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TOM TAT
Bai bao nghién ctru sy twong hd ludng hudng giita thong sb din dong phanh va dong
luc hoc phanh, cung véi viéc phan tich nhiét d co cau phanh dia dua trén mo6 hinh nhiét phanh
gian luoc twong duong. Sir dung giai thuat tong quét trén Matlab, nghién ctru mo phong sy thay
d6i clia cac thong sO trang thai dong luc hoc phanh theo diéu kién phanh tdi wu (hudng thuan)
va xac dinh gia toc phanh trung binh 6n dinh (MFDD) theo quy dinh UN R13-H (huéng nghich).
Két qua md phong trén cac mirc tai trong cho thdy su phii hop gitta thong s6 dan dong phanh
v6i dong luc hoc phanh, ddng thoi gia tri MFDD dép tng tiéu chudn qudc té. Ngoai ra, md hinh
nhiét gian lugc trong Ansys Workbench xac nhan nhiét do phat sinh trén bé mit tiép xtc nam
trong vung ma sat 6n dinh cua céc chi tiét phanh.
Tir khéa: Dong luc hoc phanh; Thong sé din dong phanh; Gia tdc phanh trung binh 6n
dinh (MFDD); Quy dinh UN R13-H; M6 hinh nhiét tuong duong.

ABSTRACT

This paper investigates the bidirectional interaction between brake actuation parameters
and vehicle dynamics, alongside thermal analysis of disc brake assemblies based on a simplified
equivalent thermal model. A generalized Matlab-based algorithm is developed to simulate the
variation of braking dynamic state parameters under optimal braking (forward approach) and
evaluate Mean Fully Developed Deceleration (MFDD) in accordance with UN R13-H
regulations (inverse approach). Simulation results across various load cases demonstrate
consistent alignment between brake actuation parameters and braking dynamics, while
confirming that MFDD values satisfy international standards. Furthermore, a simplified thermal
model in Ansys Workbench verifies that the temperatures generated at the friction interfaces
remain within the stable friction zone of the brake components.

Keywords: Braking dynamics; Brake actuation parameters; Mean Fully Developed
Deceleration (MFDD); UN R13-H regulation; Equivalent thermal model.

1. GIGI THIEU héxthéng ;ihanh CSY kl}i thuy lyc mot céch.cju

’ thé dya trén co s& dong luc hoc phanh hi¢u
qua s& trinh bay 1 rang duoc mot cong cu cdt
161 trong viéc danh gia tinh mach lac tir cac

Trong linh vyc 6 t6 hién nay, mac du
nhirng tién bd dang ké trong nghién ctru hé

thong phanh va dong luc hoc phuong tién tiéu
biéu nhu phanh dién tr, phanh tai sinh [1],
[2], hay c6 nhing tién bo trong nghién ciru
vat liéu méa phanh moi [3] nhung van chua
minh chimg mot cach rd rang co s 1y thuyét
gan két dén mo hinh dugc néu. Chinh vi vay,
viéc tinh toan va kiém nghiém mdt mo hinh

dinh luat vat 1y co hoc cin ban 4y cho dén
viéc hinh thanh mé hinh dong luc hoc phanh
trong thuc té v6i muc dich t6i wu hoa diéu
khién hé théng phanh. Mat khac, vi su nhat
quan trong danh gid hi¢u qua phanh la duy
nhit du v6i bat ky hé théng phanh nao, nén
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viéc tinh toan kiém nghiém dya trén mot mo
hinh vat Iy cu thé khong lam mét tinh tong
quat trong tinh toan kiém nghiém va danh gia
hiéu qua phanh.

