NGHIEN CU’U - TRAO BOI

NGHIEN CU'U TOI UU HOA THIET KE KET CAU DIA PHANH
THEO PHUONG PHAP THIET KE THY'C NGHIEM

RESEARCH ON OPTIMIZING BRAKE DISC STRUCTURE BASED ON DESIGN OF
EXPERIMENTS CONCEPT

Téng Minh Hai', Nguyén Giang Nam?, Tran Trong Pat?, Trwong Ding Viét Thing>"
'Truong Cao dang Cong nghiép Nam Dinh
*Pai hoc Bach Khoa Ha Noi
*Email: thang.truongdangviet@hust.edu.vn

TOM TAT

Hé thong phanh dia ding ma st dé chuyén dong ning ciia xe thanh nhiét, vi vy dia phanh
can vira chiu nhiét tot, vira dam bdo dg bén trong thoi gian dai. Nghién civu nay phdn tich nhiét sinh
ra khi phanh trén ba vat lieu: gang xam, thép khong gi va nhom, sw dung mo hinh 3D va mo phong
tinh toan. Bé t6i vu héa thiét ké, cong cu tham s6, thiét ké thir nghiém dwoc thuc hién va phan tich
do nhay dwoc ap dung. Diéu chinh cdc tham sé thiét ké nhuw do day dia, hinh dang canh tan nhiét
va qudn tinh quay giip dat cau hinh dia t6i wu vé nhiét do va khoi lwong. Nghién ciru xem xét cdc
dwong dan dan nhiét, hiéu vmg doi luu va bire xa, nham hiéu ré sw phdn bo gradient nhiét va img
suat. Panh gid co h¢ théng xdc dinh su két hop vat lieu-hinh hoc 10t nhat, can bcfng tinh chat nhiét-
co hoc, tang do tin cdy va giam chi phi bao tri. Két qua cho thdy thép hop kim vieot tréi vé tan nhiét
va trong leong. Nghién ciu nhan manh tam quan trong cia vt liéu phit hop cho hiéu sudt phanh
va dé tin cdy, cung cap hudng dan cho ky sw va nha san xudt trong nganh 6 t6.

Tir khoa: 76i wu héa; Pia phanh; T hiét ké thuc nghiém; Phan tich nhiét; Giam khoi luong.

ABSTRACT

Disc brake systems utilize friction to convert a vehicle's kinetic energy into thermal energy,
necessitating brake discs with high thermal resistance and long-term durability. This study
investigates the heat generated during braking across three materials: gray cast iron, stainless steel,
and aluminum, employing 3D modeling and computational simulations. For design optimization,
parametric tools, design of experiments (DoE), and sensitivity analysis were implemented.
Adjustments to design parameters, such as disc thickness, vane geometry, and rotational inertia,
facilitated the attainment of optimal disc configurations concerning temperature regulation and
mass reduction. The research considered conductive pathways within the rotor and convective and
radiative effects to elucidate thermal gradient and stress distributions. A systematic evaluation
identified the most promising material-geometry combination, balancing thermal and mechanical
properties to enhance system reliability and minimize maintenance costs. The results highlighted
the superior thermal dissipation and lower overall weight of 45 steel. This study emphasizes the
significance of material selection for robust braking performance and mechanical reliability,
providing valuable insights for engineers and manufacturers in the automotive industry.

Keywords: Optimization,; Brake disc; Design of experiments, Thermal analysis, Mass reduction.
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1. PAT VAN PE

Dia phanh 1 mot thanh phan quan trong
trong hé théng phanh 6 t6, thuc hién nhiém vu
chuyén doi dong niang thanh nhiét ning thong
qua ma sat voi ma phanh trong qua trinh gidam
tdc. Nganh 6 t6 ngay cang chu trong hon téi an
toan, hiéu suit va phat trién bén virng, do do
viéc cai tién thiét ké dia phanh tré thanh huéng
nghién ctu dang quan tam. Mot trong nhitng
thach thuc 16n hién nay la vira phéi cai thién
kha ning tan nhiét, vira giam dugc khdi luong
dia phanh. Diéu nay dic biét can thiét v6i cac
loai xe tc d6 cao va xe dién, vi hé théng phanh
ctia ching thuong xuyén chiu nhiét d6 rat cao
va phai dap ung yéu cau nghiém ngit vé trong
lugng.

