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Truc cac dang trén 6 t6 14 bo phan truyén mo men tir hop s6 dén cau chii dong. Trong
khi xe di chuyén trén nhimng mat duong khong bang phang s& gy ra dao dong he thong
treo l1am cho goc nghiéng truc cac dang ludn thay d6i trong mit phang dung dan dén cac
thong s dong luc hoc truc cac dang va tai trong trong hé thong ciing thay doi. Tai trong
16n nhat khi xay ra cong huong co thé 1am hong truc cac dang, vi vay trong thiét ké, lap
dat va van hanh can tranh hién tuong cong huong nay.

Bai bdo trinh bay thi nghiém xac dinh cac moi quan h¢ gitra cac thong s6 dong lye hoc
v6i thong sd d6 bén truc cac diang. Thi nghiém sir dung b¢ thur kiéu dong cong suét ho co
dong co dan dong loai diesel IVECO 81kW va co cau gay tai MP100S. Cac truong hop
thi nghiém gom thay déi cac thong s6 goc nghiéng truc, chiéu dai truc va sb vong quay
truc tai cac ché do tai twong tmg voi ché do tai khi xe hoat dong thuce té trén duong. Két
qua thi nghiém da xac dinh duoc gia tri u’ng Suat, blen dang trén truc ¢ nhiing truong
hop trén. Trén co s6 két qua thi nghiém c6 thé lam s6 liéu tham khao trong tinh toén
thiét ké va ché tao dam bao du bén tryuc cic ding trén 6 to.
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Propeller shafts on automobile are used to transmit the torque from the gearbox to rear axle
drive. While vehicles moves on uneven ground, oscillation will be generated on the
suspension system, making the propeller shaft’s incline angle always change in the vertical
plane, leading to the propeller shaft’s dynamic parameters and loads in the system also
changes. The largest load manifesting when resonance occurs can damage the propeller
shaft, thus in the design, installation and operation this phenomenon should be avoided.
This article presents the experiment to determine the relationships between dynamic
parameters and propeller shaft strength parameters. The experiment used open-power
testing stand with IVECO 81kW diesel drive motor and the MP100S load generation
mechanism. Experimental cases include changes in tilt angle, axle length, and turn round
speed at load modes corresponding to the actual vehicle load mode. The results of the
experiments have determined the value of stress and strain on the shaft in the above
cases. The experiment results can be used as reference material for the calculations of
designing and manufacturing to ensure the adequate reliability of propeller shafts.
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1. GIOI THIEU

Truc cac dang xe tai, Hinh 1, chuyén dong lién tuc va chiu tic dong cia mé men xoan
trong suot qua trinh 1am vi¢c khi xe chuyén dong. Cac khdp cac dang thu:ong phai chiu Iyc tac
dong rat 16n nén rat d& bi mon hoic hu héng, anh hudng truc tlep dén qua trinh chuyen dong
ciing nhu d6 bén ciia truc cac dang. Cau tao truc cac dang co ban gdm c6 cac nang cac dang 1 va
2, than 16n cac dang 3, than nho 4, moi ghep then hoa 5 va khép chir thép 6.

M6 men xodn M1 truyén tir hop s6 qua truc cac dang dén cau chu dong phia sau, Hinh 2.
Khi tryc chu dong (lap tir truc thu: cap hop s6 v6i mat bich ciia nang cac dang s0 1) quay qua
khép ndi K1 (nang cac ding s6 1) s& truyén dong cho truc 3 quay (than s6 3, then hoa s 5 va
than nho s 4), hinh 2. Nang cac diang s 2 lip voi truc ra va banh rang chii dong cua truyén luc
chinh (dang banh rang hypoid). Goc nghiéng than so vdi truc chu dong la a;, goc nghi€ng truc ra
1a a;. Do goc a1 va 02 khac nhau nén s€ co sy quay khong déu cua truc 1 va tryc 2 xay ra rat
nhanh va gia téc goc 16n gay ra luc quan tinh 16m, xuét hién tai trong dong, gdy ra rung, 6n, do
mon trén cac khép cac dang tang, hidu suat truyén lyc giam.

