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Tém tit. Hién nay da sé xe 6 t6 du lich thuong sir ~dung phanh dia vi co c4u nay mang lai su an toan va
hoat dong nhanh chong. Trong qua trinh xe di chuyén, dia phanh hoat dong lién tuc nén dé bi thay doi do
bén so v&i ban dau, vi vdly cac nha san xudt can lwa chon vét liéu ché tao dia phanh cho phu hop va gia ca
hop 1y. Phuong phap phan tir hitu han dugc 4 ap dung dua trén Ansys dé phan tich ing suat va bién dang dia
phanh thuy lyc dung cho xe du lich img voi céc loai vat 1iéu. M hinh phén tich 3D cuia dia dugc xay dung
bang phan mém SolidWorks. M6 phong cho thiy thép két cu (Structural steel) co ing suét, bién dang lan
luot 1a 48,778 MPa va 0,078082 mm phu hop ding dé 1am dia phanh. Két qua nay phuc vu cho cong tac
nghién ctru cai tién dia phanh hodc cho cic nha ché tao hé thong phanh 6 t6.
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1  GIOI THIEU

Trong thoi dai cac nude déu di theo xu thé hién cong nghiép hoa hién dai hoa nhip song ciing sy phat trién
dang ngay mot tang cao. Chinh vi thé phuong tién giao thong noi chung Va dac biét 6 to noi rieng da va
dang 1a phuong tién dap tng nhu cau di chuyen cling nhu van chuyén chi yéu cta con ngum Toc do tang
truong cla nganh cong nghé 6 t6 dang dlen ra vuot bac, 1a rnot nganh mili nhon ciia mot sé qubc gia. Vay
doi hoi yéu cau ky thudt cing vai cac yéu cdu vé an toan dang can dugc phat trién hon. Va mot trong nhiing
hé thdng quan trong nhat dam bao an toan trén 6 t d6 1a hé thdng phanh. Hé thong phanh lién quan truc
tiép dén d6 an toan, niém tin ciia nguoi dung dén hang xe. Ngay nay co rat nhiéu cong trinh khoa hoc nghién
ctru vé hé thong phanh rat nhiéu. Cu thé 1a cic tac gia [1] da str dung phwong phap phan tir hitu han thong
qua Ansys dé phan tich ro-to dia phanh tuong tng v6i bon loai vat liéu duoc liét ké trong cong trinh, két
qua cho thay vat liéu cac-bon com-po-sit (Carbon composite) ding lam dia phanh tan nhiét nhanh hon, ma
sat tot va nhe hon so voi gang xam (Grey Cast Iron). Trong nghién ctru [2] ciing da sir dung nhiéu loai vat
liéu dung cho dia phanh loai c6 va khong c6 15 thong hoi dé khao sat timg sudt, nhiét do va chuyén vi bang
Ansys, tir 46 cho thay hop chat ma tran kim loai nhom 1a vat liéu t6i wu nhat. Twong ty trong nghién ctru
[3], cac tac gia ciing dwa ra cac dang hinh dang méu cit dia phanh khac nhau dé xem xét sy phan bd nhiét
d6 khac nhau trong qu4 trinh phanh bing Ansys va ciing cho thiy dugc sy thay d6i phanh tang tréng bing
phanh dia dat hi€u qué hon. Céc tac gia [4] da tinh todn hanh trinh phanh ctia dia phanh va anh hudéng cta
lyc tac dong va luc ma sat dén hiéu qua phanh bang Ansys tng céac loai vat liéu khac nhau. Hodc cac dang
hinh hoc dia phanh c6 thé thay dbi khac nhau dé giam trong lwong dugc xay dung tir phin mém AutoCAD
va phan tich mo phong nhiét bang Ansys dé xac dinh duoc hinh dang dia phanh t6i wu vé nhiét hon so véi
dia phanh ban dau [5], tir d6 giam duoc chi phi san xuat. Dién hinh nhu trong nghién ctru [6] st dung dia
phanh dugc thiét ké c6 15 théng gié bén trong dé phan tich cu triic nhiét va Gmg sudt bang Ansys khi co su
tiép xuc giira dia phanh va ma phanh xay ra dé khang dinh sy phu hop véi cac két qua nghién ctru trude do.
Bén canh d6, dia phanh c6 16 thong glo cling dugc d& cap dén trong nghién ctu [7], céc tac gia da dung
phin mém Autodesk Inventor thiét k& mé hinh 3D dia phanh nay, téng cong tic gia da dua ra sau loai dia
phanh véi cac hinh dang khac nhau dé danh gi4 ing sut va bién dang cta ching, tir d6 so sanh céc gia tri
va x4c dinh dang hinh hoc nao 1a tot nhit. Trong bai bao [8], cac tac gia cling xem xét dén anh hudng cia
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cic méa phanh khi chiing tic dong dén dia phanh, khi d6 s& phan tich tmg suat va bién dang cua dia phanh
trong cac truong hop hé sb ma sat va toc do khac nhau. Nghién ciru [9] phan tich nhiét dugc sinh ra trong
qué trinh phanh ctia xe 6 to dién bang Ansys nham danh gi4 hiéu suat phanh ciia dong xe nay.

