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LOI CAM DOAN
To61 cam doan day la cong trinh nghién ctru khoa hoc cua riéng t61 da dugc su
huéng dan khoa hoc ctia PGS.TS Duong Vin Tai va PGS.TS Cao Hung Phi. Cac sb
liéu, két qua trong luan 4n ndy 1a trung thuc va chua ting dugc cong bd ¢ bat ky
cong trinh nghién ctru khoa hoc nao khac.
Ha Noi, ngay thang  nam 2016.

Tac gid luan an

Nguyén Thai Van



LOI CAM ON

Loi dau tién, t6i xin chan thanh bay to long biét on sau sic tgi tap thé thay
huéng dan khoa hoc PGS.TS Duong Vin Tai va PGS.TS Cao Hung Phi da tan tinh
gitip 45, huéng dan, dinh huéng va hd tro tao moi diéu kién t6t nhat cho toi trong
qua trinh nghién ctru luan an véi su tan tam, trach nhiém va mang tinh khoa hoc
Ccao.

Tréan trong cam on lanh dao trueong Pai hoc Lam nghiép, khoa Co dién va
Cong trinh, Trung tam Thi nghi€ém thudc khoa Co dién va Cong trinh truong Dai
hoc Lam nghiép da gitp dd, tao diéu kién thuan loi vé moi mat trong sudt thoi gian toi
hoc tap va nghién cuu.

Tran trong lanh dao truong Pai hoc Su pham Ky thuat Vinh Long da tao moi
diéu kién thuan lgi cho tdi hoan thanh luan an nay.

T6i xin tran trong cam on cac nha khoa hoc thugc linh vuc co khi dong luc
cua truong Pai hoc Lam nghiép, Pai hoc Bach Khoa Ha Noi, Hoc vién Ky thuat
Quaén su, Hoc vién Nong nghiép Viét Nam da giap do toi hoan thanh luan an.

Xin chan thanh cam on lanh dao va nhan vién vuon qudc gia U Minh
Thuong tinh Kién Giang, vuon qubc gia Tram Chim tinh Pong Thap di nhiét tinh
gitip d& va tao diéu kién thuan loi cho ching tdi tién hanh thi nghiém, khao nghiém
va tng dung xudng chita chay vao cong tac bao vé, phong chdy va chira chdy rimng
tram.

Tac gia luan an

Nguyén Thai Van



MUC LUC

Trang
LOT CAM DOAN ..ot ses sttt sses s sas st s annsn s i
LOI CAM ON ..ottt s st sanannens iv
MUC LUC ..ottt tee ettt sss s st ass s sne s snss s esnsansesees iii
DANH MUC CAC KY HIEU VA CHU VIET TAT ..eooeeeeeeeeeeeeeeeeeeeeeeeeeeennn viii
DANH MUC CAC BANG . ... iooteeeeeeeeeeeeeeeeeee e ee e en e een s een e s s Xii
DANH MUC CAC HINH ..ottt xiii
1Y (O 57N 6 OO 1
Chuong 1 TONG QUAN VE VAN BE NGHIEN CUU........cccooovveviecieeceerceeeesins 4
1.1. Khai quat vé ring tram va tinh hinh chay rimg tram & Viét Nam ...........cc.c........ 4
1.1.1. Dién tich va sy phan bO TUNE trAM........cecveieeeeeeeeeee s 4
1.1.2. Pic diém sinh thai cta ring TIAM ......cce.eeeeeeeeeesee st 4
1.1.3. Pic diém vé kénh muong khu vire riinNg tram ........ooeveveeeceeeereeeeseeeeeeeseesenns 6
1.1.4. Tinh hinh chay ring tram & Vit Nam........cccooiiiinineneee s 7
1.1.5. CAc thiét bi chita ChAy MING trAM ........cooeveeveeicieeeeeeeee e 8

1.1.6. Nhitng ton tai va han ché ctia xudng chira chay riing hién dang st dung trong
BUIC T€ ettt ettt ettt ettt ettt ettt ettt et ettt ettt e 10
1.1.7. Nhitng van dé luan &n can nghién ciu giai quyétError!  Bookmark  not
defined.

1.2. Téng quan cac cong trinh nghién ciru vé dong luc hoc cua xudng chita chay
180T 1 14 PP PP PR PUP PRI 10
1.2.1. Cac cong trinh nghién ctru vé dong luc hoc chuyén dong cua xudng chira
ChAY 18N thE GG ...vv.vervecvececeeeeeseses ettt s s 10

1.2.2. Céc cong trinh nghién ctru dong luc hoc chuyén dong cua xudng chita chay

TUNE traAM & VI NAIM ..o 11
1.3. Muc tiéu Nnghién Cru CUA TUAN &N ....oovviiiece e 13
1.4. Gid6i han va pham vi nghi€n CUU ..o 13

1.5. NOI dung NONIEN CUU ....cvviiiiiice e 14



1.5.1. Nghin ctu 1§ thUyEt .......cveeeeeeeeeeseeeeceeeee et 15
1.5.2. Nghién Ctru thuC NONIEM ...cviiiiiiice e 15
1.6. DO1 trONG NGNIBN CUU......eoeeeeeceeee et 15
1.6.1. Cau tao va thdng s6 k¥ thuat ciia xudng chita chay reng tram .............c........ 16
1.6.2. Dic diém diéu kién, méi trudng 1am viéc cua xudng chira chay rung ........... 17
1.6.3. Yéu cau ky thuat ciia xudng chira Chay rirng tram............ccceveevevsverereseieeeeens 17
1.7. Phuong phap Nghi€n CUU.......ceooiiiiiiiiiieieee s 18
1.7.1. Phuong phap nghién ctu 1Y thUYEL ..........cceevveverereeeeeeeee s 18
1.7.2. Phuong phap nghién ctru thuC NGRIEM .......ooovviiiiiiiiic e 20
Chuong 2 XAY DUNG MO HINH PONG LUC HQC CHUYEN PONG CUA
XUONG CHUA CHAY RUNG TRAM ...cc.ocoviriiiiieissieissieissie s 22

2.1. Xéc dinh céc thanh phan luc tac dung lén xuong khi xuong chuyén dong chira
ChAY TUNZ TrAM ..o 22
2.1.1. M6 hinh cac thanh phan lyc tc dung Ién xudng trong qua trinh chuyén dong
CNTA CRAY TUNQ .ttt be e e s 22
2.1.2. Xéc dinh cac thanh phan luc tac dung 180 XUONG ........c.vvvvrerveeeeerersieeieens 23
2.2. Xay dung hé truc toa d6 nghién ciru dong luc hoc chuyén dong cua xudng chira
CRAY FUNG TrAIM ..ottt b b e e e 28
2.3. Xay dung mo hinh va thiét lap phuong trinh vi phan chuyén dong caa xuong
CRTIA CRAY TUNQ .ttt b e 30
2.3.1. Xay dung mo hinh va thiét lap phwong trinh dong lrc hoc khi xudng chuyén
AONG TNANG .v.cveeee ettt n sttt eneess st eneanes 32
2.3.2. Xay dung mo hinh dong luc hoc on dinh huong chuyén dong cua xuff)ng khi
vira chay vtra phun nudc chita Chay ... 38
2.3.3. Xay duyng mo hinh 6n dinh chéng 1at khi xudng quay vong ré sang kénh
VUOILEZ ZOC .vnvrieirietee ettt etttk b et e e s a e e b e e b e e e b e e s s e e sa e sen e e e 45
Chuong 3 KHAO SAT ANH HUGNG CUA MOT SO THONG SO PONG LUC HOC
DEN CHUYEN DONG VA ON DINH CUA XUONG CHUA CHAY RUNG TRAM55

3.1. Phan mém khao sat dong luc hoc ctia xudng chita chay ring ...........co.cevveeee... 55



3.2. So @ md phong hé phuong trinh vi phan chuyén dong cua xudng chita chay
FUNI vttt sttt sbe e b ree s Error! Bookmark not defined.

CHAY TUNZ ..t o7
3.4. Két qua khao sat cac phuong trinh dong luc hoc cua xudng chita chay............ 59
3.4.1. Két qua khao sat phurong trinh vi phan chuyén dong thang cua xudng.......... 59

3.4.2. Két qua khao sat phuong trinh vi phan on dinh huéng chuyén dong ciia xudng

khi phun nudc chita Chay .......cooovviiiiiii 63
3.4.3. Két qua khao sat phwong trinh vi phan 6n dinh chdng 14t ctia xudng khi quay
vong € nhanh sang k€nh vUONZ SOC ......cccvviiiiiiiiii e 65
3.5. Xéc dinh cac thong sd hoan thién xudng chita chay rimg tram .............c..co....... 68
3.5.1. Thong s6 két cAu ctia xudng chita ChAY NG .......vvevevveeeereeereeseeees e 68
Chuong 4. NGHIEN CUU THUC NGHIEM.........cccocoviiiiieeeeieesieeeseessissesessenens 71
4.1. Muyc tiéu va nhi€ém vu cua nghién ctru thuc nghi€ém .........ccooooviiiiiiiii s 71
4.1.1. Muc ti€u nghién ctru thuc nghi€m .........cccooiiiiiiiiiiii e 71
4.1.2. Nhi€m vu nghién ctru thuc nghi€m ........cccooiiiiiiiiiinii e 72
4.2. D6i tuong nghién cliru thue NZNIEM .....cvvevveeeceeeeeee e, 72
4.3. Phuong phap xac dinh céac dai luong nghi€n clru ........cccevvviiiiiiiiciiciiec, 72
4.3.1. Phuong phap xac dinh m6é men quan tinh clia XUONE ........ccvvevveververerrerirnennan, 73
4.3.2. Phuong phap xéac dinh toa do trong tim cua xudng chita chay ring tram......76

4.3.3. Phuong phap xéac dinh luc can tong hop cia xudng vdi cac chudng ngai vt
TEN KBNN ...t nes 79
4.3.4. Phuong phap xac dinh luc day 16n NhAt Chan Vit........cocooevevevereeeeee e, 80

4.35. Phuong phap xéac dinh van toc xudng ung véi cac goc dit truc chan vit khac

4.3.6. Phuong phap xéc dinh luc day caa voi phun nudc chita chay dat trén xuong ....81
4.3.7. Phuong phap xac dinh goc lic ngang cua xudng (46 chong chanh) khi cac
thiét bi cONg tac trén XuONE N0At AONG ......cvecvecverecerreereeseseseeieeeereeseesee s ienenes 81
4.3.8. Phuong phap xac dinh goc nghiéng ngang (goc 14t) cua xudng khi quay vong

1€ VA0 KENN VUONZ ZOC ..ttt naaee e 82



Vi

4.3.9. Phuong phap xac dinh VAN tOc cla XUONE .....cvvevvvereeseeeieeseeesseseeeessesisneeean, 83

4.3.10. Phuong phép xac dinh d6 6n dinh huéng chuyén dong theo phuong OX cia

D (01431 PSP PR OUPRTPRPPI 84
4.4. Thiét bi Ao VA cAM DIEN Q0 ....vvvveeieeieeeeeecee e 84
4.4.1. Thiét bi KNUECH Gai......cveveeceeceieeeeeeeeees st 84
4.4.2. CAM BIEN Q0 1.vovveveceeeeeeeeeee ettt 85
4.5. T6 chirc va tién hanh thi NERIEM..........eveveeeeeeeeeeeie e 87
4.5.1. Do lyc can chuyén dOng clia XUONE .........c.vvveereereresressireesisseesessessnsessesseseanes 87
4.5.2. Do lyc dy chan vit ciia xudng chita chay ring.......c..coevvrvvrverrerereererieeenenes 88