Mo hinh twong hd ludng huéng (THLH)
1a sy két hop nhuin nhuyén giita muc tiéu
hiéu qué phanh 1y tudng va tri gidi han tiém
can voi muc tiéu Ay, tic 1a thay vi chi danh
gia mot chiéu cu thé nhu cdc mo hinh ddnh
gia hiéu qua phanh truyén thong xuyén sudt
trong mot mo hinh [4], [5] ma chua that sy cu
thé duge chan trén cua muc tiéu hudéng toi
hiéu qua phanh tdi uu nhét thi & nhanh thir
nhit mé hinh THLH x4c lap chan trén véi gia
téc phanh tdi wu nhat da cu thé cho thiét ké
hé théng ngay tir ban dau, sau d6 mot nhanh
khéc ciia mo6 hinh lai dya trén cac thong sb hé
thdng da x4c 1ap tir nhanh ther nhat 1am théng
sO dau vao cho nhanh thir hai dé tién hanh mo
phong danh gia hi€u qua phanh, cu thé chon
yéu t6 danh gia ¢ day 1a gia toc phanh. Tong
két lai, md hinh THLH hién thyc 15 rang muc
tiéu can hudng toi 1a phanh hiéu qua voi gia
téc phanh 1y tuong két hop voi vong lap t6i
uu cua qua trinh thiét ké cho phép cac thong
s6 dugc diéu chinh thay trong qua trinh thiét
ké thir nghiém dé cho ra gia toc phanh thyc
té, két qua cua vong lap t6i wu Ay hay cia mo
hinh THLH chinh la sai léch nho nhét gilia
gia toc phanh myc tiéu 1y tuong va gia tbe
phanh thuc té, viéc danh gia sai 1éch nho nay
con can dya trén nd luc ctia qué trinh thiét ké
va thtr nghiém.

2. NOI DUNG NGHIEN CUU

2.1. Xday dung mé hinh twong hd lwéng
hwéng (THLH)
2.1.1. Md hinh dong luc hoc phanh

Vi¢c tinh toan lyc phanh 16n nhét tai banh
xe s& dua trén so dd phén tich cac thanh phan
luc tac dong 1én 6 t6 trong qua trinh phanh
v6i gia téc cham dan 1a Jp:
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Hinh 1: So dé lwc phanh trén 6 t6 Mazda 3

Trén co s& so do lyc hinh 1, tir phuong
trinh cAn bang mé-men ta c6 thé xac dinh
dugc phan lyc phap tuyén cua dudng tic
dung 1én cic banh xe cla cau trudc va cau

sau:
_m.g ]p.hg

2F7, = I .(lz + g (D
_mg Jp-hg

Khi phén tich cac lyc tac dung 1€n 6 t6 khi
phanh, ta thiét 18p dugc phuong trinh can
bang luc nhu sau:

Fqe = Fp + Fr + Fy, + F, 3)
Trong do:

Fqt = 8".m.], — Luc quén tinh sinh ra khi
phanh 6 t6; Fj, — Luc phanh sinh ra & cac banh
xe; Fg— Lyc can lan; F,, — Luc can khong khi;
Fy, — Lyc triét ti€u ndi ma sat co khi.

Mt khac, sy gia tang cta lyc phanh F, ty
1¢ v&i phén con lai ma lyc phanh Fj, con co

thé tang thém:
dF
b _
F k (Fpmax Fp) (4)
0 Fp Fpmax
| [F,] | [Fomax-Fyl |

Hinh 2: Sy tang truong cua lyc phanh

Y nghia cta hé s6 k: Khi luc phanh thay
doi cang nhanh, |dF,/dt| cang 16n thi [k|
cang 16n.
2.1.2. Cac gia thiét xay dung giai thuat va
tham sb cia mo hinh
e Gia thiét vé dong lyc hoc va khdi lugng:
- Xe ¢6 khdi lwong m bién thién theo dai
khao sat tir 1450 kg dén 1690 kg.

