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Bai bao nay trinh bay két qua nghién clru mé phdng chuyén vi va (rng suat trén truc cam khi
lam viéc dé& kiém nghiém bén sau thiét k&, truc cam mé phéng 13 truc cam ctia ddong co
INZ-FE, tac gid st dung phwong phap tinh toan, mé phdng bang phan ti hiru han théng
qua phan mém Abaqus. Sau khi xay dwng ban vé truc cam, cac di¥ liéu dau vao bao gébm:
ngoai lwc va vat lieu dwoc thiét 1ap va dwa vao phan mém. Két qua thu dwoc bao gébm (rng
suét va chuyén vi dwoc so sanh vé&i (rng suét va chuyén vi cho phép dé danh gia va dwara
két luan vé do bén. Ngoai ra, két qua tlr nghién clru nay ciing 1a co' s& cho viéc kiém tra bén
khi thiét k& nham gidm bt chi phi ché tao thir cac chi tiét. Dong thdi ciing cé thé lam tai liéu
tham khao cho cac nha thiét k&, ché tao cac chi tiét trong linh vwe co khi, d&c biét la linh vwc
co khi dong Iwc.

Kiém bén, phwong phap phan t& hiru han, truc cam, Abaqus.

This paper presents the results of simulation study of displacement and stress on a working
camshaft to test the durability after the design. The simulated camshaft is used in the
1NZ-FE engine, and the author uses the method calculated, simulated by finite elements
through Abaqus software. After building the camshaft blueprint, the input data including
external forces and materials which are set and entered into the software. The results
obtained include comparisons between the recorded stress and displacement and the
acceptable values, in order to evaluate and draw conclusions upon the durability.
Additionally, the results from this study are also the basis for durability testing when
designing in order to reduce the cost of testing components. At the same time, it can also be
a reference for mechanical component designers and manufacturers in various fields of
mechanics, especially in the field of dynamic mechanics.

Durability test, finite element method, camshaft, Abaqus.

1. DAT VAN BE

Cung voi su phat trién cua céng nghé thong
tin, viéc tng dung cac phan mém hd tro thiét
ké (CAE) da gitp cho qué trinh san xuat ngay
cang hoan thién va téi wu. Bdi véi linh vuc co
khi, viéc st dung cac phan mém tinh toan,
thiét ké da rat ngin duoc thoi gian, giam duoc
chi phi va nang cao hiéu qua lao dong.

Truc cam la chi tiét thuoc co cau phan phéi
trong dong co dét trong, clng voi su phét
trién cua dong co dbt trong thi truc cam ciing
duoc phét trién dé gitp cho viéc t6i wu hiéu
suit dong co duoc tét hon. Truc cam dugc gin
lién v6i nhiém vy 1a déng mé xupap nap va
thai cho dong co. Hon nira, vdi Cac cau tao,
dic diém tiép xuc va két cu rat phuc tap ciing
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nhu nhiét do, 4p suét trong qua trinh chay
nhién liéu da khién cho né chiu mot cudong do
lam viéc cao trong moi trudng khic nghiét ma
van phai déng mé cac xupap mot cach chinh
xac hoan hao nhét. CAu tao cua truc cam bao
goém c6 cac vAu cam nap, cam thai va cac cd
truc. Bién dang cam thuong phu thudc vao
thoi diém xupap va tri sé6 dong mé cua tiét
dién Iuu thong qua dong khi. Théng thuong
truc cam c6 bién dang d6i xtng va chiéu cao
vau cam mang tinh chat quyét dinh dén do mo
cua xupap. Do do, cac cam s& cO bién dang
thong dung gidng nhu cam 16i cung tron, cung
parabol hay cam tiép tuyén, cam 16m,... [1].

Khi 1am viéc, truc cam chiu lyc nén ban dau
cua 10 xo xupap, luc quan tinh co cau phéi khi
khi bat ddu ma xu pap thai, luc khi thé tac
dung trén mat ndm xupap thai qui dan vé
duong tdm con do6i. Chiu wng suat udn, xoan
Vva ing suat tiép xuc [2, 4, 5, 6, 7]. Vi vay, dé
kiém bén truc cam bang thii céng rat phuc tap,
kho khan va khong dam bao tin cay.

Phan mém Abaqus 1a mot trong nhitng bo
phan mén 16n rat hitu hiéu trong viéc mo
phong két cau co khi thong qua phuong phap
phan tir hitu han [8].