4.5.4. Po goc lic (46 chong chanh) ciia xudng khi cac thiét bi trén xudng dang hoat

Q0TI et s 91
4.5.5. Do luc cta voi phun nudc chita Chay.......ccoooveiiiiiiiii e 91
4.5.6. Do van tdc chuyén dong cta xudng trén kénh cé nhiéu chuéng ngai vt ......92
4.6. X0 1y két qua thi NGRIGIM........oevevireeeceeeeeee e 92
4.7. Két qua nghién ctru thire NHIEM ......c.ovvveeeeeeceeee e, 93

4.7.1. X4c dinh m6 men quan tinh, toa dd trong tdm va cac thong s6 hinh dang

................................................................................................................................... 94
4.7.3. Xéc dinh van tc cua xudng chira chay rimg tng véi cac goc dit truc chan vit
KRAC NNAUL.....ei e 95
4.7.5. Xac dinh goc nghiéng ngang (goc 1at) khi xudng quay voNng ..............ccee...... 96
4.7.6. Xac dinh lyc voi phun nudc chita Chay........cccoovieiiiiiiiiii e 96
4.7.7. Xac dinh goc 6n dinh hudng Chuyén dONG ......c.cveveeveeevevieeeeeseesees e, 97
4.8. So sanh két qua tinh toan 1y thuyét véi thuc nghim..........cccvvevevvveeveerreerennn, 97

4.8.1. So sanh van téc chuyén dong cta xudng khi di chuyén trén kénh c6 chudng
TUZAT VAL 1ttt ittt ettt ettt ettt e s ht e e st e e ek bt e e e ab e e e Rttt e e be e e e bb e e e e be e e abre e e nnree s 98
4.8.2. So sanh goc léch huéng chuyén dong khi xudng vira di chuyén vira phun
NUGC CNTA CNAY ..t 98

4.8.3. So sanh nghiéng ngang ctia xudng khi quay vong r& nhanh..............cccee........ 99



vii

4.9. Xac dinh cac thong s6 k¥ thuat dé hoan thién xudng chita chay rimg............. 100
4.9.1. Xac dinh gdc dat truc chan Vit ... 100
4.9.2. X4c dinh cONE SUAL AONE CO ...uvvuvreeeeeeeeeeeeeeeee e eeese e s e, 101
4.9.3. Xac dinh vi tri, goc dat voi phun nudc chita chay trén xuéng ...................... 101
KET LUAN VA KIEN NGHL. .. ..ooevivieeieteeeeeeteeeeeeeeeeseee et es e e ese e eeeas s s 104
DANH MUC CAC BAI BAO BA CONG BO CUA LUAN AN .....ooovvvieeenn, 106
TAI LIEU THAM KHAO . ..ottt 107

PHU LUC



viii

DANH MUC CAC KY HIEU VA CHU VIET TAT

TT |Ky hiéu | Pon vi Y nghia
1 Khoang cach tir trong tdm xuong dén tam h¢ truc chan
a, m
° vit (0,0,
5 Khoang céch tir trong tAm xudng dén tAm chan vit
d m
(0:.€)
Khoang céch tir trong tAm xudng dén tm dién tich can
3 ay m ;
cua xuodng (O;A)
4 Khoang cach tir trong tAm xudng dén diém dit voi phun
a. m
’ nudc chira chay O,D
; Khoang cach tir tam dién tich can bén phia trudc dén
a m \
T trong tdm than xuong
i Khoang cach tir tam dién tich can bén phia sau dén
a. m N
° trong tam than xuong
7 A/D - Bo chuyén doi tin hiéu dang twong tu sang dang sb
Khoang céach toa do trong tAm dén man phai cta xuong
8 bl, bph m
theo phuong OX
Khoang cach toa dg trong tam dén man trai cua xuéng
9 bZ!th’ m
theo phuong OX
10 Fui daN Luc can ctua nudc tac dung vao banh lai
daN | Luc can cua nudc tac dung vao banh lai theo phuong
11 Fx
OX
Luc can cta nudc tAc dung vao banh lai theo phuong
12 F, daN
0z
13 Fex daN | Luc can chuyén dong ctia xuong
14 = daN | Luc ly tAm ctia xuong khi quay vong
15 Fox daN | Luc voi phun nudce chira chay theo phuong OX
16 Foy daN | Luc voi phun nudc chira chay theo phuong OY
17 Fpo2 daN | Luc voi phun nudc chira chdy theo phuong OZ
18 F daN | Luc voi phun nudc chira chay




19 Fewy daN | Luc day chan vit theo phuong OY
20 Foux daN | Luc day chan vit theo phuong OX
Luc can quay xuong do nudc gay ra phia bén man sau
21 Feqs daN A
Xuong
Luc can quay xuong do nudc gay ra phia bén man truéc
22 Feqt daN A
Xuong
23 g m/s® | Gia tdc trong trudng
24 G KG | Trong luong toan bd cua xudng
25 h m Cao d¢ trong tAm xudng
26 ho m | Chiéu cao 0,0,
27 h m | Chiéu cao O;,C
28 h m | Chiéu cao O;A
29 hs m | Chiéu cao O;D
30 l1x kg.m”* | M6 men quan tinh cua xudng theo phuong OX
31 l1y kg.m”> | M6 men quan tinh ciia xudng theo phuong OY
32 P kg.m* | M6 men quan tinh cta truc chan vit
33 Jix kg.m2 M6 men quén tinh d6i véi truc OX
34 Jy kg.m* | M6 men quan tinh d6i véi truc OY
35 Jir kg.m> | M& men quan tinh d6i vdi truc OZ
36 Iz ], - Céac Jacobi tinh tién cta hé
37 Jr,+ IR, - Cac Jacobi quay cua hé
38 k - Heé s6 can tong hop
39 I, m Khoéng cich toa d¢ trong tim dén mili xuong
40 I, m Khoang cach toa d0 trong tam dén duoi Xué)ng
41 L . Kh‘oéng cach gitta hai diém dat ban can trong lugng
xuong
42 L, m Khoang cach 0,0, trong mit phang XOZ
43 L3 m Khoang cach 0,03 trong mit phang XOZ
44 m; kg Khoi luong ciia xudng
45 m, kg Khéi luong truc chan vit




46 M kg | Khoi lugng toan bo xuong

47 M. Nm Mo men can

48 Mcx Nm | M6 men can quay cta xudng quanh truc OX

49 Mgy Nm | Md men can quay cua xudng quanh truc OY

50 My Nm | M6 men quay ctia xuong quanh truc OX

51 M, Nm | M6 men quay ciia xuong quanh truc OY

52 My kg Khoi luong toan bd phan bo bén phai xuong

53 Mopn kg Khéi lwong toan bd phan bd bén trai xuéng

54 M(q) - Ma tran khoi luong cta hé

55 N daN | Luc noi (Iuc day Ac-si-mét)

56 0O, - Trong tim xudng chira chay

57 0, - Tam hé truc chén vit

58 Os - Tam banh lai

59 Pe kW Cong suat dong co

60 Ps KW | Cong suit can thiét cho xudng chita chay

61 Q - Toa do suy rong cua hé

62 Q* - Luc suy rong

63 r - Véc to toa do khoi tAm cua than xuéng

64 r - Véc to toa do khoi tdm cia truc chan vit

65 R daN | Luc can tong hop cua xudng

66 Regx daN | Luc can quay xudng quanh truc OX

67 Reqy daN | Luc can quay xudng quanh truc OY

68 Shi m’ | Dién tich banh lai

69 S m® | Dién tich can tryc dién

2 S, 2 Dién tich phan thanh xuong tiép xuc véi nude gay ra
luc can ¢ phia sau

., S 2 Dién tich phan thanh xuong tiép xuc véi nude gay ra
luc can & phia trudc

72 T - Pong nang cua hé

73 Vv m/s | Van toc xuong




Xi

74 Xa daN | Luyc can tong hop cua xudng theo phuong OX
75 Xc daN | Luc day chan vit theo phuong OX

76 Xb daN | Luc voi phun nudc chira chay theo phuong OX
77 Ya daN | Luc can tong hop xudng theo phuong OY

78 Yc daN | Luyc day chan vit theo phuong OY

79 Yp daN | Luc voi phun nudc chira chay theo phuong OY
80 Zen daN | Luc can xuong theo phuong OZ

81 Zp daN | Luc voi phun nudc chira chay theo phuong OZ
82 I1 J Thé ning cua hé

83 oo do Go6c hop 0,0, va O X,

84 o do Goc hop O,C va O X,

85 o do Goc hop O1A va O X,

86 o3 do Go6c hop O;D va 01X,

87 Bx do Go6c phun nudc so voi phuong OX

88 B, do Goc phun nudc so voi phuong OY

89 By do Goc phun nudce so voi phuong OZ

90 0 do Goc 1éch hudng ctua xuéng so voi truc OX

91 ) do Goc danh lai

92 01 do Goc nghiéng doc (goc nang miii xudng)

93 ¢ do Goc quay cua truc chan vit

94 Y do Géc nghiéng ngang clia xudng (goc 1t)

95 w do Van toc gbc cua truc chan vit
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DANH MUC CAC BANG

TT Tén bang Trang
Thong s6 ky thuat caa xudng chita chay rimng tram do dé tai trong

t diém cAp nha nuéc ma sé KC07.13/06-10 thiét ké ché tao o

3.1 | Cac thong so dau vao cua hé phuong trinh vi phan 58

4.1 | Cac thong s6 k¥ thuat ciia xudng 93
Heé s6 can chuyén dong gitta xudng véi cac chudng ngai vat trén

4.2 wénh 93
Hé so can chuyén dong cua xudng tng voi cac bién dang mili

43 xudng khac nhau .

4.4 | Vantoc cua Xuéng ung véi cac goc dat truc chan vit khac nhau 94
Goc lac ngang cta xuong khi cac hé thong cong tac trén xuong

4.5 hoat déng 95

4.6 | Goc lat cua xudng khi quay vong r& nhanh 95

4.7 | Lyc voi phun nudc tng voi cac trang thai phun khac nhau 96
Goc léch hudng chuyén dong ctia xudng chira chay ting véi cac toc

9 d6 khac nhau %
So sanh vén toc chuyén dong clia xuong tinh theo mé hinh ly

9 thuyét va thyc nghiém. v
So sanh goc 1éch hudng chuyén dong cuia xudng tinh theo mé hinh

10 Iy thuyét va thie nghiém. %

4.11 | So sanh goc lat cua xudng tinh theo mo hinh Iy thuyét va thuc nghiém 98

410 So sanh mot so chi tiéu ky thuat ctia xuong dang sir dung véi xuong 101

nghién ctru cai tién
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TT Tén hinh Trang
1.1 | Vatliéu chay trong rirng tram 5
1.2 | Chudng ngai vat trén kénh ¢ rung tram U Minh Thuong 7
1.3 | Hinh anh chéy rimg tram U Minh Thuong 2002 8
1.4 | May bom nudc chira chay ring tai vuon quéc gia U Minh Ha 8
Xuong chita chay ring tram dang st dung tai ring U Minh 9
15 Thuong
1.6 | Cau tao cua xudng chita chay rirng tram 16
o1 | SO do Iyc téc dung Ién xuong trong qué trinh vira chuyén dong vira phun 99
" | nudc chira chay mat phang XOY
99 So do Iy tAc dung 1én xudng trong qua trinh chuyén dong trong mét 93
' phang XOZ khi phun nudc chita chdy
- So do lyc tac dung én xuéng trong qud trinh chuyén dong trong mat | o3
: phang XOZ khi xuong quay vong, ré sang kénh nhanh
2 4 | Trang théi can bing cia xudng 26
25 | Mdmen phuc hdi 27
26 | Mb hinh tdng quéat hé truc toa do dong huc hoc chuyén dong caa xudng 29
27 | Xudng chita chay rirng tram 30
)8 So d6 qu: tac ~dl_lrlg ,Ién xuong khi xuong chuyén dong thang khong 32
: phun nudc chira chay
’9 So~d€) Iu:C tac dungvkhi i(uéngl vira chuyén dong thang vira phun nuéc | 39
' chira chdy trong mat phang dirng doc XOY
So do lyc tac dung khi xudng vira chuyén dong thang vira phun nude | 39
2.10 | chita chdy trong mat phang dimg doc XOZ
211 | So dd dong hoc va xac dinh luc can khi xudng quay vong 44
212 | Xudng chira chay rimg khi chuyén dong quay vong 46
213 | So dd lyc tac dung 1&n xudng khi quay vong trong mat phiang X0Z | 47
214 | So db luc tac dung lén xudng khi quay vong trong mat phiang YOZ | 47
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MO DAU

1. Tinh cép thiét ciia vin dé nghién ciru

Rirng 1a 14 phoi xanh cua toan nhan loai, noi du trit sinh quyén, c6 tac dung diéu
hoa khi hau, chong 1ii quét, s6i mon dat, gitt nudc cho hd thuy dién va 1a yéu té quyét
dinh anh hudéng dén sy bién doi khi hau toan cau.

