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TOM TAT: Bai bdo trinh bay cdc budc ldp qui trinh khdo sdt dao djng xodn trong hé
truc tau thity, tir mé hinh hoa hé thuc, dua vé hé truc tuong duwong va cudi cing dua ra duge hé
phutong trinh todn ho¢ ciia hé twong duong nay. Bai bdo ciing da dua ra cdc két qud tinh todn
ddi vai tau kéo 350 HP. Két qud tinh todn dé nghién citu ché dj cong hudng ta chi quan tdm dén
cdc phdn tt bdc thdp vi né ndm trong viing lam vige ciia taw. Pidu nay ¢d nghia la ching ta ¢6
thé sit dung hé twong duong voi s6 khoi lugng 1dp trung khong cdn qud nhiéu ma vdn dam bdo
dé chinh xdc. Pdng thoi tdc gid dwa ra hudng nghién citu mdi la e dong héa bdng cdc chuong
trinh mdy tinh cdc thao tdc tinh todn tit hé thuc sang hé tuong duong va vig¢c gidi hg¢ phuong
trinh vi phdn tim litc cudng buic.

1. MG PAU

Trong nhi€u ndm qua, bd mdn Cd gidi héa Xi nghi¢p — Xdy dung, Khoa Cg khi k&t hgp cling
v6i bd mén Tau thity, Khoa K§ thuat giao thong thuc hién nghién citu dao dong trong hé théng dong
lyc tau thily. Nguyén nhin cia phin 16n cdc sy ¢ hu hdng d&i véi mdy méc, cong trinh hién nay gin
v6i hién tugng dao dong. Dudi tac dung clia cdc luc bi€n thién c6 chu ky thi cdc bd phin ciia mdy dao
dong. Bién do dao ddng clia ching dic biét 16n trong trudng hop tan s bi€n ddi cla lwe cudng bitc
tring v&i cdc dao dong riéng cla co hé. Bién dang, va do do, iing suat trong trudng hop nay c6 gid i
16n 12 nguyén nhan gy ra giy v8 truc, ddng thdi bi€n d6i c6 chu k¥ 12 nguyén nhin phd hiy vé moi.
Vi vy trong qué trinh thi€t k€ mdy n6i chung ngudi ta ¢6 ging dua mién lam viéc ra khdi viing cong
hudng. Tuy nhién d&i v6i cdc hé truc truyén ddng, trong d6 c6 hé truc chinh tau thiy, thi tin s6 riéng
ctia dao dong xodn thudng thip hon rat nhiéu so vé6i s§ vong quay lam viéc. Vi vay khi mé mdy va
khi tft mdy hoac khi chuyén tir ch& do 1am viéc ndy sang ch€ do lam viéc khdc, cd hé thudng rdi vao
mién cong hudng. Chinh vi viy viéc nghién cttu dao dong xodn 12 mét cong viéc rit can thiét ddi véi
tau thiy. Nam 1907 Gumbel va Frem di ghi lai hai trudng hgp gy truc ddng cd trén tau hdi nudec ma
truc nay dudc thiét k& rat t6t. Frem da thu dudc tir thuc nghiém ring dng sudt ciia truc truyén c6 diu
thay d8i va gidi thich hién tugng trén biing su ¢6 mit clia dao dong xoidn [3].

Bai bdo nay trinh bay dac thi viéc thi€t ldp qui trinh khdo sdt dao dong xodn clia hé truc chan
vit n8i véi may chinh clia tau thiy.

2. LAP MO HINH TOAN HQOC DAO PONG XOAN CUA HE TRUC CHINH

Hé truyén déng bao gém nhiéu bo phén: thi€t bi ddng luc, hdp s6, truc, khép ndi v.v... Tinh
todn dao ddng xodn nhitng hé nhu viy doi hdi nhiéu thdi gian va c6 khi khong khé thi. Vi thé, viéc
ddu tién 12 phii thay th& hé thyc bdi mdt hé don gidn hon goi 12 h¢ thay thé hay hé tuong duong c6
cdc dic trung dao ddng xodn, tifc cdc tAn sb riéng va dang dao dong riéng cla hé, nhu cla hé thuc.

