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LOI CAM POAN

T6i tén Bui Puc Long, 1 hoc vién 16p BT1301-Khoa May tau thuy-Truong Dai
hoc Giao thong Vén tai Tp. H6 Chi Minh

T6i xin cam doan ddy 1a cong trinh nghién ciru ctia riéng t6i dudi sy hudong dan
khoa hoc ctia Tién si Lé Vin Vang Trudéng Khoa Méy tau thiy-Truong Dai hoc Giao
thong Van tai Tp. HS Chi Minh

Ngoai cac ndi dung tham khao trong tai li¢u dd dugc liét ké trong phén “Tai liéu
tham khao”, cac sb liéu, két qua néu trong luan vin 12 trung thye va chwa dugc ai cong bd

trong bét ky cong trinh nao khac.

Tdc gia lugn van
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LOI CAM ON

T&i xin bay té 1ong biét on chan thanh va sdu sic dén thiy huéng dén TS. 1.& Vin
Vang, ngudi d4 tdn tinh huéng din vé& phuong phép va ndi dung nghién ciru trong qua
trinh thuc hién ludn vin, Nhén dip ndy, t6i xin chan thanh cdm on dén céc thdy ¢6 Khoa
May tau thiy, Vién Dao tao sau dai hoc d4 tin tinh hudng dén, gitip d& ti trong qua trinh
hoc tap tai truong Pai hoc Giao thong Vén tai Tp. Hb Chi Minh ciing nhur trong qud trinh

lam luén vin.

Téac gia xin gl 101 cdm on dén tAt cA ngudi thén, ban bé va ddng nghiép d dong
vién, gitip d& tac gia trong qua trinh hoc tdp cling nhu trong qué trinh 1am lugn van.

Do thoi gian ¢6 han, kién thirc va kinh nghiém con han ché nén luén 4n khéng

tranh khoi c6 nhitng thiéu sét. R4t mong nhin dwge sy gop ¥ cua cic thay cd, chuyén gia,

ban bé va dbng nghiép dé luan 4n dugce hoan thién hon.
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DANH MUC KY HIEU, CHU VIET TAT

Ky hiéu Dién giai Pon vi
KN- Tau Kiém Ngu 1482C
1482C
PTVP Phuong trinh vi phén
HTDL Hé dong Iuc
DCT | Diém chét trén
DCD Diém chét duéi
PTHH Phin tir hitu han
o Goéc quay truc khuyu bo
B Géce lac ctia thanh truyén Do
A Hé sb két cAu
Q Téc d6 goc trung binh cta hé truc rad/s
¢,0 Goc xodn bo
ol Tén s6 dao dong riéng rad/s

8i Goéce léch pha cong téc ciia xi lanh
X ttng suét do dao dong xoan gay ra MN/m?
ak, bk Cac hé s6 Fourier
bi Heé sb can twong déi Nms/rad
bri Hé b can tuyét dbi Nms/rad
c Do cing chbng xoén Nm/rad
G M5 dun dan hdi trugt cua vét liu N/m?
JOA Mb men quén tinh ctia truc khuyu dbi véi dudng tim truc kg.m?
Jp M6 men quén tinh doc cyc cia tiét dién ngang truc m*

. Jtt M6 men quén tinh cta thanh truyén dbi véi trong tim kg.m?




1 Chiéu dai thanh truyén m

R Ban kinh tay quay truc khuyu

T Chu ky ctia m6 men kich thich S

vpt Vién tde chuyén dong cua Piston m/s

vit Van tbe chuyén dong ciia trong tdm thanh truyén m/s
Wx Mo dun chéng xoén m’

Y Trong hrong ri€ng cta vt liéu 1am truc chan vit Kg/cm?
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MO DAU
1. Tinh birc thiét cha dé tai
Dao dong xo0én hé truc chan vit tau thuy 13 mdt trong nhitng nguyén nhan gy ra
hu héng va gdy hé truc chén vit. Ngay nay, viéc tinh todn dao dong xodn cta hé truc
chén vit 12 mdt ndi dung quan trong trong tinh todn thiét ké tan thity va dugce dua vao

trong s6 cac yéu cdu bat bude cua Pang kiém cac nude.

Trong nhitng nim gin ddy, nganh déng tau Viét Nam did ¢ nhitng budc phat
trién manh mé. Tuy nhién, viéc tinh todn dao ddng xo&n hé truc chan vit tai cdc co s&
dong tau, cac Vién thiét ké thudmg vin chi yéu dya vao cac phuong phap gidi tich
dugce dua ra tir nhitng nam 50 ciia thé ky trude. Cac két qua tinh toan nhin chung di
dap tng dwoc mot sb6 yéu clu cia viée tinh toan thiét ké hé truc chan vit nhung trong
mot sb truomg hop chua duge quan tdm véi thyc té khai thac str dung 100- 110% cbéng
suét cia tau van tai quén sy. Mit khéc, do khdng dugc trang bi déy da thiét bj do kiém
nén hiu hét cée tau thiy dwoc thiét ké va déng méi trong nude khéng duge do kiém
dao d6ng xoén trudc khi dua vao st dung lau dai. Didu nay dit ra yéu cdu cin phai xdy
dung mdt md hinh tinh toan dao dong xo&n hé truc chinh xé4c va sat véi thye té hon

trén co s& st dung cidc phan mém tinh todn chuyén dung va hién dai.

Xuét phét tir thue té trén, viée thyc hién d& tai: “Nghién ciru dao dong x08n hé
truc diesel tau kiém ngu KN-1482C bing phin mém Ansys” 1a can thiét, c6 ¥ nghia

khoa hoc va thye tién quan trong.

2. Poi twong nghién ciru

Hé truc chén vit cta tiu kiém ngu KN-1482C duge déng mdi tai Viét Nam
hoat dong trong diéu kién thuc hién cic nhiém vu danh ca nghd cau cé ngir két hop
lu6i ré ddng thoi lam nhiém vy kidm ngu, nhiém vy bao vé an ninh trén moi vung bién
Viét Nam, bao vé chii quyén bién dao ciia T6 qudc 1am chd dua va cung tmg mot phin

dau, nude cho ngu dén.
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3. Phwong phap nghién ciru
X4y dung md hinh, tinh toan dao dong xodn tu do va cudng blrc cha hé truc tau
kiém ngr KN-1482C, dénh gid tinh toan dao ddng xoén clia hé truc khi lam viéc & ché
d6 the d6 cong hudng va ché d6 sir dyng thue té 110% cdng sudt dinh mac trén co sé

ng dung phan mém ANSYS.

4, Y nghia khoa hoc va thwc ti&n ctia dé tai

Y nghia khoa hoc: Ung dung phuong phép phan tir hiru han va phAn mém hién
‘dai d& giai bai toan dao ddng xoén hé truc chan vit nhdm nang cao d) chinh xac cling

nhu giam thdi gian tinh toan,

Y nghia thyc tién: Xéc dinh tng sut do dao dong xofn giy ra trén toan b hé
truc lam co s@ dé‘ danh gia d6 lam viéc tin cdy cua hé truc cling nhu xic dinh duoc cic
viing vong quay cAm trong qué trinh khai thac st dung. Trén co s& két qua tinh toan
dao d6ng xodn clia hé tryc c¢6 thé dura ra nhiing thay ddi két chu pht hop ngay tir giai
doan thiét k& g6p phén gidm thoi gian va chi phi thiét ké.

5. Bo cuc dé tai

Dé tai ¢6 bd cuc nhur sau:

Mo dau

Chuong 1. TONG QUAN VE DAO PONG HE TRUC TAU THUY

Chuong 2. CO SO LY THUYET TINH TOAN DAO DONG XOAN HE TRUC
CHAN VIT TAU THUY

Chuong 3. PANH GIA DAO BONG XOAN HE TRUC CHAN VIT TAU KN-
1482C

Két luén va huéng phat trién
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CHUONG1 TONG QUAN VE DAO PONG HE TRUC TAU THUY

1.1. Khai quat chung vé dao dong hé truc
Dao déng 13 hién tuwong phd bién trong tw nhién va k§ thuat, 13 mot linh vuc

trong co hoc may, nghién ciru trang thai déng luc hoc cia hé co hoc.

Dao dong dem lai nhidu img dung trong k¥ thuit, Dao ddng dién tir, trong cong

nghé ché tao may moc, xay dung....
Dao ddng cling giy ra nhiéu tré ngai, tén thit cho san xuét

Dé ngin ngira dao ddng, phai cé thiét bj khir chdn, gidm rung, tinh toan thiét ké

hop 1y céc thiét b, khai thac hop Iy.

Dao dong tau thuy 1a mdt linh vuc khé phirc tap, tuy nhién trong thiét ké va
dong tau néu khong chi y téi no s& 1am han ché chét hwong thiét ké ciing nhw hidu qua

va tinh an toan cho hoat dong cia con tau.

Dbi véi hé truc tau thily, dao dong cén trd sy 1am viée binh thuong cia thiét b
anh huéng 16n dén tinh than va thé lyc ngudi khai thac thim chi gay ra cong huong

lam gdy truc, pha hoai dong co, gy tai nan.

Cac yéu t6 nay tac dong qua lai rit phirc tap do vay rat khé xac dinh mét cach
chinh xac mirc d§ tac ddng cia ting yéu t6 cu thé. Boi viy viéc phén loai dao dong
nhim muc dich phin chia ching ra, tim ra nguyén nhan va tim cach khic phuc va han
ché ngay tir khau thiét ké khi déng méi hodc tim moi bién phdp tranh dbi v6i nhimg

tau da van hanh rdi nhung gip phai van d& vé dao dong.
1.2. Cacloai dao déng hé tryc

1.2.1 Dao déng doc truc.
Dao déng doc 1a dao ddng ma phuong bién dang doc theo dudng truc cia hé

truc.

Dao dong doc géy ra bdi cac nguyén nhén sau day:
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- Luc ddy ciia chan vit khong 8n dinh do chan vit khong dugc cin bang.
- Do song gi6 va bién dang ctia vé tau.

- Do dao xoén cia hé truc.

Ngudi ta thy ring khi ting tdc do tau khong phit hop cling giy ra dao dong doc

truc. Tuy nhién bién d dao dfng doc truc khdng [én Jdm so v6i cac dang dao déng
khic va né it phu thude vao tin sb goc quay cia truc. Mic du vay néu truc bi cong
vénh thi bién @0 dao dong kha 16n. Dao dong doc truc gdy nén (ing sudt 16n tai § do
chiin lyc déy cua chan vit, § d truc khuyu méy chinh, hop gidm tbc va gy rung déng

khoang may va vo tau.

Dé khic phuc dao dong doc truc cAn tién hanh khic phuc cdc nguyén nhén ciia
n6 trong d6 chi y nhét dén vin dé ché tao va lip rép hé truc sao cho dudmg tAm truc

phéi thing, str dung chan vit dugc cin b%mg tt cling nhu ting cudng thém b chan.

1.2.2 Dao déng ngang.

Dao dong ngang la dao ddng cé phuong bién dang vudng goéc véi dudng tim
cua hé truc. Vi du khi mdt doan truc 1éch tAm quay quanh tryc clia né trén hai géi do sé
giy ra dao dong ngang. Dao dong ngang giy ra bdi lyc quan tinh khong cin bing trén
dudng truc, khi ma trong tAm ciia toan b dudng truc khong n&m trén tim quay cia no.
Hién tuong dao dong ngang gy ra chdn dong & san ddy tdu trong budng may, noi dit
cac géi d9, khién cho bac céc géi d& truc bi chong mon. Khi céc bac géi d% mon thi
lam cho dudng tAm truc cang léch va gy ra dao dong ngang cang manh, vén hanh lau
daj trong trang thai ndy sé& khong an toan dé gy hu héng hodc gay truc. V& Iy thuyét

dao dong ngang duge minh hoa nhu sau:
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Hinh 1-1Dao djng ngang cua mét doan truc

Xét mot doan truc va xem nd nhu mot dam lién tuc tua trén hai géi da, trong
lugng phan bd déu q trén subt chiéu dai 1 ctia n6. 0O’ 1a do véng tinh ctia hé truc do
trong luwong ban than cta nd. Do sai sb trong gia cong va vit liu ché tao khéng dong
nh4t ma trong tAm cla truc 1a S cht khdng phai tai O. Truc lic nay ¢ thé xem 12 truc

mém va trong tdm S quay quanh O chir khéng phai quay quanh 0’

Trong khi quay quanh tdm O, trén truc xuét hién Iuc 1i tdm gy ra d6 vang y =
OW. Téc dd quay ciia truc cang cao thi luc li tim P cang 1én, d vang y cang 16n cho

dén khi cAn bing véi Iyc dan hdi Q méi théi (P = Q).
P dugce tinh nhu sau:

P=§w2(y—e) = mw?*(y —e) (1-1)

Trong do:

w: the dd goc cla truc (1/s)

y: d6 vong tinh tir vi tri cén bang tinh (cm)
e - do léch tm (cm);

g - gia tc trong trudng (cm/s2)
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G - trong hrgng cta doan tryc.
Q dugc xéc dinh bang cong thire:

_E] 4

Q=ay =37 (1-2)
Trong do:

J - momen quén tinh tiét dién truc (cm4);

E - modun dan hoi cta vat liéu (kG/em?2);

- chidu dai cia nhip try gifra hai gbi d& (cm).

Tir (2.1) va (2.2) ta suy ra do vong y:

mw?e

(1-3)

y= a—-mauw?

Tur cong thire (2.3) thdy ring « cang cao thi do vong y do luc li tdm cang lén.
Néu tiép tuc ting w dén khi mw? = a (hé sb dan hdi) thi do vong y tién t6i vO cing

va truc bi gly. Tde d6 w Mic ndy goi 1a tbc dd quay t6i han va duge tinh theo cong

(44
Wep = J% (1'4)

Trong tinh toan va thiét ké hé truc, viéc tinh todn dao dong ngang chinh 1a xéc

thue:

dinh sb vong quay t6i han na vo1 myc dich xem thir tdc do quay dinh mirc co triing voi

tbc do quay t6i han cia dao dong ngang hay khong.

G trén chi xét mot doan truc dit trén hai géi d5. Pbi v6i hé tryc tau thuy, né la
mdt dim lién tuc dit trén nhiéu gbi d& khac nhau va chiu nhidu ngoai lyc phirc tap nén
cong thirc tinh ny, s& kha. Hién nay c6 nhidu phuong phép tinh dao dong ngang trén co
s& xac dinh sb vong quay toi han nhung phuong phap phd bién nhét 12 phuong phép
gln dng ctia Simanxki. Vige tinh s vong quay gi6i han dya trén gia thiét xem hé tryc

14 mot ddm dan hdi nhiéu nhip nim ngang khong quay.




Ximry  Xan2) Xin2y Xognds X2 3)

Hinh 1-2 Mé hinh tinh todn dao dong ngang
Tri s6 momen M tai cac gbi tua ty 1€ thuén voi goc nghiéng f cla duong cong
dan hdi cia truc (M = B .u véi ula hé s6 cling udn cla tryc tai mat cat cha cac diém

twa).

Dao dong tu do cia dam tinh toan co6 thé xem bang tong sb dao dong cla cac

nhip va tin s6 dao ddng cta céc nhip 1a bang nhau va dugc tinh bang cong thire:

_ [eie :
w=2 [H (1-5)

Trong do:
q - trong lugng cia dim trén mot don vi chidu dai,
E - modun dan hdi cta vat liéu (kG/em?2),
. 7 - momen quén tinh mit cét ngang (cm®),
1 - chidu dai nhip (cm),
i -hé sb xét dén viée ¢b dinh cia dim dbi v6i thn sb dao dong tu do.