Hién nay dién tich riing & Viét Nam va trén thé giéi dang ngay cang bi suy
giam nghiém trong, mot trong nhitng nguyén nhan gay mat rimg d6 1a do nan chay
ring gay ra. Theo thong ké cua cuc Kiém 1am, hang nim & Viét Nam c6 hang trim
vu chay ring, thiéu hay hang nghin ha ring, gy thiét hai hang nghin ty dong, 1am
anh huong dén moéi trudng sinh théi.

Viét Nam c6 khoang 500.000 ha rirng tram [25], day 1a loai ring quy hiém chi ¢ &
Viét Nam va mot s6 it nude, da duoc to chire Nong lwong Lién hop quéc cdng nhan 1a
khu du trix sinh quyén caa thé gidi.

Rirng tram & nudc ta chi yéu tap trung & ving dong bang séng Ctiu Long, do dic
diém khi hau khu vyc va sinh thai cua rimg tram ma nguy co chay ring rat cao, hang
nam xay ra hang chuc vu chay, dién hinh 1a vu chay ring tram & Vuon quéc gia U Minh
Thuong va U Minh Ha nam 2002 da thiéu huy hang nghin ha rieng tram nguyén sinh.

Song hién nay viéc chira chay rirng cha yéu bang bién phéap tha cong nhu ding
canh 14, vi dap lira, cdo, tir d6 dan dén ning sut va hiéu qua dap lia thap, ton nhiéu
cong stre va thoi gian. DA véi chita chay rimg tram da str dung may bom nudc khiéng
tay, song han ché 1a tinh co dong thap, chiéu dai duong chuyén nudc ngan, tir 6 hiéu
qua chira chay rirng khong cao.

Nam 2008, B6 Khoa hoc va Cong nghé da giao cho Truong Pai hoc Lam
nghiép chu tri dé tai trong diém cap nha nudc: “Nghién ctu céng nghé va thiét ké
ché tao céc thiét bi chuyén dung chita chay rimg”, ma sé KC07.13/06-10. Mot trong
nhitng két qua nghién ctu cua dé tai da thiét ké ché tao dugc xudng chita chay rung
tram, budc dau khao nghiém cho hiéu qua chira chay ring cao, hién nay xudng chira

chay ring tram da duoc st dung & vuon qudc gia U Minh Thuong tinh Kién Giang



va mot s6 don vi & dong bang sdng Cau Long. Tuy nhién dé tai cha yéu tap trung
vao khau thiét ké ché tao, chua nghién ctru sdu vé dong luc hoc ciia xudng.

Trong qud trinh st dung xudng chita chay ring tram con c¢6 mot sé han ché
can phai hoan thién d6 1a: van téc di chuyén caa xudng trén kénh c6 nhiéu chudng
ngai vat (b&o tay) con thap, tir d6 anh huong dén thoi gian tiép can dam chay, xudng
mat 6n dinh huéng chuyén dong khi vira di chuyén vira phun nudc chita chay va
mat 6n dinh (dé bi lat) khi xuéng quay vong va ré sang kénh vuéng goc.

Dé c6 co so ly thuyét cho viéc hoan thién xudng chita chay ring tram can phai
nghién ciu vé dong luc hoc chuyén dong, 6n dinh huéng chuyén dong va chdng lat
clia xuong, dé tir d6 xac dinh céc thong sé hop Iy cua xudng nham hoan thién va
nang cao hiéu qua sir dung cua xudng chita chay rimg tram.

Xuat phét tir nhitng ly do néu trén, luan an chon va thuc hién dé tai: “Nghién
ciru dong lwe hoc chuyén dpng ciia xuong chiza chay rieng tram”.

2. Muc tiéu nghién cwiu cia luan an

Xay dung md hinh, thiét Iap cac phuong trinh vi phan va khao sat cac yéu
t6 anh huéng dén dong luc hoc chuyén dong cua xudng chira chay ring tram do
Viét Nam ché tao, dé 1am co s& khoa hoc cho viéc hoan thién két cau va ché do
str dung hop ly, nham nang cao toc do va 6n dinh chuyén dong, dap ung yéu
cau cua xudng chira chay ring tram.

3. Nhirng dong gop méi ciaa luan an
e Vékhoa hgc

- Luan an da xdy dung dugc mé hinh dong luc hoc va da thiét lap duoc
phuong trinh vi phan chuyén dong thang cia xudng trén kénh ¢ nhiéu chuéng ngai
vat (béo tdy), phuong trinh vi phan on dinh huéng chuyén dong cua xudng khi vira
di chuyén vira phun nuéc chira chdy va phuong trinh vi phan 6n dinh chong lat cia
xudng khi quay vong ré sang kénh vudng gac.

- Lu4n 4n da khao st anh huong caa mot sb thong sé dén chi tiéu danh gia kha
nang hoat dong cua xudng, két qua khao sat da xac dinh dugc mot s6 théng sb két cau
hop 1y cia xudng d6 1a: goc dit truc chan vit hop Iy au =16.6 do; bién dang mat cit

ngang cua miii xudng dang hinh ném; goc dat voi phun nudc theo phuong chuyén dong



OX cua Xu6ng Bx <45 do; vi tri dat voi phun nudce chita chay cach toa do trong tam
ciia xudng vé phia banh 14i a; = 1.5 m; bé rong téi thiéu caa xudéng B = 1.5m va
chiéu cao toa do trong tdm t6i da h = 0.4 m. Két qua nghién ctiu trén 1a nhitng dong
gop méi vé co s khoa hoc cho tinh toan thiét ké xudng chita chay ring.

- Lu4n 4n da xay dyng cac phuong phap thi nghiém dé do va xac dinh: hé sd
luc can cua xudng khi chuyén dong trén kénh cé béo tay, luc voi phun nuée chira
chay, goc nghiéng ngang gidi han cua xudng khi quay vong, goc lic ngang cua
xudng khi hoat dong chira chay ring. Két qua nghién ciu thuc nghiém 1a dong gop
méi cho viée xac dinh cac dai lugng dong luc hoc cua xudng chira chay ring tram.

o Vé thuc tién

Két qua nghién ctiru cua luan an da dugc st dung cho viéc hoan thién thiét
ké, tinh toan t6i wu cho xudng chita chay rimg tram, dong thoi xac dinh ché do lam
viéc hop ly cia xuong hién co.
4. Bo cuc caa luan an

Luan &n c6 b cuc gom cd 4 chuwong, ngoai ra con cé mé dau va két luan

- Chuong 1: Tong quan vé van dé nghién ctu

- Chuong 2: Xay dung mé hinh dong luc hoc chuyén dong cua xuong chira
chay rirng tram

- Chuong 3: Khao sat anh huong cua mot sb théng sé dong luc hoc dén
chuyén dong va 6n dinh ciia xudng chixa chay ring tram

- Chuong 4: Nghién ctu thuc nghiém



Chuong 1
TONG QUAN VE VAN PE NGHIEN CUU
1.1. Khai quat vé rirng tram va tinh hinh chay rirng tram & Viét Nam
1.1.1. Dién tich va sw phén bo rirng tram

Rung tram phan b chu yéu ¢ vang Tay Nam B, ching phat trién cha yéu
trén dat chua phén, rirng tram tap trung Ién nhat & ving U Minh trong d6 U Minh
Thuong thudc tinh Kién Giang c6 dién tich khoang 18.053 ha [26], U Minh Ha
thudc tinh Ca Mau véi khoang 8.527 ha [26], vuon qudc gia Tram Chim thudc tinh
Pong Thap khoang 7.313 ha [26] va mot s6 dién tich phan bd chu yéu ¢ cac tinh
khac trong khu vuc nhu Long An, Tién Giang, Hau Giang, An Giang. Céc tinh nhu
Quang Binh, Quang Tri va Thira Thién Hué ciing c6 tram bung, tram bui phan bd trong
ti nhién... Nhu vay ring tram phat trién chu yéu & vimg dong bang séng Ctiu Long do
vay dia hinh cta khu rimg tram tuwong ddi bang, do doc tir 1 dén 2 d6 c6 xu huéng
nghiéng ra bién [26].

T ndm 1990 dén nay nhiéu dia phuong, don vi di tich cuc trong mai hang
ngan ha rirng tram, hién cé trén 160.000 ha tap trung tai bay tinh dong bang séng Ctu
Long nhiéu nhat 1a cac tinh Long An (trong méi khoang 60.000 ha), Kién Giang
(45.000 ha), Ca Mau (37.000 ha), Pong Thép (trén 10.000 ha) va Tién Giang (gan
10.000 ha) [26].

1.1.2. Pic diém sinh thai cia rirg Tram

Rung tram c6 thanh phan dong thuc vat phong phd, ching thich nghi véi diéu
kién thiy van dic biét, mot nim sau thang ngap nudc (mua mua tir thang 5 dén thang
11), sau thang kh6 han (mua kho tir thang 11 nam trude dén hét thang 4 ndm sau) nguy
co xay ra chay rung rat cao.

Hé thyc vat gom tram chiém uu thé, xen k& ¢ ting duéi thuong gap nhiéu loai
thuc vat moc rai rac nhu mop, binh bat, dira, mat cat ... ven kénh, rach cé dira nudc,
bung lac, 1a ké... Tang cdy bui véi cac loai mua, may nuéc, bong bong ... Tang co
thudng moc day dac trén 1op than bun, trong d6 chiém wu thé 12 hai loai quyét va day

choai xen k& véi say cao tir 0.8 dén 1.5m, chung 13 ngudn vat lidu chay khéng 16.



Hé dong vat riing tram bao gdm nhiéu loai tha nhu: huou, nai, hodng, lon rung,
ky da, té t&, soc, khi; cac loai ran ho mang, cap nong, cap nia, ran luc, ca dong , éch,
lwon... cung vé6i nhiéu san chim nhu séu dau do, bd néng, diéc, coO... Ngoai ra, ¢
ring tram con ¢6 ngudn mat ong tu nhién véi san luong twong dbi cao, 6 nhiéu to
ong thu hoach tir 3 dén 10 lit mat/to. Hoat dong dung lira hun khéi thu hoach mat ong
rimg hang nam da gdy ra nhiéu vu chay rimg tram, dic biét & U Minh.