Hé wong duong thudng dudc gid thi€t 12 cdc truc dan hdi khong khéi lugng va trén d6 c6 cic
kh&i lugng tap trung, c6 nghia 12 tir hé thyc c6 v6 s6 bic tu do dugc thay th€ bdi hé c6 sd bic v do
hitu han. Su sai 1&ch giita hé thuc va hé twong duong hoan toan gidm dudc dén mifc cho phép nhd
viéc chon hgp 1y s8 bic tu do cla hé tuong duong.

Su twong dudng clia hai hé dugc dim bio trén cd s ddm bdo th€ ning 16n nhi't vd dong ning’
16n nhit cia hai hé bing nhau. Piéu nay doi héi:

-~  Thé ning cida truc tuong dudng bing th& ning clia truc thyc khi truc chiu cling mot géc

xoin nhu nhau.
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—  DOng ning ciia hé twong dudng bing dong ning cda hé thuc.

Tit hai y&u cau trén thi hé tudng duong dugc x4c dinh trén cd s3:

a)  Xdc dinh chiéu dai tuong duong ciia tirng doan truc giita hai kh&i lugng tip trung.

b) Xdc dinh moment qudn tinh khéi lugng ddi vdi truc quay (mdmen quén tinh ddc circ) ciia
cdc khoi lugng tap trung.

2.1 Xdc djnh chiéu dai tuong duong
Chi€u dai twong dudng cia cdc doan truc dugc xdc dinh trén cd s& sy bing nhau vé do cing
gilta cdc doan truc hé thuc véi cdc doan truc trén hé tudng dudng.
Ky hiéu c, ¢, 1an lugt 1a d6 cing tuong Wng cla doan truc khdo st trén hé truc thuc va truc
tuong dudng thi diéu kién nay cé nghia 1 ¢ = c,, hay viét cu thé 1a:
G, G

P

1 1 ¢y

a

Trong dé:
1,1, - chiéu dai doan truc thyc va doan truc thay thé.
Jp, Jpo - moment quan tinh dién tich doc cuc cia doan truc thuc va doan truc thay thé.
G - md-dun dan hdi trugt cla vatlidu

Tix (1) ta suy ra cdng thitc tinh chi€u dai twong dudng cho cdc dang truc dién hinh:

— Déi véi truc bac: L =£": & =£‘-’—.l'2 s =£l3 2)
J Jy J;
4 o4
~  D6i véi truc réng: 1, —l d ;?' (3)
- D@&i véi truc khuyu:
4
l,=1,+0,4h +0,2h, +2,192lchxd—‘:+1,284Rd:k(—17+ 0’735) @
i dy, hb'  hb,

Trong dé: h;, b; 14 chiéu day va chiéu rong m4 khuyu.
d,, 8, 1a dudng kinh ngoai va trong cia truc tudng duong.
lek, e 12 chiéu dai c8 truc khuyu va chdt khuyu.
Cong thidc tinh moment quén tinh dién tich doc cuc Jp khdc nhau ty theo dién hinh hoc cf{a tiét
dién truc. Trong trudng hgp doan tryc c6 ti€t dién phic tap, vi du nhy truc khuyu, doan néi, v.v... thi
" ¢6 thé dung dén phuong phap db thi.

2.2 Xdc dinh moment qudn tinh khoi lugng tuong du’ang

Moment quén tinh kh&i lugng clia cdc khdi lugng tép trung c6 thé xdc dinh bing phuong phép
gidi tich, hay gidi tich — dd thi, hay thuc nghiém.

Trong trudng hgp khéi lugng khio sit 12 ddng cd véi cd cdu 1a cd ciu tay quay — con trudt thi
moment quin tinh kh&i lugng phu thudc vio géc quay ciia tay quay. Trong budc tinh todn sd bd, ta cé
thé coi gin ding moment quén tinh clia ddng cd khong ddi va bing gid tri trung binh trong mdt chu ky
clia tay quay.