& 1n dao dong tw do clia tryc trong mot phit:
n=—=— [—/§ (1-6)

Téc d6 quay téi han cua truc duoc 14y bang 80% n.
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1.3. Téc do goc téi han cla hé truc

1.3.1 Khai niém
Vong quay toi han cua hé truc 13 s& vong quay nhét dinh khi do trén truc xuét
hién hién twgng nhay khéng n dinh do trong tdm thuc té ca truc khong trung vGi tam

quay cha truc.

4 ] .
\ \
Y\\\\\\\\\\\\\\\\\\X B

Hinh 1-3 Phdn bé mé men trén doan truc
Vi du: xét doan truc AOB, ¢b chidu dai 1, don vi trong lugng theo chidu dai 12 q.
Dudi tic dong chia trong lugng ban théan, truc s& vong xuéng mot doan Yo= 00° va

duong tam truc s& 1a AC’B
Néu 0 c6 ngoai lyc tac dung tryc quay vén duy tri do vOng y.

Do gia cong, lip ghép C chinh xac, mat do vét lac khong ddng déu nén trong tam

thye té khac véi trong tdm 1y thuyét (0’=S)

Khi tryc 1am viéc, trong tam S s& quay xung quanh O v&i ban kinh 13 C =80. Gia
thiét trong tAm S nim gitta AB. Khi truc quay, trong tam truc tao hrc ly tdm C va gay
16n d6 vong y, vong quay tang 1ény=y’; phin lyc tinh Q cta truc can bang luc ly tdm

c(Q=¢C), néu bé qua ma sat ta ¢6 didu kién cdn bing cla tryc.

c=0

- Theo co hoc: C = Gy, (yte) = m.u*(yte)
g

w: the 36 goc cua tryc (Radian’s)
y: 6 vong ngoai ngach tinh tir vi trf cn bang tinh (cm)
Is: d6 1éch tam.

g gia tdc trong truong
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_Theo Iy thuyét dan hoi: O = ay.

o ¢ 11é sb da tinh cha truc phy thude vao kich thude, vat ligu tryc, diém tac dung
clia phu taj va cac diéu kién goc do.

EJ 4
o= _1-2—71
E: hé s6 dan tinh vét li¢u
j: Momem quan tinh mat cat truc.

m.w? (yle) = a.y = «Figﬂ.n"y

2
mw’e A
y=— (Do vong).
oL — MW

Nhu viy néu w = \ﬁ thiy=w
m

Nghia la voiw = \[_E_ thi dao dong cha truc tang rat 16n, tryc bi phé hoai.
m

Wi goi 1a thc do gbc tdi han ng vOi vong quay tdi han nk.

" G,w, 30 |«
k= = | T
2m . Ym
2
r mwe ¢ e
Tacoy= . = = 5
mw —o % 2y w'k

Khiw > wi; w cang ting thi gi tri y cang nhd.

w

S5 0->y=0
wk

w

— o y=—€
Wy

W

— ] 2y=®
wk

1.3.2 Céc yéu to anh hwong t&i vong quay toi han- nk

1.3.2.1 Anh hwéng ciia hé truc

Khe h lip ghép, bé day mang diu bdi tron anh hudng dén ny trong diéu kién binh
thudmg, khe ho nho vong quay t6i hancao va ngugc lai.
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1.3.2.2 Anh hwéng cta lwe ddy chan vit

Tir cong thire

P: Lyc d4y chéan vit

- Chidu dai cha doan truc 1én nhét.

Khi P: cang lon, tinh cing chiic (EI) ctia tryc cang nho,
| cang dai thi ng cang thép.

1.3.2.3 Anh hwéng phép néi tiép dogn truéc cua truc

Giita cac doan truc ¢6 thé ndi cting hodic dong tinh véi dong co.

Thue té d3 ching minh rang phép ndi truc anh hudng rt it dén vong quay téi han
Ik,

1.3.2.4 Anh hwéng cita thiét bj lam kin vdch ngdn

Gifta dém 1am kin v6i true ¢6 khe hé tuong dbi 16n, do d6 khong coi 1a mdt goi do,
thuc té cho thdy dém lam kin lam cho vong quay t41 han ting 1én mot chut,

1.3.2.5 Anh hwéng cia sy thay doi kich thwoc cdc doan truc:

Tai céc binh ndi Iy hop, khép nbi ranh then... kich thudc va trong hrong cac doan
truc thay ddi, 1am thay ddi ny  gia tri n thuong thay dbi trong mot khoang

1.3.2.6 Anh hwéng ctia vat liéu ché tgo truc

Hé s0 sai k.

n, —

n
L x100%

n, Vong quay chén vit
Pé ting tinh bén ctia hé truc 1 k* 15 ,20%
D51 véi tau nhanh: k #10 , 15%. Néu b qua cac yéu t6 khong xét t6i k3: 30%.

E ~ b )\ . ? ~ A "J‘ ' f’\ r r aY I L
o= IJ x4 M6 men dan hdi ctia vét liéu thay doi rat it do d6 khdng xet 101

anh hudmg cta vt li€u ché tao.
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CHUONG2 COSOLY THUYET TINH TOAN DAO PONG XOAN
HE TRUC CHAN VIT TAU THUY

2.1. Pinh nghia vé dao dong x04n

Dao dong xoén 13 hién tugng xay ra thudng xuyén frong hiu hét tit ca cic mdy
méc ¢6 chuyén dong quay. M3i sy bién thién cua tai trong tac dung 1én hé thdng déu
1am cho téc d6 ctia cac khau chuyén dong quay thay i va cac chuyén dong quay co
gia tbc ndy s& kéo theo cac dao dong xofn béi vi trong hé théng bao givr cling co khéu
dan hdi va khau quan tinh. Dao dong xofn cling xuét hién mdi khi ngudi van hanh thay

ddi te d6 chuyen dong cia may mot cach ¢ chu dinh.

Dao dong x0&n trong may moc la mot hién tuong nguy hidm. Ban déu, khi thiét
ké nguoi ta dd du kién va tinh toan bdn cho cdc chi tiét trong truong hop tai trong lon
nhit ma may s& phai chiu. Tuy nhién, trong qué trinh khai thac sit dung, ngudi ta phat
hién ra rdng co nhidu chi tiét va cum mdy bi pha hong ngay ca khi cac tai trong con
chwa dat dén gia trj tinh toan ban diu. Nguyén nhén chinh cta céc hu hong ndy 1a do
hién tugng cong hudng. Khi tan sb cta luc kich thich trung v&i thn sb dao dong riéng
cta hé thi hién trgng cong huong xay ra. Khi d6, trong cc chi tiét s& xuit hién mot
ung suit phu rit 1on (img suat do dao dng). Ung suét nay co thé 16n hon nhidu so v&i

ung suét khi tinh todn bén ban diu.

Do (ng sudt ndy thay dbi dau lién tuc nén o thé gay ra hién tugng hu hong vi
méi cia vat liéu. Mot dac diém chung cia cac hu hong do dao dong xofn 12 cac vét
nit, vét gy thudmg ¢ goc nghiéng 45° s0 v6i dudng tAm cta fryc va noi chung dao
dong xodn thudng kho phat hién d& dua ra nhitng canh béao kip thoi. Khi dao dong
xo#n xay ra & nhiing bd truyén banh ring, co chu khuyu tryc thanh truyén v6i bién dd
16 thi c6 thé xuit hién hién tugng rung dong cung voi nhimng tiéng gd kim loai, con
khi x4y ra & nhiing doan truc din ddng nhu tryc trung gian, tryc chéan vit thi hau nhu
khong co bidu hién gi va nguoi ta thudmg khong thé cam nhan dugc. Dao dong xo0én
cong hudng s€ lam cho dong co lam vige mét én dinh, pha v& su can bang cta hé lyc
quén tinh. Trong qué trinh vén hanh c6 thé hé tryc khuyu va hé truc chén vit bi néng &
nhimg vung khong hé ma sat v6i mot chi tiét pao ca. Nguyén nhén chinh clia trudng
hop ndy la do khi cong huéng ma st cia cdc 16p vat liéu ché tao truc 44 phat nhiét va

Jam giam cong suat cha dong co.
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Dao dong xo#n 1a loal dao dong nguy hiém nhét trong céc loai dao dong cua hé
truc chén vit tau thiy. Viéc tinh toan dao ding xofn hé truc chén vit tau thiy 1a yéu
cdu bét budc duge quy dinh trong tt ca cac quy pham phén cép tau thily cia cdc nude

trén thé gi6i.

Nhiing phén tich trén cho thiy viéc tinh toan dao dong x04n cua cac loai dong
co va cac hé théng truyén déng noi chung 1a mot nhiém vu rit quan trong. Tlr nhimg
két qua tinh todn do ¢6 thé dwa ra nhiing bién phéap phim giam thiéu nhitng hu héng do

dao dong xodn giy ra.

2.2.  Co so 1y thuyét vé dao dong xoan
Dao dong xodn cia hé truc xuét hién cht yéu 13 do sy bién thién md men x08n
ciia dong co. Su bién thién nay phy thude vao s k¥, khbi hrong cua cac chi tiét chuyén

dong tinh tién ctia co chu khuyu truc thanh truyén, tdc d6 truc khuyu, phu tai dong co,

2.2.1 Mé hinh dao dgng xodn
Khi phén tich hé truc ta thdy ring trong mb s& mit cit nhét dinh tép trung céc
dac tinh khdi lwgng. Nhitng mét cht nhét dinh d6 1a céc vi tri cha hé tryc khuyu - thanh
truyén - piston, banh da, chén vit ... Hai hé truc khuyu - thanh truyén lién két véi nhau
boi cac 6 d doc truc dong co. Ta ¢ thé xem ring cac mdi lién két nay mang tinh bién
dang, dugc xéac dinh tir hé 6 dan hdi xoan. Céc lyc sinh ra tir khi dbt trong budng chay
tac dong 1én piston tao thanh md men xodn tai truc khuju. Céc lyc can (ma sat) cling

sinh ra nhitng md men can tuong ung.

Pé tinh toan duge dao dong x04n, thong thuong ta phai thay thé hé truc khuyu
thanh truyén va céc hé chi tiét may do tryc khuyu din dong bing mot hé dan héi don
gidn gbm mét tryc hinh try c6 46 clng twong dwrong hé thdng thuc nhung khong co
trong lugng va nhidu dia tron gin trén tryc ndy. HE tryc thay thé nhu viy dugc goi 14

hé théng twong duong (hé quy din) theo md hinh rdi rac.

Nhiam dam bao cho dao dong x04n ctia hé twong dvong hoan toan gidng nhu hé
truc thye (nghia 1a hé tuong duong ¢6 cing mot tdn sb dao ddng, c6 cing dang dao

d6ng nhu hé truc thyc), khi quy d&n, ta phai dam bao hai didu kién co ban sau:
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Gée xoin cua hé truc tuong duong khi dao dong xo#n & bat ky thn sé nao déu
gibng nhau nhu hé truc thye. Didu d6 c6 nghia 1a khi quy dén phai dam béo thé ning
ciia hé truc khong thay d6i.
Mbd men quan tinh cla khdi lwong tuong duwong phai bang mod men quén tinh
cia khdi lugng thuc. Didu do c6 nghia 1a khi quy din phai dam bao dong ndng cia hé

truc khong thay dbi.
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Hinh 2-1 Mb hinh tinh mo men xodn
2.2.2 Cac thoéng s6 cha md hinh roirac
Buéc tiép theo cua viée thanh 1dp hé théng tuong dwong la tinh toan quy dbi
momen quéan tinh khéi lwgng. Pidu kién thay thé 13 dong ning cla hé thng tuong

dwong phai bang h¢ thong that.

2.2.2.1 M6 men qudn tinh banh da.

M6 men quén tinh banh da c6 thé tinh theo cong thirc:

Joa = 2428 (kGems®) (2-2)
Trong dé:
Gpa- trong Iugng cia banh da;
Dy~ dudmg kinh banh da;
g- gia téc trong trudmg.

A

2.2.2.2 M6 men qudn tinh thay thé ciia co cdu khuyu truc, thanh

truyén.

a) M6 men qudn tinh cua c6 chinh:
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(déx—5¢
oy = 2L - (kGems”) (2-2)

Trong do:
Ao, Scpe oLk - Kich thude cia ¢b khuyu truc (cm);

ong lugng riéng cia vat ligu ché tao ¢b khuyu truc (kG/em?®);

y-tir
g-gia tbc trong truong (9,81 m/s?).

b) Mé men qudn tinh ciia chot khuyu déi tam khuyu truc:

n(di,—5e v, w{diy-0¢ ¥
Jox = Jo + MenR* = rldenOen) = a len’; y Hlen=Ocn) ” . lchERz (2.3)

Trong d6: denOch »en— kich thudc cua chét khuyu;

Jy — momen quén tinh cia chdt khuyu dbi voi dudng tam

chia no; men — khoi luong chia chot khuyuy;

R — ban kinh tay quay cla tryc khuyu.

¢) M6 men qudn tinh ctia ma khuyw:

Tinh gin ding co thé xem hinh dang mé khuyu nhur trén thi cdng thue dé tinh

momen quan tinh la:

= (224 2) <50 (55 1] =

thé coi nhu dang hinh chir nhdt md men qu

g tAm clia n6 cd thé x4c dinh theo cong thire [17:

M4 khuyu co 4n tinh ctia ma khuyu
361 vai truc di qua tron

2.5)

1
]mo = Emm(bz + CZ)

Trong d6: mu- Khoi luong cia ma khuyu;

b vé& c- Chiu rong va chiéu cao ciia ma khuyu.

Mb men quéan tinh clia ma khuyu d5i v6i duomng tam truc Khuyu tinh theo cdng
thurc sau:

Jm = Jmo T mmpz (2.6)
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Trong d6: p- Ban kinh quay chia ma khuyu (khoéng céch tir trong tam ma khuyu

dén duong tam truc khuyu).

Tém lai, mé men quén tinh ctia mdi khuyu truc bang tong md men quéan tinh cua

cic bd phéan cta khuyu truc, vi vy c6 thé tinh:

Jin = Jere +Jen + 2mi 2.7

d) M6 men qudn tinh quay cia thanh truyén:

Thanh truyén chuyén dong song ph?mg phirc tap nén trong tinh toan ddng lyc

thanh truyén dugc thay thé bing mdt hé tuong duong gdm hai khéi luong tap trung.

Khéi lwong m d4t & tam dau nho va khéi hwong mo dt & tam déu to.

m; va mz dugc tinh dya theo cong thirc:

_ -1,

my = My =
. @.8)

My = Myt 7

Trong do:

| - khoang cach tAm gitta du nhé va dau to thanh truyén,

{7 - khoang céch tir dAu nho dén trong tAm

Va so bd, dbi vai dong co thuy, mi va mz duge xac dinh theo cong thirc kinh

nghiém sau:

m]_ —_ (0,35 -+ 0,4‘0)mtt (2-9)
m, = (0,65 + 0,60)m¢ (2.10)
a dau nhoé dic trung cho khéi luong chuyén dong tinh tién

Khéi luong m; phi
vé diu to dic trung cho khéi lrong chuyén dong quay

cung véi piston. Khéi lwgng quy
cung véi cb bién xung quanh dudng tam truc khuyu. M6 men quan tinh quay clia thanh

truyén dugc tinh theo cong thirc sau:
]2 — mzRZ (211)

e) M6 men qudn tinh ctia khdi lvong chuyén dong tinh tién.
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Khéi lugng chuyén dong tinh tién bao gbm khéi lwong clia nhom piston mpt va
khbi lugng cta thanh truyén quy vé& diu nho mi. Theo didu kién bao toan dong nang,
khéi lugng twong duong thay thé mnp d4t cach tam truc khuyu mdt ban kinh R dé thay
thé cho khdi lugng chuyén dong tinh tién. Thuc chit nhu da biét trong nguyén ly dong
co, md men quan tinh cua khéi Iuong trong duong mny 12 ham bién thién theo goc
quay cua truc khuyu nén d& chuyén bai toan dao dong xoén vé dang tuyén tinh bt

budc phai st dung cong thirc gin dang sau:
m A%
Mgt = (1 + 7;) 2.12)
Trong d0: A = i:- ty sb ctia chidu dai bién tay quay.