Rung tram con gitr mot vi tri cuc Ky quan trong trong viéc phong hg, cai tao va
nang cao do phi nhiéu cua dat, 6n dinh ting dat mit dé san xuat néng nghiép. Tang
tham muc & ring tram 1a kho git nuée, diéu tiét nudc ngot cho san xuét va doi séng
ciia nguoi dan trong khu vuc. Rung tram néu duoc bao boc boi hé thdng kénh
muong, dé, dap viing chic thi khi mua mua két thuc, nuéc ngot s& khdng bi rat nhanh
ra bién. Nguon nude duoc du trir trong ting tham muc va chua trong cac hang héc,
gdc cay rimg. Pay 1a ngudn nudc ngot vo cung quy gia ddi véi con ngudi ¢ ving dat
chua phén Tay Nam B9, ha luu song Mé Kong.

Tuy nhién, ring tram tyu nhién c6 khéi lwong vat liéu chay 16n va phic tap bao
gom: day leo cha yéu la choai, loai day nay len tir dudi dat 18n ngon cay, ngoai day
leo con co sy, duong xi, tat ca tham thuc bi c6 chiéu day tir 0.5 dén 0.8m, day 1a 16p
vat lidu rat d& chay, khi chay rat kho khan dé dap lira.

Ngoai ra, do ring tram ngap nudc vao mua mua nén c6 mot 16p tham muyc nam sét
mit dét, dudi 16p tham muc nay 1 16p than bin day tir 0.4 dén 0.9m, tir dic diém caa vat
liéu chéy nén khi chay ring tram chling xuat hién ba dang chay dong thoi d6 1a chay tan

cy, chay mat dat (chay 1a kho, co khd) va chay 16p than ban (chay ngam).

Hinh 1.1. Vat liéu chay trong rueng tram



Véi nhitng dic diém sinh thai ddc trung cua rimg tram khién cho vat liéu chay
trong ring tram rat phac tap, khdi lwong Ion dac biét 1a ring trdm ty nhién, mua
khé & khu vuc ring tram kéo dai nén d6 am cua vt liéu chay ring thap, nguy co
chay rat cao, khi chay thi viéc chita chay hét stic phirc tap do phuong tién chita chay
kho tiép can, khi dam chdy bung phat s& rat khé dép tit triét dé dam chay.

1.1.3. Dic diém vé kénh mwong khu vuwe rirng tram

Doi véi ring tram trong: tat ca cac khu riing tram trong déu cé hé théng kénh
muong bao xung quanh, khoang cach giira hai kénh dao dong tir 1 dén 3 km, chiéu
rong cac kénh tir 2 dén 3 m, chiéu sau tir 1 dén 2 m, vé mua khd muc nuéc thap
nhat cua cac kénh 1a 0.4 dén 0.8 m, trong ring cac kénh muong thong nhau tao
thanh mang luéi giao thong thay rat thuan loi cho ghe xudng hoat dong.

Déi véi ring tram ty nhién: chir yéu 1a khu bao ton va vuon quéc gia da dugc dao
hé théng kénh muong twong d6i hoan chinh, trong khu rimng c6 kénh chinh va kénh phy
tao thanh mang luGi cho xudng va ghe hoat dong, khoang céch giita cac kénh cach
nhau tir 2 dén 6 km, chiéu rong caa kénh tir 3 dén 5 m, chiéu sau cta kénh tir 2 dén 3
m, muc nudc thap nhat trong mua kho dbi véi kénh phu 12 0.5 m, dbi véi kénh chinh 1a
1 m, cac kénh duoc ndi théng nhau tao thanh mang ludi giao théng phuc vu cho cong
tac quan ly, tuan tra bao vé va chira chay rung.

Kénh muong trong khu vuc rimg tram c6 dic diém dic biét 1a trén mat kénh co
nhiéu béo tay (luc binh) sinh truéng va phéat trién, loai béo nay sinh truéng va phat trién
VGi mat do day dac trén mat kénh, chiéu cao loai béo ndy khoang 20 dén 40 cm, day 1a
chuéng ngai vat anh huong dén kha nang di chuyén cua tau thuyen.

Vuon quéc gia U Minh Thuong tinh Kién Giang d3 dau tu mot hé théng vét
béo dé tao mit thoang trén kénh gilp cho nghe xudng di chuyén thuan loi, nhung
thue hién khong hiéu qua vi sinh treang va phét trién cia loai béo tay rat nhanh.

Hién nay, riing & khu vuc dong bang séng Ciru Long c6 khoang 5.000 km [26]
kénh rach phuc vu cho cong tac phong chay, chira chay ring va van chuyén hang
hoa, trong d6 khoang 4.000 km [26] kénh 14 c6 béo tay phét trién can tra di chuyén
cua tau thuyén. Pac biét 1a vuon quéc gia cac kénh déu co beo tay phat trién kin

mit kénh, day 1a chudng ngai vat anh huong lén dén van toc cua xudng.



Khi xudng di chuyén mit day caa xudng ma sat vai béo tay, nén tao ra lec ma
sat 1on, tir d6 tang hé s luc can, dan dén téc do di chuyén cua xudng thap khong

dap tng yéu cau nhanh chong tiép can dam chay.

S

Hinh 1.2. Chudng ngai vit trén kénh ¢ rung tram U Minh Thuong
1.1.4. Tinh hinh chay r&ng tram ¢ Viét Nam

Do dic diém vé khi hau & khu vuc rirng tram 12 rat khic nghiét, sau thang mua
kho khong c6 mua, do am khdng khi thip khoang 60%, nhiét do khong khi khoang
tir 30°C dén 35°C, vai diéu kién khi hau nhu vay trong thoi gian dai 1am cho vat liu
chay trong ring rat kho. Pac diém sinh thai riing tram c6 nhiéu cé rac, tham muc va
14 kho nhiéu nén nguy co chay ring rat cao. Vao mua khé hang nam tat ca cac dién
tich 6 rimg déu cd thé xay ra chdy.

Niam 2002 d3 xdy ra vu chay rirng tram & vuon qubc gia U Minh Thuong va U
Minh Ha kéo dai sudt 38 ngay, thiéu trui khoang 9.000 ha rirng tram nguyén sinh.
Vu chéay ring lich sir nay khién Chinh phua da phai huy dong B6 Quéc phong, Bo
Cong an va lyc lwong chita chay cua nhiéu tinh, thanh phd phia Nam tham gia chira
chay, nhung sau 38 ngay thi ddm chay mai dugc dap tat. Thiét hai woc tinh cho vu
chéy rimg tram U Minh nam 2002 1én dén hang nghin ty dong.



Ngoai vu chay ring lén néu trén thi hang nim khu vyc ring tram van xay ra
hang chuc vu chay lam thiét hai hang tram ha rirng, nam 2010 chay rung ¢ vuon
qudc gia Tram Chim da thiéu trui khang 600 ha ring, chay ring & Lam truong Tran
Vian Thoi tinh Ca Mau da lam thiét hai khOang 500ha rirng.

Hinh 1.3. Hinh anh chay rang tram U Minh Thuong 2002
1.1.5. Cé4c thiét bi chira chay ring tram
Hién nay thiét bi chita chay ring tram la may bom nudc dat trén bo, khi co
chéy rimg xay ra, may bom nudc duoc khiéng xudng tic rang (con goi la vo 1ai, mot
loai xudng nho ¢ dia phuong), sir dung tic rang di chuyén may bom dén noi co
chay rimg xay ra, sau d6 khiéng may bom 1én bo dat ¢d dinh dé trién khai hé théng

chira chdy va bom nudc chita chay.

Hinh 1.4. Mdy bom nwéc chiza chay ring tai vieon quoc gia U Minh Ha



Ton tai 16n nhat cua thiét bi nay 1a tinh co dong thap, thoi gian trién khai tur
lGc phat hién dam chay dén lac phun nudc chira chdy mat nhiéu thoi gian, dan dén
dam chdy bung phat 1on.

Tt nhitng ton tai han ché cua may bom nuée, naim 2008 B Khoa hoc va Cong
nghé di giao cho Truong Pai hoc LAm nghiép chu tri dé tai trong diém cap nha
nuéc ma sb KC07/13.06-10 dé thiét ké ché tao thiét bi chuyén dung chira chay ring
tram, két qua nghién ctu cua dé tai da thiét ké ché tao ra xudng chira chay ring
tram. Xudng chita chay rimg tram do dé tai thiét ké ché tao hién dang duoc st dung
tai vuon qudc gia U Minh Thuong tinh Kién Giang.

Uu diém noi bat caa xudng chita chay ring tram 1a tinh co dong cao, nhanh
chong tiép can dam chay, thoi gian trién khai phun nuéc chita chay ngan, xudng vira di
chuyén vira phun nudc chita chay rimng, tinh 6n dinh chéng lat cia xudng cao.

T6m lai: Do bién d6i khi hau toan ciu nén thoi tiét ngay cang thay doi bat
thuong, dan dén cac vu chay ring ngay cang dién bién phuc tap, nguy co chay ring
ngay cang cao, sb vu va dién tich do chay ring gy ra khong dwoc kém ché, do vay
cdng viéc phong va chira chay rirng can c6 su quan tam dic biét caa Chinh phu, cac
dja phuong, cac nganh va cac nha khoa hoc dé han ché thip nhét thiét hai do chay
ring gay ra. Rung tram c6 nguy co chay rat cao, hang nim van xay ra chay ring,
can phai nghién ctu thiét ké ché tao cac thiét bi chita chay rimg dé han ché thap
nhat dién tich bi thiét hai do chay ring gay ra.

Hinh 1.5. Xuéng chiza chay ring tram dang sir dung tai riemg U Minh Thirong
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1.1.6. Nhéeng ton tgi va han ché ciia xuong chiza chay rieng hién dang sir dung
trong thyc té

Xudng chira chay ring tram hién dang sir dung dé chira chay rung tai vuon
qudc gia U Minh Thuong tinh Kién Giang va vuon qudc gia Cham Chim tinh Dong
Thap, qua qua trinh sir dung xudng niy con mot sb ton tai nhu sau:

- Van téc caa xudng khi di chuyén trén kénh cé nhiéu béo tay Ia rat thap
khoang 10 km/h, khong dap g dugc yéu cau vé thoi gian tiép can dam chay.

- Xudng mit on dinh huéng chuyén dong khi vira di chuyén vira phun nuéc chira
chay ring & van toc thap, tir d6 anh huong dén ning suat va hiéu qua chira chay rung.

- Xudng mat o6n dinh khi quay vong ré sang kénh vudng goc voéi téc do cao,
goc lai lon.
1.2. Tong quan cac cong trinh nghién ctru vé dong lre hoc ciia xudng nhé
1.2.1. Cdc cong trinh nghién civu vé dong lwc hoc chuyén dpng ciia xuéng nhé
trén thé giGi

Thor I.Forsen [30] d3 trinh bay cac yéu té anh huong dén 6n dinh tau thuyén
va cac phuong phap thiét lap phuong trinh dong luc hoc cua tau thuyén trong
truong hop tong quét, 1a ngudn tai liéu tham khao quan trong cho luan an ap dung
vao xay dung mo hinh va thiét 1ap cac hé phuong trinh dong luc hoc chuyén dong
ctia Xxudng trong ting truong hop cu thé.

