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Giai phap tao tai mo phéng tac dung 1én thanh truyen trong

thiét bi thure nghiém bdi tron 6 dau to thanh truyén
A Solution for Creating the Simulating Load on Connecting-Rod in the Experimental Device for
Lubricating Condiction of the Connecting-Rod Big End Bearing
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Tom tat

Tuéi tho va dé tin cdy lam viéc cta cum truc khuyu-thanh truyén trong déng co dét trong phu thudc rat nhiéu
vao ché do béi bon. Thanh truyén la mét bé phan quan trong ctia dong co, trong dé dau to thanh truyén lam
viéc trong diéu kién khac nghiét (tai trong I6n va thay déi lién tuc, van tdc I6n, nhiét d6 cao, ...). Céc nghién
ctru tinh toén vé béi tron gbi d& nay luén luén cén cé céc thiét bi thure nghiém dé kiém nghiém céc tinh toan.
Bai bao nay dwa ra giadi phap mé phdéng tai twong g chu ky lam viéc cta dong co va phwong phép do luc
téc dung Ién thanh truyén (d&u to thanh truyén) bang vét liéu quang dan héi trong thiét bj dic ching khao
sét béi tron 6 dau to thanh truyén. Luc tac dung Ién thanh truyén gém hai luc kéo/nén va luc ubn. Céc luc
nay duoc do bdng cac cam bién bién dang théng qua ldp d&t cac cadm bién theo mach céu.

Keywords: Thanh truyé&n, & trwot, so d6 tai, cdm bién bién dang, vong dém belleville
Abstract

The longevity and reliability of the crankshaft-connecting rod assembly in internal combustion engines
depends very much on the lubricated regime. Connecting-rod is an important part of the engine, in which the
connecting-rod big end bearing works in severe conditions (heavy load and dynamic, high velocity, high
temperature, ...). The calculation research for this type bearing need always be equipped with experimental
device to compare the calculated results and the experimental results. This paper presents the load
simulation solution corresponding to the engine's operating cycle and the force measurement method
applied to connecting-rod (connecting-rod big end) model of photoelastic in the special device for lubricating
of the connecting-rod big end bearing. The force acting on the connecting-rod includes two
traction/compression and flexion forces. These forces are measured by strain gauges by the installation of

bridge sensors.).

T khoa: Connecting-rod, bearing, load diagram, strain gauges, belleville washers

1. Giéi thiéu

Thanh truyén 1a mot trong cic bd phan quan
trong cua dong co, trong do dau to thanh truyén (6
dau to thanh truyen duogc tao bdi than thanh tmyen
ndp thanh truyén va truc khuyu) lam viéc trong diéu
kién khic nghiét (tai trong 16n va thay doi lién tuc,
van toc 16n, nhiét do cao, ...). Do vay, viéc nghién
ctru ddc tinh bdi tron 6 dau to thanh truyén trong quéa
trinh lam viéc dang dugc cac nha khoa hoc ciing nhu
cac nha san xudt hét strc quan tdm. Trong do khong
thé thiéu cac nghién thyc nghiém nhim kiém chimg
c4c mo hinh tinh toan 1y thuyét. C6 hai phuong phap
thuc nghiém dang dugc cac nha khoa hoc trén thé
giéi ap dung. Phuong phap thir nhat 1a thyc nghiém
v6i thanh truyén that trén dong co hoic md hinh
tuong dwong. Phuong phép thir hai 1a thi nghiém véi
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thanh truyén mo phong trén thiét bi thyc nghiém véi
co cau md phong tai twong Gng voi chu ky lam viée
cua dong co.