M5 men quan tinh thay thé ciia co piston va thanh truyén tinh & muc d va ¢ ¢0 thé

duoc tinh gdp theo cong thirc sau [6l:

Jpe—ti = 5}{(1 — g 4 et g Al (2.13)

Trong do:
Py VA Finpe 12 khdi lugng cla thanh truyén va nhém
piston, k= 0,4 dbi voi cac loai tay bién thong thuong.
g) M6 men quadn tinh cua khuyu truc:
Tir muc a, b va ¢ ta 6 cong thire tinh md men quéan tinh tdng ctia mot khuyu truc
Ja
— 2
Jee = Jin + (ma + Mupe )R @214
Va khi d6 m6 men tong cla toan b truc khuyu bang tdng cac khuyu tryc cong

v&i mod men quén tinh cia dogn dung dé 14p banh da va doan truc dung & lap puli &

phia dau tu do.

2.2.2.3 M6 men qudn tinh cta chdn vit.
Chén vit quay trong nudc nén md men quan tinh thay thé cho canh chén vit

trong hé dao dong xo0dn bao g(‘“)m md men quén tinh ban than canh chan vit va mo
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men quén tinh clia khéi lrong nude chuyén dong theo né va dugc tinh theo cong thitc

[6]:
Jev-n =Jev + Jn (2.15)

Trong d6 momen quén tinh ban thén cia canh chén vit [a:
- A
J.p = 281078y D5 (-@ + 3) (2.16)

Momen cta khéi lirgng nude chuyén dong theo:
Jn = 6,7,1071°D5(a — 0,1)(a + 5) (kG. cm.s?) 2.17)
Trong d6 cac cdng thire trén:
D — dudng kinh cia canh chan vit,

a- khéi lugng riéng cta vat 1iéu 1am chén vit;

2.2.3 Phwong phap gidi bai todn dao dong xoan tw do ¢6 cac
khéi lwong thu gon 12 hiing sé.
Muc dich ctia bai toan dao dong tu do la di xac dinh tn sb riéng va dang dao
dong riéng cia hé. H¢ phuong trinh vi phén dao dong xo0dn tu do cia hé ¢ cac khbi

lwong thu gon 1a hing s6 c6 dang:
M.g+Cq=20 (2.18)
Trong d6: M- ma irdn khéi luong

Céac ma tran M va C 13 cac ma trdn vudng c&p n co cac phan tir 1a hing soO.

Trong nhiéu bai toan thyc t€, cac ma trén nay 1a cac ma trdn doi xing.

Dé giai hé phuong trinh (2.80) trudc tién ta phai gia dinh nghiém, tim nghiém
cia hé dudi dang q = asin(wtta) va tién hanh giai phuong trinh:

1€ — w?. M| =0 (2.19)

Phuong trinh (2.81) 12 mot phuong trinh dai s6 bac n dbi véi o’ va duge goi la
phuong trinh tin sb hodc phuong trinh dic trung. Cac nghiém o (i=1,2,..,n)cla
phuong trinh tan sb dugc goi 1a céc thn s riéng. Thay lan luot cac gia tri clia o; vao

phuong trinh (2.81) ta nhén duge cac hé phuong trinh dai s6 tuyén tinh thun nhét dé
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x4c dinh céc thanh phin véc to bien 4o ai. Trong cac 1ai licu [4], [6] d& trinh bay chi
tiét v cach giai hé phuong trinh (2.81). Trude day, Khi cac cong cy tinh toan chua
phat tridn thi phuong phap 14p bang cla Holder hay phuong phap chudi phén s& cla
Terskich duge sir dyng rong (ai dé giai bai toan dao dong ty do cua hé nhidu khdi
luong. Hién nay d4 o6 rét nhiéu phan mém h trg giai bai toan nay: CO thé ding 1énh
eig trong Matlab d& xac dinh {ri riéng (thn b riéng) va véc o riéng (dang dao dong
riéng) cha hé, cling ¢0 thé st dung bal toan phéan tich Modal trong phan mém

ANSYS dé xac dinh céc thn sb va dang dao dong riéng clia hé.

2.2.4 Bi&u do cong hwdng.
Mbt trong nhiing ndi dung tiép theo cua bai toan dao dong xoan tu do 13 x8y
dung bidu dd cong hudng. V6 bidu dd nay cho phép d3 dang xac dinh tbe @0 vong

quay cong hudng cling nhy chp didu hoa cha lyc kich thich gay ra cong hudng.
kQ = wi (2.20)

Day mdi chi la didu kién cén ch\ khong phai 12 dieu kién do. Van d& con phai
phu thuge vao dai te do lam viéc cha may cong tac, didu ndy thé hién rat 1o rén bicu

4 cong hudng (hay con goi 13 bidu dd Campbell).

607
Vi dong co 4 Ky ren= —a-'[vlph]

307
Véi dong co 2 Ky: Bar= -a—[v/ph]

Trén Hinh 2.17 1a bidu dd cong hudng cfia mot dong co 2 ky ¢ cac thn sb
riéng @1 = 1.184, 75(rad/s) va @2 = 1815,87(rad/s), dong 0 {am viéc trong dai tbe do
n = 2.000 = 8.000 vg/ph. Tu bidu db nay dé dang dém dugc vl tAn sb riéng thir nhét
6 7 cong hudmng cb thé xay ra (tir chp didu hoa tha 4 dén cap 10) v6i thn 6 riéng thi
7 & c6 11 cong hudng (I chp didu hoa thir 9 dén chp 19) vé mdt Iy fhuyét k co thé
1ay gia tri tx 1 — trén thuc té chi xét dén chp 24 1a du, vi & cac chp cao bién do
ciia lue kich thich sé rAt nho va cd thé bo qua. Thong thudng chi xet & chc ché do
cong hudng do chp chinh gy ra. Viée xac dinh cac chp chinh dugc théng qua vige
xfy dyng 40 thi pha [13].
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Hinh 2-2Biéu do xdc dinh ché dp cong hwong khi dao dong xodin
2.2,5 Phwong phap giai bai toan dao ddng cwéng birc.

Vi viéc khao sat dao dong xoén cia hé dira vao goc quay a thi lyc kich thich
tr ddng co chi do luc khi thé sinh ra (bd qua anh huéng cia trong Iuc cia céc khau).
Sau khi x4c dinh duge tbe do cong hwdng ta s& tién hanh tinh toan chu trinh cong tac
tai ché do the do nay (thuong tinh theo ché do dic tinh ngoai) dé xdc dinh md men
kich thich (hodc cting c6 thé tién hanh do dac tir thuc nghiém). Chu ky T ctia md men

kich thich do Iuyc khi thé sinh ra phu thude vao s6 ky cua déng co:

120

n

Déi voi dong co 4 ky: T=
A reogA . 60
Doi v&i dong co 2 ky: T= —

V6in 1a tde d6 vong quay truc khuyu, [v/ph]

Pé tién cho viée khao sat (giai hé phuong trinh vi phin) ngudi ta thudng phén
tich mé men kich thich thanh chudi Fourier:

M, = My + Xy M. sin(kQt + a) = My + Yi-q,(ay cos k2t + by, sin kQt) (2.21)

Voi: = ETE 14 tAn sb co s& clia m6 men kich thich.
Két qua tinh toan hoic do dac thudng thu dugc gid tri My dudi dang bang 56

liéu. Khi d6 phai thue hién phép tich phdn Fourier roi rac.

V6i dong co nhidu xi lanh, mé men kich thich didu hoa cia céc khuju s& léch
pha tiy thudc vao thlr tu cong tac cia dong co. Néu goi & 1a géc léch pha cong tac
gifta xi lanh thir i so vdi xi lanh thir nhét (thudng duge 14y lam chuén), khi d6 géc

pha ban diu ctia mé men kich thich thir k tac dung 1én khuyu thr i sé:
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al = al — x6; (2.22)
V6iy = k/2 dbi véi dong co 4 ky; y = k dbi véi dong co 2 k.
Ta cling c¢6 thé xéc dinh truc tiép cac hé sé Fourier cia céc xylanh con lai theo
cOng thue sau:
; K .k
al, = aj, cos (E 65) — by, sin( §;)

b, = al sin (E é}) — b}, cos(% 5;)

2

(2.23)

Trong d6: a b4 ! - hé s6 Fourier cta xylanh chuén;
a bil, ¥ - hé s6 Fourier ctia xylanh thit i; k- cp diéu hoa.

2.2.5.1 Xac dinh bién d¢ va pha dao déng.
Viéc gidi bai todn dao dong cudng birc ciia hé bing phuong phép phén tir hitu
han tirc 1a giai hé phuong trinh vi phan chuyén dong ctia hé dugc viét dudi dang ma

tran nhu sau:

[M]{ii} + [CHu} + [K]{u} = {F;} (2.24)

Trong d6: [M] — Ma trén khéi lugng ciia co ciu;

Ma trin khéi lwgng cda mot ph?m tir;
NE- 86 lugng phin tir ¢6 trong md hinh FEM;
[C]- Ma trin can- duoc tinh bang khdi hrong: [C]= a.fM|+ B.IK];
[K]- Ma trin do cfing;
{u}- véc to chuyén vi nit;
{11} véc to van tbc chuyén vi nit;
{it}- véc to gia tbe chuyén vi nit;
{F,} - véc to lyc kich thich bén ngoai.

Luec kich thich theo chu ky dugc trién khai vao ddy Furier thanh cac cp didu

hoa ¥ va tai tdc dung 1én md hinh tinh toan tai ¢b khuyu phit hop véi trinh ty 1am viée




31
cda cac xylanh dong co. Trong phén mén ANSYS vé phdi ctia phuong trinh dugce

viét dudi dang véc to phirc nhu sau:
(F(©)} = {F,(cos T, + j.sinT,)}e /Xt = ([{le} +j {sz}]) eJX¥t (2,25)

Tuong tu véc to chuyén vi nit s& duge tim dudi dang véc to phic:

{u} = {uoej¢}ejx¢ = ({u} “i‘j{uz})eixwt (2.26)
o day:
{u1}= {ugcosm} - phan thyc ciia véc to chuyén vi nit;

{us}= {uosinw}- phén 40 ctia véc to chuyén vi nut.
Thay (2.82), (2.83) vao (2.81) ta co: .

(=(roP[M] + jxolC] + KD} + fludet = ({Fy } + i {F, }) erer

(@ PIM] + jxolC] + KD +jtud = (B} +i{Ry)) @27

Véi mé hinh tinh toan 12 md hinh tuyén tinh, nghia 12 cac s6 hang clia cic ma
trfn [MY, [K], [C] 14 hing sb thi phuong trinh (2.89) 12 hé phwong trinh dai s6 tuyén
tinh c6 bién phic. Dé giai phuong trinh trén ta sir dung phén mén ANSYS.

2.2.5.2 Xdc dinh vng sudt khi cong hwdng.
Sau khi ¢6 duge cac goc quay s cla cac khdi luong (thuong chi 1iy trong 1 chu
ky dao dong cua lyc kich thich) ta cé thé x4c dinh dugc tng suét xofn xult hién trén

cac doan truc theo cong thic:

= (@i — Pir1)-C [MN]
W;ci "I m2

Trong d6: Wy - md dun chdng xoén cia doan tryc thir i, [m?];

¢i- 46 clrng chong xodn cia doan truc thir i, [MNm/rad].
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So sénh gia tri tmg sut 16n nhét cia [ v&i gia tri Gng sudt dao ddng xoan cho
phép [ ] s& danh gia duge muc d lam viée an toan cua ting doan truc. Gia trf cla
[0.] duge x4c dinh trén co s& tinh toan Iy thuyét, thuc nghiém va théng ké dbi voi
céc hé truc thue. Déi v6i céc truc thép c6 sire cang téi da 16n nhét 7, O 050 704G
mml 2va c6 thé tang thém 15 - 20 % thi ting sudt xo&n téng [ ¢6 tinh dén dao dong
xo#n khong duge vuot qua 600N/mm?. Déi véi truc khuyu ché tao béng thép cacbon,

{rng suét khi dao dong xo#n khong duge vugt qué 250 kG/em?(1].

2.3. GIOTTHIEU CHUNG PHAN MEM ANSYS.

ANSYS 14 mét trong nhiéu phan mém cong nghiép, st duyng phuong phép
Phin tir hitu han- PTHH (FEM) dé phén tich céc bai toan vat ly- co ho, chuyén cic
phuong trinh vi phén, phuong trinh dao ham riéng tr dang giai tich v& dang sb, véi

viée sir dung phuong phép roi rac hoa va gin ding dé giai.

Nho tng dung phuong phap phén tir hitu han, céc bai todn k§ thuat vé co,
nhiét, thuy khi, dién tir, sau khi mé hinh héa va x4y dyng mé hinh toan hoc, cho phép

giai ching v6i cac diéu kién bién cu thé véi so bac ty do 1on.

Trong bai toan két cAu (Structural), phdn mém ANSYS dung d€ giai céc bai
toédn trudng Gng sult- bién dang, trudng nhiét do cac két ciu. Giai cac bai toan dang
tinh, dao dong, cdng hudng, bai toan bn dinh, bai toan va dip, bai toan tiép xtc. Céc
bai toan dugc gidi cho cac dang phén tir két cAu thanh, ddm, 2D va 3D, gidi céc bai
todn v6i vét lidu dan hdi, dan hdi phi tuyén, dan déo ly tudng, déo nhét, dan
nhét,... Trude hét, cAn chon dugce kiéu phén tr, phi hop véi bai todn can giai.
ANSYS la phidn mém giai bai toan bing phuong phap phin tr hiru han, ¢ gidi mot

bai toan cin dua vao cic diéu kién ban dau va dicu kién bién cho mé hinh hinh hoc.

Sau khi x4c 14p céc diéu kién bai toan, dé giai chiing, ANSYS cho phép chon
cac dang bai toan. Cac két qua tinh todn duge ghi luu vao céc File dit liéu. Vige xuét
cac dir lidu duge tinh toan va Iuu trit, ANSYS c6 hé hiu xi ly rdt manh, cho phép
xut dit liéu duéi dang dd thi, anh db, dé c6 thé quan sat trudng Ung sudt va bién

dang, ddng thoi ciing cho phép xuét két qua dudi dang bang sb.
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CHUONG 3 DANH GIA DAO PONG XOAN HE TRUC CHAN VIT
TAU KN-1482C

3.1. Gi&ithiéu chung vé tau KN-1482C

3.1.1 pic diém nhiém vu, diéu kién lam viéc, pham vi hoat
dong cta tau KN-1482C
Ngodi nhiém vu chinh trén, tau KN-1482C cdn dam nhiém rit nhiéu nhigm vy
khac khi ¢ 1€nh cﬁa' chp trén nhur: tim kiém cttu nan trén bién, truc bao vé chu quyén

bién dao, canh gii bao vé tau tham do dau khi.

