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DANH GIA MUPC SUY GIAM HIEU QUA PHANH KHI PHANH
LIEN TYUC TREN DUONG DOC

ASSESSMENT OF REDUCTIONS IN BRAKE EFFICIENCY WHEN BRAKE
BEING APPLIED CONTINOUSLY ON SLOPES

L& Quéc Huwng, Nguyén Trong Hoan
Trudng Pai hoc Bach khoa Ha Noi

TOM TAT

Khi phanh, déng ndng ciia 6 t6 duwoc chuyén hod thanh nhiét lam céc co cdu phanh nong
lén ddn dén hién twong gidm hiéu qud phanh do hé sé ma sdt giam. Hién twong nay tro nén ddc
biét nghiém trong khi i xe lam dung hé thong phanh dé duy tri vén téc chuyén ding trén nhiing
déc dai. Bdi béo trinh bdy phwong phdp va mét sé két qua tinh todn, danh gia sy suy giam hiéu qua
phanh do hién tugng qud nhiét 6 co cdu phanh khi phanh lién tuc trén déc dai.

Tir khéa: Hiéu qua phanh, lyc phanh, hé s6 ma sdt.
ABSTRACT

The kinetic energy of the automobile is converted into thermal energy which heats up the
brake structures during braking period. Therefore, when the brake is applied continuously for long
time, overheating occurs and brake efficiency decreases due to the reduced friction coefficient. This
can become especially serious when the driver abuses the brake system to maintain the velocity on
long slopes. This paper presents the methodology and calculation results, assessing reductions in
brake efficiency caused by overheating in the brake structure when the brake is applied continuously
on long slopes.

Keywords: Brake efficiency, braking force, coefficient of friction.

1. DAT VAN PE ndy thudng khong phai do 16i ki thuit ma 12
16i ciia ngudi didu khién phuong tién dd qué
lam dung hé théng phanh din dén hién twong
co cdu phanh qué néng. Cac két qua nghién

Trén céc 6 t6 hién dai, hé thong phanh
duogc thiét ké vdi d6 an toan cao nén kha nang

“mét phanh” 1a rat thdp. Mic du véy, trong
nhitng nim gin day & nuéc ta, khoéng it cac
truong hop 6 t6 mat phanh trén déc da gay nén
nhimg hau qua nghiém trong. Hién tugng nay
thudng xdy ra & cac 6 t6 khach cd 16n va 6 to
tai. Nguyén nhén cua nhimng tai nan tham khéc
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ctru da chi ra ring, néu nguoi lai lién tuc ding
phanh @ duy tri van téc ciia 6 t6 trén dudng
ddc trong thoi gian dai thi nhiét d6 cia co cc
cdu phanh c6 thé dat t6i hang tram d6 (trong
mét sb trudng hop c6 thé téi 800 — 900°C) va
khi d6 hé sb ma st co thé giam di hon 70%
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5o v6i ban dau [2]. Hé qua 14 hiéu qua phanh
cling gidm di tuong Ung din dén hién tugng
mat phanh.

Ngoai ra, mt s6 bd phén cua hé thong
phanh cung chiu anh hudng cia nhiét d§. Pac
biét, d6i voi din dong thuy luc, nhiét dd cao
c6 thé sinh ra hién tugng héa hoi bén trong
duong dng tao nén cac bot khi lam giam ap
suét phanh trong cac xi lanh chip hanh tai cac
co cau phanh. Nhiét d6 cao ciing c6 thé gay
héng gioang lam dau phanh thoat ra ngoai gy
nén hién trong mét phanh.