Hinh 1. Truc cac ding trén 6 t6 LF3070G1 Hinh 2. M0 hinh truc cac dang khi lam viéc

Quan hé giita md men xoan M1 véi cac goc nghiéng al, a2 va m6 men quan tinh cua céac
truc theo cong thice (1), trong d6 J—1 1a mé men quan tinh cac phan tor quay cua dong co tdi truc
thir cap hop s6, J2 12 md men quan tinh twong duong véi dong ning cua 6 to dang chuyén dong
tinh tién [1].

2 1
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1

Trong nghlen ctu ly thuyet muyc tiéu nghlen ctru cua bai toan 1a tim dugc mdi lién hé g1ua
g1a tri m6 men xoan trén tryc cac dang M1 va céc thong s6 dong luc hoc (DLH) cling nhu céac
yéu t6 hinh hoc cua tryc céc dang Thong thu:ong c6 hai bai toan trong nghién ctru 1y thuyét:

- Bai toan xudi: cho md men xo4n dau vao M1, tim cac thong so DLH;

- Bai toan ngugc: cho rang budc ciia mot (Va1) thong s DLH, tim mé men xoan dau vao
M1.

Phuong phap st dung phuong trinh Newton-Euler sé yéu ciu ta viét mot h¢ ndm phuong
trinh vi phan dudi dang véc to (he gom 5 vat gan) Giai dugc h¢ nay sé cho ta biét dugc ca moi
quan hé cua céac thong s6 DLH véi lyc dau vao va voi cac luc rang budc. Trong nhiing chuyén
dong phic tap dé xac dinh dugc phu:ong va chiéu cta cac véc to [a rat khé khan. Mot phuong
phéap khac hay dugc sir dung 1a su dung phuong trinh Lagrange- -Dalember dé viét phu:ong trinh
chuyén dong. Mic du phu:ong phap nay khong cho ta xac dinh truc tlep duoc cac luc rang budc,
nhu:ng lai tranh dugc cac phu:ong trinh véc to phire tap. Hon nita, mac du phuong phéap nay yéu
cau tinh nhiéu lin dao ham ciia cac ham (Vo hu:ong) phuec tap nhung Vo1 su phat trién manh mé
cua cdc cong cuy tinh todn trén mdy tinh, viéc nay co thé thuc hién ma khong gay kho khan, nén
su dung phuong trinh Lagrange dé viét phuong trinh chuyén dong ctia cum truc cac dang sé
thuan loi hon.
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Trong nghién ctru thyc nghiém, mé men xoan M1 duoc xac dinh trudc trén dong co din
dong, ta can xac dinh md men trén tryc cac ding Mcd va céc thong s6 dong luc hoc khi hé thong
dang hoat dong bang cach do_ tryc tlep cac thong sé do bang nhirng dung cu chuyén dung trén
thiét bi do hién dai va phan mém phan tich linh hoat ddm bao d¢ chinh xéc cao.

Trong nghién ctru nay trinh bay thi nghiém xac dinh cac mbi quan hé giita cac thong so
dong luc hoc voi thong s6 do bén truc cac ding thong qua md men Mcd va cac gia tri Ung sut,

bién dang trén truc cac ding.

2.COSO LY THUYET
2.1. Co sé xac dinh cac thong s6 thi nghiém

Khi 6 t6 chay trén mat duong khong bang phang, su dich chuyén giita hai than truc nho
6ng then hoa va xac dinh boi goc nghiéng va chidu dai cum truc cac dang. M6 men trén truc cac
dang Mcd duoc tinh theo cong thac (2), [2].

M, =K, (a)l — Wy )dt+Bcd (a)l _a)qd) (2)
Kea va Beg (N.m.s) 13 hé sb d6 cling xodn va hé sé giam chin cua truc cac ding.

XN
= rad /s
30 ( )

o1, ®qq: Van toc goc truc vao va tryc ra cua cum tryc cac dang (rad/s).

n: S6 vong quay cua truc (v/ph). .

H¢ s0 d§ cing xodn tryc dugc tinh nhu sau:

K, =M (N.m) 3)
¢cd
Heé s6 giam chén cua truc cac ding:
B, = % (N.m.s) 4)

cd
Gea: M6 dun dan hdi mit cit ngang cua truc ché tao bang thép, Ged = 81010 (N/m?)
Ieax: MO men quan tinh dgc cuc truc cac dang (kg/m?2).