3.1.2 Tinh ning dic thu ctia tau KN-1482C
Tau KN-1482C hoat déng trong moi didu kién hang hai trén ving bién rong,
nén hé dong luc cla tau thudng xuyén phai lam viée & cac ché d6 qua tai. Vi vy, tau

KN-1482C 6 tinh ning dic biét hon céc loai tau vén tai thong thudng khac.

La loai tau ¢4 vo thép. Tau c¢6 3 chén vit, 1 boong chinh, 1 boong néng phia
miii, budng may va thuong tAng bd tri phia dudi tau, phan miii, dudi, man tau duge gia

cudng chic chin chiu duge ddm, va, hic, ui.

Tau duge trang bi 3 hé truc chén vit nén co dong cao nham muc dich bao dam

hoan thanh t&t cac nhiém vu phite tap dugc giao.
3.2. Pic diém két cdu va hé dong lyc cia tau KN-1482C

3.2.1 Cac thong s chinh ctia tau KN-1482C
Bang 3-1: Cic thong sb ky thudt ciia tau KN-1482C

STT Théng sb K¥ hiéu Pon vi Gia tri
1 | Chidu dai 16n nhit: Linax m 40,30
2 | Chidu dai 2 try: Lit m 35,00
3 | Chiéu rong 16n nhét Bumax m 7,80
4 | Chiéu rong thiét ké B m 7,80
5 Chiéu cao man: D m 3,75
6 Modn nuéce toan tai trung binh d m 2,90
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7 Luong chiém nude A tan 447,49

8 | Céaché sd béo 8 - 0,523
B - 0,784
a - 0,811

thong s6 k¥ thuét co ban nhu sau:

co chit V, 4 ky phun nhién lidu trye tiép va ting p bang tuabin khi xa.

3.2.2 Cac thong s6 co ban ctia ddng co chinh 12AYM-WET

Dong co cb tinh ning dao duge chidu (gitp tiu chay tién va chay lui), c¢6 céc

Tau kiém ngu KN-1482C duoc trang bi 03 mdy chinh hiéu 12AYM-WET ctia
hing Yanmar - Nhit Bén, c6 tdng cong sudt 1a 4650 HP (3 x 1550 HP). Day 1a dong

Pong co lai gian tiép chan vit thong qua hdp sb, c6 cac thong sb k¥ thuét co ban

nhu sau:
Beéing 3-2Djc tinh thiét ké:

STT N§i dung KY¥ hiéu Pon vi Gia tri
1 | Loai dng co - - 12AYM-WET
2 |86 xylanh - - 12
3 | Puong kinh xylanh - mm 155
4 | Hanh trinh piston - mm 180
5 | Téng dung tich xylanh - lit 40.76
6 | Cong suit (tai banh da) Ne HP 1550
7 | Vong quay dinh mic Tdm vong/phut 1840
8 | Ap suat c¢6 ich binh quin p MPa 1.82
9 | Ap sufit chay 16n nhit pz MPa 16.2
10 | Tisb nén - 14.35
11 | Trong luong m kg 4950

+ Thir ty nd:

* May quay phai: Chiéu tién (ngugc chidu kim dbng hd) 1-3-5-6-2-4;
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Chidu [ti (cing chidu kim ddng hd) 1-4-2-6-3-5;
* May quay trai: Chidu tién (theo chidu kim déng hd) 1-4-2-6-3-5;
Chiéu 10i (nguoc chidu kim ddng hd) 1-3-5-6-2-4;

+ Tée d6 trung binh cla piston: Cm =6,25 m/s;
+ Nhiét 6 khi xa ra khoi xylanh: tnax =430°C;
+ Nhiét do khi xa & 110% cuia tai: 1% nax =460°C;

+ Nhiét 36 khi xa trude tva bin: % max
=550°C; + Nhiét dd khi x4 trwrde tua bin & 110% tai: 1% max
= 5800C; - Thei diém déng mé supap:

+ Nap mé: 90° trude PCT;
+ Nap dong: 269 sau BDCD;
+ X4 mé: 40° truge BCD;
+ X4 dong: 56" sau DCT;

- Géc phun sém nhién ligu: 16" truée DCT;

+ P9 ning cia bom cao ap: 5,5 £ 0,1;
+ Tubi tho danh dinh: 20.000 gid; + S5 gitr thay déu boi tron: 500 gid.
- Théng sé dp sudt:

+ Ap suét hitu ich trung binh trén piston: 8kG/cm?

+ Ap suét chdy max: 58,8kG/cm?

+ Ap sudt nén & 75% Nen: 35,3 + 39,2kG/cm?
+ Ap suét khi chdy & 110% Nex: 61,8kG/cm?

+ Ap suét dau nhon bdi tron: 1 +39,2kG/ cm?

+ Ap suéit khi x4 sau tuabin: 2940Pa
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Bang 3-3: Cac thong s6 ciia kKhuju trye, piston, thanh truyén:

+ Khdi lugng banh da: mpa=1680 Kg

T M5 men quan tinh khoi luong béanh da: Tod = 20,84 KNmS?

¥ Chidu dai ¢6 khuyu truc:

+ Chiéu dai chot khuyu:
+ Chidu day ma kKhuyu:
+ Chidu rong ma kKhuyu:
+ Chidu cao ma khuyu:

+ Chidu dai thanh truyén:

+ Chiéu dai piston: lp== 640 mm
+ Trong luong thanh truyén: my= 60 kg

+ Trong lwgng nhom piston: mee= 67 kg
+ Khoang cach gifta 2 tam xi lanh lién ti€p: - m
T RKhoang cach tr tam xylanh cudi dn banh da: W

i

3.2.3 Hop so
Hop & Model: WVS 730/1; Hang REINTIES (buc);, Ty s6 truyén i = 3,048
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3.2.4 Pic tinh ciia dong co chinh 12AYM-WET [15].
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Hinh 3-1 Cde dwong ddc tinh ngodi ciia djng co 12AYM-WET
" Trong do: P- Cong suét dong co (kW); M- Momen x0dn (Nm); Se- Suit tiéu
hao nhién liéu riéng (g/kWh); G- lugng tiéu hao nhién lidu gior (kg/); tvi- Nhigt do

khi x4 tai cira thoat cia mdi xilanh (°C); tvo- Nhiét ¢ khi xa trude tang ap (°C).
3.2.5 K&t c4u ciia hé truc chan vit tau KN-1482C

3.2.5.1Pdc diém ky thudt hé truc chan vit
Tau KN-1482C dugce b tri 03 hé tryc chin vit. Mbi hé truc do mot may chinh
dn qua hop sb lai véi ti s6 truyén 1:3,048. So 5 nguyén Iy cdc phan tir chinh ciia hé

truc chén vit tau KN-1482.




inh 3-280 dé bé tri h truc gifia tau KN-1482C

Trong do: 1- Truc chan vit; 2- Khap ndi truc trung gian I; 3- O do truc trung gian I;
4- Khop néi truc day; 5- O do chin; 6- O d& truc trung gian IL. '

3.2.5.2 Thiét bi ddy tau (Chdn vit).
Nhiém vu cta chan vit: Sau khi nhan dugce cong sudt N, tir mdt bich cua dong
co chinh thong qua hé€ truc tao ra mot dong lue doc truc (luc déy chén vit P) dé thing

" dugc lyc can chuyén dong R ciia tau va day tau chuyen dong v6i van toc Vs nao do.

Pidu kién lam viéc cua chén vit hét strc phtre tap, tiép xuc tryc tiép v&i moi
trudng nuwdc bién, chiu tdc dong cla cac. yéu t6 ngoai canh nén thuong xuyén bi mot 36
héng héc nhu: &n mon, bién dang, quin mép, ro, nit, me, gly,.... Hién tugng sui bot,
xAm thue, hu hong sw cb xay ra thudng xuyén trong qua trinh khai thac nén din dén

hiéu suat day tau cta chan vit giam.

Chan vit st dung dudi tau KN-1482C 1a loai chan vit ¢b dinh bude, duge cd

dinh vao tryc nho mat ¢bn va cac then.

Céc thdong s6 k¥ thuat chu yéu cla chén vit:

- Pudng kinh chan vit: Dev= 1700 mm
Ty s6 budc : /D= 0,865
-Ty s6 mit dia : A/A= 0,70
-S6 canh : Z=4

~Hiéu suat chan vit: Oev = 0,63

-Khéi lugng: Go=631kG



-Vt liéu ché tao:

- Goc nghiéng cla canh:

Hinh 3-3Chan vit
3.2.5.30ng bao truc chin wt va 6 kin nwée dudi tau.

Ong bao truc chan vit va § kin nuéc dudi tau 13 td hop thiét bi c6 nhiém vy dén
huéng chuyén dong cho truc chan vit va ﬂgén khong cho nudce tran vao bén trong tau,
duge 1am kin ddu va kin nudc bing cac thiét bj chuyén dung, cé mdt phan tiép xuc
true tiép véi nude bién. '.

Céac thong sb dic trung: Chidu déi_ l4p trén truc man phai: 4641 mm, trén truc

man tréi: 4711 mam; vat Jiéu ché tao: Thép CT3

I T
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Hinh 3-4611g‘b?m truc chin vit tau KN-1482C.
3.2.5.4 Truc chéan vit -.
Truc chan vit 12 doan cudi ciing va dai nhit ciia hé tryc chan vit, duge ndi véi
truc trung gian I va duge géi trén hzii’ﬁ d& bing babit dit trong dng bao truc, bdi tron
¢d truc bing nhét. Truc chén vit néi' tryc tiép voi chan vit, tiép xic v6i nude bién,

chiu tai trong dong va tai trong céng x6n.
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Céac thong s diic trung 1a: Chidu dai: 6020 mm; vét liéu: Thép CT45 dic;

dudng kinh: 200 mm; duge dat trén 2 8 d6 12 6 kin nude dudi tau va 6 & ngoai tau.
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Hinh 3-5 Truc chdn vit
3.2.5.5 Truc trung gian

Tryc trung gian I 1& doan tryc cta tryc chén vit ding d€ ndi truc chén vit voi
tryc ddy. Nhiém vy truyén mdmen xodn ma tryc day nhén dugce tir d6ng co dén truc

chan vit ddng thoi né truyén huc d4y tau tir truc chan vit dén truc ddy.

Truc trung gian I 13 tryc ddc lam bing thép CT45, hai diu ndi bing khop kiéu
bich 1ip bang 8 buléng M42 (Thép CT5).

Cac théng sb dic trumg 1a: Chidu dai: 1650 mm; vét ligu: Thép CT45 déc;
duong kinh: 200mm; dét trén mot 8 @ ®220 mm; c6 dau boi tron & va dau béi tron &

dugc lam mét bing nude bién.

0 NN RS EEU - I ISR P &
- Y 5
65 £75 400 N 44%5 631

Hinh 3-6 Truc trung gian 1

Truc trung gian II & doan tryc ndi banh da cia dong co chinh vai tryc day.

Cac thong sb dic trung la: Chiéu dai: 989 mm; vat ligu: Thép CT45; duong

kinh: 220mm; dit trén mot 6 do 230 mm; co dAu bbi tron § (duge 1am mat bang




Truc déy 1a doan tryc ctia hé truc tran vit ¢o Iap 6 d ch
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Hinh 3-7Truc trung gian 11
3.2.5.6 Truc ddy
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I

trung gian 1 va mot dau ndi voi truc trung gian 1.

Céc thong sb dic trung la: Chiéu dai: 1367 mm; v

dudmg kinh: 220mm; dit trén mot 4 do ©230 mm.

58 5]
SR

N

561
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| .

Hinh 3-8 Truc dcfy chdn vit

3.2.5.7 Cdc thong sé ctia hé truc chdn Vit.

an, mdt dau ndi voi tryc

4t lieu: Thép CT45 déc;

éu nhu

H¢ truc gém: 1 truc chén vit, 2 truc trung gian va 1 truc day co cac sb li

Bang 1.2:

Bang 3-4: Cic thong sé ciia hé truc chin vit tau KN-1 482C
Tryc Chén Trung gian I Trung gian IL Truc ddy

Vit
D(mm) 210 210 220 220
L{mm) 6020 1650 989 1367
Vit lidu cac truc la thép cacbon c6 trong hegng riéng O =7 85,10
(Kgfem?)

3.2.5.8 0 dé hé truc chdn vit
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~ O d& trude tryc chén vi:

L

+ Puong kinh trong : 210mm,;
+ Pudng kinh ngoai: 220mm;
+ Chiéu dai: 1090mm
Vit liéu Batit;

+ Khéi lwgng: 58kg.

- O d® sau truc chén vi:

+ Pudng kinh trong : 210mm;
+ Puong kinh ngoai: 220mm,;
+ Chiéu dai: 630mm;
+ Vit liéu: Batit;
Khbi luong: skg.

+ O do truc trung gian:

S6 luong: 2 chiéc vt liéu: Batit;

Puong kinh 8 d& cha truc trung gian I: 220mm;

Pudng kinh 3 dey cna truc trung gian I 230mm;

\Vong vd

Hinh 3-9: 6 d& truc trung gian

- O s truc ddy:

Dudmg kinh & d& chan truc: 230mm vt liéu: Batit;
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Hinh 3-10K8t céiu 8 do tryc diy chan vit
1-Bé 6 da; 2- O do truc; 3- Tryc déy; 4- Nép chiin diu; 5- Nitra trén 8 do; 6- Gia
do bac chan; 7- Bac chin; 8- Nép; 9-Vanh chin.

3.3. Mo Hinh Tinh Toan Dao Pong Xodn Hé Tryc Chén Vit Tau KN-1482C
Mb hinh thuc cta tau hé dong lyc tau KN-1482C, Hinh 3.1 ¢6 kich thudc

thuc cu thé sau:

- Pudng kinh ¢b truc Khuyu: dex = 240 mm
- Puong kinh cb chét khuyu: den = 220 mm
- B4n kinh quay truc khuyu: R =250 mm
- Chidu dai ¢b tryc khuyu: 1= 240mm

- Chiéu dai chét khuyu: le= 220 mm
- Chiéu day ma khuyu: h= 120 mm

- Chiéu réng ma khuyu: b= 390 mm

- Chiéu cao ma khuyu: D= 500 mm
- Chidu dai thanh truyén: 1 = 1066 mm
- Chiéu dai piston: lp= 640 mm.

- Khoang cach gitra 2 tm xi lanh lién tiép: H=700 mm

_ Khoang cach tir tim xi lanh cubi dén banh da: He= 990 mm

- Chidu dai Tryc khuyw: 1=4200 mm
_ Chiéu dai tryc chin vit: liev= 6020 mm
- Chidu dai truc trung gian I: ly= 1650 mm
- Chidu dai truc ddy: le= 1367 mm

_ Chidu dai truc trung gian IL: lg= 989 mm
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Mb hinh tuong dwong ciia hé dong lye tau KN-1482C, Hinh 3.1 trong do:

- (i, Ca, C3, C4, Cs- D§ cling chéng xoin cha cac khuyu tryc.

-Cg- Db cing chéng x0dn ctia doan truc ndi dong co voi banh da.

-C7-Do ciing chéng xofn clia doan truc ndi banh da vai chan vit.

_ 11, T, Ja, Ja, Js, Je- MO men quén tinh khéi lwong thu gon cia khuju truc thi
nhét, thit hai, thi ba, thir tu, thir ndm, thir sau cua ddng co.

