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DANH GIA DO BEN MOI CUA TRUC CAC PANG O TO BANG
PHWONG PHAP TiNH TOAN MO PHONG

EVALUATION OF FATIGUE LIFE OF THE AUTOMOBILE PROPELLER
SHAFT BY SIMULATED CALCULATION

Hoang Truwdng Minh, Nguyén Trong Hoan
Truong Dai hoc Bach khoa Ha Noi

TOM TAT

Dao dgng mé men xodn trén truc cia dong co dot trong tao nén tdi trong co chu ky voi bién
do Iom tac déng lén cdc chi tiét trong hé thé'ng truyen luc, gady nén hién twong moi. Pé danh gia do
bén méi cia cac chi tiét trong hé thong truyén luc, cé thé sir dung nhiéu phuwong phap khac nhau.
Bai bdo trinh bay phwong phdp danh gia do bén méi va tuéi tho ciia truc cac dang 6 6 tai bang tinh
foan mé phong.

Tir khéa: Truc cdc dang; Dao dong mo men xoan; Bé bén moi; Tudi tho.

ABSTRACT

Fluctuating torque on the shaft of the internal combustion engine, resulting in a large-
amplitude load acting on the components of the transmission system, causing fatigue damage. To

evaluate the fatigue durability of the components in the transmission system, it is possible to use a

variety of methods. This article presents the method of fatigue life estimation of truck propeller shaft
by simulated calculation.

Keywords: Propeller shaft, fluctuation of torque, fatigue durability, fatigue life.

1. PAT VAN DL xau cua n6 t6i HTTL. Tuy nhién, do dic thi

cua dong co dot trong, dao dong moé men xodn
van ludn ton tai va viée danh gia do bén moi
céc chi tiét trong HTTL 1a can thiét, Trong do,
tryc cac ding thudng dugc coi 1a chi tiét chiu

Hién nay, trén 6 t6 sir dung chu yéu cac
loai dong co 4 ky v6i nhuoc diém b hitu 1a méd
men trén tryc bién thién theo chu ky véi bién

d6 kha 16n. E'mh huong lon nhét cua dao dong moé men
xoan do c6 d§ dan héi cao. Boi vay, cac tac gia
T{'én cac dong co hién dai, nguoi ta {1p da chon truc cac cjéllg lam déi trong nghién

dung nhiéu bién phéap khac nhau dé giam thiéu clru; danh gia do bén moi.

bién d¢ dao dong cua dong co va anh huong
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2. DAO PONG MO MEN XOAN CUA
PONG CO

Khi lam viéc trong déng co xuat hién
luc khi thé do khi chay sinh ra va cac luc quan
tinh ctia cac khéi lugng chuyén dong tinh tién
va céc khéi luong chuyén dong quay. Cac luc
nay thay doi theo goc quay cta truc khuyu va
gdy nén nhimg dao dong trong HTTL. Luc
khi thé va luc quan tinh cua dong co 1a nhing
Iuc c6 tri s6 10n va thay d6i chu ky nén ching
mang tinh chit va dap, tao nén bién do lon.
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Hinh 1. D6 thi quan hé gitta mé men va goc quay
cua truc khuyu:

1) Mo men luce khi thé: 2) M6 men lie quan tinh;
3) Mo men tdﬁg

Trén hinh 1, thé hién mot vi du vé su
bién thién cac thanh phan mé men trén truc
khuyu ctia dong co. C6 thé nhén thdy ring mo
men do luc khi thé (duong s61 trén hinh 1) dat
dugc gia tri rat 16n ¢ ky no.

Tuy nhién, nho c6 moé men cua cac luc
quan tinh (duong s6 2 trén hinh 1) ma mo men
tong trén truc dong co (dudng s6 3) dat duoc
bién do nho hon. Mic du vay, ¢6 thé nhan thay
ring, md men cua dong co van dao dong vdi
bién do lon. Vi vay, khi truyén qua hé théng
truyén lye, no tao nén tai trong c6 chu ky tac
dong lén cic chi tiét, gy nén hién tugng moi.
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Hinh 2. M6 men trén truc dong co V6

Dé xiy dung phuong trinh toan hoc mo
ta cia mO men tong trén truc cua dong co M
theo goc quay cua truc khuyu o nguoi ta phai
tién hanh phan tich n6 thanh cac ham diéu hoa
cac cap dudi dang chudi Fourier. Khi d6, mo
men M c¢6 thé duoe viét dudi dang:

M =M, + > M, Sin(kQu+ o) (1)
Tl
Trong do6: M, la gia tri trung binh cua
M; a, bk la cac hé so Fourier; M 1a bién d¢
cua cac md men diéu hoa thir k; Q:-lz'_—f\/an tde
g6c phu thuée vao chu ky cua modé men cua
dong co; o la pha co so.