TAP CHi KHOA HOC VLUTE |



\/LUTE JOUPn(]l ol[ Science E-:ggm gq gg:gggg

- Str dung hé sb &, = 1,08 dé ké dén anh te 0.2 s
huong cua cac khoi luong quay (nhu banh xe, Kexp 12 -
truc truyé’n d‘(f)ng) dén gia toc phanh. @ 0.8 -
¢ (Gia thiét vé qua trin}} phanh: ‘ 7 i 2.0 _
- Phanh trén duong thang va bang phang; u 04 _
. 4 . X 2 . ms >
- Gia thiét xe dat dugc gia toc phanh 6n dinh R, 1145103 m
bang 0,8g [6]. R 1175107 m
- Tro luc hoat dong t6t (R, = 4), nguoc lai a1 > 5 2’9 1 0-3 .
mat trg luc (R, = 1). A"” 1’02'10_3 -
- Khong xét dén céac anh hudng dao dong khi xhs —= =
phal’lh Amc 4,9.10_4 m2
- H¢ thong c6 @6 tré thoi gian 1a t, = 0,2 Ry 4 hodc | -
gidy trude khi luc phanh bat dau phat sinh. Ay 0,0392 m’
e Hé thong thuy luc va sy ma sat: Ay 0,0308 m’
- H¢ s ma sat (i,,,5): Pugc gia thiét 1a hang Yol 87,6 %
sO va bang 07,4 trong sudt qué trinh phanh, Yau 12,4 %
kh()pg thgy d‘éi tl}eo nhi¢t d§ hay van toc. I fixed 0.8%g /s
* Gid thi€t vé nhi¢thoc: 3 Bing 2. Dong nhiét trung binh (truéc)
- Gia thiét toan bd cong nang phanh bién . ) B ) Yo
thanh nhiét nang; m (kg) | qgp, Nm/m?s | qpe, Nm/m?.s Vo
He st hip i )it lmgsinhra 150 7 ge |l
dugc hap thy boi dia phanh va m4 phanh theo 1570 | 8393282244 118809,0181 | 7.06
ty 1¢ dugc tinh toan. ) 1630 | 871404,4622 123349,4901 | 7,06
¢ (Gia thiét kiém nghiém khi mat trg luc: 1690 | 903480,7001 127889,9621 7,06
- Gia toc phanh trung binh 6n dinh (MFDD) Bang 3. Dong nhiét trung binh (sau)
A 9 ‘y ”
khong dugc nho hon 2,44 m/s? [7]. (1?;) qi Nm/m?.s | g, Nm/m2.s %
_ . e A X N A . . dp
Gia toc chim dén trung b12nh 6n dinh dp: 1450 | 3533384155 50015,9401 | 7,06
_ Vb ~ Ve 1510 | 367959,3155 52085.5652 7.06
dm = 2592 (5. — 5,) (5) 1570 | 3825802154 54155,1903 7,06
. 176 \>e %D 1630 | 397201,1154 56224,8154 7,06
Trong do: 1690 | 411822,0153 58294,4405 7,06

Vo- Van toc ban dau cua xe (km/h); vy-
Van toc xe tai murc 0,8v,, (km/h); ve- Van toc
xe tai muc 0,1v, (km/h); sp,- Quang duong di

duogc gitta v, va vy, (m); se- Quang duong di

duoc gitra v, va v, (m). Hinh 3: Ma phanh / dia phanh (trudc)
Béng 1. Cac tham s6 trong mo hinh
Tén héng ) Gia tri Don vi - ‘
v, 120/3.6 m/s .
Vo kmn 80 km/h Hinh 4: Ma phanh / dia phanh (sau)
g 9,81 m/s? 2.1.3. Thuét toan mo hinh THLH
L 1,112 m
L, 1,588 m
L L+, m
T 0.325 m
hy 0,5 m
5 1,08 ;
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% Giia thiét& khai bao

8 1
| ——m = 1450 kg
7+ 1 ——m = 1510 kg
1 1 ~———m=1570 kg
——m=1630 kg

3 ———m = 1690 kg
For t = 0:d: 10
%o di - 0.01;
| Ff_hyd — hy (Fd): Fr_yd — by (Ed): | 5
i= 1.0 end, T(i) - ()

4 guess — 0 a_guess — lemp_a(end); -
0

@—» E4
res — struet (0[] G ‘@

resa{end* 1)
resT(iend | 1) = T(i); | T act =min(Ff hyd, Fzl * )i Fr_act = min(Fr hyd, F22 7 ¢); | 3

a_cale = function(F{_act, Fr_act);

2
Tv e 0 && = 17 abs(a_cale - a_guess
= 0.5, break; end < 104, break: )

a_puess = a_cale;

oTruy xudt gid tri cda ¢_end, (i)
¥iTinh todn m déng nhigt k2
3VE dd thi [[2% Lo di i vio ming, cip ot g i s hil ] 0 2 4 6 8 10

= t(s,
| % Tinli MIDD, v dé thi | ©

Hinh 9: Gia toc phanh
P
Hinh 5: Luu do gidi thudt mé hinh THLH . —

4500 ] = =Sau (m=1450 kg)