Kinney W.D [31] tim dugc phwong trinh 6n dinh chuyén dong lic ngang va lic doc,
xac dinh dugc cac thong s6 anh huong dén chuyén dong lac cia tau thuyén trén bién.

Haddara, Mahmoud R [32] da xay dung duoc phuong trinh phi tuyén chuyén
dong cua tau thuyén khi chiu tac dong ciia séng xién va khao sat o khong on dinh
cua tau khi chiu tac dong ctia séng xié€n phu thude vao su thay d6i cua hé sb hép thu
phi tuyén trong chuyén dong lic.

Metin Taylan [33] d nghién ctru sy anh hudng cua téc do di chuyén dén do
6n dinh va ldc cua tau. Tac gia dd chon phuong trinh chuyén dong lic phi tuyén dé
kiém tra xac dinh phan tng lic cta tau thiy khi chiu tic dong cia song ngang &
nhiéu ddy téc do khac nhau.

Lugwig Arnold, Igor Chueshov, Gunter Ochs [34] da sir dung phuong trinh

chuyén dong tong quat cia tau thuy ddi véi ba chuyén dong 1a dich chuyén theo
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phuong ngang, dich chuyén theo phuong thang dtng va lic ngang dé phan tich mo
hinh chuyén dong phi tuyén cta tau thily trong trudng hop don gian bang 1y thuyét
ctia hé thong dong luc hoc ngdu nhién nham xac dinh cac thong sb bat bién gitp
thiét ké tau 6n dinh va chéng lat.

R. A. Ibrahim va I. M. Grace [35] di lap hé phuong trinh phi tuyén mé ta
chuyén dong lic ngang, lic doc va dich chuyén theo phuong thing dung véi ba
thanh phén la lyc quéan tinh va mo6 men, lyc hoi phuc va m6 men, va lyc hép thu va
mo men. Trong d6 nhdn manh dén m6 men hap thu chuyén dong lic ngang anh
huong dén d6 6n dinh cua tau, cong trinh nghién ctru con dé cap dén sy 6n dinh lic
ngau nhién va phép xap xi xac suat dé danh gia xac suét lat cua tau.

Tom lai: Trén thé gigi c6 nhiéu cong trinh nghién ciu vé dong luc hoc va 6n
dinh cua tau thuyén, cac cong trinh nay tap trung nghién ctru giai quyét 6n dinh cta
tau trén bién trong C4c truong hop tong quat, 1a ngudn tai liéu tham khao cho luan
an khi phan tich xay dung mé hinh va phuong trinh déng luc hoc cua xudng chira
chay. Tuy nhién cac cong trinh ndy chua nghién cttu vé dong luc hoc chuyén dong
trong diéu kién hoat dong chita chay cua xudng nhé khi di chuyén trong kénh co
nhiéu vat can khac nhau.

1.2.2. Cdc céng trinh nghién ciru dpng lwc hoc chuyén dong ciia xuong nhé &
Viét Nam

Trong quyén “Ly thuyér tau” cta nhom tac gia Nguyén Thi Hiép Poan va
Truong Si Cap [10] coi tau thay la vat ran dat trong diéu kién can bang tinh va
dong. Dua vao cac dinh luat cua co 1y thuyét va co chét long dé tim céc luc thay
tinh va luc thuy dong tac dung Ién tau 1am co sé cho viéce xac dinh céc thanh phan
lyc tac dung 1én xudng chira chay khi xay dung md hinh va thiét lap phuong trinh
dong luc hoc chuyén dong caa xudng chira chay.

Trong cong trinh “ Khdo sdt dao dong ciia tau bién” cia tac gia Lé Tién Diing
[9] két qua khao sat cung cip dugc cc thong sb dau vao dé tinh toan cho céc thiét
bi, hé théng trén tau, cdc dao dong lac ngang, lac ding c6 bién do, tan so, gbc
pha...1am co s& chon cac thong sd quan trong trong qua trinh thiét ké cac hé thong
trén tau. Cong trinh nghién ciru nay 1a ngudn tai liéu tham khao cho viéc nghién ciru

tinh toan bd tri cac thiét bi chita chdy trén xudng.
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Tac gia Nguyén Huy Hao trong cong trinh nghién ciru “ Dao ddng xodn hé
truc chan vit tau thuy o cac ché dé lam viéc khac nhau cia dong co” [11] da phan
tich dao dong xo0dn cta hé truc chan vit tau thuy ¢ cac ché dd lam viéc khac nhau
clia dong co, cong trinh nay ciing 13 ngudn tai liéu tham khao cho viéc nghién ciru
cac yéu td anh huong dén on dinh cua tau thuyén.

Trong tai liéu “Dao dong tau thuy” — cua PGS.TS Vi Van Khiém [17] da
trinh bay kha dy du cac phuong phap tinh toan dao dong cia thin tau, dao dong
ctia cac thiét bi anh hudng dén dao dong cua than tau va cac phuwong phap nghién
ctru bang thuc nghiém 1am co s& cho nghién ctru dao dong cia tau thiy.

Trong tai liéu “Ly thuyét tau thiy” ctia nhom tac gia TS Lé Thanh Tung va TS
Luong Ngoc Loi [20] d4 cung cép 1y thuyét nghién ciru trang thai can bang cia tau trén
nude tinh kha chi tiét vé phuong phap nghién ciru va tinh toan ¢ lién quan dén tinh
ndi, tinh 6n dinh, tinh chéng chim cua tau. Bén canh do, tai liéu ndy con cung cp cac
phuong phap nghién ctru tinh toan va xac dinh cac théng sé dong luc hoc tau thuy nhu
luc can chuyén dong, lac tau thily, thiét bi day va tinh diéu khién cta tau 1am co s¢ cho
viéc nghién ctru dong luc hoc chuyén dong ctia xudng chita chay rimg tram.

Tac gia Nguyén Vin Tuan trong cong trinh “Nghién citu tinh todn hiéu chinh
canh chan vit nham muc dich giam tiéu thu nhién liéu” cho tau thity [22], cong trinh
d3 dua ra giai phap cat nho dudng kinh chan vit nham giam luong tiéu thu nhién
lidu cho tau bién song van dat duoc cac thong sd vé van tde. Cong trinh ndy cé gia
tri tham khao vao viéc nghién ctru cong suat day cho xudng chira chdy.

Ciing theo tac gia Nguyén Vin Tuén trong cong trinh nghién ciu “ Mot s6
phirong dén kha thi tiét kiém nhién liéu dp dung cho tau bién Viét Nam” [23] da dua
ra giai phap cat canh va mai sira mat day da gitip giam tiéu thy nhién liéu va van toc
tau thuc té ting 1én khi giit nguyén téc d6 quay cua may chinh, tuy nhién lai lam
thay d6i dao dong hé truc. Cong trinh nay di dwa ra giai phap cai thién toc do di
chuyén cua tau.

Dé tai trong diém cip nha nudc do PGS.TS Duong Vian Tai cha tri: “Nghién
citu cdng nghé va thiét ké ché tao céc thiét bi chuyén dung chira chay rimg” [24],
két qua cua dé tai da thiét ké, ché tao va khao nghiém xudng chira chay rimg tram,
budc dau di cho hiéu qua chita chay cao, song dé tai chu yéu tap trung vao khau
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thiét ké ché tao va khao nghiém hiéu qua chira chay rimg, chua cé dé cap dén viéc
nghién ciru dong luc hoc cia xudng.

Luan van thac si “Nghién ciru on dinh ciia xudng chita chdy rirmg tram” clia tac
gia Lé Xuan Cuodng [7] di xay dung dugc co sé ly thuyét tinh toan 6n dinh xudng
chira chay ring. Tir yeu cau va diéu kién hoat dong cia xudng, dé tai da 1ap mé hinh
tinh toan va da thiét lap duoc cdng thirc tinh toan can bang va on dinh chung cua
Xuong trang thai tinh. Bang cac phan mém chuyén dung trong tinh toan thiét ké tau
thuyén, dé tai da tién hanh kiém tra cac diéu kién can bang 6n dinh theo qui pham
dong moi cua Cyc Pang kiém Viét Nam.,

Tém lai: Tir tong quan van dé nghién ctru dong luc hoc cua tau thuyén
trén thé gidi va ¢ Viét Nam nhan thay c6 rat nhiéu cong trinh nghién ciru vé 6n
dinh va dao dong cua tau dudi nhitng diéu kién moi truong khac nhau, c6 cong
trinh nghién ctru on dinh tau voi hai chuyén dong, c6 cong trinh nghién ciru 6n
dinh va dao dong trong truong hop tinh v4i ba chuyén dong, co cong trinh
nghién ctru 6n dinh va dao dong trong méi truong chiu tac dong cua song
ngang, song xién, sdng ngau nhién, soéng déu hoa... Cac cdng trinh trén chu yéu
tap trung nghién ctu tau di chuyén trén séng va bién. Tuy nhién chua c6 cong
trinh nghién cttru nao vé dong luc hoc chuyén dong ciia xudng chira chay ring
trong diéu kién dic thu cta ring tram, véi diéu kién kénh rach ¢ nhiéu chuéng
ngoai vat & khu vuc rirng tram cua déng bang séng Ciru Long.

1.3. Muc tiéu nghién ctru cia luan éan

Xay dyng mo hinh, thiét lap cac phuong trinh vi phan va khao sat cac yéu
t6 anh huéng dén dong luc hoc chuyén dong cua xudng chira chay ring tram do
Viét Nam ché tao, dé 1am co s& khoa hoc cho viéc hoan thién két cu va ché do
str dung hop ly, nham nang cao téc d6 va 6n dinh chuyén dong, dap ung yéu
cau cua xudng chira chay ring tram.

1.4. Giéi han ngi dung nghién ciru

Nghién cau dong luc hoc chuyén dong cia xuong chira chay ring la van

dé phuc tap, ¢6 noi dung nghién ctru 16n can ¢ thoi gian dai, do diéu kién vé

thoi gian, luan an chi gigi han ndi dung nghién ctru nhu sau:
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- Giéi han vé ndi dung nghién cteu: Luan &n chi tap trung nghién ctu
vé dong luc hoc chuyén dong cia xudng chita chdy ring dang st dung trong
thuc té khi hoat dong chita chay trong cac khu ring tram véi kénh rach co
nhiéu chudng ngai vat nhu rong réu, béo tay..., kich thudc kénh rach bi han
ché va myc nuéc nong, khong nghién ctu vé dao dong cia xuong.

- Gi6i han vé thiét bi nghién ciu: Luan an chi tién hanh nghién ciu va
thi nghiém vé&i xudéng chira chay ring do dé tai trong diém cap nha nudc ma sd
KCO07/13.06-10 thiét ké ché tao va duoc sir dung tai vuon qudc gia U Minh
Thugng tinh Kién Giang, khong nghién cttu cac tau chira chay khac chay trén
séng, trén bién .

- Gi6éi han vé dia diém nghién ceu thwc nghiém: Luan an khéng c6
diéu kién thuc nghiém ¢ nhiéu khu vuc ring tram tai nhiéu dia phuong ma chi
chon mét dia diém c6 khu rung tram dac trung nhat dé tién hanh nghién cuu
thuc nghiém dé 1a Vuon quéc gia U Minh Thuong thudc tinh Kién Giang. Di¢n
tich vuon ¢6 ving 16i 8.053 hecta, ving dém 13.069 hecta [26] véi hé thong
kénh rach chang chit, hé sinh thai da dang va day du cac dic diém dic trung
cia mot khu ring tram ¢ dong bang séng Ciru Long.