2. ANH HUONG cUA NHIET PO TOI HE
SO MA SAT VA HIEU QUA PHANH

a) Moi Qquan hé giira lwc phanh tai banh xe
va hé s6 ma sat

Céc loai co cdu phanh ctia 6 t6 hién
nay déu hoat dong dua trén nguyén ly ti€u tan
niang luong chuyén dong nhd ma sat. Ma sat
bién dong nang chuyen dong cua 6 t6 thanh
nhiét nang va thai no ra ngoai khong khi qua
cac chi tiet cua co céu phanh (chu yé€u la qua
trong hoédc dia phanh). Nhu viy, luc phanh tai
cac banh xe dugc hinh thanh nh¢ ma sat sinh
ra trong co cau phanh. Méi quan h¢ gitra luc
phanh va hé s6 ma sat c6 thé dugc viét dudi
dang tong quat nhur sau:

P, = nKep (1)

Trong do: plahé sé ma sat; K " 1ahé sb
phu thudc vao két ciu cia co cdu phanh.

Biéu thirc trén cho thiy, néu trong qua
trinh phanh ma hé so ma sat thay ddi thi luc
phanh ciing thay dbi theo. Nghla la hiéu qua
phanh phu thudc vao gia tri cia hé s6 ma sat
trong qua trinh phanh.

Cac nghién ciru da chi ra rang, débi
vGi mét loai vat li€u, hé s6 ma sat phu thudc
vao nhiéu yéu tb nhu nhiét d§, do 4 4m, vén toc
truot,... Trong d6, yéu t§ anh huéng 16n nhit
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dén hé s6 ma sat chinh 1a nhiét do. Trong bai
bao ndy chi trinh bay cac ket qua danh gia anh
huéng cia nhiét dd t6i hé sé ma sat.

b) Anh hwdng caa nhiét d téi hé sb6 ma sat

Cac loai vt liéu ma sat sir dung trong
céc co ciu phanh 6 t6 hién nay déu c6 hé sé ma
sat phu thudc vao nhiét d¢. Tuy nhién, mirc d
cling nhu quy luat cta sy phu thuéc nay thay
ddi theo loai vat liéu (1 2] Céc két qua nghién
ciru cho thay, ddi v&i ma phanh thong dung,
& nhiét d§ nho hon 200 — 250°C hé s6 ma sat
khong thay dbi nhiéu theo nhiét d6, nhung s€
giam manh sau khi vuot qua 300°C. Nhung 601
vdi cac loai ma phanh danh cho xe dua, hé s6
ma sat co thé giir dugc gia tri cao va én dinh
ngay cé khi nhiét d9 dat téi 800 — 900°C. Trong
mot sb nghlen clru, nguoi ta chép nhan gia
thiét h€ s6 ma sat giam tuyén tinh theo nhiét
do nham don gian hoa bai toan ma khong gy
sai sb 16n [2].

3. NHIET SINH RA TRONG QUA TRINH
PHANH

Pé khéo sat anh hudng cua hién tuong
chd qua tai t6i hi€u qua phanh trong qua trinh
phanh lién tuc trén déc dai, ta xét so d6 nhu
trén hinh 1.

Hinh 1. So dé cdc luc tac dung theo phuong doc
xe khi phanh trén duong déc

Do dbc cia dudng duogc xdc dinh qua
goéc a, nhu vay, luc chu dong ddy xe chay
xudng déc 13 Gsina.

Gia sir nguoi lai dung phanh dé giir van

tdc chuyén dong on dinh: V. = const, khi 46 ta
c¢6 phuong trinh cin bang lu'c nhu sau:
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Gsina=P +P +P + P, (2)
Trong cOng thirc trén:

P 13 téng lrc phanh do hé théng phanh
sinh ra tai cac banh xe:

P =P +P, .

P, 14 tong luc cén lan tai cac banh xe:

P P, +P, =G

V0'1 f la hé s6 can lan.

P_1a luc can khong khi:

P =0,5CDpFV?

Vé6iClahé s6 can khéng khi; p 13 mat
d6 khong khi (kg/m®); F 1a dién tich can chinh
dién (m?); Va la vén téc chuyén déng cia 6 t6
(m/s).

P,ep la luc phanh do dong co sinh ra tai
banh xe:

ep

Trong do: i, 1a ty s6 truyén cua hé
théng truyén luc; Mep la mé6 men phanh cua
dong co.