Abaqus so hitu kho phan tir phong pht nén dé
dang md phong moi thiét ké trong két cau co
khi theo bat cir hinh dang nao. Pong thoi c6
thé md phong va xay dung két cau dién hinh
V&i Viéc phan tich theo dung tinh nang vat liéu
str dung nhu kim loai, bé téng cdt thép, cac
vat liéu cao phén tir hay phuc hop,...

Day ciing 1a phin mém c6 tinh thuong mai
cao, va viéc sir dung kha don gian, phan mém
bao géom hai khéi phan tich chu yéu d6 1a
Abaqus/Standard va Abaqus/Explicit. T4t ca
nhitng thong tin duwoc xir Iy qua phan mém
Abaqus dugc thuc hién thong qua 3 giai doan
d6 1a xir 1y s6 lidu, phan tich va xu ly két qua.

Trong khi phéan tich thi Abaqus con c6 kha
nang tu dong luva chon lugng tang tai hay do
chinh xac hoi tu cling nhu viéc no6 diéu chinh
tham sb mot cach phu hop giap nguoi ding
khong phai ban tdm vé viéc diéu chinh tham
s6 nay. Két qua ciia phan mém hoan toan dang
tin cay [8].

Ngoai ra, khi tir khau thiét ké dén khau san
xuat hang loai can rat nhiéu thoi gian, tién bac
va cdng strc nhu: ché tao thi, kiém bén bang
thuc nghiém, ldp rdp hoan chinh trén may,
chay thi. Do d6, két qua nghién ctu md
phong c6 thé 1am tai liéu tham khao dé kiém
bén truc cam trugc khi thuc hién cac budc
thuc nghiém.

2. XAY DUNG CAC MO HINH MO PHONG
2.1. M6 hinh hinh hoc ctia truc cam

Qua trinh chiu lyc cta truc cam nap va cam
thai 1a twong tu nhau [5, 6], tuy nhién truc
cam thai chiu nhiét I6n hon nén tac gia chon
cam thai dé mo phong va tinh bén.

Pau tién, mo hinh hinh hoc cua truc cam duoc
do ti mi bang dung cu do chuyén ding nhu
panme, thudc kep... dam bao do tin cay va vé
lai bang céach sir dung phan mém NX.

Hinh 1. Truc cam thai
2.2. Chia lwéi

Trong qué trinh md phong bang phuong phap
phan tir hitu han, mé hinh 3D duoc thiét 1ap
dé phan tich chuyén vi va tng suat. Loai phan
tir duoc chon trong qué trinh chia ludi c6 thé
la khéi ti dien, khéi to giac, khdi lap
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phuong,... Cach chon chu yéu dua trén do
phirc tap cua chi tiét. Trong nghién cau nay,
phan tir duoc chon khdi tir dién dé phu hop
Vi cac bién dang gia cong. Cac phan tur 1udi
duoc chia goi 1a cac nat. Dé thé hién méi quan
hé gitta cac nat véi nhau, ta st dung ma tran
d6 ciing tong thé. Co sa |y thuyét caa phuong
phap dua trén phuong tri nh roi rac phan b
nhiét do téng quéat nhu sau:

T(xy,2) ZZNi(X, y: 2T, =[N][T]

Trong do:
N - s6 nt;

M - s6 thir tu cua nat.

DPé minh hoa, hinh 2 & trén cho thay céc phan
to tor dién c6 chung mot mat trong moé hinh
phan tir hitu han. Véi 67937 phan tir lugi t
dién duoc tao bai phan mém Abaqus dé phuc
vu qud trinh md phong phén tich.

Hinh 2. Tao lwéi cua truc cam thai
2.3. M6 hinh twong tac va moé hinh vat liéu

Pé c6 cac két qua dau ra caa md hinh md
phong, cac md hinh dwoc nhap gom cac dir
liu dau vao 1a mé hinh hinh hoc, mé hinh vat
lieu (d6 cing/ang suat/nhiét d6) va mo hinh
tuong tac (chiu luc udn/xoin//nén) [8] bao
gom: cac luc va mémen tac dung 1én truc cam
khi 1am viéc s& duoc trinh by ¢ cac phan sau
day.