Khi tinh todn moment quén tinh ciia cdc chi ti€t c6 dang phifc tap ta c6 thé phan chi i€t ra
thanh nhiéu phan don gidn, im moment quan tinh ciia titng phan don gidn &y d&i véi truc quay rdi tim
t6ng moment quén tinh ciia chung theo cdng thifc sau:

J= Y g (5)
Sau khi tinh moment qudn tmh J thl kh&i lugng tudng dudng c6 thé tinh theo cong thic sau:
o
mp, = F [kel (6)
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Trong d6: mg, 12 kh&i lugng twdng dudng dit cdch truc quay mot ban kinh quay R.
J 12 momen quén tinh clia cdc thinh phin trong hé truc.
2.3 Xdc dinh hé 56 ciing ciia cdc doan truc

Xiéc dinh hé s6 cing ciia truc khuyu dong cd d6t trong 12 van dé phic tap. Thong thudng hé s6
citng xo&n dudc tinh theo cdng thitc thu dudgc tif thyc nghiém:

M GJ
¢ =—=—2=% [Nm/rad] (7
P
Trong d6 : M 12 moment xodn [Nm]; G 12 hé s6 dan hdi cia vat liéu [N/m?],

@ la g6c xodn [rad); c 12 do cing chong xodn clia truc [Nm/rad],
J, 1a moment qudn tinh ddc cuc [cm?]

Luc lién k&t trong cdc doan truc néi chung dugc gid thi€t 1a dan hoi tuy€n tinh chi thé hién bdi
d6 cing c. Trong thuc t& Iuc nay c6 thé phi tuy&n, tuy nhién trong budc tinh gin ding ta cé thé chip
nhin ching 12 tuy&n tinh . '

% Jb ¥,

S §
Tib M Jau b =
Ja -]
C s |: o L]

Ja

] T ], ® 5 I U ]
] 5 L] e
ZT T C-T ]
c ] J
l l l ! 2 i I3
® !
]2. C3
J .
a) 1 P -
c)
@

b)

Hinh 1: Céc chuyén dbi twong duong

C6 thé xdc dinh hé s8 ciing trén cd sd thi€t 14p d6 thi quan hé géc xoin véi moment tic dong.
- P& tinh to4n tin s& riéng, thudng thi hé tuong dudng dugc gid thi€t 1a mét tryc thing trén d6 cé gdn

céc khdi lugng tap trung. Trong thuc t&, phin 16n truc cic hé truyén ddng c6 dang phin nhinh so véi
truc chinh (hinh 1).

Gia st chon truc tucng dudng gidn v6i truc a, thi khéi lugng va do citng trén truc b s& dudc tinh
trén nguyén tic sau:

- Khéi lugng dugce tinh trén cd sd cin bing dong ning.

- Db citng dudc tinh trén cd s cin bing vé thé ning.

[1]. Hé truc hinh 1. a dugc dua vé hé truc twong dudng hai khoi lugng:
2 2 2 2
—J“;;’b - i;i = J =J, (%] =J,i va J,=J,+J,, (—Z”-] )

a a

Trong d6 @, va @, 12 van t&c gbc cla truc b va truc a.
= D9 citng trén truc b ky hiéu ¢, khi chuyén sang truc a dugce ky hiéu ¢, dugc tinh:

2
Cy (galb _¢2b)2 ., Ca (¢ia —CDIa)z - o = cb(qplb _¢2b J iy Cbiz

2 2 Pra —Paa
[2]. Hé trén hinh 1 b) c6 thé dua v& hé hai hoic ba khéi lugng:

(9
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- NE&u dua vé hé ba khdi lugng thi:

2 2
J=J, ; J2=JC+J‘,[ﬂJ ; J3=Jb(&] (10)
, @, o,
2
11 11 [caa J
— & e B e (11)
cl ca c! Cb a)b
- N&u dua vé hé hai khéi lugng thi do ciing cia hé tuong dudng c s& dudc xdc dinh:

A W

s (12)
& &

[3]. Heé trén hinh 1 ¢) ¢6 cdc dai lugng tuong duong tinh theo cdng thic sau:

2 2 2 2
J]=JG;J2=JL,+J{9"—J +Jf[ﬂJ ; J3=Jb[&] ;J4=JL,((D"J (13)
a)a ma ma wa

2 2
1 1 1 _1a, 1 1o,
Ral oo d e (14)
& o ¢ o\ & ¢ \o,

Sau khi xdc dinh khoi lugng twong dudng, dd cing tuong duong thi hé truc thuc dude biéu thi
bdi hé tuong dudng c6 dang nhu sau:

= “? 999090
| Tl kb A
= S

Chin vit Bédnh da Hé truc khuju thanh truyér
piston ctia dong cd ddt trong

Hinh 2. Hé tuong duong hé truc thu thiy vdi cdc théng s& dong hoc tudng duong.

2.4 Luc cudng bitc trong hé dao dong xodn

Khi tinh dao ddng xodn ciia hé tryc tdu thiy vdi thi€t bi dong luc 14 ddng cd xilanh — piston thi
luc gdy ra dao dong cudng bitc dudc cho 1a gom cdc loai sau:

- M6 men cda dp luc khi trong xilanh cia dong co hay mdy nén.

- M6 men gy bdi lyc quan tinh ciia cdc khdi lugng chuyén dong.

2.4.1 M5 men xodn gdy ra bdi dp luc khi trong xi-lanh ciia déng co hay mdy nén:

Pun

M, =T, RF (15)
Py - luc khi chiy e

Trong doé:
R- bdn kinh tay quay,
F - dién tich piston,

Ty — luc ti€p tuyé&n giy ra mémen xodn

Hinh 3. So 3 luc tic dung 1&n thanh truyén va tay quay do 4p luc khi
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Mb men My, clia ddng cd 13 ham c6 chu ky do d6 c6 thé biéu dién bing diy Fourier:
My, = M, + M, sin(@t +@, )+ M, sin (201 + @, ) +...= M, + Y M, sin(iot + ¢, (16)
i=1

Trong dé:
M, — gi4 tri mdmen xodn trung binh,
M; - bién d6 ciia phin ti¥ thif i,
o - tAn s6 géc (3 dong cd 2 thi thi ® biing tin s6 goc quay cla dong cd, & dong cd 4
thi thi © biing % tin s8 géc quay ciia ddng cd),
t — thoi gian,
@; — géc 1&ch pha cla phén tf thi i.
Thanh phdn luc ti€p tuy€n Ty, 6 thé xdc dinh gan ding, dya vao cdc s6 tay k¥ thuat, theo béng
sau:
S& thit wr Ya | 1% 2 2%

Tkh 0,34[_), 0,34 Pi 0,31 Pi 0,23 Pi i 0,18 Pi

pi— gid tri 4p sudt trung binh trong budng nén tic dong 1&n piston
2.4.2 Mémen luc qudn tinh ciia nhitng khéi lugng chuyén dong tinh tién ciia co cdu tay quay — con trugt
thuong chi diege xdc dinh déi vdi nhitng phdn tit bdc thdp it 1 +4:

M, =T,RF | a7

gf A s P 5. . A
T, =mRw"| —sina ——sin2a -—Asin3a +—sinda (18)
* 4 2 4 4
Trong d6: m - t8ng khéi lugng cdc chi ti€t chuyén dong tinh tién.

R - « R . A
A= ¥ 12 ty s8 bdn kinh tay quay trén chiéu dai thanh truyén.