4 4
leae =72 {1—[%}] (kg | m?) 5)

32

Leg: Chiéu dai cum truc (mm)
Quan h¢ gilra bién dang va ng suét theo truc x trong bai todn mdt chiéu theo dinh luat
Hooke:

£ =iax+aT (6)

X

Diéu kién cung cua truc cac dang dugc xac dinh bdi goc xoan @4 cia truc. GOc xodn truc
cac dang (rad) tai mat cat i dugc tinh bdi cong thuice (7).
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o Mzi 'li
= G.J,

Pea = (rad) (7)

Thong thuong khi tinh do bén truc tinh nguoi ta chia thanh ting doan theo chiéu dai truc.
Dbi vai truc dong dang quay, viée chia doan ra s& rat kho chinh xac. Thi nghiém nay thuc hién
trén truc cic ding dang quay, Hinh 3. Hai diu nang trén dwoc danh sO 11 lap ve phia dong co
dan dong (twong ng vo1 hop sO) va nang dud6i danh sO IIT 1ap vé phia co ciu gay tai (twong
g v6i phia cau chu dong trén xe). Chiéu dai tryc L 1a khoang cach tir dau II va dau III. Tai
dau II, tuong tng v&i md men xodn M,; dan dong tir dong co va4 mo men can tir co cau gay tai
M,,, Hinh 3a. Xét hai vi tri bién dang déng thoi tai diém 1 va 2 ¢6 hai gia tri bién dang tuong
ung €, & trén so dd hinh hoc, Hinh 3b, do bién dang va goc xodn trén truc rat nho nén ta co
gin ding (8) va tir d6 xac dinh dugc do bén truc theo diéu kién cing bang cach kiém tra voi
gdc xodn cho phép.

& _&

18P ® Py = L L (rad) (8)

Trong thi nghiém viéc liy tin hiéu truc tiép trén tryc dang quay bang cach str dung cac
dung cu truyén dan tin hidu song dién tir. Cac thong sb trong thi nghiém gom:

Thong s6 da xac dinh trude: S§ vong quay cia truc n (v/ph); Chiéu dai tryc Leg (mm); Goc
nghiéng truc a (d9J).

Théng s6 can do trong thi nghlem M6 men X04n trén truc cac dang Mcg (Nm); Ung suét
theo phuong X tai vi tri do o, (N/m®); Bién dang theo phwong X trén bé mat truc tai vi tri do &
(mm)

i
{gﬁn ’"1 1I (ch £
B 4
N !
X g
a) b)

Hinh 3. M6 hinh thi nghiém xac dinh goc x04n trén truc cic dang
2.2. N0¢i dung thi nghiém
2.2.1. Xdy duwng so do thi nghiém

Trén Hinh 4 dé do cac thong s6 khi truc cac dang s6 1 dang quay nho md men dan dong
Me dugc chinh xac tmg voi két cau, kich thudc va kha nang chiu tai Mc twong dwong voi trang
thai lam viéc cua xe thuc can do xac dinh cac thong sb nham xay dung quan hé tuyén tinh giita
md men va bién dang & cac ché dd vong quay va tai twong ting. Tin hiéu w thu dugc trung gian
1a dién 4p Ae truyén qua b phat va thu tin hiéu khong day s6 2 va 3. Truc cac dang va bd thu
phat nay mam trong thiét bi bé thir thi nghiém. May do Spider8 s6 4 va may tinh s6 5 ciia hing
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HBM, CHLB Birc [3]. Tin hiéu dién 4p Ae nhén tir tenzo c6 dién ap thdp <10mV truyén t6i
may tinh qua day cap s6 6, sau khi khuéch dai dugc chuyén d6i A/D (Analog/Digital) dé bo vi
diéu khién thyc hién cac xir 1y, hién thi qué trinh do va ghi két qua do thanh file luu trir dugc
trén may tinh.