Ch?mg han, ddi voi dong co diesel co
6 xi lanh bd tri chir V, nguoi ta xay dung duoc
phuong trinh sau [4]:

M =M, +0.8sin(3a - 60°)+0,4sin3a +30°) + 0, 7sin 4.5z - 40"
+0,2sin (7,52 30" )+ ...

(2)

D6 thi bién thién mé men cua dong co
theo goc quay cua truc khuyu dugce thé hién
trén hinh 2.
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3. TINH TOAN TAI TRONG TREN TRUC
CAC PANG

Do céc chi tiét trong HTTL c6 tinh
quéan tinh va tinh dan hoi, nén mé men bién
thién truyén qua né gay nén hién twong dao
dong xoan. Vi vay, dé tinh m6 men trén truc
cdc dang, cn thuc hign md phong HTTL véi
day du céc tinh chit cua no. So do tinh toan
tal trong trén truc cac dang dugc thé hién trén
hinh 3.

L ¢ L Th

I Is G Is
€23 § ) €34 g E‘ @‘
1 s T34 My e

Hinh 3. So' @6 mé phong HTTL

Trén so d6 sir dung cac ky hi¢u sau: I
(i=1,....4) 1a mdé men quan tinh ctia dong co
va cac bo phan cua HTTL, I, 1a md men quan
tinh cla cac khoi lucmg chuyen dong tinh tién
cua 0 t0; ¢;la d¢ dan hoi va r.la he sO can cla
cac phan tu trong HTTL; i 1y la ty s6 truyén ctia
hop s6; M_ 1a mo men xofn ciia dong co; C, la
khép ma sat mo ta ly hop, M, 12 m6 men can
chuyén dong, quy dan vé truc cac dang; M_ la
mé men do lyc can khong khi gay nén, quy dan
vé truc céc dang; C, 1a khép ma sat mé ta kha
nang bam duong cia banh xe chi dong.

So d6 tinh toan gdm c6 5 khéi lugng
quan tinh, dugc lién két voi nhau thong qua cdc
khO‘p ma sat (CI, C,) hodc cac khau dan hdi (e, 4]
c6 ké dén ton thit nang luong do ndi ma sét cta
vat liéu (r, ;- Cac khéi luong thyuc hién chuyén
dong quay V01 goc quay trong tmg la 0,

Chuyén déng cua cac khéi lugng I va
[, duge mé ta bang cac phuong trinh sau:
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Ilgb] =ML‘_MC (3)

(3]

Trong do, M, 1a m6 men trén khau lién
két cac khéi luong I, va 1. Khi ly hop khong

trugt (¢, =¢,), cic phuorng trinh trén c6 thé
viét gon thanh:

(L+1)g, =M, - Mn (3a)

l.ﬁ

Khéi lugng (quan tinh I ndm trén truc

thir cap cua hop s6 duge mo ta bai phuong
trinh:

[3¢3:M23_M34 (5)

Trong phuong trinh trén, M,, 1a mé
men trén khau lién két cac khéi lu'o’ng l,va L.