2.4.3 Mbémen gady ra bdi trong lugng ciia co cdu tay quay — con trugt:

M&men giy ra bdi trong Iugng ciia cd ciu tay quay — con trudt thudng cé gid tri khd bé nén chi
dudc tinh d8i vdi nhitng dong co nidng c6 t8c dd vong quay thdp. Cdc mdmen ndy gdm hai thinh
phin:

a) Momen giy ra bdi nhitng chi ti€t chuyén dong tinh tién:

sin(a + )

M, =GR
cos 3

. A .
~ GHR(sm wt + Esm 2(01‘] (19)
b) Momen xodn giy ra bdi trong lugng céc chi ti€t quay:

M,, =G,Rsinot ‘ (20)
Trong d6: G, 14 trong lugng moi chi ti€t chuyén dong tinh ti&t (piston, 1 phan thanh truyén)
Gy 12 trong lugng moi chi ti€t quay (tay quay, 1 phin thanh truyén)
2.5 Phuong trinh todn hoc ciia h¢

Théng thudng trong ché& do 1am viéc ngoai cong hudng, bién do dao ddong xodn bé vi thé chi c6
cdc mdmen giy ra bdi cdc luc dan héi, luc cdn 12 ding k&. Mit khdc, vi muc tiéu chii y&u khi tinh dao
dong xodn cla hé truc 1a xdc dinh cdc tdn s6 riéng cia hé d€ phong ngira hién tugng cong hudng, nén
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trong phudng trinh chuyén dong cda hé chi luu tim dén cac luc dan hdi va cdc luc cudng bitc. Khi nay
md hinh todn hoc cla hé twong dudng c6 dang sau:

’Jlél +¢ (¢1 _492) = ]"41 (I)
S0, —c(@ - @)+ e (@, —9;) = Mz(t)

(21)

Jpn—c, (@,,—0,)=M,(0)

L

Trong hé phuong trinh nay, khi cho v& phdi bing khéng ta xdc dinh dugc tdn s riéng clia hé.
Van dé tim dudc cdc tdn s6 riéng ciia hé 12 rdt quan trong gitip cho viéc van hanh mdy khéng bi rdi
vao ving cdng hudng.

Khi dua luc tdc dung thyc vao (c6 v€ phdi), ta xdc dinh dugc bién do dao dong thuc clia hé.
Bién do nay khong dudc vugt qud gid tri cho phép, néu khong thi cin phdi di€u chinh luc tic dong
hodc thay ddi k&t cdu truc (thay d&i d6 cing).

Trong md hinh nay ta chua dua vao cdc lyc cdn khdc ma su ¢6 mit cia cdc Iuc cdn ndy sé 1am
cho bién dd dao dong nhd di. Vi m6 hinh nay cho ta gid tri bién dd dao dong cao nhit nén diy 12 mot
md hinh todn rit ddmbdio an toan cho hé.

3. ViDU KHAO SAT DAO PONG XOAN CUA TAU KEO 350 HP
3.1 Sodé tau kéo 350 HP

U8 = T
7

i

/

Hinh 4. B& tri hé dong luc tau kéo 350 HP
1. Mdy chinh (Diesel) 2.Khépndi 3. Truc chén vit 4. Chén vit

3.2 M6 hinh hod hé thuc tau kéo 350HP sang hé tuong diong
Hinh 5a) trinh bay sd do hé dong luc tau kéo 350 HP, gdm c6 cdc thanh phin chinh 12 dong co
Diesel, banh da + hop s, khdp néi, truc truyén va chin vit. Hé nay dudc md hinh héa nhu & hinh 5b)
va dudc chuyén sang hé tuong duong gdm 9 khdi lugng.
Dién gidi hinh 5: |
Br,y —Binh ring chi dong trong hdp s&
Bryy —Bdnh ring bi dong trong hdp s&
Lo, —Chiéu daidoan truc chin vit
Ly —Chiéu dai doan truc tif hdp s& d&n bich n6i
Lys —Chiéu dai doan truc tir binh da d&n hop s&
Lws —Chiéu dai doan truc tif khilyu truc déng cd d€n bdnh da
Ly, —Chiéu dai mdt khiyu truc cla dong cd dt trong
J; — Moment qudn tinh ‘
¢ —D0d citng cac doan truc tudng dudng
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Chan vit
8400 _\