Trong quéa trinh phanh, luong nhiét
dang ké duoc sinh ra tai giao dién gitra dia
va ma phanh. Néu khong dugc tan nhiét hiéu
qua, lrong nhiét nay c6 thé dan dén hién tuong
mat phanh (brake fade), niit nhiét va ting do
mai mon, lam anh hudng dén hiéu suét va an
toan cua hé théng phanh [1], [5]. Vat liéu dia
truyén thdng nhu gang xam, mic du hiéu qua
chi phi va bén, lai nang va co6 hiéu suat nhiét
han ché [2]. Do d6, ngay cang ¢ su quan tim
dén céac vat lidu thay thé nhu vat liéu composite
carbon-carbon, vat liéu composite nén kim loai
(MMCs) va carbon-silicon carbide (C/SiC),
mang lai céc tinh chét nhiét va co hoc vuot troi
véi trong luong giam [3], [10].

Nhing tién by gan day trong cac cong
cu tinh toan nhu Phén tich Phan tt Hitu han
(FEA) va Bong luc hoc Chat long Tinh toan
(CFD) da cach mang héa phuong phap tiép can
thiét ké dia phanh, cho phép mo phong chi tiét
vé hanh vi nhiét, phan bd ung suat va ludng
khong khi cho cac két cau thong gio [1], [4],
[8]. Hon nita, cac k¥ thuat nhu t6i wu hoa topo

va thiét ké tao sinh cho phép cac cdu hinh két
cau sang tao, giam thi€u vi¢c sir dung vat li¢u
trong khi van gilr dugc tinh toan ven co hoc [4],
[12].

Nghién ctru nay tap trung toi wu hoa két
cAu dia phanh, tap trung dua vao céc co ché tan
nhiét, phuong phap mo phong, d6i méi vat ligu
va thiét ké thuc nghiém. Muc tiéu 14 téng hop
kién thtc hién tai va xac dinh cac hudng di cho
nghién ctru trong twong lai nhiam dat duoc cac
muc tiéu kép vé hiéu suat nhiét va giam trong
lugng.

2.CO SO LY THUYET

Phuong phap thiét ké thuc nghiém
(Design of Experiments - DoE) 1a mgt cong
cu manh mé trong ky thuat va khoa hoc, dugc
str dung dé toi uu hoa qué trinh, danh gia anh
huong ciia cac yéu t6 dau vao 1én dau ra, va
giam thiéu s6 luong thi nghiém céan thiét. Khi
két hop voi phan mém Ansys OptiSLang, DoE
tré thanh mot phuong phap hiéu qua dé phan
tich va t6i wu hoéa cac mo hinh k¥ thuat phic
tap. Trong thiét ké dia phanh, DoE két hop véi
Phén tich phan tr hitu han (FEA) va cac thuét
toan t6i uu hoéa trong ANSYS OptiSLang, cho
phép kham pha khong gian thiét ké mot cach
hiéu qua va tim ra cau hinh tdi uu nhim can
béng gitra hi¢u suét tan nhiét, do bén co hoc, va
giam khdi luong.

DoE dua trén viéc xdy dung mot tap
hop cac thi nghiém c6 hé¢ théng nham xac dinh
mbi quan hé giita cac bién dau vao (factors) va
dau ra (responses). Mot trong nhitng mé hinh
phd bién nhit 1d mo hinh héi quy tuyén tinh
[13], co dang:

V= Byt Bx+ Box,+ Buoxx,te (D)

Trong do:
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- y: Bién dau ra (response);

- X, X,: Cac bién dau vao (factors), nhu
nhi¢t do, ap suat;

- B, Hang so (1pter\cept); 7

- B, B, Hé scj) hoi quy biéu thi anh
hudng cua tirng bién dau vao;

-B.: H@ SO tU~:0'ng ‘Fac giua X, va X,;

- €: Sai s0 ngau nhién.