- J,- M men quan tinh khéi lugng thu gon cua béanh da.

_ Jg- M6 men quén tinh khéi lugng thu gon cua chan vit.,

Co 1 Ca |G G| GCs Co Cy

°,°, L% %%ke I @

Hinh 3-11M6 hinh hé dong liwc tou KN-1482C

KN-

So db hé théng tuong duong md men quan tinh, d6 cimg chbng xodn cia hé

truc chén vit duge thé hién & hinh 3.2.

I Ja Ja J4 Js Jo 5 Js

brl br2 brl brd b3 br6 Bdnh da Chéan vit

Hinh 3-12: so dé hé théng tuwong duong cud hé dong hec tau KN-1482C
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3.4. Phuwong t_rinh chuyén dong cua dao dong xoan tw do hé dong luc
tau KN-1482C:
Jips + ci (@1 — @z) =0

@z — (@1 — 92) + C2{@2 ~ @3) =0
Jaz — c2(@2 — @) + c3 (@3 — @,) =0
Ja@s — Ca(@a — Pa) + 4Py~ ps) =0
Je@s — Ca(@s — @s) + Cs(Ps — 0) =0
Jo@e — cs(@5 — Pe) + ce(Ps — #7) =0
Jo7 — c6(@s — @7) + c7(@7 — pg) =0
Je@s — c7 (@7 — @g) =0 |
Cong cac phuong trinh trén lai v6i nhau ta co:
Jip1 + ]2z +J3@s + Ju@s + Js@s + Je®st797 +Jgpg =0
Thiét lap hé thdng tuong duong.

Trong chuong ndy thyc hién tinh todn x&c dinh cac tAn sb riéng va dang dao
dong riéng ctia hé truc chan vit tau KN-1482C khi tau & hanh trinh tién.
Dé xay dung hé thong twong duong cAn phii xéc dinh duge mé men quan
tinh khdi luong thu gon, dd cung chdng xodn, cac hé 54 can cha tAt ca cac thanh phﬁn

ciia hé truc, bao gém: may chinh, h¢ duong truc va chén vit.

3.4.1 Hé thong twong dwong ctia phan may chinh.
Pong co 12AYM-WET 1a dong co 12 xylanh hinh chit V xép dbi xtmg cla md
trén 6 cb bién tao ra MO men M, kha cao. Day la dong co ¢6 tinh ty cdn bang khé tbt,

nén it bi rung chan khi lam viéc.

Xéc dinh chicu dai, mb men quén tinh va do cing chéng xo#n teong dwong truc

khugu dong co 12AYM-WET [1].
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3.4.1.1Xdc dinh chiéu dai twrong dwong cua co cdu khuyu truc,

thanh truyén thu gon
. MOb men quéan tinh cta tiét dién tuong duong:

ndy w24*

= 32.556 (cm?)

Jo=Jo =35
Chidu dai tvong duong cia mot khuyu truc: Tinh theo cong thirc carte.
G dei

I = (I +0,8h) + 0,751 dek | 4 5p
0 ck ’ ! chdmc;h ’ hb3

I = (24 + 0,8x12) + 0,75 22 2% | 15028 24*
0= X 75 % 22507 T LoXeS 195393

g mit bich bén phai néi tryc khuyu vdi banh da:

= 75cm

- Chidu dai twong duon

Véi: Z=8; 6 = 4,2 cmy d+=45 cm; 137=8 cm

T T
o (ds + Z8Y) = ) (45* + 8x4,2%) = 201,310cm*

s =
To 32,556
= l _—— 8 - 1,3
o =17 = %% 201,310 em
_ Chidu dai trong duong mit bich bén tréi nbi truc khuyu véi banh da:

Voi: Z= &; & =4,2 cm; dz=45 cm; 13=7 cm

-—.E. 4 4 :_TL 4 4y - 4
Ji = 64(d3 + Z8%) 64(45 + 8x4,2%) = 201,310cm

ey 32,556 _ 4
0=k 7% 201,310 ycm

3

Do két qua tinh toén trén ta xac dinh dugc chidu dai twong duong cba cac

doan tryc:

. Chidu dai tuong duong cua dogn truc giita céc xylanh:

[-T-II-1V-V-VIa75cm

. Chidu dai tuong duong cua doan truc gifra xylanh VI va tam banh da la:

I, = 37,5 +15+13+11+255=80 (cm)
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3.4.1.2Xdc dinh mé men qudn tinh Kkhéi lwong twong dwong cua

cor ciu khuyu truc, thanh truyén thu gon.
- Chét khuyu:

+ Trong lugng chét khuyu:
22 40,0785 = 656N

Gch = lchx—_c"ﬁx}/ = 22.7C'“—~'

+ Mb men quén tinh cua chét khuyu véi dudng tam true khuyu:

wd? ¥ ndzh ¥ 2
— ] +maR:=—Lxl oL T o] L x=xR
]ch ]0 ch 37 ch g 4 ch g

Jo =Mt x Iy L = 20025 x22% (9222} = 40Nems”
32 981

-40+656 25% = 458 N
Jen = 98135 cms?

Ma khugu: hinh chir nhéat
1 2 4 2
]mk:‘—ﬁmm(b +¢%)
Trong d6: Mm- Kkhéi lwong ma khuyu, (Ns*/cm);

b, c- chicu rong v chidu cao ma khuyu, (cm).

Mb men quan tinh ciia ma khuyu 461 vai dudng tAm ciia truc Khuju theo cong

thic sau:

Jm = Jme + mmpz
Trong d6: p- ban kinh quay cha ma khuyu (khoang cich tir trong tAm cla md

khuyu dén dudng tdm truc khuyu).
G, =hb.c.y = 12x39x50x0,0758 = 1837 (N)

1 Gm 1 1837
Jmk =535 M p? 4+ ¢*) =3 o 1837 (392 + 507) =627 Ncms?

]m=627+9§-xp2w_627+18—31 x 12,52 = 919 Nems®
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Cd truc khuyu:

1t

]ck

nde w242 0,0785
b x lckxl’= = A —— X T 1562 Nems?
32 g 32 981

M6 men quan tinh cua mot khuyu 461 voi dudng tam truc khuyu bang:
1562 + 458 + 2919 = 3858 Ncms?

. Thng md men quan tinh cda co chu khuju tries thanh truyén (mot Khuju).

382 862
= 2 = N I 2 = 2
J=Jwt+mat 0,5m¢)R 3858 + (981 + 0,5x 981) x 252 = 4377 (Ncms )

= (),4?;771{6'.1112

Mb men quan tinh thu gon cna co cau khuyu truc, thanh truyén duge thé hién
dudi Bang 3.1
Béng 3-5 Ciic thong s& mo men quan tinh khoi lwgng chia dpng c0 12AYM-

WET.
“ Tén thong sb
1| Duongkinhxi land
u Ban kinh true Khuyu

M6 men quan tinh khoi luong thu gon trung
binh coa khuyu truc thir nhét

M5 men quan tinh khdi lwong thu
binh ciia khuju truc thit hai
M6 men quén tinh khbi luong thu
binh cta khuyu truc thir ba

gon trung

M6 men quén tinh khdi lwong thu gon trung
binh cia kKhuyu true thir tue

M5 men quan tinh khdi lwong thu gon trung
binh ctia Khuyu trac thir ndm

Md men quan tinh Khéi luong thu gon trung
binh ciia Khuyu truc thir séu

M6 men quan tinh khbi luong thu gon trung
binh cha banh da
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3.4.1.3 Xdc dinh d6 civng chéng xodn.
- D clng tir tAm xylanh I dén t4m xy lanh IL:

G
Clﬂm"Cz:ngC4zC5="£
lo
3 8,45x10°x32556 372107 (Ncm) — 3710° (Nm)
1 75 - rad/ " rad

- Pd ciimg tr tdm xylanh VI dén banh da

8,45x105x32556
Ce = 80

Ncm Nm
= 34x10° ( ) = 34.10° (_.._)
rad rad

Do cimg chdng xoén cua cac khuju tryc, doan tryc noi gitra xylanh thiy

sau véi banh da duoc thé hién duéi Bang 3.2.

Bdng 3-6 Cic thong sé dp citng chéng xodn ciia djng co 12AYM-WET.

TT Tén thong sb Ky hidu | Giatri | Don vj
Do cting chéng xodn cia khuyu truc thir C1 37.106 | Nm/rad
1 | nhét dén cta khuyu truc thir hai
D& clmg chbng xofn cta khuyu tryc thir hai|  C2 37.106 | Nm/rad
2 | dn khuyu truc thir ba
D6 ciing chéng x0dn ctia khuyu truc thr ba C3 37.106 | Nm/rad
3 | dén khuyu tryc thit tu
. Do cing chong xo0dn cua khuju truc thir tu C4 37.106 | Nm/rad

dén khuju tryc thir nim

bo ctrng‘ch(“')ng xodn cia khuyu tryc thir C5 37.106 | Nm/rad
5 | nam dén khugu truc thit sdu

Po cung chdng xo0én ctia khuyu truc thir sau Cé6 34,106 | Nm/rad
6 | dén banh da

3.4.1.4Hé sé cdn cuia dong co.
Do chiu dai cua tryc khuyu ngén nén c6 thé bd qua lwe can trong vat lién, Hé
sb can tuong doi co th& chon b; = 0, H& s can tuyét déi cua truc khuyu (tir by dén b)

dwoc xac dinh theo cong thie (2.59), by = 3,01 [Nms/rad] (i=1+ 6).
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So dd mo6 men quéan tinh trung binh, d6 cling chéng xoén, hé s

cia dong co duge thé hién 6 hinh 3.3.

5y I J3 J4 Js e Jna

b] b2 b3 b4 b5 b(,

Hinh 3-1380 dé hé théng wrong dwong cia dong co 12AYM-WET.

Bdng 3-7 Cdc thong s6 hé théng twong dwong ctia dong co chinh.

& can tuyét doi

( STT 1 2 3 4 5 6 7

Ji [kG.m2] | 04377 | 04377 0,4377 | 0,4377 | 0,4377 0,4377 | 2.084

[MNISli/rad] 37.104 | 37.104 | 37.104 | 37.104 37.104 | 37.104 0

bi [Nms/rad] 0 0 0 0 0 0 0

Lijri [Nms/rad} | 3,01 3,01 3,01 3,01 3,01 3,01 0
3.4.2 Hé théng twong dwong cua hé truc va chin vit.

M& men quan tinh khéi lugng doan try

vit dugc tinh theo cong thirc sau:
Chidu dai tuong duong mit bich tryc trung gian II ndi véi banh da:
V6i: Z=8; & 4,2 cm; di=45 om; 13=6,5 cm

Jo = X (d} +26%) = 5 (45* + Bx4,2%) = 201,310cm’

32,556
lo = 13!9‘ = 6,5x =1lcm

Is 201,310

¢ chan vit tir tAm béanh da dén tam chén
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Chidu dai twong duong cia doan tryc c6 O= 220 mm, 1;=530 mm (fruc trung gian II)

Jo . _ n22*

Iy =12 )y = = 22986 cm*
N
Lo 3556
0 =53.-555g¢ = /° (™)

Chidu dai twong duong cta doan tryc c6 O= 210 mm, 1;=689 mm (tryc trung gian II)

]0 71.'214‘
I, =1.=; J, = —=5—19083 cm*

32556

= 68,9. 15083 117 (em)

ly
_ Chiu dai twong duwong mit bich ndi cac truc chén vit (3 mdt bich)

Véi: 2= 8; § 4,2 em; d3=37 cm; 13=13 cm

— 2dg 13 2x24*
o=bergmzen (37" +8x42")

=455cm

3x4,55 = 13,65 (cm)

. Chidu daj tvong duong cia doan truc c6d ®= 220 mm, 1;=561+561+400=1122

min

w22%

I = 11.§°-; Jy = = = 22986 cm*

32556

77986 159,32(cm)

I, = 112,2x

Chiéu dai tvong duong cia & chin luc chidu truc di=450mm, L1=115 mm

n45*
lp = 11.!2} J1= = 402374 cm*
1
I =115 32556 _ 0.92(
0 = 11,5% 7ommy = 0,92(cm)

Chidu dai twong duong cia doan tryc 6 ©=210 mm:
[, = 1160 + 1303 = 2463mm
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214
lo _— ll-—']"g; Jl = = 19083 Cm4
1
la = 246,3 32556 = 420
0 = 246,3% Jgam = 420(cm)
o ®= 200 mm:

_ Chidu dai tvong duong ca doan truc ¢
l, = 3233+ 675 + 445 = 2352 mm
Jo . _ n20%

lo = L7 1=

i

= 15700 cm*

32556
15700

lo = 246,3x = 902(cm)

_ Chidu dai twong duong cua doan tryc giita tAm béanh da dén tAm chén vit 1a:
l,=1+75+117 + 13,65 + 159,32 + 0,92 + 420 + 902 = 1688cm
- D cung ch(S'ng xodn tir tém bdnh da dén tém chéan vit.

GJ, _ 845x10°%32556 _ . 0o (Ncm) eriosdim
Iy 1688 = 160 10° (o7 ) = 16x10°C59)

C7 -
- Mb men qudn tinh khéi lwong chdn vit.

- Iz = Jew +Jn
A
J, = 28.107%yD8 (?4“ + 3) +6,710°Ca—0,1)(a+5)
—+
= 131,75(kG.m2)

Trong d6: Jev va Jn 12 md men quan tinh khéi lugng clia ban than chin vit va

lugng nude kém theo chan vit. So db hé théng tuong duong md men quén tinh, do

¢ chan vit duoc thé hién & hinh 3.4.

cing chong xodn cua hé tru
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Jie I3

¢y

Hinh 3-14 so do hé thong twong duong ctia hé truc va chdn vit
Céc gia tri cha mO men quan tinh, d cimg chong xodn cia hé& dong lyc tau

KN-1482C dugc thé hién ¢ Bang 3.4.

Bang 3-8 Cdc thong so md men qudn tinh va dg cieng chong xodn

ciig hé ding luc tau KN-1482C

TT | Ky hiéu Gia tri Don vi Ky hiéu Giéa tri Don vi
1 A} 0,4377| kG.m2 Ci 37.106] Nm/rad
2 12 0,4377| kG.m2 C2 37.106{ Nm/rad
3 13 0,4377] kG.m2 C3 37.106| Nm/rad
4 J4 0,4377) kG.m2 C4 37.106| Nm/rad
5 15 0,4377| kG.m2 C5 37.106| Nm/rad
6 J6 0,4377| kG.m2 Cé 34.106| Nm/rad
7 17 2.084| kG.m2 C7 1,6.106| Nm/rad
g J8 131,75] kG.m2

3.5. Tinh toan tan s§ dao dong ty do.

Phin mén ANSYS 16.2 dugc si dung lam cdng cy d8 giai bai toan dao dong tu
do. Déy la dang bai todn két chu kiéu phan tich dao dong riéng (modal). Trong phin
mén ANSYS st dung cac phan tir Mass21 44 bidu didn 08 khdi lugng tép trung (dfa)
va 07 phén t&r combinel4 48 bidu din phan ti dan héi (16 x0). Két qua tinh toan thu

duge 08 tan s6 dao dong riéng va dang dao dong riéng twong Ing voi mdi tin sO riéng.




Céc dang dao dong ri€ng cda cua hé

thé dugc trinh bay tai Phu luc 2.

