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The objective of this study is to test the durability of the single-
cylinder engine crankshaft by simulation method. The object being
tested is the crankshaft of the Honda Blade motorcycle engine. The
simulation process was carried out in the working condition of the
crankshaft and subjected to maximum loads, which were calculated
from the theory corresponding to the crankshaft's working conditions
and used for the simulation. The simulation results showed that the
crankshaft ensures durability in the working conditions corresponding
to the maximum load. This simulation is also the foundation for
further studies to calculate and design the crankshaft to meet the
requirements and working conditions of different engines in reality.
This research contributes to reducing the time and cost in the design
and testing the durability of crankshafts.
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Muc tiéu cua nghién ctru 1a kiém tra do bén cua truc khuyu dong co
mét xy lanh bang phwong phap mé phong. Ddi twong su dung trong
nghién cau nay 1a truc khuyu cua dong co cua xe gan may Honda
Blade. Qua trinh md phong dugc thyc hién trong diéu kién truc
khuyu 1am viéc va chiu tic dong cua cAc tai trong 16n nhat. Céc tai
trong nay duoc tinh toan tur ly thuyét tng véi cac ché do 1am viéc cua
truc khuyu va chiing duoc st dung cho qua trinh mé phong. Két qua
mod phong cho thay rang truc khuyu dam bao d¢ bén trong cac diéu
lam viéc ¢ng véi tai trong I6n nhat. M6 phong nay ciing 1a co s&
cho céc nghién cuu tiép theo nham tinh toan va thiét ké ché tao truc
khuyu dap tng dugc yéu cau va diéu kién lam viéc cua ting loai
dong co khac nhau trong thyc té. Nghién ciu ndy g6p phan lam
giam thoi gian va chi phi trong thiét ké va thir nghiém do bén cua
truc khuyu.
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1. Giéi thiéu

Truc khuyu 12 mét trong nhiing chi tiét may quan trong nhat, cudong do lam viéc 16n nhat va
gia thanh cao nhét ctia dong co dot trong. Cong dung cua truc khuyu 1 tiép nhan luc tac dung
trén piston truyen gua thanh truyen va bién chuyen dong tinh tién cua piston thanh chuyen dong
quay cua truc dé dua cong suat ra ngoai. Tudi tho cia co cau khuyu truc thanh truyen chu yéu
phu thudc vao tudi tho caa truc khuyu. Vi vay di véi két cau cua truc khuyu, phai chii y dam bao
Ccac yéu cau nhu stc bén, do cing ving 16n, trong lugng nhé va it mon, khdng xay ra hién tugng
dao dong cong husng trong pham vi toe do sir dung, vé két cau phai dam bao tinh can bang va tinh
dbi ximg ciia dong co nhung ddng thoi phai d& gia cong ché tao. Trong quéa trinh 1am viéc, truc khuyu
chiu tac dung cua luc khi thé, luc quén tinh (quéan tinh chuyén dong tinh tién va quéan tinh chuyén
dong quay), nhitng luc ndy c6 tri sb rat I6n va thay doi theo chu ky nhat dinh nén ¢ tinh chat chiu va
dap manh. Céc lyc tac dung gay ra (ing suat udn va xoin truc, dong thoi con gay ra hién tugng dao
dong doc va dao dong xoan, 1am dong co bi rung dong, mat can bang. Ngoai ra, cac luc tac dung ndi
trén con gay ra hao mon Ién trén cac bé mat ma sat cia ¢ truc va chét khuyu.

Vit lidu ché tao truc khuyu thuong 1 thép cacbon, thép hop kim, gang cau: Thép cacbon ré
tién hon; hé s6 ma sat trong cua thép cachon 16n hon cua thép hop kim. Vi vay, thép cachon cé
kha ning giam dao dong xoan 1on hon thép hop kim, bién d6 dao dong xoan nho hon nén @ng
Suit xoén ciing nho [1], [2]. Trong khi d6, thép hop kim c6 uu diém 1a tinh ning co 1y va stc bén
cao, do d6 thuong dung trén cac dong co cao toc hodc phu tai Ion [2]-[5]. Cac thép hop kim
thuong dung la thép hop kim mangan, thép hop kim niken — crom. Ngay nay, ngoai thép ngudi ta
con dung gang graphit dé duc truc khuyu, vi né c¢6 wu diém ré tién hon va dé dtc hon thép [4 ], hé
s6 ma sét trong cua gang 16n hon va it nhay cam véi ung Sut tap trung, giir dau boi tron tot va
tinh chiu mon cua gang ciing tot hon thép.