Néu M, < M ,, banh xe chu dong khong tmO't

(@, =), nén phuong trinh chuyen dong co
dang:

(1,+1,)é, =M,,-M,-M, (6)

Néu M, > M ,,banh xe chu dong truot
quay, khi do phan mo men truyén qua khép
truot dé téi khéi luong 1, dugc coi 1a bang M‘p
Trong tru’(mg hop nay, phuorng trinh chuyen

dong cac khoi luong quén tinh 4 va 5 duoc viét
nhu sau:

13, =M, — -M, y —M, (6a)
I = M,-M, (7a)

Cac mo men trén cac khau lién két M
va M34 bao gdm mé men dan hdi M . va mo
men can M ~do ndi ma sat cuia vat lleu

M23 :M23c +M23,- (8)

My, =M,, + M, (9)
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1 1
My, = 4!?2 -y M, = (403_494)(10)
e e34

My, =1y (&_%] My, =1, (‘?93 _¢4) (11)
lfl
M6 men bam quy din vé truc céc ding
M : .
Y '/ (12)
@ I'D
V6i ¢ 1a hé s6 bam, G, 1 trong luong
bam (N) r, la ban kinh banh xe (m) vai laty
s6 truyén clia truyén luc chinh.

M6 men can chuyén dong M, tac dong
lén khoi lugng I, duoc tinh theo cong thirc:

M =¥Ch (13)
W IO
Vaoi v 1a hé s6 can cua dudng, G, la

trong luwong toan bo cta 6 t6 (N).

Mé men do luc can khong khi tac dong
1én khoi lugng quén tinh I, dugc tinh nhw sau:

koS5t
Ii"-0
M6 men cua dong co M, duoc tinh theo
cong thuc (2).

M, = (14)

Khi 6 t6 chuyén dong & ché do van
hanh binh thuong, ]y hop va banh xe chi dong
khong truot. Hé théng duoc mé ta bdi cic
phuong trinh: 3a, 5, 6, 8,9, 10 va 11. Dé tién
cho viéc giai bai todn, hé phuong trinh trén

dugc viét dudi dang sau:

M, + My,
@, = ! [M(, ——3——’] (13)

Ifl
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; 1
@ = T I:(Mm +M73r)_(M34c+M34r)] (14)

3

M34 - Mg.' - Mw

0, = 15
ST L) (15
. 1 (w,
My, 2_[?“ _(UJ (16)
€\l
M, =ry, (%_C’%] (17)
h
. 1
My =—(@,~,) (18)
34
M, =n, ((03_'@4) (19)

Trong cic cong thue trén o, = ¢,. Mo
men can Mw cua duong duoc tinh theo cong
thire (13), con md men cua lue can khong duoc
khi tinh theo cong thirc (14) v6i o, = w, .

Ung sudt xofn tac dung 1én truc cac
dang duoc tinh theo cong thirc:

W 16 D

g =

Trong do, D va d 1a dudng kinh ngoai
va duong kinh trong cua truc cac diang (m).

Céc sb liéu tinh toan duoc léy tham
khdo theo 6 t6 VEAM 533603 la dong xe
tai duge chuyén giao céng nghé tir tap doan
MAZ, Belarus: M,,..= 882Nm; G = 165000N;
k =0,33; S=5.9m% r, =0,51m; v =0,02; ¢ =
0,8; G,=110000N. Céc thong sé trén so' dd md
phong (xem hinh 3) duogc cho trong bang 1. Ty
s0 truyén cua hop sé duge cho trong bang 2.
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Bang 1. Cic théng s6 trong mé hinh tinh toan (hinh 3)

N L. 5 Hé s0 dan hoi H¢ b can
M6 men quan tinh (kgem?) (rad/Nm) (Nti./rad)
I I 8 L I €1 Cia k, k.,
2.5 0,26 3,18 0,08 373,7 6,74.10° | 1,58.10° 13,83 73,92

Truc céc dang dugc lam tir thép dng C20 cb duong kinh ngoai D =102mm va duong kinh
trong d = 94mm.

Giéi bai toan bang phan mém Matlab véi cac s6 liéu trén, ta nhan duoc db thi bién thién
mo men xoan trén truc cac dang & tay s6 1 nhu trén hinh 4. Két qué cho thay, mé men xoz“'mwdao
doéng xung quanh gia tri trung binh M, = 6440,0Nm véi gié tri cuc dai la 6776,5Nm, cuc tiéu la
6095,8Nm va gia tri binh phurong trung binh 1a M, = 6444,0Nm .