Muc tiéu cua DoE la xac dinh cac gia
tri B thong qua viéc thuc hién mot sb luong gidi
han céac thi nghi¢m dugc thiét ké can than, thay
vi thir tat ca cac to hop co thé. Mot quy trinh co
ban bao gém: Xac dinh bién dau vao va dau ra,
ngudi ding dinh nghia cc tham sb can nghién
ctru (vi du: chiéu dai, goc nghiéng) va két qua
mong mudn (vi du: ing suét t6i da); Chon thiét
ké thi nghiém: OptiSLang hd trg nhiéu phuong
phép nhu Full Factorial, Central Composite
Design (CCD), hodc Latin Hypercube
Sampling (LHS). Vi du, v61 CCD, ) lugng thi
nghiém duoc tinh bang: N = 2% + 2k + n, trong
d6 k 1a s6 bién dau vao, nc 1a s6 diém trung tim
bd sung; Chay md phong: OptiSLang tu dong
guri cac to hop tham sé dén Ansys Workbench,
thuc hién mo6 phong va thu thap dir li¢u déu ra;
Phén tich két qua: Phan mém xay dung bé mat
phan hoi (response surface) dwa trén dit lidu.
DoE sé& xay dung mot mo hinh x4p xi cho ham
f(x)/ bang cach ldy mau thiét ké thong minh tir
khong gian thiét ké duoc goi 1a mé hinh bé mat
phan hdi (Response Surface Model).

Mo hinh § ding dé thay thé mo phong
thuc té, giup giam thoi gian va tai nguyén
tinh todn. Phan tich d¢ nhay va xay dung mo
hinh thay thé sau khi c6 dir liéu mo phong,
OptiSLang sé€ tao mo hinh thay thé va thuc hién
phan tich d nhay S, cua bién dau vao X,

S _ Varx,- [Ex~i (y | xi]
a Var(y)

2)

Trong do:

- Var(y) 1a phwong sai tong thé cua dau
ra;
-x~1ila té‘g ca cac bién trur X
-5 cho bi€t murc d§ anh hudng cua x,
to1 bién dau ra.

3. XAY DUNG MO HINH
3.1. M hinh CAD va FEA

M6 hinh CAD (Computer-Aided
Design) cua dia phanh 6 t6 dugc xay dung
nham mé phong chinh xac hinh hoc thuc té,
dong thoi cho phép thay ddi cac tham sb thiét
ké dé phuc vu phan tich t6i uu hoa.

'h_l 'h”

Hinh 1. M6 hinh CAD va FEA dia phanh 6 t6 con.

M6 hinh phan to hru han (Finite
Element Model - FEM) duoc phat trién trong
Ansys Workbench dé moé phong qua trinh
truyén nhiét cia dia phanh trong diéu kién
phanh thuc té. Ludi phén tir httu han duoc tao
bang cach sir dung cac phan tir tetrahedron va
hexahedron, vé1 kich thudc luéi nhdé hon &
ving gan 15 thong gié va bé mit tiép xuc nhiét
dé tang d6 chinh xac. Pia phanh duogc gan cac
thudc tinh vat li¢u khéc nhau (gang xam, thép
hop kim, hodc composite gdm), véi cac tham
s6 hinh hoc theo Béang 1 va thong sb vat liéu
theo Bang 2.
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Bdng 1. Tham sé hinh hoc dia phanh 6 t6

Théng s6

Gi4 tri

Puong kinh ngoai

300 mm

Do day dia

25 mm

Puong kinh trong

160 mm

S6 luong 15 thong gio

3016

Puong kinh 16 thong gid

10 mm

Bang 2. Tham $6 cdc vat liéu sir dung trong

mo phong
R ; Gang xam (Gray Thép hep kim Composite gdm .
Thong so Cast Iron) (Alloy Steel) (Ceramic) bonvi
Do dan nhiét (k) 50 100 W/m.K
Nhiét dung riéng 500 800 Jke K
(©)
Mat do (p) 7200 3200 kg/m?®
Nhiét d6 nong chay 1220 2200 °C
bo glar(‘ar;" nhiét 11 x 10° 12 % 10° 4% 10° /K