Hién nay, c¢6 kha nhiéu cong bé cua cac nha khoa hoc ¢6 lién quan dén do bén cua truc khuyu
théng qua md phong. Trong do tap trung vao cac dong co ¢d 16n co tir 4 cap piston — xy lanh tro
I&n. Cu thé, cac nghién ciru chi ra dugc chét truc khuyu thuong chiu moi 16n nhét & vi tri 153,5°
va dién tién ciia qua trinh chiu moi duoc tinh todn bai phuong phap phan ta hitu han c6 thé du
bao tudi tho cua truc khuyu. Trong nghién ciru nay, tudi tho truc khuyu dugc dy bao 2.0230e+007
gio [4]. C6 nhitng nghién ctu tap trung lya chon ba vi tri bat ky va xac dinh anh huong cua luc
day tir piston toi cac vi tri nay. Két qua ddi voi 3 vi tri dac biét nhu chdt, ma va phan déi trong
cua truc khuyu chiu tac dong cta mot gia tri trong luc khac nhau va xac dinh duoc gia tri ung
suit 16n nhét tai vi tri goc luon cua chdt khuyu véi méa khuyu [3]. Tuy nhién, dbi véi mot mau 6
t6 khach c6 nhiéu xy lanh thi xét tai ba vi tri nay caa truc khuyu gan voi mot cap piston xy lanh
bat ky la khéng chinh xac. Vi néu dong co c6 bon cap piston xy lanh thi hai vi tri chiu luc 16n
nhét thong thuong la ¢ gitta truc khuyu (te 12 vi tri truc khuyu @ng véi piston sé 2 va 3) [5,6].
Ciing trong nghién ctru khéc, ddi véi dong co c6 bdn xy lanh thi chi khing dinh chét khuyu chi
an toan ung véi thanh truyén sb 1 va 4, cac vi tri 2, 3 con lai 1a khong dép (g tiéu chuan bén néu
nang tai 1én 1,2 lan [5].

Tuy nhién, chwa c6 cong bd cu thé lién quan dén mod phong do bén cua truc khuyu cé trén
dong co xy lanh don cua xe may, noi duoc du béo truc khuyu c6 kha niang chiu bén tét hon do
két ciu khong phtc tap. Vi vy, viéc kiém nghiém do bén truc khuyu nham khang dinh lai vat
liéu ché tao 1a dam bao cac diéu kién bén trong diéu kién truc khuyu Iam viéc véi giéi han chiu
luc 16n nhit. Bng thai kiém nghiém do bén truc khuyu ciing 1a co sé trong cac nghién cuu tiép
theo nham tao ra truc khuyu dap ing dugc yéu cau ché d¢ 1am viéc cua ting loai dong co xy lanh
don khac nhau, gop phan Iam giam thoi gian va chi phi trong thir nghiém.

2. Pyng co mot xy lanh trong nghién ciu

Hién nay, tai Viét Nam dong co mot xy lanh duoc sur dung nhiéu trén cac phuong tién co glO’I
cling nhu phyc vy vao cac myc dich khéc trong nén kinh té. Tuy nhién, phd bién hon ca c6 thé
n6i dén dong co sir dung cho cac loai xe gan may cua nhiéu hing dang c6 mat tai thi truong nudéc
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ta. Trong nghién ctiru md phong kiém nghiém do bén truc khuyu cia dong co mot xy lanh s& c6
nhiéu y nghia khi thuc hién trén mau thar nghiém 13 mot loai xe gidn may. Cu thé, trong nghién
ctru ndy, nhom téc gia lua chon dong co cua xe gan may Honda Blade vai cac thdng sé ki thuat
dugc miéu ta trong bang 1 va két cau truc khuyu sir dung trong nghién ciru tai hinh 1.

