h =P (1.38)
G
Nhéan td dong luc hoc theo diéu kién bam Dy:
b PP (1.39)
? G
Trong do P, 1a lyc bam: Po= Goo (1.40)

G, la trong lwong bam: trong lugng xe phan bd 1én cac banh xe chi dong; ¢ 1a hé s6 bam.
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5.2. D6 thi nhan té déng lwc hoc:
Biéu dién cac gia tri ciia D, Dy , f1én d6 thi D — V ta dwoc dd thi nhan t6 dong luc hoc

5.3. Nhan t6 dong lwc hoc 6 t6 khi tai trong thay doi:
Nhan to d(f)’ng luc hQ(E vura trinh })z‘iy & trén 1a cho xe cho d tai. Khi xe chd khong di tai xe co thé
c6 kha nang gia toc, vugt doc va van toc 16n hon. Khi qua tai thi nguoc lai.
5.3.1. Cong thuec tinh:
Goi Dy 12 nhan t6 dong luc hoc cuia xe khong du tai (hodc qua tai), Gy 1a trong luong Xe.

D - =P (1.41)
X GX

Két hop voi cong thirc 3.48 ta co:
D-Sp (1.42)
GX
5.3.2. Xdy dwng do thi
Lap d6 thi D — Dx & goc phan tu thir 2 (hinh 1.1). Tir gbe toa d6 v& cac tia hop voi Dy 1 goc a véi
gia tri a theo biéu thirc 1.43.

o= 2 =S (1.43)
D, G

Gx duogc xac dinh nhu sau: Gx = Go + aGt (1.44)
a: % tai trong; Gy: tai trong xe (theo thiét ké); Go: trong lwong xe khong tai.
bo thi goc phén tu thtr 2 nhu trén hinh 1.1 con dugc goi la dd thi tia.

100 120 140 —%tai D
80 ChhD CEGREEEEEEE
40 NG !
i | !
N L
T ! 1 450 :
v | v
Dy W Y, Wy Vmax  V

Hinh 1.1
Do thi nhan té dong luc hoc véi cac tai trong khac nhau cua 6 td

6. KHA NANG TANG TOC CUA O TO
Kha ning ting toc dugce danh gia bang cac thong sd: gia toc, thoi gian ting tdc va quing duong

tang tdc
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6.1. Gia toc 6 t6
Tir biéu thirc 3.50 (chwong IIT), néu xe chay trén dudng bang khong kéo mooc ta co:

D:ﬂﬁi_)jzw (1.45)
g o;
8i 1a hé sb ké dén anh huong cua cac khéi lwong ctia cac chi tiét quay cua 6 t6 (dong co, HTTL,
banh xe):
8i =1,05 + 0,0015i¢ (1.46)

Biéu dién cac gia tri j tinh tir 1.45 1én d thi j — V ta dugc do thi gia toc 6 t6.

6.2. Thi gian tang téc
Ta co:

VZ
= L a-tav —>t:j5_dv (1.47)
j

dt

Biéu thirc 1.47 c¢6 nghia 1a: néu c6 db thi 1/ — V thi
thoi gian tang toc tir V1 dén V, chinh 1a phan dién tich duéi
d6 thi 1/j gi6i han boi Vi va Va.

Tu @6 ta lam nhu sau:

Xay dung dd thi 1/j — V tir s6 liéu cua d0 thij — V;
chia truc V thanh n-1 doan nho (s6 lugng khoang chia
quyét dinh mic d6 chinh xac cuia két qua). Dién tich
khoang dudi do thi trong timg doan chinh 1a thoi gian ting
toc cua 6 to trong khoang d6 (hinh 1.2). Ta lap bang nhu Hinh 1.2
sau dé xac dinh gi4 tri thoi gian tang toc (bang 1)

Vi

V1 V2 Vmax

Bang 1

Khoang vén tbc Vi1-V; V2 — V3 Vn1—Vn

Dién tich S1 S Sn1

Tbng dién tich S S1+S; S1+S2+...+ Sna

Thoi gian ting tdc uS1 u(S1 + ) w(S1+ Sz +...+ Sp1)

p la ti 1é xich: p = pvpyj trong d6 pv va pyjla ti 1€ xich cua truc hoanh (truc V) va truc tung (truc
1/j)

D6 thi: Biéu dién cac gia tri t vira xac dinh duoc trén dd thi t — V ta duoc dd thi thoi gian ting tde

O day ta coi rang thoi gian ting toc bat dau tit Vimin va diém xudt phat cta dd thi trén truc hoanh
1& Vimin. Thoi gian tu: V = ’0 dén Vi 12 thoi gian khoi hanh, thi gian truot li hop, thoi gian nay phu thudce
nguoi 1ai va mét so yéu to khac.

Tai Vimax — j = 0 — 1/j = 0 do @6 chi xay dung dd thi dén 90 + 95 % Vax.

Céch tinh nhu trinh bay & trén dd bo qua thoi gian sang sd.

6.3. Quang dwong ting toc S
Céch tinh:

t, Vv,
_8S s =th->3:det:det (1.48)
dt

4 Vi

Ta c6: vV
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Tir 1.48 ta ciing lam twong ty nhu tinh thoi gian ting tdc: Sau khi ¢6 do thi thoi gian ting tde (t —
V), ta chia truc hoanh thanh n-1 doan nho. Phan dién tich tinh quing duong tang tc S liic nay nam giira
do thi va truc t (truc tung) (hinh 1.3).
Ta lap bang nhu sau dé xac dinh gia tri thoi gian ting toc:

Bang 9
Khoang van tbc Vi—V; V2— Vs Vi1—Va
Dién tich S1 S St
Téng dién tich S1 Si+S S1+S2+...+ Sna
Quiéng duong ting tdc uS1 w(S1+ Sy) W(S1+ Sz +...+ Spa)

Biéu dién céc gia tri S vira xac dinh duoc trén do thi S — V ta dugc do thi quing duong ting tdc.
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