2. 1 .4. Két qué 4000 = Truoc (M=1510 kg)

= =Sau (m=1510 kg)

= Truoc (M=1570 kg)

O nhanh dau tién cua luu d6 (R, # 1), 00 ~ stk

= Truoc (M=1630 kg)

h h. A r h <7 h 7. A 1 h 3000 = =Sau (m=1630 kg)
thyc hién danh gia trang thai dong luc hoc - — Tne(r=t6s0 )
J v o, ¥ v v E oom = = Sau (m=1690 k)
r b 9 A A —_ . o
ua trinh phanh ¢ van téc vy = 120 km/h: om0
1500
KET QUA TRUY XUAT t_end & MAT DO DONG MHIET TRUNG BINH {g_avg) r
1000
m=1630kg | t=4.B85 | qf_f_avg=06L1440 | 2667 | qP_£ avg=121939 | gf_r_avg=55583 W/m2 L.m“‘“"’
we1690kg | to4.88 | 3 | | QP E avge126428 | qF s svg-57629 WimZ 0 :
0 2 4 6 8 10

p— t(s)
Hinh 6: Thoi gian ding phanh va mdt do Hinh 10: Luc phanh
dong nhiét trung binh

e —
- —— Truoo (m=1450 kg)
1400 | f—————— — =Sau (m=1450 kg)
—_—m= s 14 —— Truoc (m=1510 kg)
_m:};?g tg = = Sau (M=1510 kg)
- 1akg 1200 = Truac (m=1570 kg)
- b ~ Sau (m=1570 kg)
—— Yo —— Truoe (M=1630 kg)
n10y 1000 — —Sau (m=1630 kg)
T ——Truoo (m=1690 kg)
£ 800 [= =Sau(m=1690kg) |
o
5 =
£ 600
=
>
400
200
. | A= assos
0 2 4 6 8 10
= 4.880s te)

s s 1 Hinh 11: M6-men phanh

t(s)

= Truoc (m=1450 kg)
= =Sau (m=1450 kg)

90 - ; Truoc (m=1510 kg)
- | — —Sau(m=1510kg)
o - 1450 kg ~=Truoc (M=1570 kg)
——m=1510kg ~ —Sau(m=1570 kg)
———m= 1570 kg ——Truoc (m=1630 kg)
ol ——m=1630kg = =Sau(m=1630 kg)
——m = 1690 kg = TrUOC (M=1690 kg}
ol = =Sau (m=1690 kg)
= 50

s [m]

»
S

30

20 end =4.880s

b o 6 8 10
o = 4860 ,

% . . ‘ . 0 Hinh 12: Cong suat phanh

t(s)

Hinh 8: Quang dwong phanh
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8500

o et mse (kg) | MEDD (/5°2) | S phanh (m) | & end (s) | Ket luan
= Truoc (m=1510 kg) 1450 | 2.900 | 91.54 | 7.96 | DAT
5500 - -$EU(rr('=1511:739k)' 1510 | 2.785 | 95.07 | 8.27 | DAT
it 1570 1 2.678 | 98.60 | 8.59 | DAT
s000 &_ii‘;g?;lﬁ;%;gdg': 1630 | 2.580 | 102.13 | 8.91 | DAT
4500 - —Sau(m=1630kg) — 1690 | 2.488 | 105.65 | 9.23 | DAT
z 2000 : - _;;“:(‘;T:ﬁ‘::‘;g")m_ >> SCREATED BY: VO HUYNE PHI / VINE LONG
S i Hinh 17: Két qua kiém nghiém
00 eTrTTTTTRR Gia toc phanh trung binh 6n dinh & tat ca
2500 '3 _________ t truong hop trong dai khoi lugng khdo sat ctuia
an ZTRRERRRS xe déu cho ra gid tri 16n hon 2,44 m/s? va dat

0 2 ’ " e 5 10 quy dinh UN R13H; ‘ ’
Hinh 13: Tai thang ditng trén mot banh xe Quang duorngv P ha{1h t’an% dan theo khoi
luong xe trong dai khdo sat tang;

Thoi gian phanh ting dan theo khéi lwong
xe trong dai khao sat tang;