Hé théng phanh hién nay rat nhiéu nha khoa hoc quan tam va luén luon tim moi bién phap dé cai tién hodc
nang cao hiéu qua trong qua trlnh sir dung. Tuy nhién van ton tai s6 it nghién ctru van chua di sau vao su
bién dang ctia dia phanh vi néu bién dang qua 16n c6 thé dan dén dia phanh bi dao va lam cho hi€u qua
phanh giam. Trong bai bao nay trinh bay mot dang hinh hoc dia phanh dic gan giong véi thuc té dia phanh
trén 6 td du lich duoc xay dung bang SolidWorks va 4p dung Ansys phan tich phan tir hitu han tmg véi cac
loai vat liéu khac nhau dwoc d& xuit dé so sanh cac gia tri chuyén vi (bién dang) va mg suat. Diéu nay
nham xac dinh duoc loai vat liéu phu hop dé ting do bén cho dia phanh.

2 XAYDUNG MO HINH

Bai nghién ctru tép trung vao dia phanh ctia dong xe Kia Pride. Cac thong sb kich thudc ciia dia phanh duoc
thé hién trong hinh 1. M6 hinh 2D va 3D cua dia phanh dugc xay dung bdi phan mém SolidWorks nhu sau:
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Hinh 1: M6 hinh 3D dia phanh va céc théng s kich thugc
Do bén va tudi tho cua dia phanh thay luc trén 6 t6 chiu anh hudng tir nhiéu yéu t§ khac nhau. Vi vay

nghién ctru lua chon loai vat liéu ché tao dia phanh la rat can thiét. Thong s6 mot s6 vt liéu duoc dé xut
tuong tu nhu cac nghién ctru [10-14] phan tich d bén ctia dia phanh dugc trinh bay trong bang 1 nhu sau:

Bang 1: Gid tri co ban cua vat liéu dung dé md phong

Vat licu Khoéi lwong riéng H_é: ) Suat Young | Hé s6 ma

O (kg/m?®) Poisson (GPa) sat
Gang xam 7200 0.27 120 0.4
(Gray Cast Iron)
Titan 4480 0.31 116 0.32
(Titanium)
Hop kim nhém 2700 0.33 71.7 11
(Aluminum Alloy)
Hop kim dong 8900 0.37 135 0.53
(Copper Alloy)
Thép két cau 7850 0.3 200 0.3
(Structural Steel)
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3 KET QUAMO PHONG
Dia phanh trén xe 6 t6 c6 nhidu 15 nho dé gin cac bu-16ng vao banh xe va cac vi tri goc canh dugc bo tron
nén hinh dang kha phirc tap, vi vay trude khi phan tich phan tir hitu han, nghién ctru phai chia nho céac vi
tri trén dia phanh dé phén tich, qua trinh nay goi 1a chia luori mo hinh [15]. Péu tién tir m6 hinh 3D cua
Sodeorks san phdm nay duoc chuyen sang Ansys dé tién hanh budc chia ludi trén toan bo dia phanh,
ciu tric ludi sir dung phan tir tir dién gdm c6 25732 nut va 14896 phan tir tvong tu nhu trong [12], sau d6
luc tac dong dugc dat vao dia phanh 1a 1 MPa [8] dugc trinh bay trong hinh 2 nhu sau:

Q00 0200 0.400(m)
N —
Q100 0300

Hinh 2: M6 hinh chia luéi va dat luc cua dia phanh
Sau khi qué trinh chia luéi va dat luc tac dung vao dia phanh dugc thyc hién, tng dung Ansys phén tich
phan tr hitu han dé xac dinh chuyén vi (bién dang) va tng suat cua dia phanh, tir d6 xac dinh vat li¢u phu
hop dé ché tao thong qua cac hinh anh sau:

Dbi véi vat lidu gang xam (Gray Cast Iron):
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Hinh 3: Bién dang va tng suit cua dia phanh gang xdam

Hinh 3 chi 15 dia phanh bi bién dang 0,14479 mm, sy bién dang nho nhit nim & phin hinh tron tdm dia sau
d6 16n dan ra phia ngoai mép dia phanh va chiu ing suat cuc dai 1a 48,853 MPa, ing suat nay nguoc lai 1a

giam dan tir tim dia ra dén ngoai mép dia phanh. Cac vat liéu khac ciing c6 sy bién ddi twong tuw nhu vat
liéu gang xam.