3.2. Piéu kién bién va rang bujc

Xac dinh diéu kién bién (Boundary
Conditions): Tai nhi¢t (Heat Generation) dugc
thiét 1ap tai ving tiép xuc gitta ma phanh va
dia phanh, trong phanh dua trén cong thirc
tinh nang luong sinh. Hé s6 truyén nhiét d6i
lru (Convection) duoc 4p dung cho cac bé mit
ngoai dé moé phong qua trinh tan nhiét qua moi
truong khong khi. Diéu kién nhiét ban du xac
dinh nhiét d6 ban dau cta hé thong (thuong 1a
nhiét d0 moi truong). Dong nhiét sinh ra tir ma
sat tai dia phanh:

0
=— 3
i ©)
Trong d6, Q 1a dong ning ban dau (J); i
1a s6 lwong phanh dia, t 1a thoi gian phanh (s).

Thiét 1ap thong sb phan tich nhiét theo thoi gian
(Transient Thermal Analysis) xac dinh khoang
thoi gian phan tich va budc thoi gian dé theo
ddi sy thay doi nhiét do theo timg giai doan.
Thiét 1ap phuong phép giai quyét bai toan dé
dam bao do chinh xac va téc do tinh toan phu
hop. Thiét 1ap diéu kién bién va rang budc cho
phanh dia dugc thyc hién trong moi trudng mo
phong dugc minh hoa qua Hinh 2.

Hinh 2. Thiét lgp diéu kién bién va rang bujc ciia
mo hinh dia phanh
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3.3. Xdac dinh muc tiéu va cac bién

Muc tiéu: Toi uu hda hiéu suét tan nhit
ctia dia phanh, duoc danh gia qua nhiét do toi
da (T_, ) trén dia phanh trong qua trinh phanh
(glam Tmax dé ting hiéu suét tan nhiét). Bién
dau vao (Factors): Hinh hoc: Do day dia (t);
Vit liéu: Loai vat li¢u gang xam, thép hop kim,
composite gbm dugc dic trung boi 6 dan nhiét
(k) nhiét dung riéng (c), va mat do (p). Bién
dau ra (Response): Nhiét do toi da (T tréndia
phanh).

4. KET QUA VA THAO LUAN

Phan tich nhiét tam thoi (Transient
Thermal) cua dia phanh 6 t6 7 chd di duoc
thuc hién trong Ansys Workbench dé danh gia
hiéu suit tan nhiét cia ba vat liéu: gang xam
(gray cast iron) thép hop kim (alloy steel), va
composHe gom (ceramic). M6 phdng gia dinh
khoi hr(mg xe toan tai la 2200 kg, véi vén tdc
ban dau lan luot 1a 50 km/h (13,89 m/s) va 80
km/h (22,22 m/s), giam déu vé 0 trong thoi gian
phanh tuong tng la 3 gidy va 4 gidy qua Hinh 3
cho truong hop van téc 50km/h.

Gang xam Thep 45 Hop kim nhom
Hinh 3. Két qua phan tich nhiét phanh dia voi van
toc 50km/h

Quy trinh téi uu hoa trong OptiSLang
bat dau béng viéc xac dinh cac tham sb thiét
ké quan trong trong CAD va CAE, bao gém
kich thuéc hinh hoc, dic tinh vat liéu va diéu
kién bién ctia mo hinh. Sau do, cac muc tiéu
tdi wu hoa duge thiét lap, chéng han nhu giam

bién dang, giam khdi lugng hodc tang do bén.
Qua trinh t6i wu hoa da muc tiéu dugc thuc hién
trudc dé tim ra tap hop céc giai phap kha thi
(Pareto Front), sau d6 t6i wu hoa don muc tiéu
gitip Iyra chon thiét ké tdi wu nhét theo tiéu chi
wu tién. Két qua ti wu duge ap dung lai vao mo
hinh CAD va CAE dé kiém tra, xac thuc, dam
bao thiét ké cudi cung dat hi¢u suét tdi uu theo
cac ti€u chi da dat ra & Hinh 4.