S R

Hinh 4. So d lya chon thiét bi thi nghiém va hiéu chuan s liéu do
1. Truc cac dang, 2. B phat tin hi¢u, 3. Bo thu tin hi¢u, 4. May do Spider8,
5. May tinh, 6. Day cép noi, w. Song tin hi¢u

2.2.2. B¢ thik thi nghi¢m

B¢ thir thi nghiém dugc tién hanh theo so do Hinh 5. Trong d6 dong co dan dong loai
diesel IVECO 81kW, hop s6 co khi 5 tay s, truc cac dang lap nghiéng trong mat phang doc co
the thay d61 gdc voi cac gid tri a, B va co cau gay tai MP100S.

Hép s6

8_ Bédng co &_\ @ Co ciu giy tai
| T

MP100S

Diesel {-@I:— : ruc cic dang thi nghiém
o A ©
}&
A ] Ty
c

N S T 2

Hinh 5. B¢ thtr thi nghiém

Cac truong hop thi nghiém gdm thay ddi cac thong sO goc nghiéng tryc, chiéu dai truc va
sO vong quay truc tai cac ché do tai twong ung voi ché do tai khi xe hoat dong thuc t& trén
duong. Nhitng vi tri 1, 2 dugce dan cau do Wheastone dé lay tin hiéu dua ra bg thu phat khong
day va chuyén do1 sang tin hiéu mé men va bién dang nho phép chuén calip do trén may thir kéo
nén chuyén dung. Cau do Wheastone s dung 4 Tenzo loai FCA-3-11, bang 2.1 hiéu Tokyo
Sokki Kenkyjo Nhat Ban [4]. Cac tenzo dugc dan bang keo chuyén dung Ién truc cac dang thi
nghiém va ndi véi bo thu phat tin hiéu khong day.

2.3. Cac ché d thi nghiém
Céc ché do thi nghiém dugc thi nghiém gom:

(1) Chiéu dai truc céc dang: Thi nghi¢m hai truc c6 chidu dai khac nhau L; = 1300mm va
L, =1450mm;
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(2) Goc nghiéng truc oo = 10° va 157

(3) Cac ché do tai trong dqu thuc hién trén thiét bi gay tai MP100S: tai 1 1a 100Nm va tai
2 1a 200Nm (tuong ng vdi cac ché dg 50% tai va 100% tai cua xe).

K&t qua da xac dinh dugc gia tri calip bién dang cua dién trd: € (um) 0,1550mm/10mV
2.4. Hiéu chuén tin hi¢u do
2.4.1. Higu chudn bién dang do

Hiéu chuan bién dang do dugc thuc hién trén may kéo nén sir dung bo thu phat khong day
de phat va nhan tin hi¢u. Céc thong so hi¢u chuan theo Bang 1.

Bang 1. Cac thong sé calip tin hidu do

STT Thong sb Cong thirc tinh Giai thich
1 Bién dang cua dién AL AR/R K - Gause factor dugc cho boi nha
tro: & (um) E=—= (11) san xuat hodc calip theo phép do
L K (PCL)

AL —DJ dan dai cua dién tro
AR — Lugng thay doi dién trd

2 K — Gause factor AP. /P P - Tai tac dung
K — CL CL (12)
&
3 K¢, — He so calip K. - AP, /P, (13) PCL_- Tai kéo .trAén may k?O nefl ’
CL o ecL - Lugng bién dang trén may kéo
cL nén

4 Ae —Dién ap do, U xK

moi quan hé gitra Ae:vTCL(gl —& T & _54)(14)

dién 4p do va bién y . P

dang €1,€2,€3,64— Bién dang tuong doi thyc t&

) trén moi dién tro

5 Tan s6 dép tmg cua | Chiéu dai tenzo: L = 3mm

tenzo FCA-3-11: Vit liéu do: Thép

360kHZ

2.4.2. Hiéu chuin mé men do

Hiéu chuin mo men X0&n calip Mxcl trén truc da dugc dén cac tenzo dién trd bﬁng cach
treo vat nang Pt 1én dau tay don c6 chiéu dai lcl = 1000 mm trang thai tinh vdi cdc trong luong
lan luot tang dan Pt = 0 kg, 10 kg, 20 kg,..., 100 kg theo cong thuc (9).

Mxcl = Ptlcl )
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Dién 4p do Ae (mV) va md men xodn trén truc Mxcl (Nm) 13 tuyén tinh, gin dung theo
(10).