HODES

NODE NUM

I
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ANSYS)|

R14.5)

JAN 17 2014
21:50: 48

Hinh 3-15 M6 hinh tinh dao djng t do béng phian mén ANSYS 16.2

duogce thé hién trén hinh 3.5, cac gia tri cu

-18

_a— MGt nit

—e— Hai nut
Ba nut

—¢— Bén nut

Céc gié tri cua tan sO dao dong rién

Hinh 3-16 Cdc dang dao dong ring 1, 2, 3,4 diém nut.

¢ ciia hé dugc thé hién & Bang 3.5.
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Bang 3-9 Cdc thong sé tin sé dao dong riéng cuia hé dpng luc tan KN-1482C

TT f(hz) T a(rad/s)

fl 1.23E-07 ol 7.722E-07
2 17.579 ®2 110.39612
f3 34.95 ®3 219.486

f4 102.63 w4 644.5164
f5 164.83 5 1035.1324
6 217.87 1 1368.2236
7 258.47 ol 1623.1916
{8 283.96 o8 1783.2688

Trén co s& tin s6 dao dong riéng da tinh va dai tdc do hoat ddng cia dong co

ta x4y dung dugc biéu dd cong hudng ciia h¢ dong luc ¢ Hinh 3.17.

Hz k=24 =20 k=17 k=16

50 - o k=18

k=14
4 k=13
4 k=12
k=11
k=10
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Hinh 3-17 Biéu d6 cong huwong ciia hé dpng lyc tan KN-1482C

Do céc gia tri tbe d6 cong hudng cua tan so fi 1 qua nhé va tin s6 fa+fs 1a qud

16n so v&i gidi han vong quay khai thac cia dong co (T 1560 + 2020 v/p), cho nén
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trén biéu d6 cdng hudng chi biéu difn cac gid tri the d6 cong hudng cha cac tin sO

riéng £, f3.

Trong dai tbe do khai thic 6n dinh ctia dong co tir 1560 + 2020 v/ph tr bidu db
cOng hudng xac dinh dugc cac the d0 cong hudng tuong fmg voi thn s riéng va cip

diéu hoa.
3.6. Tinh toan m6 men kich thich.

3.6.1 Xay dung do thi pha cac cdp ciia mé men diéu hoa
Db thi pha cac cip ciia m6 men diéu hoa dong co 12AYM-WET, day la dong
co 4 ky ¢6 12 xi lanh chit V chiara 1am 6 & ¢6 tryc. Puoc thé hién trén Hinh 3.8.

132
! 1.5

&
on
N\
N
=

2 3
34 5.2 564
6 1=2,2,1420 ¥=3,9.15,21
%=1,7.13,19
1
ST 1,536,24
45 5 4
3
3 2
5,2
34 2n
=4,10,16
/10,16,22 6 k=6,12,18,24
k=5,11,17,23

Hinh 3-18 6 thi pha ciia cdc thanh phcf;n diéu hoa dong co 12AYM-WET.
Khi tin s6 dao dong ciia mod men didu hoa & cép ndo do6 bing tn s6 dao dong
tw do cia hé thi hé théng s& phat sinh cong huong. Tbc do cua hé khi phat sinh cong
hudng dugce goi 1a tdc do gidi han. Do md men didu hoa c6 vO s6 cip nén cling o rit
nhidu tbe d6 giéi han. Tuy vy khong phai tdc @ giéi han nao cling nguy hiém ma
phan 16n d&u khéng c6 tac dung dang k& vi cong clia cdc md men didu hoa céc clp do

sinh ra khong 16m nén bién do dao ddng nho va thudng dugc bd qua. Céac véc to didu
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hoa ¢6 cing phuong, cing chieu nén c6 gia tri 1n nhét con duoc goi 1a céc cép

chinh.

3.6.2 Phén tich Fourier md men kich thich

3 bai toan dao dong tu do dd xac dinh dugc 8 tAn s6 dao dong riéng ctia hé. Do
md men xoin cta dong co sinh ra thay dbi theo mdt chu ky phirc tap nén ta bidu dién
md men kich thich tac dung 1én hé thng thay déi theo quy luat cia ham diéu hoa.
Thye hién phan tich Fourier roi rac mo men xoin do Iy kich thich cia mot xi lanh ta
¢ duge cac hé sb Fourier ax, bx vd mb men xo#n trung binh Mo. Do bién 30 dao dong

ciia cac cép diéu hoa cao 1a rét nhé nén chi xét dén cp diéu hoa 24.

C4c bang 3.7, 3.8, 3.9, 3.10, 3. 11 v 3.12 1a két qua phén tich Fourier lyc kich
thich & ché d6 tbc o cong hudng n = 1560 v/ph, n = 1650 v/ph va n= 2020 v/ph, lay

xylanh s6 1 1am chudn va dya vao goc 1éch pha cong tac theo cong thic:

3
p; = —mRw?(cosa + A cos 2 — - c0s 4q)

s& xac dinh dugce hé 0 Fourier clia cac xylanh con lai.

Bang 3-10 HE s6 Fourier ciia cdc cd bidn thie 1,5,3 tai téc dp 1560 v/ph.

Cip

ditu Akl Bu AKS BKS AKk3 BK3
hoa

1 574011 | 5399.3985 | -1805.961 | 7670.780 -7546.071 2271.382
2 3633.43 | 8916.11562 | -5904.868 | -7604.700 0538298 1  -1311.415
3 8650447 | -1133.4997 | 8650447 1133.500 86504471 -1133.500
4 1534.82 | -6503.3318 | -4864.641 | 4580.859 6399.461 1922.473
5 1690.568 | -2994.9051 | -748.380 | -4693.578 4438948 | -1698.673
6 1517.027 | 1537.70851 | 3517.027 | 1537.709 3517.027 1537.709
7 305.741 | 3026.66811 | -2774.042} 1248.555 2468301 -1778.114




8 -2130.557 | 654.798624 498.206 | -2172.516 | 1632351 1517.717
9 1124.667 | -1292.0993 | 1124.667 | 1292.099 | -1124.667 -1292.099
10 531.4331 |1188.15609 | -1294.755 133.881 763.322 1054.350
11 1015.224 | 19.130052 524,179 | -869.645| -491.045 -888.775
12 293.074 | 709.638663 293.074 709.639 293.074 709.639
13 _426.5539 | 422.621999 | -579.278 | -158.096 -152.724 -580.718
14 -415.1337 | -166.46157 351.727 | -276.286 63.407 442.747
15 -10.7971 | -355.34062 10.797 355.341 -10.797 | -355.341
16 246.6743 | -108.80555 1 -217.566 | -159.223 -29.109 268.029
17 159.3994 | 150.48849 210.027 -62.800 50.627 -213.288
18 -65.73343 | 155.429759 -65.733 155.430 -65.733 155.430
19 -140.1815 | 1.27521936 -71.195 ) -120.763 68.986 -122.038
20 -37.07259 ¢ -102.5771 107.371 19.183 -70.298 83.394
21 66.35796 | -65.912262 -66.358 65.912 66.358 -65.912
22 67.62658 | 33.3945221 -4.893 -75.264 -62.734 41.869
23 1.015375| 67.890394 59.302 33.066 58.287 -34.825
24 -53.30969 | 17.9336519 -53.310 17.934 -53.310 17.934
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Bang 3-11 H¢ sé Fourier cila cic ¢é bién thiv 6,2,4 tai téc @) 1560 v/ph.

Cégé‘zié“ Ak6 Bk6 Ak2 Bk2 Akd4 Bk4
1 _5740.110 | -5399.399 | 1805.961 |-7670.780 | 7546.071 |-2271.382
2 13633.430 | 8916.116 |-5904.868 |-7604.700 | 9538298 |-1311.415
3 8650447 | 1133.500 |-8650.447 |-1133.500 | 8650.447 | 1133.500
4 _1534.820 | -6503.332 | -4864.641 | 4580.859 | 6399.461 | 1922.473
5 3690.568 | 2994.905 | 748.380 | 4693.578 | 4438.948 | 1698.673
6 3517.027 | 1537.709 | 3517.027 | 1537.709 | 3517.027 | 1537.709
7 305741 | -3026.668 | 2774.042 |-1248.555 | 2468301 | 1778.114
8 2130557 | 654799 | 498206 |-2172.516 | 1632351 | 1517.717
9 1124.667 | 1292.099 |-1124.667 |-1292.099 | 1124.667 | 1292.099
10 531433 |-1188.231 |-1294.755 | 133.881 | 763322 | 1054.350
11 |-1015224 | -19.130 | -524.179 | 869.645 | 491.045 | 888.775
12 293.074 | 709.639 | 293.074 | 709.639 | 293.074 | 709.639
13 426554 | -422.622 | 579278 | 158.096 | 152.724 | 580.718
14 415134 | -166.462 | 351727 | 276286 | 63.407 | 442.747
15 10797 | 355341 | -10.797 | -355.341 | 10.797 | 355.341
16 246.674 | -108.806 | -217.566 | -159.223 | -29.109 | 268.029
17 1159399 | -150.488 | -210.027 | 62.800 | -50.627 | 213.288
18 65733 | 155430 | -65.733 | 155430 | -65.733 | 155.430
19 140.182 | -1275 | 71.195 | 120763 | -68.986 | 122.038
20 37073 | -102.577 | 107371 | 19.183 | -70.298 | 83.394
21 66358 | 65912 | 66358 | -65912 | -66358 | 65912
22 67627 | 33395 | -4893 | -75264 | -62734 | 41.869
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23

-1.015

-67.890

-59.302

-33.0606

-58.287

34.825

24

-53.310

17.934

-53.310

17.934

-53.310

17.934

Bang 3-12 HE sé Fourier ciia cdc cé bién thir 1,3,5 tai the d@ 1650 wph.

Cép didu
hoa Akl Bkl AkS Bk5 AK3 Bk3
1 6818.392 |5915.91513 | -1714.137 | 8862.858 |-8532.529 | 2946.943
2 -4332.827 [11728.5433 | -7990.803 |-9616.610 |12323.630 |-2111.933
3 -10359.87 |-1920.5565 | 10359.870 | 1920.557 |-10359.870 |-1920.557
4 -1873.968 |[-7934.6974 | -5934.666 | 5590.253 | 7808.634 | 2344.445
5 4557.669 |-3505.8424 | -757.314 |-5699.978 |-5314.983 |-2194.136
6 4161.842 [1858.26391 | 4161.842 | 1858.264 | 4161.842 | 1858.264
7 -546.0469 [3529.09029 | -3329.305 | 1291.655 |-2783.258 |-2237.436
8 -2525.378 | 757.14948 | 606.978 |-2565.616 | 1918.400 | 1808.467
9 1122531 |-1627.0925 | 1225310 | 1627.093 |-1225.310 |-1627.093
10 636.0122 |-1364.0524 | -1499.310 | 131.224 | 863.298 | 1232.829
1 1201.4  [120.874704 | 705.381 | -980.006 | -496.019 |-1100.880
12 316.7899 | 809.34959 | 316.790 | 809.350 | 316.790 | 809.350
13 -547.4047 |458.401512 | -670.690 | -244.866 | -123.285 | -703.267
14 -458.9207 |-194.67282 | 398.052 | -300.101 | 60.869 | 494.773
15 32.14512 | -425.0926 | -32.145 | 425.093 32.145 | -425.093
16 2724074 |-112.31052 | -233.467 | -179.756 | -38.940 | 292.067
17 171.2834 [204.960813 | 263.143 | -45.855 91.860 | -250.816
18 7426416 [164.232655 | -74.264 | 164233 | -74264 | 164.233
19 -173.6333 |-21.495595 | -68.201 | -161.119 | 105432 | -139.623
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20 -35.35113 |-108.98349 | 112.058 23.877 | -76.707 | 85.107
21 96.57348 |-72.792014 | -96.573 72.792 96.573 -72.792
22 69.33623 |37.1684479 | -2.479 -78.631 | -66.857 | 41.463
23 -10.99529 |88.7207243 | 71.337 53.883 82332 | -34.838
24 -56.08696 |16.9370802 | -56.087 16937 | -56.087 16.937

Bdng 3-13 HE sé Fourier ciia cdc cd bién thiv 6,2,4 tai téc dé 1650 wph.
Cép diéu
hoa Ak6 Bk6 AK2 Bk2 Ak4 Bk4
1 -6818.392 |-5915.915 | 1714.137 | -8862.858 | 8532.529 | -2946.943
2 -4332.827 |11728.543 | -7990.803 | -9616.610 | 12323.630 |-2111.933
3 10359.870 | 1920.557 {-10359.870 |-1920.557 | 10359.870 | 1920.557
4 -1873.968 |-7934.697 | -5934.666 | 5590.253 | 7808.634 | 2344.445
5 -4557.669 | 3505.842 | 757.314 | 5699.978 | 5314.983 | 2194.136
6 4161.842 | 1858264 | 4161.842 | 1858.264 | 4161.842 | 1858.264
7 546.047 |-3529.090 | 3329.305 |-1291.655 | 2783.258 | 2237.436
8 2525378 | 757.149 | 606.978 |-2565.616 | 1918.400 | 1808.467
9 1225310 | 1627.093 | -1225.310 |-1627.093 | 1225310 | 1627.093
10 636.012 |-1364.052 |-1499.310 | 131.224 | 863.298 | 1232.829
11 [-1201.400 | -120.875 | -705.381 | 980.006 | 496.019 | 1100.880
12 316.790 | 809350 | 316.790 | 809.350 | 316790 | 809.350
13 547.405 | -458.402 | 670.690 | 244.866 123285 | 703.267
14 -458.921 | -194.673 | 398.052 | -300.101 60.869 494,773
15 232,145 | 425.093 32,145 | -425.093 | -32,145 | 425.093
16 272407 | -112.311 | -233.467 | -179.756 | -38.940 | 292.067
17 171283 | -204.961 | -263.143 45.855 -91.860 | 250.816
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164.233

18 -74.264 74264 | 164233 74264 | 164.233
19 173.633 | 21.496 68.201 161.119 | -105.432 | 139.623
20 35351 | -108.983 | 112.058 23.877 -76.707 85.107
21 -96.573 72.792 96.573 -72.792 -96.573 72.792
22 69.336 37.168 2479 -78.631 -66.857 41.463
23 10.995 -88.721 | -71.337 | -53.883 -82.332 34.838
24 -56.087 16.937 -56.087 16.937 -56.087 16.937

Bdng 3-14 Hé sé Fourier cita cic cd bién thiv 1,5,3 tai tbc dp 2020 v/ph.