1.5. Ngi dung nghién ciru

Cian cir vao yéu cau ky thuat cua xudng chita chdy rimg tram, cin ctr VA0
nhitng ton tai ctia xudng trong hoat dong thuc té, dé dat duoc muc tiéu nghién ctru
da néu ¢ trén, déng thoi can ctr vao gidi han pham vi nghién ctru, luan an dat ra
ndi dung nghién ciru dé tap trung giai quyét ba van dé sau:

- Tang van toc caa xudng khi di chuyén trén kénh cé nhiéu beéo tay, dé giai
quyét van dé nay luan an tap trung nghién ctu hé sb can cua xudng khi di chuyén
trén kénh co béo tay, bién dang miii xudng dé r& béo sang hai bén man xudng dé giam hé
s6 can, nghién ctru goc dit truc chan vit dé nang mii xudng nham giam hé sé can...

- On dinh huéng chuyén dong caa xudng khi vira di chuyén & van tdc thap
vira phun nudc chira chay rimg, dé giai quyét van dé& nay luan &n tap trung nghién
ctru goc dat voi phun nudc, vi tri dat voi phun, lyc phun nudce.

- On dinh chéng 14t caa xudng khi quay vong ré vao kénh vudng goc, dé giai
quyét van d& nay luan an tap trung nghién cau goc lai, bé rong cua xudng, van toc
khi quay vong.
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Dé giai quyét ba van dé néu trén, luan an tién hanh cac noi dung nghién
ctru ly thuyét va nghién ciu thuc nghiém nhu sau:
1.5.1. Nghién ciru Iy thuyét

- Xay dung mé hinh dong luc hoc chuyén dong cia xudng véi ba bai
toan bao gom:

+ Xudng chuyén dong thang trén kénh c6 chudng ngai vat (béo tay);
+ Xudng vira di chuyén vira phun nuéc chira chay ring;
+ Xudng quay vong va ré& sang kénh vudng goc.

- Lap phuong trinh vi phan chuyén dong cua xudng chita chay ring cho
ba trueong hop néu trén,

- Khao sat anh huong cua mot sé yéu té dén chi tiéu danh gia kha ning
hoat dong cua xudng chira chay rung.

- Xac dinh mot s6 théng sb hop 1y dé hoan thién xudng chira chay ring
1.5.2. Nghién czzu thac nghi¢m

Nghién ctu thuc nghiém dé xac dinh cac thdng sb can thiét cho giai bai
toan theo md hinh Iy thuyét, kiém nghiém lai cac két qua tinh toan theo mé
hinh ly thuyét d3 1ap, dong thoi xac dinh mét sé théng sé hop ly caa xudng, noi
dung nghién ctru thuc nghiém bao gém cac van dé sau:

- Xac dinh céc thdng s hinh hoc, trong lugng, toa do trong tim, mo men
quan tinh, dién tich mat cat wét, dé phuc vu cho viéc xac dinh cac théng sé dau
vao cua bai toan ly thuyét.

- Xé4c dinh hé sé can, goc nghiéng ngang, luc voi phun nudc, van toc cia
xudng khi chuyén dong chita chay rimg, dé kiém nghiém cac két qua tinh toan
theo mé hinh Iy thuyét.

- Xac dinh luc day chan vit khi xudng chuyén dong chita chay ring dé
phuc vu cho viéc hoan thién xudng chita chay rirng tram.

1.6. Pdi twong nghién ciru

Déi twong nghién ciru 1a xudng chira chay ring tram do dé tai trong diém cap
Nha nude “ Nghién cizu cdng nghé va thiét ké ché tqo céc thiét bi chuyén dung chira
chay ring” ma s KC 07.13/06 - 10 thiét ké ché tao, hién dang dugc sir dung tai
vuon qubc gia U Minh Thuong tinh Kién Giang.
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1.6.1. Cdu tgo va thdng sé kyj thudt ciia xuéng chiza chay rang tram
Thong sé k¥ thuat va cau tao xudng chira chay rimg tram do dé tai trong diém
cap nha nudc thiét ké ché tao dugc thé hién trén bang 1.1 va hinh 1.6.
Bang 1.1. Théng s6 kj thudt cuia xuong chira chay rimg tram do dé tai trong
diém cdp nha niréc mé s6 KC07.13/06-10 thiét ké ché tao

T Thong sérky thuat cia xuong vahé | Pon vi Giatri Gid tri
thong thiét bi chira chay rirng tram tinh xac dinh thuc te
1 | Céng suat dong co day cua xudng kw 15 15
2 | Van tdc di chuyén ciia xuong km/h 15 10
3 tCrls:g)]( jgi; dong co bom nudce dat W 32 32
4 | Toc do dap lua m/pht <15 <15
5 | Chiéu cao ngon hra dugc dap tat m <12 <12
6 | Taitrong caa xudng tan 2,2 2,2
7 | Chiéu dai ctia xudng m 4,26 4,26
8 | Chiéu rong cua xudng m 1,6 1,6
9 | Chiéu cao xudng m 0,7 0,7

Hinh 1.6. Cdu tao cia xuong chiza chay ring tram

1. Péng co day xuong 2. May bom nude c¢é dinh 3. Mdy bom nuéc khiéng tay
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1.6.2. Pic diém diéu Kién, méi trwong 1am viéc ciia xuong chia chay ramg
Xudng duoc thiét ké, ché tao nham phuc vu coéng tac phong chdy chira chay
ring, véi diéu kién, moi trudng hoat dong ¢ nhiéu han ché nhu sau:

- Méi truong hoat dong cia xudng bao gém trong nudc can ¢ béo tay, rong
réu, trong ban nhao, di chuyén trén nén bun, kéo vuot can, vuot bd thap;

- biéu kién hoat dong caa xudng bi han ché trong kénh rach c6 muc nuéc thap,
chiéu rong kénh nhéanh tir 2 dén 3m, chiéu sau téi thiéu 1m, han ché quay tro, han ché
chiéu chim caa xudng, d4y xudng tiép xtc véi bun nhao, chan vit caa xudng khdng han
ché hoat dong;

- Hé théng kénh rach vudng goc véi nhau, anh huong dén quay vong ré nhanh;

- Trén xudng co bb tri cac hé théng chita chay va may bom nudc ... day la
nhitng thanh phan sinh luc cuc b 1én day xudng, khi cac hé théng lam viéc s& gay
rung dong, sinh luc tac dong 1&n xudng 1am han ché kha ning tir 6n dinh caa xudng.

Trén day 1a mot s6 md ta diéu kien lam viéc cua xudng, nhiing yéu té nay co
anh huong rat 16n dén dong lec hoc va 6n dinh chuyén dong cua xudng.
1.6.3. Yéu cau kj thugt ciza xuéng chiza chay rieng tram

Xuoéng chira chay 1 thiét bi chuyén dung phuc vu cho cong tac chita chay
ring, theo yéu cau thiét ké cua thiét bi chira chay ring tram thi xudng chita chay
ring phai dap tng cac yéu cau sau:

- Toc d6 di chuyén caa xudng v > 15km/h trén kénh c6 chuéng ngoai vat 1a béo
tay, rong réu, nhanh chong tiép can dam chay dé trién khai cong tac phun nudc dap hia.

- Phai 6n dinh huéng chuyén dong khi xudng vira chay vira phun nuéc chira
chay ¢ van toc v < 5 km/h dé dam bao hiéu qua dap hra cao nhat.

- Xudng phai 6n dinh chdng lat trong moi truong hop khi ngudi va thiét bi
léch sang mot bén va khi xudng quay vong va ré sang kénh vudng géc.

- Chiéu cao muén nudc t, < 30 cm dé xudng di chuyén duge trén kénh co
muc nudc ndng.

- Tai trong ctia xudng phai da 16n T = 2.2 tin dé chg dugc khdi luong thiét bi
va cong nhan tham gia chira chay rung.

- Ning suat dap lta va hiéu qua chita chay ring cao.



18

1.7. Phwong phap nghién ctru
1.7.1. Phwong phdp nghién ciru ly thuyét

Ap dung phuong phap nghién ciu cua ly thuyét tinh toan tau thuay, dao
dong tau thuy [2][3][5][10][20], co hoc ly thuyét [15][29]. Noi dung cua phuong
phap nay co thé tom tit nhu sau:

Tir qué trinh 1am viéc cia xudng véi cac luc kich dong gay ra, 1ap mé hinh
dong luc hoc chuyén dong cua xudng, st dung phuong trinh Lagrange I dé thiét lap
hé phuong trinh vi phan dong luc hoc chuyén dong cia xudng, str dung phan mém
Matlab — Simulink dé khao sat cac phuong trinh vi phan dong luc hoc chuyén dong
dé rat ra cac két luan vé anh hudng cua cac thong so dén cac chi tiéu danh gia kha
nang hoat dong cua Xuéng.
1.7.1.1. Ung dung phieong trinh Lagrange logi II nghién citu déng luc hoc xuong
chita chay rung tram

Theo céc tai liéu [15][29][30], viéc tng dung phuong trinh Lagrange loai Il
trong nghién ciru dong luc hoc c6 wu diém Ia thiét 1ap duoc mdi quan hé giita céc
thong sé két cau cua xudng véi cac chi tiéu dong luc hoc. Bé thiét 1ap duoc phurong
trinh d6ng lec hoc, luan &n gia thuyét coi xuong Ia hé nhiéu vat ran lién két véi nhau.

Xét hé holonom gom p vt ran, véi f bac ty do va cac toa do suy rong qg,...,
gr. Theo nguyén ly D’alambert- Lagrange, co:

Jis)(dF© — dmF)67 = 0

Véir=r(qy,....qr ,t), nén 67 = >

lla

T hai biéu thic nay, suy ra:

o7 d27 9
SLa [fi 4F© 2] 54, - ll[f(s) dt; T]@ —0 (11
Theo dinh nghia cua lyc suy rong thi:

— 7 (e) O
Jis) dF o (1.2)

Biéu thirc trong diu méc vudng cua thanh phan tha 2 caa (1.1) c6 thé bién doi:

d%7 ot _>ar _)d ar
K_f(s)dmd_tizaql dtf(s)d aq; f(s)
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Hay
d —) aU
K =2 Jis) M b5 = figydm (1.3)
Mt khac tir biéu thirc cia dong ning T; = > f(s) dm.v? néu dao ham theo g

va g , thu duoc:

—>

—> a‘U
aql = Jsydm qi ’ 6_ql Jisy dm (1.4)
Pbi chiéu cac biéu thirc (1.2), (1.3), (1.4), phuong trinh (1.1) cod dang:
aT aT _
¥ [ (aq) a_%_Qi]6qi =0
Do céc bién phan 8q; 1a doc 1ap nhau, nén:

(4 _:_;— Q:=0, (i=12..f) (15)

t \aq;
Néu phan céc luc tac dung 18n hé thanh cac luc c6 thé va luc khong cd thé, thi
luc suy rong dugc tinh nhu sau:
o .
Q; = ey + 0Q; (1.6)
Trong d6: IT 1 thé ning cua hé, IT = T1(qy, q4, .., qr);
Q; 1a lyc suy rong wng véi luc khong thé.