Ae~k, M _, (10)
Trong do6, kv 1a hé ) ty 1¢, Myci 1a mo men X04n calip trén truc.

Két qua da xac dinh duoc gia tri calip mdé men xoén 1a 25kgm/10mV

3. KET QUA VA THAO LUAN

Tién hanh thi nghiém, xir I tin hiéu do va chuén calip do hai thong s6 mé men xoén va
bién dang theo dién 4p do, két qua thi nghiém thu dwoc kha phong phti va dang tin cdy. S liéu
thi nghiém duoc luu dang file *.asc va doc trén phan mém excel.

Két qua trén Hinh 6 cho thdy anh huong cua chidu dai truc toi bién dang trén truc. Khi
quay cung sO vong quay va cung ché d6 tai, bién dang tai vi tri 2 trén truc dai 1450 mm nhiéu
hon bién dang trén truc ngin 1300 mm. Tai dy ta tinh dugc gbc xodn theo cong thirc (8):

Trén tryc ngan L = 1300mm:

1,593

18Pea ® Pe :;W =0,00177  (rad)
Trén truc dai L = 1450mm:

3,522
18Pg ® Pea = 900 =0,0039 (rad)

Goc nghiéng truc va chiéu dai truc déu c¢6 anh hudng 16n bién dang trén hai dau truc. Két
qua do hai gia tri bién dang ¢ hai dau truc ta thay rd nét hon trén d6 thi hinh 7. Twr két qua do ta
tinh dugc bién dang trén tryc ngan va truc dai:

102 g *107 (mm =100N;
£ *102 (mm) M.;=100Nm ) M.;=100Nm
4 li‘h /
A b3 -.',.1' it}
3 i e -.*.= R
2 : ; 3
1
1 I r L] E ¥ T i ' 1I |
LRI KT T T T
o i Ppwb bl b r bl
1~~Hwﬁai§5§§§f§§ 2 ~~ M;=200Nm
a) Trén truc chiéu dai L = 1300mm b) Trén tryc chiéu dai L = 1450mm

Hinh 6. D6 thi anh huong cua ché d¢ tai dén bién dang trén truc cac dang
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£*102 fmm) £*10?2 fmm)
2
L J"j-'ﬂﬂ fmm) L 1450 {mm) 4
1
\7/,/\\ ‘6
0 2

10

b) Trén truc chidu dai L = 1450mm

a) Trén truc chiéu dai L = 1300mm

Hinh 7. D6 thi anh huong cua chiéu dai va goc nghiéng truc dén bién dang truc cac ding

4. KET LUAN

Thi nghiém do dong thoi cac thong sé md men xodn, Gng suét, so vong quay trén truc cac
dang dang quay vdi cac ché do tai khac nhau theo nguyén ly mach cau Wheatston, cac tin hiéu
ldy ra sir dung nguyén Iy thu phat song dién tur khong day truyén dén by khuyéch dai xir Iy cho
phép giit nguyén trang thai thyc cua chi tiét va cac ché do tai tao ra phu hop voi ché do tai khi xe
hoat dong thyc té trén dudng nén két qua dang tin cay.

Két qua thi nghiém cho thay truc c¢6 chiéu dai 1450 mm c6 bién dang 16n hon truc chiéu
dai 1300 mm va tir d6 xac dinh duoc didu kién cting cla truc ngin thoéa man hon truc dai. Diéu
nay phu hop voi thyce té néu khoang cach quéa 16n ta can sir dung truc cac dang kép dé truyén luc
trong hé thong truyén luc ctia 6 6.

LOI CAM ON

Nhém tac gia cam on sy hd trg ciia Truong Pai hoc Su pham k§ thuat Vinh Long trong
nghién cuu.

DANH MUC, KY HIEU

a : Goc nghiéng truc cac dang trong mit phang doc (°);
L : Chiéu dai tryc cac dang (mm);

n : Sb vong quay (vong/phit);

€ : Bién dang ctia dién tro (um);

€cL : Luong bién dang trén may kéo nén (um);
€1,€2,€3€4 . Bién dang tuong doi thyc té trén moi dién trd (um).
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