Caflp

diéu Akl Bk1 AkS BkS Ak3 Bk3

hoa

1 $267.349 | 70512602 | -1972.896 | 10685.364 10240.24§ 3634.104
2 -5395.529 | 15524.7986 | -10747.105 | -12435.064 |16142.634 | -3089.734
3 -12697.37 | -2633.2206 | 12697.370 | 2633.221 12697.376 -2633.221
4 2512387 | -9713.4906 | -7155.936 | 7032.536 | 9668.323 |  2680.954
5 5744.004 | -4248.2468 | -807.088 | -7098.577 |-6551.092 | -2850.330
6 5210.567 | 2281.15368 | 5210.567 | 2281.154 | 5210.567 | 2281.154
7 7670921 | 4361.13905 | -4160.403 |  1516.248 |-3393.311 | -2844.891
8 -3116.292 | 995.197861 | 696279 | -3196.387 | 2420.013 | 2201.189
9 1147522 | -2062.31311 1475220| 2062313 |-1475220 | -2062.313
10 752.8283 | -1704.3972 | -1852.465| 200.1560 | 1099.637 | 1504.167
11 1492.449 | 197.006977 | 916.838| -1193.995| -575.611| -1391.002
12 416.9591 | 985345379  416.959 985345 | 416.959 985.345
13 _705.0407 | 548.248315| -827.317| -336.459 | -122277| -884.707
14 571382 | -217.89821| 474396 | -385.882| 96.986 603.780
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15 64.5681 | -531.85217 -64.568 531.852 64.568 -531.852
16 326.336 | -152.43843 -295.184 -206.3963  -31.152 358.834
17 200.7826 | 269.961574 334.185 -38.902 | 133.402 -308.864
18 -77.96452 | 204.897456 -77.965 204.897 | -77.965 204.897
19 -217.5838 1 -41.694872 -72.683 -209.281 | 144.901 ~167.586
20 -52.9761 | -128.56944 137.832 18.406 | -84.856 110.163
21 129.6665 | -82.774312 -129.667 82.774 | 129.667 -82.774
22 87.41027 | 37.7503999 -11.012 -94.575| -76.398 56.824
23 -23.20918 | 110.763816 84.320 75.482 | 107.529 -35.282
24 -66.38102 | 26.7167594 -66.381 26.717| -66.381 26.717
Bang 3-15 H¢ sé Fourier cita cé bién 6,2,4 tgi téc dj 2020 viph.

Ca?:tp

diéu Ak6 Bk6 Ak2 Bk2 Ak4 Bk4

hoa
1 -8267.349 -7051.260 1972.896 | -10685.364 (10240.245 -3634.104
2 -5395.529 | 15524.799 | -10747.105 | -12435.064 |16142.634 | -3089.734
3 12697.370 2633.221 | -12697.370 | -2633.221 (12697.370 2633.221
4 -2512.387 | -9713.491 -7155.936 | 7032.536 | 9668.323 2680.954
5 -5744.004 4248.247 807.088 7098.577 | 6551.092 2850.330
) 5210.567 2281.154 5210.567 2281.154 | 5210.567 2281.154
7 767.092| -4361.139 4160.403 | -1516.248 {3393.311 2844.891
8 |-3116.292 995.198 696.279 | -3196.387 |2420.013 2201.189
9 1475.220 2062.313 | -1475.220 -2062.313 |1475.220 2062.313
10 752.828 | -1704.397 | -1852.465 200.230 |1099.637 1504.167
11 | -1492.449 -197.007 -916.838 1193.995 |575.611 1391.002
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12 416.959 985.345 416.959 985.345 #116.959 985.345
13 705.041 -548.248 827317 336.459 [122.277 884.707
14 -571.382 -217.898 474.396 -385.882 |196.986 603.780
15 -64.568 531.852 64.568 -531.852 |-64.568 531.852
16 326.336 -152.438 -295.184 -206.396 |-31.152 358.834
17 -200.783 -269.962 -334.185 38.902 |-133.402 308.864
18 -77.965 204.897 -77.965 204.897 |-77.965 204.897
19 217.584 41.695 72.683 209.281 |-144.901 167.586
20 -52.976 -128.569 137.832 18.406 |-84.856 110.163
21 -129.667 82.774 129.667 -82.774 |-129.667 82.774
22 87.410 37.750 -11.012 -94.575 |-76.398 56.824
23 23.209 -110.764 ~-84.320 -75.482 |-107.529 35.282
24 -66.381 26.717 -66.381 26.717 |-66.381 26.717

Theo két qua & cac bang 3.7; 3.8; 3.9; 3.10, 3.11, 3.12 thi md men kich thich

tong hop tai cac xylanh c6 cling gi4 tri, cing phuong tai cic chp diduhdak =6

biéu nay cén phai dugc quan tdm khi xéc dinh cac che do téc d6 cong hudng,
Db thi bidu dién phd mé men kich thich tbng hop va mé men didu hoa cac cép ciia

xylanh 8 1 ciia dong co tai n= 1560 v/ph, n= 1650 v/ph va n=2020 v/ph.
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Bién d¢ md man kich thich

Blén dgMa[Nm]
g
g

B |

1 2 34 567 & Qtﬂ“12I31115151?13102021222324

Chpdibuhda

Hinh 3-19 Phé mé men kich thich b bién 01 tgi n=1560 v/ph

Bién d& md man kich thich téng horp coa ddng cor

Bién dg Mx (Nen]

2 %485 47 !9!0“1213141!161?1‘!E202!22ﬂ24
Cldlluhﬁl

Hinh 3-20 Bién dé mé men kich thich téng hop ciia dong co tai n=1560 v/ph.

B & Mx [Nm]

Bién do md men kich thich

Clp dibu héa

Hinh 3-21 mé men kich thich cé bién 01 tai n=1650v/ph.
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Bisn dé md man kich thich thng hop cia ddng co

B 66 Mx [(Nm]
g
g
|
|
|
\

1 2 3 4 56?8910“121314151317131’2021222334
Cip diku hba

Hinh 3-22 Bién d m6 men kich thich téng hop ciia dong co tai n = 1650v/ph

Bién dd md men kich thich XL 86 1

T

z

S

g

=

£

-]

Chp didu hoa
Hinh 3-23 Phé mé men kich thich cd bién 1 tgi n=2020v/ph.
Bidn d& ma man tdng hop cla déng cor

40000.099

25000 000 +

2000 090 f—
£ 25000000
o
E 20000000
3
§ 15000000
a

10000009

£000 000
i,,___L,..._, 12 = LA (e Bl Bnia [0 =P S == -
1 234 85678 9mél1z1autsxansamzuz1zzzaaq
p difu héa

Hinh 3-24 Bién do mé men kich thich t6ng hop cua dong co tai n= 2020v/p.
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Heé sb can cla co cAu khuyu tryc thanh truyén va chén vit.

Khi khao sét dao dong xodn hé truc chan vit tau thay thi cdc thanh phén can &
dong co va chin vit ¢o anh hudéng 16n nhét t&i bién do dao dong xohn ciia cac khoi
Iwong thudc hé [1], [18]. Nhu da trinh bay & Chuong 2, viée xac dinh cac thanh phén
can ndy (thdng qua cac hé sb can) 1a rAt phic tap, phu thudc vao nhidu yéu t§ khac
nhau (dic biét 1a he sé can cua co cAu khuyu tryc thanh truyén). Dya vao md men xofn

trung binh do dugc trén truc chin vit & cac ché d6 tdc dd tinh toan, lugn vin sir dung

M b1 n A~ . A r . A A 7 * ~ H
cong thie bey, = 30.— —= v 12 md men chan vit, dé& xac dinh hé so can cuia chén vit.
Ney
LY 4 A A 2 2 o~ A - 2 Ncms
Viéc tinh hé s6 can clia dong co theo cong thirc b = p. A.7° ;| ——

Ta tinh duge by = 3,01 [Nms/rad] (i=1+ 6).

Trén Bang 3.13 1a cac gia tri hé s can cua chin vit va hé sb can clia dong co tai

cac the d6 tinh toan sau khi dd hiéu chinh.

Bang 3-16 Gid tri hé §6 can chan vit va hé $6 can dong co tai cdc ché dg tinh

toan.
Ché dp toc A H# 56 can chin vijt bey Hé s6 can d9ng co bac
tinh toan [Nms/rad] [Nms/rad]
n = 1560 v/ph 17,18 3,01
n = 1650 v/ph 11,29 | 3,01
n = 2020 v/ph 10,24 3,01

3.6.3 X4c dinh bién dd cong hwong,
Sir dung phén mén ANSYS (Modul Harmonic Analysis) giai bai toén dao dong
didu hoa véi mé men kich thich tai 2 ché dd cong hudng. Trén Hinh 3.23 13 md hinh

tinh to4n cua hé.
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Hinh 3-30 Xudt ra két qua ciia momen
Mot s6 két qua tinh todn dao dong cudng bic:

+ Bién do dao dong xofn clia khdi lwgng sb 1 tmg véi cac cap diéu hoa tai tde
do 1560 v/ph (ting vé6i truong hop cong hudng cua tin sb dao dong riéng thir 2 tai cap

didu hoa k=6 ta c6 Akl1=13517.027 ):
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-1,00E-01 L
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-3,00E-01
-4,00E-01
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Bién do dao dong téng hop khéi luong 1 tai
n=1560 v/ph.

100 200 300 400 500 600 700 800
Géc quay truc khuy (dg)

Hinh 3-31 Bién dp dao dong tong hop khéi lwong 1 tai n=1560 v/ph.

+ Bién do dao dong xodn ciia khdi lugng sb 2 Gmg v6i céc cap dicu hoa tai toc

dd 1560 v/ph (ing véi trudomg hop cong hudng coa tan s dao dong riéng thir 2 tai cap

diéu hoa k=6):

0,7
0,6
0,5

| 04
0,3
0,2
0,1

Bién dé dao ddng téng hop khéi lwgng 2 tai n=1560 v/ph

—

| 02
0,3
0,4

100 200 300 400 500 600 700 800
|

Géc quay truc khuy (do)

Hinh 3-32Bién dp dao dong tong hop khéi lwong 2 tgi n=1560 v/ph
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+ Bién do dao dong xodn ciia khéi lwgng sé 3 ting véi cic cip diéu hoa tai tde
dd 1560 v/ph (ing véi truong hop cdng hudng cua tan sb dao dong riéng thi 2 tai cip

diéu hoa k=6):

Bién dd dao dong tong hgp khoi lwgng 3 tai
n=1560 v/ph

6,00E-01
5,00E-01
4,00E-01
3,00E-01
2,00E-01
1,00E-01

Axis Title

0,00E+00

100 200 300 400 500 800

-1,00E-01

-2,00€-01

-3,00E-01

Géc quay truc khuay (d)

Hinh 3-33 Bién @b dao dong téng hop khoi lwong 3 tai n=1560 v/ph
+ Bién d6 dao dong xoin cla khdi lugng sb 4 Ging véi cac cép didu hoa tai toc
d6 1560 v/ph (ing véi trudng hop cdng hudng cia tan sb dao dong riéng thir 2 tai cip

diéu hoa k=6):




Axis Title
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Bién d6 dao dong téng hop khdi lwgng 4 tai
n=1560 v/ph

5,00E-01
4,00E-01
3,00E-01
2,00E-01 .
1,00E-01 | Jl
PO 0 100 200 300 400 560 600 | FOD-SOO

-1,00E-01

-2,00E-01

-3,00E-01

G4c quay truc khay (do6)

Hinh 3-34 Bién dp dao dpng tong hop khoi luwong 4 tai n=1560 v/ph.

+ Bién d6 dao dong xoan cta khoi lugng s6 5 g vai cde cap diéu hoa ftai toc

d6 1560 v/ph (g v6i tAn sb dao dong riéng thir 2 tai cip diéu hoa k=6):

Axis Title

Bién d6 dao déng tong hop khdi lwgng 5 tai |
n=1560 v/ph |

3,50E-01
3,00E-01
2,50E-01
2,00E-01
1,50E-01
1,00E-01

5,00E-02 ’J

0,00E+00 , = e
-5 00E-02 0 100 200 300 400 500 600 r 700 800

-1,00E-01
-1,506-01
-2,00E-01

Goc quay truc khiy (d0)

Hinh 3-35 Bién dp dao dong tong hop khéi lwgng 5 tai n=1560 v/ph.
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“+ Bién do dao dong xoin ciia khdi luong sé 6 ting véi céc cdp didu hoa tai tde
dd 1560 v/ph (ng véi trudng hop cdng hudng cia tan sé dao dong riéng thir 2 tai cdp

diéu hoa k=6):

Bién dé dao déng tong hop khai lwong 6 tai

n=1560 v/ph

2,00€-01

1,50E-01 '

1,00E-01 | | |
E 5,00E-02
2

0,00E+00 : J =

) 100 200 300 400 500 600 ﬁa 800
-5,00E-02
-1,00E-01 !
Goc quay truc khay (d)
Hinh 3-36 Bién d dao dpng tong hop khoi lwong 6 tai n=1560 v/ph.
Bién dd dao déng tong hop khéi lwong 7 tai
n=1560 v/ph

4,00€-03

3,006-03

2,00E-03

1,00E-03
@ 0,00E+00
F 1o0e03 0 100 200 300 400 500 600 700 800
2 -2,00£-03 f

-3,00E-03 .

-4,00E-03

-5,00E-03 |

-6,00E-03 |

Gac quay truc khay (do)

Hinh 3-37 Bién di dao dong tong hop khéi lwong 7 tai n=1560 v/ph.
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Bién dé dao ddng tong hop khéi lwgng 8 tai
n=1560 v/ph

1,40E-02
1,20E-02
1,00E-02
8,00E-03
6,00E-03

Axis Title

4,00E-03
2,00E-03

0,00E+00

0 100 200 400 500 600 700 800

-2,00E-03 |

-4,00E-03

Géc quay truc khiy (d6)

Hinh 3-38Bién d dao dpng tong hop khoi lwong 8 tai n=1560 v/ph
+ Bién d6 dao dong xodn cia khdi lugng s6 1 tmg véi cac cp diu hoa tai tdc
dd 1650 ve/ph (Gng véi trudng hop cong hudng ciia tin s6 dao dong riéng thir 1 tai cip

diéu hoa k=6):

Bién do dao dong tong hop khéi luong 1 tai
n=1650 v/ph.
8,00E-01

6,00E-01

4,00E-01 :
2,00E-01 ! ‘r .
| |

0,00E+00 ! - —
) 100 200 300 400 500 600 700 800 |
-2,00E-01 |

-4,00E-01

-6,00E-01
Géc quay truc khuy (dg)

Hinh 3-39 Bién dé dao dpng tong hop khoi lwong 1 tai n=1650 vw/ph.

+ Bién d dao dong xodn cta khdi lugng sé 2 ting véi cac cdp diéu hoa tai tée do
1650 v/ph (ing véi trudong hop cong hudng ciia tin sb dao dong riéng thir 1 tai cdp
diéu hoa k=6 Véi Akl=4161.842):
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Bién do dao dong tong hop khoi luong 2 tai
n=1650 v/ph.
8,00E-01

| 6,00E-01

4,00E-01

2,00E-01 ' 'I

0,00E+00 | | (O
0 100 200 300 400 500 600 700 800

-2,00E-01 ' [

-4,00E-01
Géc quay truc khiy (do)

Hinh 3-40 Bién dj dao dpng tong hop khéi lwong 2 tai n=1650 v/ph.
+ Bién d§ dao dong xo#n ctia khdi lugng s6 3 tmg voi cac cap didu hoa tai toe
d6 1650 v/ph (tmg véi trudng hop cong hudng cia tAn s& dao dong riéng thir 1 tai clp
didu hoa k=6):

Bién d0 dao dong tong hop khdi luong 3 tai
n=1650 v/ph.

7,00€-01
6,00E-01
| 5,00E-01
4,00€-01

3,00E-01 ' '
2,00E-01
1,00E-01

0,00E+00 : - - =
-1,00E-01 ﬁ) 100 200 300 400 500 600 700 800
| -2,00E-01 |
-3,00E-01
-4,00E-01

Goc quay truc khity (d6)

Hinh 3-41 Bién dp dao dong tong hop khéi lieong 3 tai n=1650 vw/ph.
+ Bién do dao dong xo0én ciia khdi lwong sb 4 Gmg véi cac cap diéu hoa tai toc

dd 1650 v/ph (ing voi tn sb dao dong riéng thu 1 tai cép didu hoa k=6):
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Bién do dao dong tdng hop khoi luong 4 tai
n=1650 v/ph.