Khi d6 phuong trinh (1.5) ¢6 dang day du la:
T

di(a_T)__:__+Ql,(l_12 ) (1.7)

t \oq; aq; 9q;
Cac phuong trinh vi phan (1.7) dugc goi la phuong trinh Lagrange loai Il ctua
hé nhiéu vat holonom.
Trong k¥ thuét, cac luc co thé 1a luc trong trudng va luc dan hoi.
- Thé nang cua trong luc 1a:
I(mg) = mg.h,
V6i h, 1a d0 cao trong tam vat;
- Thé nang cua lyc dan hoi la:
I(F,) = %c. AL
Véi ¢ 1a d6 cting , AL 1a bién dang cta phan tir dan hoi.
Luc suy rong khong thé Q; 1a cac hé s trong biéu thirc tinh cong nguyén t6

cua céc lyc khong c6 thé:

sA=Y_ Q. 6q;
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1.7.1.2. Dang thirc cua phuwong trinh Lagrange logi 11
Xét hé gdm p vat rin chiu lién két holonom, gitr va dirng. Biéu thire véc to xéac
dinh vi tri khdi tdm va cosin chi huéng cua vat thir i s& 1a r; = 1;(q), 4; = 4;(q).

Van toc khéi tam va van tdc goc quay caa né cé dang:

v =2 = j—iqi B = AAT, (=12, ,f)
Hay v = Jr,(@)q;, w; =Jr(@)q:, (=12,...1) (1.8)
Vi Jro= 5= VA Jg =52
bong nang cua hé

T=Y%_T= %Z{;l m;v{ v; + %Z{:l wj ;w; (1.9)

Thé biéu thirc (1.8) vao (1.9) nhan duoc:
T =4" [, mybJr, + IR 1z )4
Pua vao biéu thirc
M(q) = XI_ (T Jr, + JE 1R, (1.10)
Biéu thirc (1.10) goi la ma tran khdi luong suy rong. Khi d6 biéu thic dong
nang cua hé c6 dang:
T=4"M@)q (L11)
Thé cac biéu thire (1.10) va (1.11) vao phuong trinh (1.7), thu duoc:
Zlf:l My Gy + %Zi:l Z{=1(mjk,k + My — mjk,,j) qrq; = —s—z +0Q;,G=1..f) (L12)

am; aom

jk . kl

_— m L,
aq; kLj 6qj

Trong d6 ky higu: myy,; =

Phuong trinh (1.12) duoc goi la dang thiic Lagrange loai 1l cua hé nhiéu vat.
1.7.2. Phwong phap nghién cizu thuc nghiém

Ap dung cac phuong phap do luong cac dai lugng khong dién bang dién
[4][8][12][14][27]28] dé x4c dinh cac thong sé ddu vao va céc théng sé dau ra.

Str dung cac thiét bi do, cam bién do va cac phan mém xir ly s6 liéu hién dai
dé xac dinh cac thdng sé phuc vu cho khao sat bai toan ly thuyét nhu toa do trong

tam, m6 men quan tinh, dién tich mat cat udt, kich thudc cia xudng, trong lugng
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cua xuéng, hé s can, ddng thoi do cac thong s6 dau ra cua bai toan nhu van tdc,
g6c léch huéng chuyén dong, goc nghiéng ngang ciia xudng.

Qua trinh t6 chuc va tién hanh thi nghiém xac dinh toa do trong tam, dién tich
mit cat udt, kich thude cia xudng, trong lwong ciia xudng, hé sé can, goc nghiéng
ngang, goc léch hudng chuyén dong cua xudng theo phuong phap théng ké toan hoc
va phuong phap thi nghiém tau thuy [4][8][12][13] [14][16];[21].

Viéc ap dung cac phuong phap nghién ctru néu trén s& duoc trinh bay cu thé ¢
cac chuong tiép theo khi tién hanh nghién ciu ting noi dung.

Két luan chwong 1:

Tt nhitng két qua da phan tich ¢ trén, luan &n c6 thé rit ra mot s6 két luan sau:

- Rung tram ¢ dong bang séng Ctru Long 1a tai san qui caa quéc gia, da duoc
Lién hop quédc cdng nhan 1a khu du trix sinh quyén caa thé gii, loai ring nay c6 nguy
co chay rirng rat cao. Thiét bj chira chay rirng hién dang str dung c6 hiéu qua la xudng
chita chay rimg do dé tai trong diém cap nha nuéc thiét ké ché tao, tuy nhién thiét bi
nay con mat 6n dinh hudng chuyén dong khi vira di chuyén vira phun nuéc chita chay,
d& bi 14t khi quay vong, r& sang kénh nhanh va van téc chuyén dong con thap. Do 1a
mot sb van dé ton tai can phai duoc hoan thién.

- C6 nhiéu cong trinh nghién ctu trén thé giéi va o Viét Nam vé dong luc
hoc cua tau thuy khi hoat dong trén séng, trén bién chiju tac dong cua ngoai luc nhu
song, gid... cac két qua nghién cau trén 1a co s¢ khoa hoc dé nghién ctru dong luc
hoc cua xudng chira chay ring tram.

- Chua c6 cong trinh nghién citu vé dong luc hoc chuyén dong cua xuodng
chira chay rung tram trong diéu kién méi truong c6 nhiéu chuéng ngai vat, muc
nudc ndng, chiéu réng kénh han ché ... dugc cong bd trén thé gisi va ¢ Viét Nam.,

Dé co co s¢ khoa hoc cho viéc hoan thién va xac dinh ché do sir dung hop ly
xudng chira chay rimg tram, ciing nhu 1am tai liéu tham khao cho qué trinh nghién
ctu thiét ké ché tao céc loai xudng van chuyén khac ¢ ving séng nude dong bang
séng Cau Long thi viéc thyuc hién dé tai: ""Nghién cizu déng luc hoc chuyén dgng
ciia xuong chéra chay rieng tram" ma luan an thyc hién 1a can thiét.
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Chuong 2
XAY DUNG MO HINH PONG LUC HQC CHUYEN PONG
CUA XUONG CHUA CHAY RUNG TRAM

Noi dung chinh ctia chuong nay 1a xay dung mé hinh dong luc hoc ting véi ba
bai toan cua xudng chira chdy rimg tram trong qua trinh hoat dong bao gom:

- Bai toan thtr nhét 13 xay dung mé hinh dong lyc hoc chuyén dong thing cia
xudng trén kénh c6 nhiéu chudng ngai vat (béo tay) khi khong phun nuéc chira chay;

- Bai toan thir hai 14 xdy dyng mé hinh dong luc hoc 6n dinh hudéng chuyén
dong khi xudng vira chay vira phun nudc chita chay rimg;

- Bai toan thtr ba 1a xay dung m6 hinh dong luc hoc 6n dinh chéng lat khi
xudng quay vong ré sang kénh vudng goc.

Phuong phap dé nghién ctru ndi dung trén 1a sir dung phuong phap ké thira, 1y
thuyét tau thay, 1y thuyét mo hinh hoa, 1y thuyét co hoc dé xdy duyng mé hinh va
thiét 1ap phuong trinh vi phan. Sau day luan an tién hanh xay dung moé hinh dong
luc hoc cho ba bai toan néu trén.

2.1. Xac dinh cac thanh phan luc tac dung 1én xudng khi xudng chuyén déng
chira chay rirng tram
2.1.1. M6 hinh céc thanh phdn lec tac dung 1én xuéng trong qua trinh chuyén
dong chira chay rang

Khi xudng chuyén dong chiu tac dung cia cac lec bao gom: Luc can chuyén
dong, luc day caa chan vit, luc ly tam khi xudng quay vong, luc voi phun nuéc, e
can quay khi xuong quay vong, luc va mé men phuc hdi. Céc lyc nay anh huong
dén kha nang di chuyén, 6n dinh huéng chuyén dong va goc nghiéng ngang cia
xudng, so do tong quat luc tac 1&én xudng trong qua trinh chita chay rimg duoc thé
hién trén hinh (2.1),(2.2),( 2.3.).

. Fpy Yi pa Y
W ' —— 1
. D | /"L -
a3 ! -
1

. X
Fpa 13 /"‘ 1 / =
| i T \
/ - O - Xi
‘ ‘f——'—---- Y it 7] et S e o S A e o Y-*--/v"/-’ -------- >
ot s — 2 ’
\ : a : . S A A ”~ Fa=Xa
| .7\ s N 2 B©Q e
F Y h ———— N //"‘T’\ -
f,ﬂ{,ﬂj}c R0 - Feovm Ya S
|V | 0 e N =Yg ;
e |
F Fox=X

Hinh 2.1. Sor do luc tAc dung 1n xuong trong qué trinh vira chuyén dgng Vira phun nude
chiza chay mat phang XOY
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Zo

Hinh 2.2. So'do luc tac dung 18n xuéng trong qud trinh chuyén déng trong mét phang XOZ

khi phun nuéc chira chay
Qo

Zy

Hinh 2.3. Sor d6 luc tac dung 1én xuong trong qué trinh chuyén dgng trong mdat phang XOZ
khi xuong quay vong, ré sang kénh nhanh
Trong d6: F, - luc can chuyén dong tong hop ciia xuong;
Fe, - luc day chan vit cia xudng;
Feq - luc can khi Xuong quay vong;
N - luc noi (luc day Ac-si-met);
F.p - luc ddy cia voi phun nuéc tac dung 1én xudng khi chira chay;
My - m6 men quay xuong do lyc tac dung cua voi phun nudc;
Fpi - luc cua dong nudc tac dung vao banh lai;
Fi:- luc ly tam khi xudng quay vong.
2.1.2. Xac dinh cac thanh phan luc tac dung 1én xuéng
2.1.2.1. Luc can chuyén dgng cua xuong
Theo ly thuyét tau thay [1][2][5][10][20][30], hxc can téng hop cua xudng duoc
tinh theo céng thurc sau:
R =R; + Ry, + Ry + Ry + Rap + Rag + R (2.1)
Trong do: Ry - luc cdn ma sat;
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Ry, - luc can hinh dang;

R,, -luc can song;

R, -luc can 6 nhdm bé mat vo xudng;
Ry - luc can phan nhd ciia mii xudng;
R,,- luc can khong khi;

R;- lyc can quan tinh.

Luc can chuyén dong tong hop dugce tinh nhu sau:
R=C22.0 2.2)

Trong do: C - h¢ s6 luc can toan phén.

Q - dién tich can choan nuéc caa xudng, m;

2

p — trong lugng riéng ciia nuoc, ~-.;
v - van toc chuyén dong cua xudng, m/s.
Hé s6 luc can toan phan c6 thé biéu dién duéi dang sau:
C=Cr+Cpy+Cp+C=Co+Cp+C (2.3)
Trong do: Cy, Cyp, Cy, Cy , C; lan luot 14 hé sb luc can ma sat, can hinh dang,
can song, can nhét va hé s can quan tinh,

Viéc xac dinh luc can tong hop bang ly thuyét rat kho khan, gia tri luc can nay
cd thé xac dinh duoc bang thuc nghiém. Phuong chiéu va diém dat cua lyc can téng
hop nay phu thudc vao hinh dang, tiét dién mat cit ngang cua mii xudng. Viéc xac
dinh chinh x4c vi tri diém dat luc can nay bang ly thuyét gip nhiéu kho khan.
2.1.2.2. Lire ddy cuia chan vit

Dé xudng di chuyén duoc can phai tac dong 1&n xudng mét luc, luc nay do chan
vit ciia xudng tao ra. M men quay cia dong co dat trén xudng truyén qua truc chan
vit, tir d6 1am chan vit quay véi van tdc nhat dinh, tao ra dong nudc day vé phia sau
dudi tau, dong nudc ndy tao ra phan luc day tau tién vé phia trudc va goi 12 luc day
cua chan vit. Luc ddy nay phu thudc vao cac théng sb chan vit, sé vong quay chan

Vit va goc dat truc chan vit. Luc day chan vit dugc tinh nhu sau:[20]



25

F, =2 (2.4)

1-t
Trong d6: Fe, - lyc day chan vit ;

R - lyc can tong hop, daN ;

n - s6 lugng chan vit ;

t - hé sb lrc hat, duoc tinh theo cong thire Taylor nhu sau:

t = ng +0.01 (2.5)

Trong d6: w, — hé s6 dong theo, dugc tinh theo cdng thirc Papmiel:

3
wr = 0.165¢* /% _ Aw, (2.6)

Trong d6: X = 1 khi chan vit dat trén mat cat doc than xudng ;
V - thé tich lugng chiém nudc, m*
D - duong kinh chan vit, m;
£ - hé s6 béo thé tich,
Luc day chan vit ¢ thé tinh bang ly thuyét hozc bang thuc nghiém.
2.1.2.3. Luc voi phun nweéc chira chay
Do dic diém va cau tao cua xudng chira chay ring ¢ voi phun nude dat trén
xudng dé chira chay rimg, va goc dat voi phun nudc ndy hop véi phuong chuyén dong
ctia xuéng mot goc B, do vay luc cia voi phun nudc ndy tac dung Ién xudng gay
mat 6n dinh hudng chuyén dong. Gia tri luc voi phun nudc nay xac dinh bang ly
thuyét rat khé khin, co thé xac dinh gid tri luc nay bang thuc nghiém.
2.1.2.4. Lyc can quay khi xuong quay vong.