6800

6600 | /

M (Nm)

6400
6200 -

6000
0 0.5 1 15 2 25 t(s) 3

Hinh 4. Bién thién mo men trén truc cac dang o tay sé 1

Ung suit trén truc cac dang c6 quy luat bién thién trong ty nhu mé men xoin va dao dong
xung quanh gia tri trung binho, =110,892MPa véi gia trj cuc dai 1a 116.688MPa, cuc tiéu la
104,966Mpa va gia tri binh phuong trung binh 12 & =110,962MPq .

118

(MPa)

0 05 1 1.6 2 25 1t(s) 3

Hinh 5. Bién thién umg sudt trén truc cac dang o tay so |

Bang cach tinh nhu trén,' ta thu dugc Gmg suat trén truc cac dang cho tat ca cac tay so. Ty
1€ thoi gian lam viéc & céc tay s0 phu thudce vao loai xe va diéu kién sir dung. Déi v6i 6 t6 VEAM
533603 12 6 16 tai co 8 tay s6, phan bé thoi gian sir dung ¢ céc tay 56 dugce 14y tham khao theo [4].
Vi quang duong co s duge chon 1a 10000m. cac sb liéu tinh todn duoe cho trong bang 2.
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Bdng 2. Phén bé thoi gian lam viéc 6 cdc tay 56 trén quéng duong 10000m

Tay sb Vin the joyitan duim
No. ih (m/s) (s) (%) (m)
.30 1.90 4.0 0.5 7.6
il 4.86 2.80 8.0 1 22.4
;u 3.50 4.00 24.0 3 960
4 2,48 o200 44.0 3.3 242.0
50 2.09 6.50 20.0 10 520.0
&% 1.39 9.80 120.0 15 1.176.0
i 1.00 13.60 3600 45 41\‘)@0
g 0.71 19.00 160.0 20 3.040.0
Tong 200 100 10,000

Két qua tinh toan duge str dung lam so
licu dé tinh bén moi va tudi tho cua truc.

4. TINH TOAN BEN MOI TRUC CAC PANG

Co so dé tinh bén moi 1a duong cong
moi. Bé xay dung dudng cong moi co thé sir
dung phuong phéap tinh toan ly thuyét vai cac
cong thirc kinh nghiém [1,2]. V6i vt liéu lam
truc cac diang duoc chon la thép C20, co ung
sudt cuc dai o, =420MPa va gioi han chay
o, =250MPa, ta xdy dung duoc duong cong
moi trén hé truc logarit nhu trén hinh 6.

10° 10° 10 10"

101 H)J

Hinh 6. Duong cong moi doi vot var ligu C20
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Theo 1y thuyét bén moi, hu hong tich
luy do moi phu thudc chu yéu vao 2 thanh
phan tmg suat: Ung suét trung binh o va bién
do mg suat o,. Trong cdc tinh toan tren day,
gid tri ung suat trung binh da duoc xac dinh
cho timg tay s6. Bién do rng suat duogc tinh
theo cong thic: 6, =0, —0o, . Voi mg suit
cuc dai da biét, ta xac dinh duorc bién dd uing
suat o, Dé danh gia tac dong cua tirng thanh
phan g sudt gdy méi truc cac ding, c6 thé s

dung cong thirc Goodman:

2a4m (22)
Sr.? SH
Do tng suit tac dong 1én truc cac dang
thay doi trong pham vi rong, tich [0y hu hong
cua truc duge xac dinh theo quy tic Palmgren
— Miner:

k
non n, n,
—+L 4 4L =chy) —L=¢ (23) o

N, N, N, SN

i
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Véin,n

cees Oy

,---» 1, 14 56 chu ki thc dong twong mg véi mirc cc mirc img suit gdy moi 6, o,
... :

N, N,,..., N, 12 chu ki gy héng do méi (fwong tmg trén db thi o-N).

Nhu vy, s6 chu ky giy héng do moi (tudi tho ctia chi tiét) N dwoc xac dinh theo cong thirc:

1

k

n;
2

i=1 i

N =

M

emax”

24

Cac tinh toan duogc thuc hién cho cac mirc md men khac nhau cua dong co, tir 0,8Mcmax dén

Két qua tinh toan véi md men cuc dai cia dong co (M, = 882Nm) duoc tdng hop trong bang 3.