X
e e %L

LW H
I
1

rd
s
i

7
Hinh 5. M5 hinh héa hé dong lyc tau thiy

7
:

Nhu trén di trinh bay & trén, qud trinh tinh todn dé x4c dinh mdmen giy bdi 4p luc khi rdt phifc
tap do vay dé tai s& si dung k&t qud tinh todn tif mot chudng trinh xdc dinh 4p luc khi trong budng
nén ciia dong cd dot trong. P thi moment cudng bic ¢6 dang 1a ham c6 chu ky 2n c6 thé dudc phan

tich thanh cdc thanh phin diéu hda (Hinh 6).

K&t qué tinh todn cho thdy cdc tAn s8 riéng ddu cilia hé:

o; = 61,8 rad/s ®, = 106,4 rad/s
w4 = 2583,3 rad/s s = 3573,6 rad/s
w7 = 8322,3 rad/s wg = 8675,1 rad/s

Thanh phan dieu hoa thu k = 1

i H i H i H
o 1 2 Thanh phan dieu hoa tu k = 3 5 e

i i i i i i
o 1 2 Thanh phan dieu hoa thu k = 4 5 8

i i i i i H
] 1 2 3 4 5 ]

Hinh 6: B4 thi moment chinh trong 1 chu k¥

w3 = 604,6 rad/s
ws = 5645,4 rad/s
g = 10101,7 rad/s

M= 15,8.sin(w.t + 233.5);
M;= 20.4*sin(Qw.t + 17.5);
Ms= 14.5%sin(3o.t + 182);

M= 24.5*sin(4w.t + 185.5).

M=6.9+M1+M2+M3+M4

D3&i v6i dd thi moment chinh bac diéu hoa cé thé dugc tinh d&€n k = 14 tuy nhién theo tinh todn
dong ca At trong thi chi cin 4 bic ddu tién 1a di chinh xdc do vdy trong dé tai ciing sé sir dung 4 bic

diéu hoa diu tién.

Trang 23



Science & Technology Development, Vol. 8, No. 2-2005

4. NHANXET VA KET LUAN

Tir k&€t qua tinh todn ta c6 thé rit ra mot s& k&t ludn sau:
1) Cédctinsd riéng cla cdc phdn tit bic cao ciia luc cudng bife 16n hon rit nhidu so véi tin s6
quay ciia tryc vi vy d€ nghién citu ch& do cong hudng ta chi quan tim dé&n cdc phan tf bac thip vi né
ndm trong viing lam viéc cda tau. Piéu nay c6 nghla 1a chiing ta c¢6 th€ si dung hé tuong dudng vdi
s6 khéi lugng tép trung khong cin qud nhiéu ma vdn ddm bio do chinh xdc.
2)  Cacthao tdc tinh todn tif hé thyc sang hé tudng duong ciing nhir viéc gidi hé phudng trinh vi
phén (21) hoan toan ¢6 thé dugc ty déng héa biing cdc chudng trinh mdy tinh. Pay Ia hudng nghién

cifu tiép tuc clia nhém nghién citu vdi muc dich thay th€ cdc phuong phap dé thi khdo sit hé dao dong
xodn bing cdc chudng trinh tinh todn tu déng.

ESTABLISH A PROCESS TO SURVEY VIBRATION OF
TRANSMISSION SYSTEM OF SHIPS

Tran Thi Hong
University of Technology - VNU-HCM

ABSTRACT: The paper presents the steps to establish a process to survey vibration of
transmission system of ships, from the real system to equivalent model and its mathematical equation
system. The paper also provides the results of 350 HP ship. According to the results, it is clear that to
survey resonant vibration, the research can be done on the lower elements because they are in the
working zone of the transmission, system. That means we can ensure the accuracy using equivalent
model with few gather masses. The author provides further research direction on automation all
transfer process from real system to equivalent model und solving mathematical system.
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