Nhu vay, dé duy tri van toc Va khong
dbi, luc phanh cin thiét la:

Pp =G.sina.-P - P - Pep 3)

Dé tinh muc gia ting nhiét d6 khi
phanh, ta sir dung phuong trinh c4n bang nhiét:

Pp~dS——mc£+Ak VT (4)

wl dt
Trong do: S, - Quang dudng phanh
(m); m — Khéi luorng tang trong va cac chi tiét
bi nung nong (KG) ¢ — Nhiét dung riéng cua
vat liu tang trong (d6i voi thép va gang: ¢ =
500J/kg.do); d, — Mirc gia ting nhiét do sau
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thoi gian dt; A - Dién tich truyén nhiét cua tang
trong (dién tich xung quanh); k - Hé sb truyén
nhiét giita tang tréng va khong khi; V - Vén
tbc tlep tuyen cua tang trong (m/s); T — Muc
chénh nhiét 46 giita tang tréng T, va khong khi
T T=T-T,.

Néu coi nguoi lai dung phanh dé gitt
van téc khong dbi V, = const trén dbc thi biéu
thirc (4) c6 thé du'orc viét dudi dang:

dT
PV, =mc—+ Ak VT (5)
dt
Tur d6, biéu thirc tinh mirc gia ting
nhiét d6 nhu sau:

=f PV AkVT) » ©)

Trong do, t, 1a thoi gian phanh.

Giai két hgp cac phuong trinh (3) va
(6) ta thu duogc két qua 1a mirc gia tang nhi¢t do
T khi phanh 6 t6 trén dbc véi vén tdc Va khong
ddi trén quing duong S, =V, €

Céc s6 liéu tinh toan dugc tham khao
tir tai liéu [3] v6i déi twong 14 6 t6 tai loai 2 cau
c6 trong lugng toan b 16 tn va cac théng sO
co ban sau: M6 men cyc dai clia dong co M .
= 883 Nm; m6 men phanh cua dong co M,
dugc coi 1a ting tuyén tinh theo van téc cua
truc khuyu vGi gié tri nho nhit 13 0,15 Memax
va lén nhit 13 0,35. M, max ; Van téc cuc dai cua
ddng co & ddc tinh ngoai la 2100 v/ph; Vén toc
nho nhat 1a 600 v/ph; ty so truyen clia hé théng
truyén luc iH & cac tay s6 tir 1 dén 6 1an luot 1a:
38,96; 22,58; 13,56; 9,12; 6,15; 4,3; ban kinh
dong luc banh xe r,=0,526 m.

Hé so truyén nhiét kr thay déi theo
nhi€t do vdi quy ludt phu thudc vao loai vt
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licu. Doi voi cac loai gang k_giam dan theo
nhiét do. Dé don gian hoa qua trinh tinh todan,
trong nghién ctru ndy da chip nhan gia thiét
quy ludt bién thién cua k_nhu sau:

k. =k, —AT, (7)

Trong do: k  1a gid tri cia ko nhiét do
chuan va A la he 50 thuc nghié¢m. Gi4 tri cu thé
clia céc thong s6 trén phu thude vao thanh phén
hoa hoc cua ting loai gang. Khi tinh toan, k_va
A duge xac dinh tir cac s lidu trong Handbook
of Heat Tranfer [4] véi cac gia tri sau: k = 50
va A =0,028.

4. PANH GIA MUC SUY GIAM HIEU
QUA PHANH

Hién nay, cac két qua nghién ciu
khéng dua ra dugce cong thirc mo ta chinh xac
moi quan hé gitra hé s6 ma sat véi nhiét do, do
no khong chi phu thude loai vit liéu ma con
nhiéu yéu té khéac. Vi viy, theo tai liéu [2], dé
dom gian hoa qua trinh tinh toan c6 thé gia thiét
rang hé s6 ma sat glam tuyén tinh theo nhiét
do. Khi do, ta co thé mé ta quy luat nay nhu
sau:

p= =0T,

Trong do: p, 1a h¢ s6 ma sat o' co céu
phanh ngudi, p 1a he s& ma sat & cudi qua trinh
phanh va § 1a hé s6 thuc nghiém.