Khoéng c6 truong hop nao tang hay giam
dot ngot.
2.1.5. Két qua md phong mo hinh nhiét 46 dia
phanh va ma phanh (m = 1690 kg)
50 L e Pia phanh (trudc):

250

200 f:

150

F,N]

100

t(s)

Hinh 14: Lyc dap phanh

Truoc (m=1450 kg)

70 F ! = =Sau (m=1450 kg)
1 Truac (m=1510 kg)

_________ ] = =Sau (m=1510 kg)
60l = = = = = === Truoe (m=1570 kg)

———————— Sau (m=1570 kg)
________ = Truoc (m=1630 kg)

a- Mat ngoai

sorw = =Sau (m=1630 kg)
= ~———Truoc (m=1690 kg)
E. 40 = = Sau (m=1690 kg)
o

30

20

10
[ —— 4.880s
) L

° z Ce : 0 b- MGt cat
Hinh 15: Ap sudt dau phanh Hinh 18: Dia thong gio
Qua trinh kiém nghiém duoc thuc hién ~ © Ma phanh (trudéc):
trén mot nhanh khac cua luu dd gidi thuat, —
vp = 80 km/h:

35
3
25 Jo :
i
i
_ i ’ ~ . A ’
g 2 e — ! a- Lop vat lieu ma sat
£ ——m=1450kg (d, =2.90) I ~ -
£ |
=15 ——m=1510kg (d_=2.79) i
| m :
m=1570kg (d, =2.68) |
I
——m=1630kg (d, =2.58) i
i
! ——m= 1690 kg (d, = 2.49) I
i
== =Theo UN R13-H !
0.5 i
|
i
7.95876191835
0 )
0 2 4 6 8 10
t(s)

Hinh 16: Gia toc phanh kiém nghiém c- Mat diing
Hinh 19: Nhiét do tai ma phanh truéc
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Cac két qua cho thay nhiét do phat sinh ma sat bé mit cia ma phanh va dia phanh
trong truong hgp khac nghiét nhat (= nam trong vung 6n dinh [8].
222°C), day la ngudng nhiét do cho phép su

3. KET LUAN

Nghién ctru da thiét 1ap mé hinh thuat toan kiém nghiém dya trén mdi lién hé dong luc hoc
hé théng phanh va dong luc hoc phuong tién. Vi diéu kién bién la trang thai phanh tdi wu, mod
hinh cho phép xéac dinh cac thong s6 van hanh cling nhu dy bdo trang thai lam viéc cua cac
thanh phén trong hé théng phanh co - thuy luc. Pay la cong cu hd tro hitu ich trong vi¢c tdi wu
hoa thiét ké, an toan trong viéc danh gia so bo kha ning dap g cua cac vat liéu ma phanh moi
vé tinh dap tng nhiét do hoat dong trong diéu kién phanh khan cip (a = 0,8g). Vicc t61 wu hoa
cac ddc tinh co hoc nay con tao nén tang 6n dinh cho cac hé thong diéu khién dién tir, gitip nang
cao d6 chinh xac va kha ning phan hdi cta cac thudt toan diéu khién phanh hién dai.

Quy trinh kiém nghiém dugc xay dung theo hai huéng tuong ho xac lap thong s tir didu
kién t6i wu va thim dinh hiéu qua co cau dua trén tiéu chuan qudc te UN R13-H. Su két hop
nay thiét lap mét chu trinh t6i wu hoa 1y thuyét, hoi tu vé bo thong s6 két cAu va van hanh phu
hop, gop phan nang cao do bén co hoc va dinh hudng giam thiéu chi phi trong giai doan phat
trién san pham.

TAI LIEU THAM KHAO

[1]. Duwong Tuin Tung, Huynh Phudc Son, H6 Duong Duy Anh, va Ngo Quang Thanh,
"Nghién ctru md phong hé thong phanh tai sinh dya trén chu trinh 1ai xe thyc t&," Tap chi
Khoa hoc Giao duc Ky thudt - Truong Pai hoc Sw pham Ky thudt Thanh phé Ho6 Chi
Minh, ISSN: 1859-1272, 56 76, tr. 76-85, thang 4, 2023. DOI: 10.54644/jte.76.2023.1271.