2.3.1. Phan tich Iwc tac dung Ién truc cam
= Tai trong tac dung [4, 5, 6]:

Khi tinh toan ta gia thuyét rang nhu mot dam

¢4 tiét dién dong déu duoc dat ty do trén 2 goi
tya. So do tinh toan dugc biéu didn nhu hinh
vésau [2,4,5,6,7]:

et F) ’

£

a) b)

Hinh 3. So* dd tinh bén truc cam

Néu bo qua ma sat va trong luc (vi cac luc nay
rat nho so vai cac luc khac) thi luc tac dung
Ién truc cam sé la:

Prmax = Pixo + IDjt + Pyt

Trong do:

Pixo - lrc nén ban dau cua 16 xo xupap. (Trang
thai xupap dong kin).

Két qua do thuc té:

Pixo = Pixmin = 557,5 (N)

Pt~ luc quén tinh cia co cau phdi khi khi bit
dau mo xupap quy dan vé duong tam con doi.
Pjt = —Mox Jx

Véi: Moy = 0,24 (kg) - khéi luong cia co cau
phdi khi qui dan vé duong tam con doi duoc
can thuc té;

jx = 5146,7 (m/s?) - gia toc cua co ciu phdi
khi khi bit dau mo xupap qui dan vé duong
tam con doi [2,4,5,6,7];

= |P,| =|-0,24.5146,7/=1235,2 (N).

Pyt - luc khi thé tac dung l&n mat ndm xupap
thai qui dan vé duong tam con doi.

P, = SXp.Pkt

Véi: Sy, - dién tich mat nim xupap nap.

_xd? 3143057

Sy 2

=0,73.10%(m?

Pk - 4p suat khi thé trong budng chay khi bat
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dau mo xupap.

Chon pke = 1,1 (MN/m?) [3].

— Pi=Sxp.Pki=0,73.10°.1,1=0,803.10"° (MN)
Thay vao cbng thuc ta co:

PTmax= Pixo + Pjt + Pkt = 557,5 + 1235,2 + 803
= 2595,7 (N).

= Ung suat uén [4, 5, 6]:

Momen udn truc cam sé 1a:

M, -P._ 2|

umax max I

MNm

l1, I, 12 khoang céch tir hai géi twa dén cam
ChiU h.IC I:)Tmax.

M M 2
G, :M:¢4 MN/m

WU
T 1_(10
32 . d

d va d, la duong kinh ngoai va duong kinh
trong cua truc cam.

= Ung suat xoan [4, 5, 6]:

Momen xoin dat cuc dai khi luc Pt & xa tam
truc cam nhat, con doi truot hét phan cung
ban kinh p. Mdmen xoén tryc cam do lyc 10
X0 va lyc quén tinh gay ra trén mat cam (khi
dung cam 16i) x4c dinh theo cong thirc sau:

Mx=P1o A=A [(Px)t+ (Pj)t]o

[(Px)t+ (Pj)to & luc 16 xo va luc quan tinh khi
cam quay dén diém B

A 1a cénh tay don 16n nhit cua luc Pre;

R ©

A=P""R+h_ —rsin?
r 2

p J—
M6men xo0in tong cong trén truc cam phai xét
dén momen xoan trén cac cam

khac dang cung lam viéc ciing nhu mdmen
dan dong cac co cau khac. Mdmen xoan tong
hop tai mot thoi diém s& 1a M.

Ung suat xoén tryc cam:

M M

T, =—2 = L
W, id21_[d_0\4
16 d

Ung suat tong tinh theo cong thic Xanh - Vé
nang:

MN/m’

WERT
|1+ Ux
|

V' Lo, )

= Do vdng cho phép cua truc [4, 5, 6]:

Gy = 0{0.35 +0.65

} MN/m*

Néu trén doan truc c6 hai cam cuing tén:

P.(31—4l,)
E(d* —d*)

o

f=34 :[f]=0.05-0.1 mm

= Ung suat tiép xdc mat cam [4, 5, 6]:
Ddi voi con doi hinh try, hinh ndm:

G, =0.418 | T

(1= MN/m”
\ bp

R, 1a ban kinh con lan.
[ 0 o] =600 — 1200 MN/m?