Vé cac nghién ctru trén thanh truyén that, nim
1965, Cook [1] da nghién ctru do quy dao tdm truc
cia 6 truc khuyu trong dong co diezel mot xi lanh
bang cam bién dién tir, cic két qua cho thay bién
dang dan hoi cua 6 thay ddi nhiéu khi tai tic dung
1én. Nam 1973, Rosenberg [2] sir dung thiét bi twong
duong dé do chiéu day mang dau thong qua cic cam
bién. Cac két qua cho thdy su twong thich gitra chiéu
day mang dau va tai tac dung. Nam 1985, 1987 va
1988 Bates va cong su [3] [4] [5] di xay dung thiét bi
sir dung dong co xing V6 bién ddi dé co thé do cac
ddc tinh cia 6 dau to thanh truyén. Nam 2001,
Moreau [6] tién hanh do chiéu day mang dau ctia ba 6
ctia truc khuyu va 6 dau to thanh truyén cta dong co
xang 4 xilanh. Téac gia nghién ctu anh hudng cua do
nhét dau boi tron, khe hé ban kinh t6i chiéu day
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mang dau. Nam 2005, Michaud [7] va Fatu [8] da
tham gia xdy dung bang thir cia LMS dé nghién ctru
boi tron ¢ dau to thanh truyén trong diéu kién lam
viée thuc va khic nghiét. Toc do t6i da ciia dong co
dat 20.000 v/ph voi tai nén va kéo tac dung la 90 KN
va 60 KN. Cac nghién ctu trén thanh truyén mo
phong, nam 1983, Pierre-Eugene [9] va cac cong su
d3 nghién ctru bién dang dan hdi cia 6 déu to thanh
truyén dudi tac dung cua tai ¢ dinh. Thanh truyén
dugc dic tir nhwa epoxy. Thanh truyén dwoc lip véi
truc bang thép quay véi toc do 50 dén 200 v/ph, tai
tic dung thay doi tr 60N dén 300N. Nam 2000,
Optasanu [10] trién khai thiét bi thyc nghiém dé
nghién ctu 6 dau to thanh truyén véi co cdu mod
phong tai twong tmg véi dong co. Thiét bi tudn theo
nguyén 1y hé bién-khuyu va st dung mét thanh
tmyén. Thanh truyén lam béng vat liéu trong, nhya
epoxy PSM1 va PSM4. Nam 2012, Hoang [11] nang
cap thiét bi nay va sir dung thanh truyén bang vat li¢u
PLM4 va nghién ctru nhiét d6 mang dau théng qua
cac cam bién nhiét do.

Trong bai bao nay, tac gia xay dung co ciu tao
tai mo phong lyc khi thé tic dung 1én thanh truyén
(ddu to thanh truyén) bang vét liéu quang dan hodi
trong thiét bi thuc nghiém khao sat boi tron 6 dau to
thanh truyén. Tai mé phong ndy twong tng véi chu
ky lam viéc cia dong co. Luc tac dung 1én thanh
truyén gom hai lyc kéo/nén va Iuc ubn. Cac luc nay
s& dugc do bang cac cam bién bién dang thong qua
lap dit cac cam bién theo mach cau.

2. Thiét bi thwe nghiém

Thiét bi thuc nghiém tuan theo nguyén 1y hé
bién-khuyu (Hinh 1). Thanh truyen mo hinh gdm hai
nira, dau nho thanh truyén (8) bang thép va déau to
thanh truyén (9a) va (9b) bing vat liéu quang dan hoi
((9a) 1a than diu to thanh truyen (9b) 1a nap déu to
thanh truyén). Pong co dién (2) quay truyen chuyén
dong t6i truc khuyu (11) qua hop giam téc (3) lam
cho truc khuyu quay, khi truc khuyu quay kéo theo
piston dan (5) chuyén dong tinh tién 1én xubng nho
dugc két ndi thong qua thanh truyén dan bang thép
(16) lap véi truc, dau nho lap véi piston dan. Cum két
cau nay trugt doc theo hai tru cua khung, lién két (tru)
giita piston dan va dau nho thanh truyen dan va truc
quay cing nhu gitra thanh truyén dan va truc khuyu
nho 6 da. Trong qua trinh lam viéc thanh truyén dan
(bién dan) lan luot day piston 1én phia trén va kéo
xudng phia dudi, chuyén dong nay tuan theo hé bién-
khuyu cua dong co nhiét. Piston (7) dong va tro nhu
piston trong dong co nhiét, chuyén dong tinh tién 1én
xudng theo piston din, dugc lién két vai truc khuyu
(11) (qua bac 10 lap chat véi truc khuyu) thong qua
thanh truyén mo hinh (gom déau nho thanh truyén
bang thép (8) va dau to thanh truyén bang vat liéu
quang dan hdi (9a + 9b)) md phong qua trinh lam
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viéc cua piston trong dong co. Thanh truyen nghién
clru dugc dat song song voi thanh truyen dan O dau
to thanh truyén tao béi than thanh truyén, nip thanh
truyén va truc. Pau nho cua thanh truyén nghién ctru
lién két va truot theo piston. Khi lam viéc (khi truc
quay), cac luc dugce tao ra boi chuyen dong cua piston
va thanh truyen dugc can bang boi ap suét trong
mang dau 6 dau to thanh truyén.
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Hinh 1. So d6 nguyén 1y thiét bi thyc nghiém

Piu to thanh truyén c6 duong kinh 97,5 mm,
chiéu day 20mm. Tong chiéu dai thanh truyén (bao
gém dau to, dau nho va phan ghép ndi 1a 241,5 mm
(Hinh 2).