Hinh 1. Hinh dang va két cdu truc khuyu dong co mét xy lanh: 1 — Thanh truyén; 2 — Chét khuyu; 3 —
vong bi; 4 — Co6 truc khuyu; 5 — Ma khuyu; 6 — Dai trong; 7 — Bdnh rang; 8 - O bi; 9 — Then (clavet) [6]
Bang 1. Thong sé kj thudt ciia dong co mau [7]

STT Tén thong sb Ki higu Gia tri Pon vi
1 Cong suat cuc dai cua dong co Nemax 6,18 kw
2 Tbc do quay 16n nhat cua truc khuyu n 7500 vong/phat
3 Heé s6 ky T 4 -
4 S6 xy lanh i 1 -
5 buong kinh xy lanh D 50 mm
6 Hanh trinh piston S 55,6 mm
7 Ty s6 nén € 9 -
8 Ap suat khi thé cyc dai Pzmax 6,341 MN/m?
9 Chiéu dai thanh truyén It 103 mm
10  Khébi lugng nhém piston Mp 0,21 kg
11 Khébi lugng thanh truyén Mt 0,44 kg

3. So d6 tinh toan stkc bén truc khuyu

Trudc hét dé tinh toan dwoc cac thdng s luc va mé men tac dung Ién truc khuyu can phan cac
yéu to tac dong truc tiép lén truc khuyu trong quéa trinh van hanh. Cac loai luc va mé men tac
dong 1én truc khuyu nhu hinh 2.

LA IY'e:
Pr1§ Ca2 |
T
z ﬁ':_*.'-'L Z
T y_
(IS )
Pr2 Pn
T

Io

Hinh 2. So' d6 céc lyc va momen tac dung Ién truc khuyu [1]
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P — Luc quén tinh ly tdm caa ma khuyu; P2 — Luc quén tinh ly tdm cua dbi trong; Cy — Luc
quan tinh ly tm ciia chét khuyu; C, — Lyc quan tinh ly tam caa khéi lugng quy dan vé tam dau to
thanh truyén; Z’, Z” — Phan luc phap tuyén cac gbi truc bén trai va bén phai; T°, T” — Phan luc
tiép tuyén trén cac gdi truc bén trai va bén phai.

T va Z — Lyc tiép tuyén va lyc phap tuyén tac dung 1én chét khuyu xac dinh theo d6 thi hodc
cong thire phan dong lyc hoc:

_, Sin(a+p)
_PJ'—COSﬁ Fp @
_p Cos(@+p)
=P cos Fo 2

V6i a la goc quay truc khuyu; B 1a goc lac cuia thanh truyén; Fy 1a dién tich dinh pit tong; P; 1a
lyc quén tinh chuyén dong tinh tién.
M’k ,M”«— M6 men xoan tac dung trén co truc bén tréi (co phia trudc) va cd truc bén phai (co
phia sau). Néu khuyu dang tinh 1a khuyu thi i thi:
M’k = ZTi,l.Z (MN.m) (3)
Mk=STi.R=Mk+T.Z  (MN.m) (4)
V6i ZTi 1 — |4 tong dai s6 cac luc tiép tuyén cua cac khuyu dung truéc khuyu thir i.
Ung sut I6n nhit phét sinh trong truc khuyu cé thé xay ra trong bén truong hop chiu tai trong
sau day [1], [4], [5]:
- Truong hop 1 “khoi dong”, khi chiu luc Pzmax (12 luc 16n nhat tac dung 1én vi tri giira truc khuyu).
- Trudng hop 2 chiu e phép tuyén 16n nhat Zmax.
- Truong hop 3 chiu lyc tiép tuyén 16n nhét Tomax.
- Trudng hop 4 chiu téng lyc tiép tuyén 16n nhat ZTmax (hodc M6 men ZMax).
Vi truc khuyu tinh toan la truc khuyu cia dong co mot xy lanh nén truong hop thir 4 cling
chinh 1 truong hop thir 3. Do d6 chi tinh sirc bén cho truc khuyu trong cac truong hop 1, 2 va 3.

4. M6 phong truc khuyu dgng cor mot xy lanh

Theo két qua tinh toan d6 bén néu trén, truc khuyu dong co mot xy lanh ¢ 3 trudng hop nguy
hiém can kiém nghiém Ia:

- Truong hop khoi dong

- Truong hop chiu luc Zmax

- Truong hop chiu luc Tmax

Dua vao két qua tinh toén, ta c6 bang théng sé dau vao cua cac luc tac dung I&n khuyu truc
trong timg truong hop duoc théng ké & bang 2 dudi déy.