Bing 3. Két qud tinh todn véi mé men cuc dai ciia dong co:

Tay sb t(s) ¢ . (Mpa) ¢, (Mpa) | o (Mpa) n, S, (Mpa) Ni
1 4 116.696 110.973 5.7226 7 1777 125601.27
2 8 80.678 73.873 6.8051 | 19 8.257 847551.99
3 24 60.506 53.156 7.35 75 8.415 3767517.61
4 44 45.732 37.723 8.0089 198 8.799 -
5 80 40.162 31.781 8.3819 410 9.068 -

Trong bang 3, chi thé hién két qua tinh
toan dén tay sb 5, vi & cac tay sb cao hon ung
suét trén truc cac ding thap hon nhidu so véi
gidi han méi da duoc xac dinh 1a 51MPa.

St dung quy tic cong tac dung
Palmgren - Miner, ta tinh dugc s6 chu ky gy
hong tryc cac dingdoméila N =10,198.10°. Vi
chu ky d4 lya chon 13 10.000m, quing duong
xe chay dugc cho dén khi truc cac dang hong
domodila S=101.982 km.

Thyc hién cac tinh toan tuong tu nhu
trén v6i cic mirc md men 0,8.M__ vi 09.
Memax ta thu dwugc két qua nhu trong bang
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4. Céc két qua trén c6 dugc dya trén gia thiét
truc cic déng ludn chiu mdt mirc mé men da
dinh. Néu thuc hién tinh toan cho nhiéu trudong
hop khéc nhau trong ung véi didu kién chuyén
ddng thyuc cua 6 t6, ta c6 thé dua ra danh gia
g?m diung vé tubi tho cua truc.

Bang 4. Két qua tinh todn & céc mikc tdi trong

khac nhau
M (Nm) ,{ $6 chu ky N | Tuoi tho (km)
08 Manax . 29.677.10° 296,766.10%
09Memx | 16,933.10? 169,329.103
" Memax 10,198.10° | 101.982.10°
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5. KET LUAN

Dénh gi4 do bén moi va tudi tho cua
cac chi tiét trong HTTL cla 6 to vin dang
14 mdt bai toan khé d6i véi cac nha thiét ké.
Thong thuorng, dé lam viéc nay, ngu‘m ta phai
dua trén mét sd luong rat 16n cac s6 lidu thuc
nghiém. Bai bao trinh bay mdt phwong phap
danh gia do bén moi cia truc cac ding bang
tinh toan mo phong Pay méi chi 1a mét sb két
qua budc diu, thé hién kha nang gidi bai toan
bén méi v6i su hd tro cia may tinh. Néu dugc
tiép tuc nghlen ctru hoan thién, phuong phap
nay c6 thé dugc ung dung dé danh gia tudi tho
cua céc chi tiét trong HTTL cua 6 t6 v6i chi phi
vé thoi gian va tai chinh it hon so vm viéc thuc
hién céc thi nghiém d8 thu thap sd liéu. <

Ngay nhén bai: 05/8/2018
Ngay phan bién: 20/8/2018

Tai liéu tham khéo:

[1]. ROBERT C. JUVINALL , KURT M.
MARSHEK, Fundamentals of Machine
Component Design. Fifth Edition (2012),
John Wiley & Sons, Inc.

[2]. R. Budynas, and K.J. Nisbett, Shigley's
Mechanical Engineering Design, 9th Edition,
McGraw-Hill, New York, 2013.

[3]. LE Van Nghia, KUSIAK V.A., NGUYEN
Trong Hoan, The research on threshold values
determination of one-parameter feedback in
the automated friction clutch control circuit
for truck start-up process. Hoi nghi Co hoc
toan qudc lan thir X, Ha Noi, 8-9/12/2017.

[4]. Tpuixesa A.1., A6momobunu, Koncmpyrxyus,
KoHcmpyupoeanue u pacuém. Tpancmuccus.
Bouuctiwas wixona, Munck, 1985.

[S]. Vii Van Nhan, Nguyén Trong Hoan, Trinh
Minh Hoang; Pdnh gid dj bén méi dam cau
truce 6 t6 tai, Tap chi Co khi Viét Nam, sb
3/2017.

ISSN 0866 - 7056

TAP CHI CO KHI VIET NAM, S6 8 nim 2018

www.cokhivietnam.vi