Nap dau to thanh truyén (sb)

Dau nho
thanh truyén (8)

Hinh 2. Thanh truyén mé hinh
3. Co céu tao tai tic dung lén thanh truyén

Trong dong co thuc, cac luc tac dung 1én co cAu
truc khuyu thanh truyén gdm, luc khi thé (1a luc sinh
ra béi qué trinh chay - gidn nd hdn hop khi trong xi
lanh dong co), luc quan tinh (bao gdm lyc quan tinh
ctia thanh truyén, piston va truc khuyu), lyc ma sat
(ma sat gilta piston va xi lanh, gilta 6 dau to thanh
truyén va truc khuyu, ndi ma sat cia dau béi tron...),
luc can khi - thiy ddng va luc khac (trong luc...).
Trong céac luc nay, trur trong luc, 6 lon cua luc khi
thé va luc quan tinh 16n hon céc lyc can va lyc ma sat
rat nhiéu nén trong qua trinh tinh toan ta thudng chi
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xét dén hai luc néy.‘ Luc khi 5thé va lyc quén tinh tac
dung 1én thanh truyén thay doi trong chu ky lam viéc
cua dong co dugc biéu dien nhu hinh 3 [12].

Luc (M~ T T T T T T
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Hinh 3. D6 thi lyc khi thé va luc quan tinh [12]

Ta thiy, luc khi thé (Py) trong dong co thuc dat
gia tri 1on nhat tai khoang 360°, lyc khi thé hudng
xudng. Luc quan tinh (Py) tai 360° dat gia tri 16n
nhit, khi do piston & diém chét trén va bat dau
chuyén dong xudng dudi, luc quan tinh huéng 1én.
Téng hop cua lyc khi thé va luc quan tinh 1a P,.

3.1. Nhiém vu, yéu cdu, két cau ciia co cdu tao tdai

Hé théng tao tai c6 nhi€ém vu mo phong luc khi
thé tac dung 1én thanh truyén véi yéu ciu do thi luc
mo phong tuong duong voi dd thi luc khi thé trong
dong co thuc. So d6 hé thong tao tai nhu hinh 4.

Piston dan (5)

Cam (6)
Piston (7)
B¢ truyén dai
DQL} to thanh
truyén (9a+9b) m \l B6 cang dai

il

Hinh 4. So dd co céu tao tai

Co cau tao tai (Hinh 5) phai dam bao két cu
nho gon va d6 chinh xac cta h¢ théng tao tai. Mot co
chu cam (6) dwoc gén trén piston dan va dugc din
dong bang hé théng day dai (4) dam bao do tin cay
trong qua trinh lam viéc c6 rung dong va dép cao.
Piston dan chuyén dong tinh tién va truc khuyu (11)
chuyén dong quay kéo theo thanh truyen dan chuyén
dong song phang, do d6 chia hé théng dai lam hai
cap. Cép thir nhat truyén chuyén dong tir truc khuyu
t6i puly dai gin trén chdt diu nho cua thanh truyén
dan, do chuyén dong song phang cta thanh truyén
dan nén ta can bd cing dai giup day dai ludn én dinh
trong qua trinh hoat dong cua thiét bi. Cip thi hai
truyén chuyén dong tir puly cip thir nhat dén truc cua
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cam dam bao din dong can thiét ctia hé thong co cau
tao tai on dinh.

Luc tryc khuyu & 0° dinh cam hudéng 1én trén.
Ti s6 tryén ctia hai puli 1a 2, truc cia cam (6) giam
téc hai 1dn so v6i truc khuyu (11). Do véy khi truc
khuyu quay dugce 360° thi cam quay dugc 180°, dinh
cam ty 1én con ddy, nén 16 xo xudng tao ra lyuc tac
dung 1én dau nho thanh truyén. Bing cach nay mo
phong su nd trong dong co, luc 16n nhit nay co thé
thay d6i bang do clmg cua 16 xo. Tuy nhién, néu sir
dung 16 xo s& gay ra do tré 16n trong qua trinh tac
dung lyc Ién thanh truyén, do do ta str dung vong dém
belleville.