Béang 2. Bang gid tri cac lyc tac dung Ién khuyu truc trong timng tricong hop

Truong hep R ] :
Gi tri lyc Khéi dgng Chiu ¢ Zmax Chiu Iuc Trmax
Pzmax =12451 N Zo=2178 N %0 :9_5270663 H

max —

Tir gia tri trong bang 1, tién hanh mo phong truc khuyu cua dong co mét xy lanh theo céc
truong hop nhu sau:

Truwong hop khéi dong

Két qua md phong dugc thé hién trong hinh 3. Ung suit phan bé trén truc khuyu c6 gia tri nho
nhat 2 6,752.10" N/m? va {ing suét I6n nhét bang 4,830.107 N/m?, gié tri nay nhé hon so véi tng
suat cho phép c6 gia tri la 1, 723.10° N/m? nén trong truong hop nay, truc khuyu thoa man diéu
kién bén. Vi tri tap trung ung sut 16n nhat nam tai goc lugn glua ¢6 truc chinh va ma khuyu nhu
hinh 3 (b). D6 chuyén vi cia truc khuyu c6 gia tri nho nhat va 1on nhat l1an luot 12 1.10% mm va

http://jst.tnu.edu.vn 280 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(11): 277 - 283

0,003694 mm. Vi lyc tac dung 1a 12451 N, truc khuyu c6 d6 chuyén vi I6n nhat nam tai vi tri
phia ntra trén cua chét khuyu nhu hinh 3 (c). Trong khi do, gia tri do bién dang nho nhét va lon
nhat cua truc khuyu 1a 1,57.10*2 va 0,000190. O truong hop nay, vi tri truc khuyu co do bién
dang I6n nhat nam tai goc lugn gitra c6 chinh va ma khUyu nhu hmh 3 (e)
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(e) ()
Hinh 3. Phan b ing suat trén truc khuyu (@), Vi tri ieng sudt lon nhat trén truc khuyu (b), Chuyén vi cua
truc khuyu (c), Vi tri chuyén vi lon nhdt cua truc khy;}u (d), B¢ bien dang cua truc khuyu (e), Vi tri co do
bien dang lon nhat cua truc khuyu (f)

Trudng hep chiu luc Zmax

Truong hop nay ciing tién hanh md phong tuong tu nhu truong hop trén. Tuy nhién, luc tac
dung Ién khuyu truc trong truong hop nay gom luc Zmax va cac luc ly thm. Lyc khi thiét 1ap c6 gia
tri 12 luc Zo = 2178 N (V6i luc Z, 1a tong hop luc cta luc Zmax Va céc luc ly tim). Twong ty truc
khuyu c6 gi4 tri chuyén vi nho nhat va 16n nhat 1an luot 1a 1.10°° mm va 0,000646 mm, véi lyc
tac dung 1a 2178 N, truc khuyu cd chuyén vi 16n nhat nam & vi tri phia nira trén caa chét khuyu.
Trong khi do, truc khuyu c6 d¢ bién dang nhé nhét 1a 9,902.10 va do bién dang I6n nhit la
0,000029. Giéng nhu truong hop khoi dong, & trudng hop chiu luC Zmax do bién dang Ién nhat
cua truc khuyu ciing 14 tai vi tri goc lwon gitra ¢ truc chinh véi ma khuyu.
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Truwong hop chiu luc Tmax

Trong trudng hop nay ¢ su khac nhau ¢ budc thiét 1ap ngoai luc: Ngoai chiu luc tiép tuyén
16n nhét Tmax, Khuyu truc con chiu thém lyc phap tuyén Z va cac luc ly tam. Cac luc duoc thiét
lap c6 gia tri 1an luot 1a lyc Zo = 9576,2 N va luc Tmax = 2007 N, Véi luc Z, 1a lec tong hop cua
luc Z va cac luc ly thm. Két qua mé phong chi ra rang, (g suat nho nhat cua truc khuyu khi chiu
luc Tmax bang 4,994.101 N/m? va ung suat 1on nhat 1a 9,846.107 N/m? déu nho hon gié tri ung
suét cho phép cua vat ligu lam truc khuyu Ia 1,723.10° N/m?, do d¢ truc khuyu thoa man yéu cau
d6 bén. Ciing nhu 2 truong hop néu trén, ¢ truong hop nay ung sut 16n nhat cua truc khuyu nam tai
vi Vi goc chuyén tiép gitra ¢6 truc chinh va ma khuyu. Trong khi d6, 6 chuyén vi nho nhat va Ién
nhat cua truc khuyu c6 gia tri lan luot 12 1.10%° mm va 0,007542 mm. Trong truedng hop nay, véi luc
tac dung 1a 9576,2 N va 2007 N, truc khuyu c6 do chuyén vi 16n nhat nam & vi tri phia ntra trén cua
chét khuyu. Khuyu truc khi chiu huc tiép tuyén 1on nhat Tmax c6 d6 bién dang nho nhat 1a 1,341.1012
va d6 bién dang I6n nhét 1a 0,000392 va do bién dang I6n nhat cua truc khuyu ciing xuat hién tai vi tri
goc lugn giira ¢ truc chinh véi ma khuyu tuong tu nhu & hai truong hop dau tién.