[2]. Ngb Quang Thanh va Duong Tuan Tung, "Nghién ctru tinh toan mé phong hé théng phanh
tai sinh trén xe Plug-in Hybrid", Tap chi Khoa hoc Gido duc Ky thudt, tr. 1-11, 2025,
ISSN: 1859-1272. DOI: 10.54644/jte.2025.1824.

[3]. Zeina Ammar, Mahmoud Adly, Somia Yassin Hussain Abdalakrim, va Sherif Mehanny,
"Incorporating date palm fibers for sustainable friction composites in vehicle brakes",
Scientific Reports, tap 14, sb 1, bai s6 23204, nam 2024. DOI: 10.1038/s41598-024-
73275-1.

[4]. Nguyén Thanh Truong Giang (2022), Nghién citu anh hieong ciia cdc théng sé dén
hiéu qua phanh o6 to dién Tesla Model 3, Luan van Thac s7 K¥ thuat co khi, Truong
bai hoc Su pham K¥ thuat Vinh Long, Vinh Long.

[5]. Phan Thao My (2023), Xay dung mé hinh mo phong nghién ciru hiéu qua phanh
cua o to dién, Luan van Thac si Ky thuat co khi, Truong Pai hoc Su pham Ky thuat
Vinh Long, Vinh Long.

[6]. Bo Giao thong vén tai (2015), OQCVN 09:2015/BGTVT: Quy chudn kj thudt quéc gia vé
chat lirong an toan ky thudt va bdo vé méi trieong doi vi xe 6 t6, Ha Noi.

[7]. United Nations (2018), UN Regulation No. 13-H: Uniform provisions concerning the
approval of passenger cars with regard to braking, Revision 4.

[8]. A.A. Yevtushenko and P. Grzes, "Initial Selection of Disc Brake Pads Material based on
the Temperature Mode," Materials, vol. 13, no. 4, p. 822, Feb. 2020, doi:
10.3390/ma13040822.

[9]. PGS. TS. Cao Hung Phi (2012), Nhiét kj thudt, Nha xuat ban Gido duc Viét Nam, Ha Noi.

[10]. TCVN 5658:1999 (1999), Phuwong tién giao thong dwong bg - Hé thong phanh - Yéu cau
ky thuat, B Khoa hoc va Cong ngh¢.

TAP CHi KHOA HOC VLUTE |



\/LUTE Joupnol ol[ Science E-:ggm gq Sg:gggg

[11]. TCVN 9595-3:2013 (2013), DG khéng dam bdio do - Phan 3: Huéng dan trinh bay do
khong dam bao do (GUM:1995), B Khoa hoc va Cong nghé.

[12]. Rudolf Limpert (1999), Brake Design and Safety, 2nd edition, Society of Automotive
Engineers (SAE), Warrendale, PA, USA.

[13]. Sivakumar Sarip (2011), Lightweight friction brakes for a road vehicle with regenerative
braking, Ph.D. dissertation, School of Engineering, Design and Technology, University
of Bradford, UK.

[14]. Thomas D. Gillespie (1992), Fundamentals of Vehicle Dynamics, Society of Automotive
Engineers (SAE), Warrendale, PA, USA.

[15]. William C. Orthwein (2004), Clutches and Brakes: Design and Selection, 2nd edition,
Marcel Dekker, Inc., New York, NY, USA.

[16]. Jo Yung Wong (2008), Theory of Ground Vehicles, 4th edition, John Wiley & Sons,
Hoboken, New Jersey, USA.

TAP CHi KHOA HOC VLUTE |




   J p


  2  F  Z 1 =   m . g L .  (  l 2 +    J p .  h g g )                     ( 1 )


    2 F  Z 2 =   m . g L .  (  l 1 −    J P .  h g g )                     ( 2 )
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    R  b


    A  f


    A  r


    𝛾   q R  ′ ′


    𝛾   q P  ′ ′


    j  p _ f i x e d


    𝐪  𝐑 𝐟  ′ ′


    𝐍 𝐦    𝐦  𝟐 . 𝐬


    𝐪  𝐏 𝐟  ′ ′


    𝐍 𝐦    𝐦  𝟐 . 𝐬
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    R  b ≠ 1


   v 0 = 120   km / h
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  m   = 1690   k g


   ( ≈ 222 ℃ )
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