Vit liéu hop kim nhém (Aluminum Alloy):

oa0 0a%0 Q400 i) ; =

o (k)

Hinh 4: Bién dang va ting suit ciia dia phanh hop kim nhom
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Hinh 4 chi 15 sy bién dang 16n nhét ciia dia phanh 13 0,21481 mm tmg véi phan mép ngoai cua dia phanh
vi cac phan tr ¢ phan nay lién két véi phan tdm dia phanh kém hon cac phan tir gan d6 va phan dia gan tam
chiu duoc tng suét cuc dai 1a 49,087 MPa. Ciing nhu hinh 3 thi su bién dang va tng suét cia cac vat liéu
khac cling mo6 phong tuong ng nhung chi khac gia tri dat duoc.

Vit lidu hop kim dong (Copper Alloy) :

x
.

-
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Hinh 5: Bién dang va tmg suit ciia dia phanh hop kim dong

Hinh 5 cho théy dia phanh bi bién dang 1a 0,1375 mm va rng suét cuc dai chiu dugc 1a 49,205 MPa.

Vat liéu Titan (Titanium):

2000 2200 0300w
3

2100 0320

Hinh 6: Bién dang va ting suit ciia dia phanh Titan

Hinh 6 chi r0 dia phanh bi bién dang 14 0,14573 mm va chiu dugc ing suét cuc dai 1a 49,467 MPa.
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Vit liéu thép két cdu (Structual Steel):

2N 00 M‘W (m) i L
e an

Hinh 7: Bién dang va tng sut cua dia phanh thép két cu
Hinh 7 trinh bay su bién dang 16n nhat ctia dia phanh 1a 0,078082 mm va chiu duoc ting suét cuc dai la
48,778 MPa.
Céc ket qua mo6 phong duogc tong hop trong bang 2 nhu sau:

Béng 2: Két qua phan tich g suat va bién dang ciia dia phanh (g véi cac loai vat liéu dugc dé xuat

i Bién dang Ung suét cuc dai

Vat ligu (mm) (MPa)
Gang xam 0,14479 48,853
(Gray Cast Iron)
Titan 0,14573 49,467
(Titanium)
Hop kim nhom 0,21481 49,087
(Aluminum Alloy)
Hop kim dong 0,1375 49,205
(Copper AIon)
Thép két cau 0,078082 48,778
(Structural Steel)

Tir két qua bang 2 cho thay dia phanh thép két céu co bién dang nho nhét va ing suét cuc dai chiu duoc
nho nhét. Tuy nhién néu xét vé chirc ning ciia hé théng hay chi tiét ma dé xuét vat liéu cho phu ho‘p, dia
phanh trén 6 t6 hoat dong thudng xuyén va doi hoi phai hiéu qua va lau dai. Vi vay nghién ciru dé xuét thép
két ciu sir dung ché tao dia phanh vi bién dang nho nhét, néu bién dang 16n s& dé gay hao mon va cong
vénh dia, cac gia tri ing suit cuc dai ddi voi nhitng vt li€u dugc phan tich c6 gia tri chénh léch khong
nhiéu, két qua nay tuong tu nhu su Iya chon bdi cac tac gia cuia nghién ctru [16].
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KET LUAN

Viéc dé xuit loai vat liéu ding dé ché tao dia phanh cho hé théng phanh thuy luc trén xe 6 t6 chinh 1a muc
tiéu nghién ciru ctia bai bao nay. Két ludn trén dugc rat ra tir qué trinh xdy dung mé hinh dia phanh 3D
bang phan mém SolidWorks va tng dung phuong phap phan tir hiru han dé phan tich (mg suét va bién dang
ctia dia phanh thong qua Ansys. Bai bao dwa ra nam loai vat liéu gdm: Gang xam, Hop kim nhom, Hop kim
ddng, Titan, Thép két ciu dé mo phong va phan tich. Thép két cAu (Structural Steel) duoc dé xuit sir dung
dung ché tao dia phanh. Két qua nay c6 thé duge dung lam kién thirc co ban cho cac nghién ctru vé vat liéu
ché tao hodc ung dung cho cic nha may ché tao san xuét dia phanh 6 to.
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ANALYSIS OF THE INFLUENCE OF MATERIALS ON THE DURABILITY
CHARACTERISTICS OF BRAKE DISCS ON VEHICLE
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Abstract. Currently, most passenger cars often use disc brakes because this mechanism brings safety and
fast operation. During the movement of the vehicle, the brake disc operates continuously, so it is easy to
change the durability compared to the original, so manufacturers need to choose the appropriate material to
make the brake disc at a reasonable price. The finite element method is applied based on Ansys to analyze
the stress and deformation of hydraulic brake discs for passenger cars corresponding to materials. The 3D
analytical model of the disc is built using SolidWorks software. The simulation shows that the structural
steel with stress and strain of 48.778 MPa and 0.078082 mm respectively is suitable for making brake discs.
This result serves the research work to improve brake discs or for manufacturers of automobile brake
systems.

Keywords. Brake disc, material, SolidWorks, Ansys, stress, deformation.
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