Voi cac sb liéu tham khao tir cac tai
liéu [1,2] va mot s tai lidu khéc, gia tri cua
cac thong so trén duoc lay nhu sau: H, = 0,4 va
6 = 0,00035.

Do luc phanh ty I¢ thudn vé1 hé s6 ma
sat, nén hiéu qua phanh con lai sau khi phanh
lién tuc trén doc hq duge danh gia nhu sau:

h, =+100%
/'!()
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Hé so hq cho biét hiéu qua phanh cua
co cdu phanh “néng” (sau qué trinh phanh lién
tuc) so vo1 co cau phanh “ngudi”.

5. KET QUA TiNH TOAN
5.1. Tinh toan theo ché dd thir “I”

Theo quy dinh vé thir phanh 6 16 trén
duong, ché do thu “I” duoc thuc hién sau
khi 1z‘1m néng co ciu phanh b§n0 cach cho
xe xudng doc co do déc 7% va dimg phanh
dé gitt van toc 6n dinh 1a 40km/h trén quang
duong 1,7km. Cac két qua thuc nghiém cho
thay, trong diéu kién nhu vay nhiét do ¢ co ciu
phanh 6 t6 tai c0 thé dat t6i 170 - 200°C. Trong
diéu kién nhu vay, hidu qua phanh con lai phai
khong nho hon 80% so v&i hiéu qua phanh
dugc xéc dinh khi céc co cdu phanh ngudi. Két
qua tinh toan theo cac diéu kién nhur trén duoc
thé hién trén cac hinh 2 va 3.

Co thé lhay Iang, o cubi qua trinh
phanh, nhié¢t d¢ tang trong Ién to1 gan 174°C,
hé s6 ma sat giam xuong dén 0,34 va hiéu qua
phanh con lai 1a khoang 85%. Nhu vay, ddi
chiéu theo cac quy dinh vé the phanh & ché
do “I” thi h¢ thong phanh cua 6 t6 nay dat yéu
cau.
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Hinh 2. Bién thién nhi¢t do co cdu phanh theo

quang dwong
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Hinh 3. Bzen thten he 56 ma sdt trong co cdu
phanh theo quang duong

Cén luu ¥ rang, cac tinh toan trén day
dwoc thuc hién véi gia thiét dong co bi ngit ra
khoi hé théng truyén luc (can sb duoc dit & vi
tri 6 0).

5.2. Panh gia hiéu qua phanh trong cac diéu
kién vin hanh khac nghiét

Dé dénh gia hi¢u qua phanh trong diéu
kién van hanh khic nghiét, cac tinh toan duoc
thuc hién véi céc diéu kién sau: Nguoi lai ding
phanh dé giit van tc chuyén dong la 30km/h,
trén quang duong dai 6km véi do dbc thay déi
tir 6% dén 10% va dong co bi ngét ra khoi hé
thong truyén luc.

Vi d6 doc 6%, dicu kién tinh toan trén
trong (mg v6i quy dinh thir phanh & ché do
“I1”. Céc két qua thuc nghiém cho thiy, trong
nhiing diéu kién trén, nhiét d6 & co cAu phanh
6 t6 loai N3 c¢o thé 1én tdi 280°C. Theo tiéu
chuan, hiéu qua phanh & ché do thir “I1” khong
dugc nho hon 75% so vai hiéu qua thu dugce
khi céc co cau phanh nguoi.

Céc két qua tinh toan thé hién trén hinh
4 va bang 1 cho thiy, & do déc 6% hiéu qua
phanh con lai 1a 75,5%, dap (g cic yéu cau
vé hiéu qua phanh & ché do “II”.
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Hinh 4. Bién thién nhiét dj tang trong khi phanh
trén cdac dé doc tir 6 — 10%

Cac s0 liéu trong bang 1 cho thiy mic
gia tang nhiét dd va suy giam hiéu qua phanh
giam theo do dbc cua duong. Véi do doc 1a
10%, hiéu qua phanh chi con lai khoang 46%.