6,00E-01
5,00E-01
4,00€-01
3,00E-01
2,00E-01 '

1,00E-01 |
0,00E+00 STl [

100 200 300 400 500 600 700 800

-1,00E-01
-2,00E-01

-3,00E-01
| Géc quay truc khiy (do)

Hinh 3-42 Bién dp dao dong tong hop khoi lwong 4 tai n=1650 v/ph.
+ Bién d6 dao dong xoin clia khdi lugng s6 5 ting Vi cic cap didu hoa tai tbe

d6 1650 v/ph (Gmg véi tan s6 dao dong riéng thir 1 tai cap diéu hoa k=6):

Bién d0 dao dong tong hop khoi luong 5 tai
n=1650 v/ph.

4,00E-01
3,00E-01
2,00E-01

1,00E-01

0,00E+00 ———=ill| (M -
0 100 200 300 400 500 600 G)E 800
-1,00E-01 |

-2,00E-01
Gée quay truc khity (d6)

Hinh 3-43 Bién dp dao dong tong hop khoi lwong 5 tai n=1650 v/ph.
+ Bién d6 dao dong xofn ciia khdi luong sb 6 Gmg véi cac cap didu hoa tai toe

6 1650 v/ph (ing véi tan sé dao dong riéng thur 1 tai cap diéu hoa k=6):
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Bién do dao dong tong hop khoi luong 6 tai

n=1650 v/ph.
2,00E-01
1,50E-01

1,00E-01

5,00E-02 '

0,00E+00 —
0 100 200 300 400 500 600 70 800

&\

-5,00E-02

-1,00E-01

-1,50E-01
Goc quay truc khiy (d9)

Hinh 3-44 Bién d dao dpng tong hop khéi liwong 6 tai n=1650 v/ph
Bién d6 dao dong xo#n cia khéi lwong sb 7 tig véi cac cap didu hoa tai toc do

1650 v/ph (tng véi tan sd dao dong riéng thir 1 tai cAp diéu hoa k=6):

Bién do dao dong tong hop khéi lugng
7 tai n=1650 v/ph.

4,00E-03

2,00E-03 ‘ , L

0,00E+00 - e
) 100 200 300 400 500 600 \ 700 800

-2,00E-03

-4,00E-03 : ,

-6,00E-03

-8,00E-03 :
Gée quay truc khiy (d§)

Hinh 3-45 Bién dp dao djpng 16ng hop khoi lwong 7 tai n=1650 v/ph
+ Bién d6 dao dong xo#n cia khdi luong sb 8 tmg véi cac cap didu hoa tai toc

6 1650 v/ph (g vai tan s6 dao dong riéng thir 1 tai chp didu hoa k=6):




1,60E-02
1,40E-02
1,20E-02
1,00E-02
8,00E-03
6,00E-03
4,00E-03
2,00E-03
0,00E+00
-2,00E-03
-4,00E-03

1,00E+00
8,00E-01
6,00E-01
4,00E-01
2,00E-01
0,00E+00
-2,00E-01
-4,00E-01

-6,00E-01

0 100 200

80

Bién do dao dong tong hop khoi luong 8 tai
n=1650 v/ph.

400 500 600 700 800

Géc quay truc khiy (d6)

Hinh 3-46 Bién dé dao dpng téng hop khoi luwgng 8 tai n=1650 v/ph.

Bién do dao dong tong hop khoi luong 1 tai
n=2020 v/ph.

#l 100 200 300 400 500 600

Géc quay tryc khuy (d6)

Hinh 3-47 Bién dj dao dong tong hop khoi lwong 1 tai n=2020 v/ph
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Bién do dao dong tdng hop khoi lugng 2 tai
n=2020 v/ph.
8‘,00E~01

2,00E-01 "

0,00E+00 ' §
100 200 300 400 500 600 ( 700 800

-2,00E-01

-4,00E-01

-6,00E-01 ;
Gée quay truc khuy (d9)

Hinh 3-48 Bién dj dao dong tong hop khoi lwong 2 tgi n=2020 v/ph.

Bién do dao dong tong hop khéi luong 3 tai
n=2020 v/ph.

1,00E+00

8,00E-01

6,00E-01

4,00E-01

|
2,00E-01 ')

0,00E+00 . : —-<Y [N (R
0 100 200 300 400 500 600 r 700 800

-2,00E-01

-4,00E-01

-6,00E-01
Géc quay truc khiy (d6)

Hinh 3-49 Bién d dao djng tong hop khéi wong 3 tai n=2020 v/ph.




7,00E-01
6,00E-01
5,00E-01
4,00E-01
3,00E-01
2,00E-01
1,00E-01
0,00E+00

-1,00£-01 €

-2,00E-01
-3,00E-01
-4,00E-01

5,00E-01
4,00E-01
3,00E-01
2,00E-01
1,00E-01
0,00E+00
-1,00E-01
-2,00E-01

-3,00E-01
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Bién do dao dong tong hop khoi luong 4 tai

n=2020 v/ph.

B

100 200 300 400 500 600

Goc quay truc khiy (d6)

(10 800

Hinh 3-50 Bién dé dao djong tong hop khéi lwong 4 tai n=2020 v/ph

Bién do dao dong tong hop khoi luong 5 tai

n=2020 v/ph.

ZF 100 200 300 400 500 600

Géc quay truc khiy (d6)

Hinh 3-51Bién dj dao dpng tong hop khoi lwong 5 tgi 1

1=2020 wph
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Bién do dao dong tdng hop khoi lugng 6 tai
n=2020 v/ph.

2,50E-01

2,00E-01

1,50E-01 |

1,00E-01

5,00E-02 '}

0,00E+00 —_— 1

0 100 200 300 400 500 600 (700 800
-5,00E-02 [

-1,00E-01

-1,50E-01
Géc quay truc khiy (d6)

Hinh 3-52 Bién dp dao djng tong hop khéi lwong 6 tai n=2020 v/ph.

Bién do dao dong tong hop khdi luong 7 tai
n=2020 v/ph.
6,00E-03 ‘
4,00E-03

2,00E-03 i FL

0,00E+00 o

100 200 300 400 500 600 700 800
-2,00€-03 , ‘

-4,00E-03

-6,00E-03

-8,00E-03

-1,00E-02
Géc quay tryc khiy (d0)

Hinh 3-53 Bién dp dao dpng tong hop khéi lweong 7 tai n=2020 v/ph
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Bién do dao dong tong hop khoi lirqng 8 tai
n=2020 v/ph. "

2,00E-02

1,50E-02

1,00E-02

5,00E-03

L

0,00E+00 Li]—

-5,00E-03

100

300 |

200

400

500

Géc quay truc khuy (d6)

600

700

800

Hinh 3-54 Bién dp dao djng tong hop khéi lwong 8 tai n=2020 v/ph

3.6.4

Kiém nghiém wng suat.

Tur két qua giai bai todn dao dong cudng birc tim duoc bién dd dao dong cua

céc khdi luong. Kiém tra Gmg sudt xodn cua cac doan truc tai cac khoi lugng co bién

6 dao dong én nhét thé hién & bang 3.14, 3.15 va 3.16.

Béng 3.14: Ung suat xodin ciia cic doan truc tai n = 1560 v/ph..

Do cing
chong ¢
Doan x0dn

truc | (Nm/rad) | Bién dd (d9) Bién db (rad) [mm)- |Wo (m3) ~|Me (Nm) |(N/mm?2)
1-2 |37E+06 6.49351  |0.11333313 240 [2.71E-03 |239807 [88.35
2-3 | 37E+06 6.12216 0.10685185 240 | 2.71E-03 | 465924 | 171.65
3-4 | 37E+06 5.40066 0.0942593 240 | 2.71E-03 | 665474 | 245.17
4-5 | 37E+06 4.37015 0.07627351 240 | 2.71E-03 | 827059 | 304.70
5-6 | 37E+06 3.08942 0.05392055 | 240 | 2.71E-03 | 941458 | 346.85
6-7 | 34E+06 | 1.63154 0.02847574 | 220 | 2.09E-03 | 934198 | 446.83
7-8 | 1.6E+06 5.73E-02 0.00099933 220 | 2.09E-03 1061 0.51

Bang 3.15: Ung suit xoin ciia cac doan truc tai n = 1650 vg/ph.
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Pd cing
chéng
. g
Doan| xodn d Wo Mo (N/
truc | (Nm/rad) | Bién db (d6)| Biéndd (rad) | (mm)| (m3) (Nm) mm?2})
1-2 | 37E+06 0.787696 | 0.01374789 240 | 2.71E-03 | -29089 | -10.72
2-3 | 37E406 (.74265 0.01296169 240 | 2.71E-03 | -56520 | -20.82
3-4 | 37E+06 0.655127 | 0.01143412 240 | 2.71E-03 | -80725 | -29.74
4.5 | 37E+06 0.530121 | 0.00925236 240 | 2.71E-03 | -100326| -36.96
5-6 | 37E+06 0.374762 | 0.00654083 240 | 2.71E-03 | -114203| -42.07
6-7 | 34E+06 0.197914 | 0.00345425 220 | 2.09E-03 | -113323| -54.20
7-8 | 1,6E+06 6.95E-03 | 0.00012122 220 | 2.09E-03 -129 -0.06
Béing 3.16: Ung suét x0in ciia cic doan truc tai n = 2020 vg/ph.
by  clng
chong xoén|

Doan (Nm/rad) d ¢
truc Bién d6 (d5)| Bién do (rad) |(mm) |Wo (m3) Mo (Nm)| (N/mm2)
1-2 | 37E+06 0.983014 | 0.01715683 240 2.71E-03| -36303 | -13.37

- +
23 | 37EX06 0.926798 | 0.01617568 240 2.71E-03| -70534 | -25.99

- +
3-4 | 37B+06 0.817573 | 0.01426934 240 2.71E-03| -100742) -37.11

- -+
4-5 | 37EX06 0.66157 | 0.01154657 240 2.71E-03| -125203| -46.13
56 | 37E+06 0.467689 | 0.00816271 240 | 2.71B-03} -142522| -52.51

. +
67 | 34B+06 0.246989 | 0.00431077 220 2.09E-03| -141423| -67.64

- +
7-8 | 16506 8.67E-03 | 0.00015128 220 2.09E-03 315 0.15

Tai bang 3.14, 3.15 va 3.16 1a két qua tai cdc bién d0 16n nbét cta 2 tc d§ cong

huéng va toc @6 110% cong suét thi gia tri cia Gng suét nhé hon so véi gia tri tng suét

xo#n gi6i han [1] = 600 N/mm? (ctia h¢ truc chén vit).

Tir két qué tinh toan trén ta nhén thay:
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- Cac gia tri do cing chéng xoén, md men quén tinh thu gon cho hé truc chén vit
tau KN-1482C duge nha ché tao cung cép, xay dung dugc hé théng tuong duong c6 8
khéi lugng, trong do6 cac gid tri md men quan tinh ctia dong co duge xac dinh 13 gid tri
trung binh.
- Sir dung phin mén ANSYS 16.2 gia bai toan dao dong tu do véi cac phin tix
MAS21 vad COMBIN14 cho 8 khdi lugng dugc 8 tAn sé dao dong riéng ctia 8 khéi
legng tuong Gng. |
- Xay dung bidu dd cong huong xac dinh duge 25 tée dd twong tng véi cc tan
sb riéng va cip didu hoa. Xac dinh dugce cac tde @6 cong hudng cin quan tdm n = 1560
v/ph, n = 1650 v/ph.
- D3 tién hanh giai bai toan dao dong cudng birc tai the a0 1560 v/ph, 1650 v/ph
va 2020 v/ph. Két qua cho théy, gia tri ung sudt do dao dong xodn gly ra trén truc
khuyu dong co ciling nhur trén hé dudong tryc chan w}it con thip hon tng sudt xodn cho
phép. Gia tri img sut xofn 16n nhit bing (446 N/mm?) nho hon so véi tng suit cho
phép do Ding kiém quy dinh.
- Poan truc can quan tam ] doan tryc néi gitra M6 voi banh da do & cac ché do

tc d6 cong hudng cua déng co deu co gi4 tri img suat xodn lén nhat,
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KET LUAN VA KIEN NGHI
I. KET LUAN

Viée xdy dung md hinh twong duong bao gbm viéc lién két ca dong co, hé truc
va chan vit, xac dinh mé men quan tinh cla céac khéi lugng quy dén, dd cing chéng
xofin cia cdc doan truc ¢é ¥ nghia quyét dinh dén dd chinh xac cua két qua tinh toan

dao dong xodn.

Trong qua trinh ng dung phén mém ANSYS va phuong phéap phén tir hitu
han trong viéc tinh todn dao dong xodn c6 nhidu khdi lugng khoéng tach rdi nhau da

dam bao dd chinh xéc va tin cdy cta cdc théng so lam viée hé dong lyc tau thuy.

Béng phén mém ANSYS di xac dinh dugc 8 tin s& dao dong riéng va cac dang
dao ddng riéng twong Gng clia hé. Tr do da xdy dung duge biéu dd cong hudng va xac
dinh duoc 2 vung téc dd cong hudng: 1560 v/ph, 1650 v/ph. Day la nhitng ving tbc d6
cin duogc han ché sir dung trong qué trinh khai thac van hanh ddng co 12AYM-WET
trén tau KN-1482C

Viéc x4c dinh bién d6 va pha cong huéng bing phén mén ANSYS giai bai toan
dao dong cudng biic cho phép xac dinh sy anh hudng cta cdc thanh phin didu hoa dén
ung suét xudt hién khi dao ddng, khéc phuc dugc thiéu s6t khi chi xét dén céc cip didu

hoa chinh.

Két qua tinh toan dao dong x0dn cta hé tryc chan vit tau KN-1482C cho théy,
gia tri ing sudt do dao dong xoén gy ra trén truc khuyu dong co cling nhu trén hé
dudng truc chan vit & tbc d6 cong hudng (1560v/ph, 1650v/ph) va tbe @6 110% cong
suit (2020v/ph) con thép hon tng sudt cho phép (600N/mm?).

Méb hinh va chuong trinh tinh todn d4 xay dyng ¢6 thé ap dung dé khao sat dao
dong xo#n hé truc chén vit trén cac tau s dung hé dong lyc diesel. Dua vao két qua
khao sat c6 thé danh gia duge mire d6 1am viée tin cly cta hé truc hoic dua ra nhitng
thay d&i két céu phit hop ngay tir giai doan thiét ké gop phan giam thoi gian va chi phi
thit ké.
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II. KIEN NGHI.

Cén tip tuc tién hanh tinh toan dao déng xodn cia hé dong luc khi xét dén tinh
phi tuyén ciia c4c khau dan hdi va céc thanh phén can.

Cén c6 céc giai phap didu chinh dia mién cong hudng ra xa viing lam viée lau
dai ctia dong co bang cach thay dbi cac thong sb cua banh da, truc chan vit hodic chan
vit ...

Khi thiét ké va déng méi tau thiy néi chung, tau van tai quin sy néi riéng cin
phai tinh todn, dua ra cdc théng s chinh x4c vé mdémen, d6 cimg chbng xofn, ving
tbe do cong hwéng, ving tde do lam viéc ddc tha cia hé dong lyc, nham khuyén cdo
cac nha khai thac van hanh ding qui trinh.

Do qué trinh hoat ddng mang tinh chat dic thi cha tau KN-1482C nén ngoai
viéc danh gid anh hudng ctia cac ché d6 toe dd cong hudng, cdn thit phai dénh gia chi

tiéu dao ddng xoén hé truc chén vit trong diéu kién st dung 110% c6ng sudt dinh mirc.
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