/Béu nhé thanh truyén (8

a) So 48 nguyén ly

b) Mé hinh 3D

Hinh 5. Co ciu tao tai
3.2. Cac tinh todn

Tinh toan co ciu tao tai voi yéu cau luc 16n nhat
tac dung 1én thanh truyén: Fune = 500 N, Tc d6 quay
ctia truc khuyu n = 250 vg/ph. Theo d6 thi luc khi thé,
khi truc khuyu quay tr 0°-270° va tir 450°-720° Iuc
khi thé thay do6i rit nho. Tur 270°- 450° lyc khi thé
thay dbi 16m, tang dén gi4 tri 16n nhét sau d6 giam dan
ve gid tri xap xi bang 0. Dé thuén tién trong qué trinh
thiét ké thiét bi ta coi gia tri 1on nhét cua luc khi thé
tai goc cua truc khuyu 1a o = 360°. Cam tao tai c6
bién dang va kich thudc nhu hinh 6.

@2

36.0

0300

Hinh 6. Cam tao tai
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Chon so bg vong dém 10 xo Belleville (Hinh 7)
theo tiéu chuan DIN 2093 c¢6 duong kinh ngoai D =
31,5 mm, duong kinh trong d = 12,2 mm, d¢ day t=1
mm, chiéu cao tong H = 1,9 mm, chiéu cao tai (phan
nén cut): h=H-t=1,9—-1=0,9 mm, vat li€u thép
6 mo dun dan héi E =2.10'" N/m? = 2.10° N/mm? va
hé s6 poisson ;4 =0,3.
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Hinh 7. Vong dém Belleville
+) Ti s6 duong kinh:

D315

4 122 =2,582mm

+) Hé sb tinh toan:

s-1) 2,582-1Y

1 [Tj 1 2,582

TxoHl_ 2 g2,582+41 2
5-1 2,582—1 In2,582

a =0,767

2

Ino

+) D6 udn 16n nhét:
Sm=h=0,9 mm

+) Luc tao ra do vong dém bi ubn:

4
F,=— 2L s\(h s\fh s,
(=pHaD” t |\t )\t 2t
_ 42.10°.1 s[(0,9 s)(0,9 s
— . -1 —-—— |+1|N
(1-0,3%).0,767.31,52 1L 1 1)1 2.1

Véi s 1a @6 uon (chuyén vi) cua vong dém

)

Lurc mé phong lec khi thé

Luc mo phéng luc khi thé cua co cAu tao tai 12 lyc do
vong dém bi uon gdy ra (Fva). Luc tac dung Ién thanh
truyén (ki hléu la Fn) sé la:

Ftt = de + thptnc + thptd

V61 Fypme 1& luc quén tinh cua piston nghién ctu,
Fapiar 18 lyc quan tinh do piston dan tac dyng lén
thanh truyen nghién ctru.

Véy de = Flt_ Fqlpldl - thptnc

Luc quan tinh cua piston nghién ciru dugc tinh nhu
sau [13]:
Fyiptne = — MpmcR@?(cosa + Acos2a) )

V01 Mpienc- khoi lwgng piston nghién cuu

Mptnc = Vptme. ¥ VO Ve - the tich piston nghién ctru
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Vpme = 4,964.10 * m® (dugc xéc dinh bing phan mém
CATIA), v6i y - khoi luong riéng cia dau nho thanh
truyén, y = 7850 kg/m’
Vay: mye = 4,964.10°.7850 = 0,387 kg, véi A= 0,23
(thong so ket cau).
Fptar = Faipua/2, v6i Fygpua 18 Iue quan tinh cta piston
dan
Fapua = — mpRo*(cosa + Ac0s2a), v6i My khoi
lugng piston dan, mpw = Vpa. ¥ V61 Ve — the tich
piston dan. Ding phan mém Catia ta tinh dugc Vg =
7,01.10 4 m?,
Viy: mpa=7,01.10%.7850 = 5,468 kg
Khi truc khuyu quay duge a = 360° (cam quay 180°),
ta co:

Fy=500 N

Fypme = — 0,387.55,55.107.26,18%(c0s360° +
0,23.c08(2.360%)) = —18,123N

Fapui = Fqpa/2 = — 5,468.55,55.10.26,18%(c0s360° +
0,23.c08(2.360%))/2 = —128,034 N

Vay ta dugc:
Fua =500 + 18,123 + 128,034 = 646,157 N

Thay F.q vao biéu thtc (1) ta dwoc d6 udn s cia
vong dém khi cam quay 180° s = 0,420 mm. Ta dung
10 vong dém lap theo cap nhu hinh 8.

Hinh 8. Lip vong dém belleville theo cip
Khi d6, 6 cling cua h¢ la:
k

g 1
i=1 .

K =
3)

Trong d6: k la d6 cimg cua mot vong dém, k = Fua/s;
n; 1a so lugng vong dém ¢ nhom thu i.