Bang 1. Két qua tinh toan voi cac do déc tir 6, 7,

8 9va 10%

=

2ol 6% | 1% | 8% | 9% | 10%
doc
dN;“fé 280.05 | 356.50 | 437.47 | 523.28 | 614.24
Hiéu
e 75.50 | 6881 | 61.72 | 5421 | 46.25
phanh
con lai

Cac tinh toan trén day duoc thuc hién
voi gia thiét 12 dong co bi ngit ra khoi h¢ théng
truyen luc. Bé danh gid hiéu qua phanh sat vdi
diéu kién thuc té hon, trén hinh 5 va bang 2
thé hién cac két qué tinh toan theo cic diéu
klen sau: Nguoi lai dung phanh dé duy tri vaﬂ
toc chuyén dong 30km/h trén doc co d6 doc
10%, dai 6km, nhung c6 két n01 dong co voi
hé thong truyen luc & cac tay s6 6, 5, 4 va 3.
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Hinh 5. Bién thién nhiét d tang trong khi phanh
ma khong ngat déng co

Cac két qua tinh toan trong bang 2 cho
thay, viéc lya chon tay s6 hop 1y s& phat huy t6t
hiéu qua phanh bang dong co. Néu ngudi ldi st
dung so 3 thi & cudi qua trinh phanh nhiét d6
co cdu phanh ting 1én dén 216°C va hiéu qua
phanh dat khoang 81% Nlurng néu dung tay
sO cao nhat cua hop 50 (So 6 1a s6 truyen thang)
thi co' céu phanh c6 thé nong Ién toi gin 550°C
v6i hiéu qua phanh chi con lai xap xi 52%.

Mic dir vay, s6 3 1a 50 thap nhit c6
thé str dung, vi & sO ndy van toc quay cua truc
khuyu dat téi 2049v/ph, gan véi van toc cuc
dai ctia dong co (2100v/ph). Néu cal s6 thap
hon sé gay hai cho déng co do vén :£OC qua lon
lam tang téc do mai mon cac chi tict.

Bang 2. Két qua tinh todn khi phanh co dong co' o
cdc tay 0 6, 5, 4, 3

Taysé 0 6 5 4 3
Nhiét
dé
tang 615.36 | 549.79 | 501.34 | 402.21 | 216.27
trf')ng,
°C
Hi¢u
qua
phanh | 46.16 | 51.89 56.13 | 64.81 | 81.08
con
lai, %

6. KET LUAN

Phuong phép tinh toan va cac két qua
trén day cho thay mirc dé anh hudng cua diéu
kién st dung t6i hiéu qua phanh 6 t6 va c6 thé
duoc str dung nhu tai liéu tham khao, bd ich
cho céc nha thiét ké va ngudi sir dung 6 t6 hoat
dong trong diéu kién doi nui.

Cac két qua tinh toan theo céc diéu
kién thir phanh & cac ché dé “I” va “II” hoan
toan tuong thich vdi cac sb lidu thue nghiém
da biét. Day c6 thé coi 14 mét minh chimg cho
dd tin cdy ctia phuong phap tinh toan da thiét
lap trén day.

Mic du vay, ddy moi chi 1a cac két
qua tinh toan tinh 1y thuyét véi céc s lidu gén
dang do cac thong s6 két cdu ctia co cdu phanh
(kich thuoc va khéi lwong) khong duogc xac
dinh chinh xéc tuyét d6i, mot sé thong sb tinh
toan (hé s6 ma sat, hé sb truyén nhiét) duoc
ldy gAn diing tr c4c tai liéu tham khao. Néu do
dugc thue té cic sb lidu trén thi két qua tinh
toan s€ chinh xac va co6 d¢ tin cay cao hon. <
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