Tur két qua trén c6 thé tong hop ba truong hop chiu luc theo bang 3

Bang 3. Két qua md phang truc khuyu trong ba triong hop chiu luc

Cic trwong hop chiu luc ~ Ung suit l6n nhat Chuyén vi lén nhat P bién dang lén
STT ' ) p
tac dung (N/m?) (mm) nhat
1 Khéi dong 4,830.107 0,003694 0,000190
2 Chiu luC Zmax 8,911.108 0,000646 0,000029
3 Chiu luC Tmax 9,846.107 0,007542 0,000392

Nhin vao bang 3 c6 thé thay rang, truong hop khuyu truc chiu luc Tmax CO C4C gid tri ung suat
I6n nhét, d6 chuyén vi 16n nhit va do bién dang 16n nhat, 16n hon ca hai trudng hop khai dong va
truong hop chiu luc Zmax. Cu thé 1a: Truong hop khai dong, véi luc tac dung lén chét khuyu cé
d6 16n 12451 N, 16n hon lyc tac dung Ién chét khuyu trong truong hop chiu luc Zmax Véi gid tri 1a
2178 N, vi thé céc gia tri ung suat, chuyén vi va d6 bién dang cua truong hop 1 s& 16n hon truong
hop 2. Ca hai trudng hop nay, luc tac dung 1én chét khuyu déu co6 phuong thing dung theo
phwong phap tuyén, do d6 1am truc khuyu bi ubn va bién dang nhu mé phong & trén. Trudng hop
chiu luc Tmax, V6i cac luc tac dung Ién chdt khuyu c6 gid tri lan luot 1a 9576,2 N va 2007 N.
Truong hop nay, khuyu truc vira chiu lyc tic dung theo phwong phap tuyén, vira chiu luc tac
dung theo phuong tiép tuyén, vi vay két qua trueong hop 3 s& 16n hon hai truong hop dau tién.

5. Két luan

Truc khuyu 12 mot chi tiét may chiu tai trong l6n va thay dol theo chu ky nén trong qua trinh
lam viéc, truc khuyu chiu ung suét rat phuc tap: tng suit udn, tng suat xodn,... Vi vay, truc
khuyu thuong bi hu hong do vat liéu bi mai, thiéu stic bén hoic d6 cing vimng,... Do d6 khi thiét
ké can chd ¥ nang cao do bén va d¢ ciing viing cua truc khuyu, dé dam bao cho dong co 1am viéc
lau dai. Két qua md phong kiém tra siic bén bang phuong phip md phong trén co s¢ ap dung
phuong phép phan tir hitu han, cho ta thu duoc két qua vé tmg suat Ion nhét tap trung tai goc
chuyen tlep gitta ¢ truc va ma khuyu, gitra chét khuyu véi ma khuyu (cdc goc lugn). Cac két qua
cho thay rang, truc khuyu luén dam bao do bén trong bat ky diéu kién 1am viéc chiu tai trong tac
dong 16n nhat. Thong qua két qua nghién ctiru c6 thé 1am tai lidu tham khao va 1am co s& cho tinh
toan va thiét ké ché tao truc khuyu cho bét ky dong co cu thé ndo nham giam cong suc cho cac
cong doan néu trén. Dac bit tai Viét Nam viéc nang cao cong Suat dong co xe may béng giai
phép “don dén xody nong” tirc 1a thay thanh truyén dai hon hay tién bot phan xy lanh va thay
piston 16n hon muc dich dé tang ti s6 nén hoic tiang thé tich xy lanh nham tdng cong sudt va mo
men dong co 1a twong d6i phd bién. Két qua nghién ciu nay c6 thé ung dung dé lva chon vat liéu
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va khoi lugng phii hop dé dam bao do bén truc khuyu theo kich thuéc méi cua piston, xy lanh
hoac thanh truyen.
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