Hinh 4. Quy trinh t6i wu héa

Sau khi tao bé mat phan hdi, phan mém
st dung thuat toan dé tim ra thiét ké tdi vu nhat
theo cac tiéu chi dit ra. Nho bé mit phan hoi,
qué trinh xtr 1y va khao sat cac diém thiét ké
dién ra nhanh chong ma khéng can st dung bd
giai dé thuc hién phan tich FEA cho timg diém
thiét ké theo Hinh 5.

vy il s L e Ao - - n
S s e O b e v e

=0 I =0 | &

Hinh 5. Két qua thiét ké dia phanh theo DoE

Biéu d6 két qua thiét ké thuc nghiém
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hién thi lich st ctia gia tri muc tiéu qua tt ca
cac thiét ké trong qua trinh t6i wu hoa. Cac diém
mau xanh 14 biéu thi nhiing thiét ké thoa man
tat ca cac rang budc, trong khi cac diém mau do
dai dién cho nhiing thiét ké vi pham rang budc
hodc that bai. Puong mau xanh duong thé hién
xu hudng hoi tu ctia qua trinh tbi wu, cho thiy
su cai thién dan dan cua gia tri muc ti€u theo
cac thiét ké dugc danh gia. Viéc hién thi lich
s nay gitup ching quan sat dugc sy phan tan
cua céc thiét ké, theo ddi tién trinh t6i wu va
xac dinh xu huéng hoi tu vé thiét ké t6t nhat.
Qua biéu dd nay, ta thay thiét ké 295 dugc phan
mém dénh gia 1a thiét ké tdi wu nhat theo cac
tiéu chi da dé ra.

Dia phanh dé xuat c6 duong kinh ngoai
khoang 280-320 mm giup tang dién tich tan
nhiét, véi duong kinh trong 140-170 mm bdo
dam vira ludng khi vira dién tich ma sat hitu ich.
b0 day dia khoang 18-25 mm di manh dé chiu
nhiét ma khong qué nang. Vé vat lidu, gang xdm
pho bién, gia thap, tan nhiét & muc trung binh;
thép hop kim cho nhiét do toi da giam 22-36%
so vOi gang xam trong moé phong; composite
gém siéu nhe, tan nhi¢t vuot troi nhung gia
thanh cao. Muc tiéu chung la can bang giita d6
bén co hoc, hiéu suit tan nhiét va khoi luong dé
cai thién tudi tho va an toan phanh.

5. KET LUAN

Nghién ctru da ap dung phuong phép
Thiét ké Thuc nghiém (DoE) trong Ansys
OptiSLang dé t6i wu hoa két cdu dia phanh 6
t6 con 7 chd, tap trung vao hiéu suat tan nhiét
voi ba vat ligu: gang xam, thép hop kim, va
composite gém, tai van toc ban dau 50 km/h va
80 km/h. Két qua mo phong nhiét tam thoi cho
thdy thép hop kim dat hiéu suat téi wu, giam
nhiét d6 t6i uu tir 22-36% so voi gang xam va
composite gbm, va kich thuéc dia phanh c6

chiéu day t6t nhat 1a 18mm. Phuong phap DoE,
thong qua thiét ké Central Composite Design,
da xac dinh cac tham sb hinh hoc do day va vat
liéu chon cho dia phanh 6 t6. Viéc tich hgp DoE
v6i Ansys OptiSLang khong chi giam sb lwong
thi nghiém can thiét ma con cung cip bé mait
phan hoi chinh xac dé dinh hudng thiét ké t6i
wu. Nghién ctru nay khang dinh hiéu quéa cua
DoE trong t6i uu hoa két cdu dia phanh, dong
thoi mé ra hudng tiép can méi cho cac phan
tich da muc tiéu, bao gé)m do bén va chi phi san
Xuét, trong cic nghién ciru tuong lai. <
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