2.3.2. M6 hinh vat liéu

Bang 1. Thong sé Jonson-Cook ctia Thép 15Cr [8]

A B C | n | m|Melt| Trans | Epsilon
[MPa] [MPa] Temp| Temp
1200 | 1200 | 2.6 |0.22| 1.4 | 1783 | 1000 | 0.001

Bang 2. Tinh chat vat |y cha thép 15Cr

Tinh chat Thép 15Cr
Khéi lugng riéng [kg/m°] 7850
Mb-dun dan hdi [Mpa] 3407676000000
Hé s6 Poisson’s 0.34
Do dan nhiét [W/m/0C] 46.5
Nhiét dung riéng [J/kg/0C] 510
Hé s6 bién dang nhiét 0.9

Cic md hinh dugc nhap vao phan mém
Abaqus voi cac dir liéu dau vao 1a md hinh
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hinh hoc, md hinh vat liéu (d6 cuangling
suat/nhiét d6) va mo hinh twong tac (chiu luc
udn/xoan//nén) [8].

Dir liéu ddu vao

Maé hinh vit Twong tic Hinh hge truc
liéu Udn cam
D aing Nén Kich thude
irng suit Xodn Goc hrgn

$

Phuong phap phén tr hitu han (FEM)
Mdé phong qua trinh chiju (rng suzi!_ bién dang — Tinh todn

£

Dir liéu diu ra
U'ng suit — Bién dang (chuyén vi)

Hinh 4. So d6 khéi dé tinh toan (ng suat — bién dang
cua truc cam te md hinh FEM

3. KET QUA MO PHONG

Hinh 5. Phan bé lwc va gia tri tng suét cta truc cam
thai sau khi mdé phéng

Hinh 5 cho thy, trén sudt chiéu dai truc cam,
ng suat nho xuat hién trén vau cam va phan
ndi giita cac vau cam, phan ndi giira cac co
truc cam, diéu nay thé hién ¢ cac phan mau
xanh véi gia tri bién thién tir 0,01793 dén
97,34 MN/m?. Tuy nhién, phan hién thi mau
vang (vi tri tiét dién ndi viu cam va cé truc
cam tha 4 va tha 1) dén mau do (vi tri tiét
dién ndi vau cam va cb truc cam thir 3) bat
dau xuat hién Gng suat 16n vai gia tri tir 116,8
dén 233,6 MN/m? c6 thé gay gy truc cam tai
tiét dién nguy hiém nay, diéu nay rat phd hop
véi ly thuyét [2, 4, 5, 6, 7].

Tra ¢ng suat cho phép dbi véi truc cam Vi
vat liéu 15Cr, tng suat cho phép khong qua
600 MN/m? [2,4,5,6,7]. Tir d6 ta c6 thé két
luan, truc cam hoan toan du bén.

Hinh 6. Chuyén vi cta truc cam thai
sau khi mé phéng

Ta so sanh truc cam khi chua lam viéc
(chuyén vi bang 0) va khi 1am viéc, chuyén vi
trén hinh 6 cho thay, trén subt chiéu dai truc
cam, chuyén vi nho xuat hién trén cac co truc
cam, diéu nay thé hién & cac phan mau xanh
vGi gia tri bién thién tr 3,817.10™ dén
1,527.10"° mm. Phan hién thi mau vang (vi tri
& tit ca cac vau cam) dén mau do (phan ndi
vau cam s6 3 va sd 4) bat dau xuat hién
chuyén vi 16n hon Gng suat 16n tir 3,436.10™%°
dén 4,581.10"° mm.

Céc chuyén vi 16n c6 mau do va vang co thé
lam b6 ket truc cam, gdy truc cam khi ching
dat muac do téi han [5, 6]. Do do, cac két qua
cua chuyén vi nay duoc xac dinh dé so sénh
Vi gia tri cho phép dé dua ra nhimg danh gia,
két luan.

Tra chuyén vi cho phép dbi véi truc cam,
chuyén vi cho phép khong quéa 0,05 mm [2, 4,
5, 6, 7]. Tir d6 ta c6 thé két luan, truc cam
hoan toan dat yéu cau.

4. KET LUAN

C6 thé kiém bén cac chi tiét ciia dong co bang
phuong phap phan tir hiru han théng qua phan
mém Abaqus vé&i do chinh xac dang tin cay.

Pi mo ta duoc phan bd lyc, chuyén vi va gia
tri Gng suat, chuyén vi trén sudt chiéu dai truc
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cam dong co, gia tri ung suat tr 0,01793  Két qua nghién cau co thé duoc ap dung dé
dén 233,6 MN/m? gia tri chuyén vi tr kiém bén céc chi tiét sau khi thiét ké, dac biét
3,817.10™ dén 4,581.10™° mm. la c&c chi tiét dang truc trude khi ché tao thr.
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