Ta c6 10 nhom (g=10), mdi nhom mot vong dém.
Thay vao (3) ta dugc: K =k/10.

Ta ¢6 d6 udn (chuyén vi) tong cua cic vong dém
belleville:

Smax = F/K = 10F/k = 10s = 10.0,420 = 4,20 mm

D6 thi luc mé phong lye khi thé ciia co cdu tao tdi
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Vé6i chuyén vi téng cua cac vong belleville Spax
(khi cam quay dugc 180°) vira tinh, ta ¢6 khoang cach
tir tAm cam dén con doi Iuc hé vong dém chua bi uon:

do=21-4,20=16,80 mm

Goi P la goc quay cua cam, B = a/2, o 1a goc quay
ma tai d6 dinh cam bét dau tiép xuc voi con doi.

Ta c6: |cosPo| = do/21 =16,80/21 = 0,800

Nén Bo = 143,130°

Do do, khi 0 < < 143,130° va 216,870° < B <
720°, cam khong tiép xtic véi con doi. Khi 143,130° <
B < 216,870° cam tiep xuc véi con doi va lam vong
dém bi uon.
Goi d 12 khoang céach tir tim cam dén con doi.

Taco:d=|21cos B |

Do udn ciia vong dém lac cam quay goc B (B = w/2), s
=d - 16,80. Thay vao bi€u thte (1) ta tinh dugc luc
khi thé mo6 phong Fyq.

Ta nhan dugc d6 thi lyc mo phong luc khi the
clia co cau tao tai (Hinh 9) c6 dang twong dong vai dd
thi luc khi thé trong ving xay ra sy nd trong dong co.

Lue (N)

64615 __
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I
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I
I

I
0 zsa 434° 720°

Goc tryuc khuyu
Hinh 9. D6 thi Iyc mo6 phong luc khi thé
4. Phwong phap do lwc tac dung Ién thanh truyén

Trong qua trinh hoat dong, tai trong tac dung 1én
thanh truyén gém hai thanh phin (Hinh 10), luc
kéo/nén Fx va lyc udn Fy. Dé xac dinh hai luc nay, ta
sir dung cac cam bién do bién dang va ndi thanh mach
cAu, mot mach ciu do cac luc doc truc (kéo/nén) va
mot mach cau do luc udn.

Hinh 10. Vi tri dat cam bién do bién dang dé do
Iwc udn va luc kéo/mén
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Hinh 11. Mach ciu do luc kéo nén Fx va luc udn

Dé do luc giy nén Fy ta ding hai cam bién dan
song song 1én mat trén va mat dudi thanh truyén va
hai cam bién khong dit trén thanh truyén dé ndi thanh
mach cau (Hinh 11a). Tuong tu dé do lyc giy udn Fy
ta ding mach cau bon cam bién (Hinh 11b) dén song
song & hai mit bén ctia thanh truyén. Vi thanh truyén
ngam trong dau nén cac cam bién s& dugc phu 16p
son cach dién va son chong dau.

Su cén bang cho thanh truyén s& la:
Ef=N

Efd+ Cpa= M (4)

Trong d6: F!, F,' 14 hai thanh phan ctia lyc do ap suat
thuy dong trong mang dau 6 dau to thanh truyén; Cpq
]2 mé men ma sat cua 6. N va M 1a lyc phap tuyén
theo Ox va md men udn.
5. Két luan

Bai bdo dua ra gidi phap tao tdi mo phong tac
dung 1én thanh truyén trong thiét bi thuc nghiém boi
tron 6 dau to thanh truyén. Thanh truyén nghién ctru
duoc ché tao bﬁ'mg vat liéu quang dan hdi. Mdt co ciu
tao tai s dung cac vong dém Belleville va mét cam
tao tai dé tao luyc m6 phong luc khi thé trong ving
Xay ra sy nd trong dong co. Luc khi thé md phong co
gi4 tri 16n nhat tai goc 360° cta truc khuyu la 646,15
N va Iyc 16n nhét tac dung 1én thanh truyén tai vi tri
nay la 500 N. Ngoai lyc khi the md phong, cac luc
khac tac dung 1én thanh truyén gdm luc quén tinh cua
thanh truyén va lyc quan tinh cta thanh truyén dan.
Luc tac dung 1én thanh truyén trong qué trinh hoat
dong gdm cac lyc kéo/nén va luc udn. Cac lyc nay
dugc xac dinh bang cac cam blen bién dang (ndi theo
mach ciu) dan trén thanh truyén.
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