Do xudng mot phan chim trong nuéc véi mén nudc t,, khi quay vong toan
bo phan than xudéng chim trong nudc xoay trong mdi trudng nudc, tir d6 xuat
hién luc can cia nudc tac dong 1én xudng goi 1a luc can quay Feq. Luc can quay
duoc tinh nhu sau:

Fog = Fogs — Foqr = k.Scqs- 03.67 — k.Scqr.a.0F = R0 07 (2.7)

Trong do: F4s - luc can quay do nur6e gay ra phia bén man sau Xuéng;

Feqe - luc can quay do nudc gay ra phia bén man truéce Xuong;
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Scq¢ - dién tich phan thanh xudng tiép xdc véi nudc gay can ¢ phia
tredc Xuong;
Scqs - dién tich phan thanh xudng tiép xtc véi nudce gay can & phia
sau xuong;
k - hé sb can quay phu thudc vao ban chat ciia méi trudng nudc tai
noi xudng di chuyén;
ar - khoang céach tir tam tiét dién S.q dén trong tam xuéng;
as - khoang céch tir tam tiét dién Scgs dén trong thm xuong;
6;- van téc goc quay than xudng;
R, - hé s6 can quay.
2.1.1.5. Luc burc xa
Gom c6 khéi lugng quan tinh bd sung cua lwong méi trudng nude chuyén dong
theo xudng va luc hip thu thity dong do song lan truyén cua xudng giy ra tac dung
nguoc lai than xudng. Céc thanh phan luc nay s& gy ra luc can chuyén dong tong
hop ky hiéu F., = X, (hinh 2.1). Cac luc nay kh6 xac dinh bang phuong phép tinh
toan 1y thuyét ma phai xac dinh bang thuc nghiém tai hién truong [20][21].
2.1.2.6. Lyc tac dung cua moi truong
Gom cac thanh phan: luc do dong chay, song va gié gy ra. P6i véi moi
truong hoat dong cta xudng chita chay ring tram, do khong c6 dong chay, gié nhe
va khong c6 song nén bo qua khong xét dén.
2.1.2.7. Tam ndi, lirc va mé men phuc hoi

Luc phuc hdi phu thudc vao chiéu cao tam dinh khuynh, vi tri trong tdm va

tam noi.
Y AY
XG i
Dt
= . B °
N | G [ \ ¢ |
— Sy, | B T = = b B —
= oy i — \/
peV e
Xc

Hinh 2.4. Trang thai can bang cua xuéng chiza chay
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Theo [10], luc néi ¢ diém dit tai B 1a trong tm cua phan thé tich ngdm nuéc
V, theo ly thuyét tau thay tdm noi cua xudng dat tai diém B va co toa do trong tam
la Xg, Y&,z trong hé toa do OXYZ.
Diéu kién can bang la: D =pgV (2.8)
Phuong trinh (2.8) 14 phuong trinh strc n6i. Tir d6 c6 thé suy ra khdi lugng ciia xudng:
M=pV =D/g (2.9)
Trong d6: M - khdi lugng xudng chita chay;
p - khéi lugng riéng cua nudc;
g - gia toc trong truong;
V - thé tich ngadm nuéc cia xudng chira chay;
D - trong lwong xudng chita chay.
Trong lugng D cua xuéng dat tai trong tam G.
Ciing theo [10], khi xudng nghiéng ngang mot goc  thi tim ndi ciing dich
chuyén nén giita lyc n6i pgV va trong luc D tao thanh ngiu lyc. M6 men ciia ngiu

luc nay goi 1a mo men phuc hoi.

\ pgV
WLo D“ ‘_'-.W

WL

\bg‘v'
Hinh 2.5. M& men phuc héi cua xuong
Biéu thirc tinh mé men phuc héi ¢6 dang:
M, = pgV.GK (2.10)

2.1.2.8. Cac lyc kich dong

Luc kich dong bao gom:

- Lyc day ctia chan vit va lyc ctia nude tic dung vao banh 1ai khi banh 1ai quay
di mot goc § # 0 s& duoc xét & ting trudng hop cu thé. Trong truong hop chuyén
dong thang do banh l4i khong quay (8 = 0) nén luc tic dung 1én banh 1ai khong
dang ké. Lyc ddy cta chan vit ky hiéu F,,, = X, (hinh 2.1), gi4 tri luc nay phu

thudc vao cong suat cia dong co, thdng sé ki thuat chan vit va sb vong quay cia
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tryc chan vit c6 thé xac dinh bang tinh toan 1y thuyét [20][30]. Tuy nhién dé sé liéu
sat voi thuc té hon, luan 4n xac dinh gi tri nay bang phuong phap thuc nghié¢m.

- Luc ddy caa voi phun nuéc tac dung 1&n xudng, lrc ddy nay lam thay doi
hudng chuyén dong cua xudng.

- Lyc thuy dong, khi xudng chuyén dong thing véi van téc Ion lyc nay anh
huong dén van téc chuyén dong caa xudng
2.2. Xay dung hé truc tea d§ nghién ciru dong luc hoc chuyén dong cia xuong
chira chay rirng tram

C6 nhiéu phwong phap xay dung va thiét lap phuong trinh déng lec hoc cua
Xudng, song mdi mot phuong phap cd wu nhuoc diém, véi muc dich cua bai toan 1a
tim ra mdi quan hé gitta cac thong sé can xac dinh véi ham muc tiéu nghién ctru, dé
tir d6 x4c dinh duoc thong sé anh huéng gitp cho hoan thién xudng chira chay ring.
Trong cac phuong phap nghién ciru dong luc hoc cua xudng thi viéc ap dung
phuong phap co hoc hé nhiéu vat ddi voi xudng chira chay rirng tram cho phép xéc
dinh duoc quan hé giita thong sb két cau ciia xudng véi ham muc tiéu, dé tir do giap
cho viéc hoan thién két cau cua xudng chira chay ring. Do vay trong luan an nay &p
dung phuong phap co hoc hé nhiéu vat dé xay dung mé hinh va thiét lap phuong
trinh dong luc hoc.

Po6i v6i xudng chita chay rimg tram ludn 4n sé& tach ra 3 trang thai co ban:
thtr nhat 13 khi xudng chuyén dong thang khoéng phun nudc chita chdy thi mo
hinh nghién ciru chi xét trong mat phang thang dung doc XOY; thir hai 1a khi
xudng vira di chuyén vira phun nudc chira chay va xuong chi di chuyén véi toc
d6 thap nén ciing chi xét mo hinh trong mat phang nim ngang XOZ va th{ ba la
khi xudng quay vong ré sang kénh nhanh thi can xét trong mat phang nam ngang
X0Z va mat phang thang ding ngang YOZ.

Dé mo ta cac chuyén dong cua xudng va dam bao cac phép quay ciia né khong
tiy ¥, luan 4n stir dung quy udc dbi voi cac phép quay nhu sau:

Cho X,Y;Z, 1a hé toa do c6 duoc bing cach dich chuyén hé toa do c¢b dinh
mit dat X,Y,Z, song song vdi nd cho dén khi gdc cua né tring véi goc cua hé

toa do cb dinh than tau (hé toa d0 quan tinh). Sau d6 hé toa do X,Y;Z; xoay di
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mot géc O quanh truc Y; tao ra hé toa d6 X;,Y,,Z;. Hé toa d6 X;,Y{,Z; nay lai
xoay quanh truc Z] mot goc ¢ tao ra hé toa do X{',Y{",Z;'. Cubi cing hé toa do
X!, Y{",Z} lai xoay quanh truc X.'mot géc 1 tao ra hé toa do c6 dinh than tau
X{",Y/",Z{"" dugc mo6 ta nhu hinh 2.4.

Yo

Zo

d. Xuong nghiéng mét géc w quanh truc X, khi xuéng quay vong

Hinh 2.6. M6 hinh téng quat hé truc toa dé dong luc hoc chuyén dong cia xuong
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2.3. Xay dwng md hinh va thiét lap phwong trinh vi phan chuyén déng cia
xudng chira chay rieng tram

Xudng chita chay rimg tram do dé tai trong diém cép nha nuéc KC07.13/06-10
thiét ké ché tao va da dugc st dung dé tuan tra kiém soét, chita chay rimg tram tai
vuon qudce gia U Minh Thuong tinh Kién Giang.

V& mit cdu tao gdbm than xudng va mot sb thiét bi chuyén dung dé chita chay
rimg nhu may bom nuédc, bé chira nude trung gian, 6ng dan nude... Tt ca cac thiét
bi dugc gin cing véi than xudng. Khi xuong di chuyén thi cac thiét bi nay ciing
cung di chuyén véi than xudng.

Xuéng chuyén dong duogc 1a nho chan vit déy duoc mdot lugng nudce da 16n
vé phia sau dé than xudng di chuyén vé phia trudc. Khi di vao dudng vong va ré
sang kénh nhanh, banh 14i phai xoay di mot goc dé chan dugc mot luong nude
can thiét va gay ra mot mo men lam quay than xudng, nghia 1a xudng 1a mot co
hé gdm mot sd vat co chuyén dong riéng, ching duogc lién két véi nhau va khi

hoat dong moi tao ra chuyén dong cho hé.

Hinh 2.7. Xuong chiza chay ring tram

Theo so d6 ciu tao (hinh 1.6 va hinh 2.7) va nguyén 1y hoat dong ciia xudng
noi trén la mot co hé g6m mot s6 bod phan co thé coi 1a nhirng vat ran, ¢ chuyén
dong riéng biét va dugc lién két v6i nhau, cu thé 1a:

- Than xudng: gdm toan bd cac phan vé xudng, dong co thiy, may bom nudc
va céc chi tiét gan chat vao ching. Phan nay c6 chuyén dong trén mat nudc dbi voi
mot h¢ qui chiéu ¢ dinh nao do 13 mot chuyén dong phuec tap;

- Co cau day nudc: gdm tryc chan vit va chan vit c6 chuyén dong quay
trong ddi v4i than xudng nhd mé men truyén tir déng co thong qua hé théng

truyén dong;
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- Co céu banh 1ai: gdm c6 truc quay banh 1ai va banh 13i c6 chuyén dong quay
quanh truc ciia n6 va duoc gin vé6i than xudng.

Do d6 xudng 1a mot co hé gdm ba vat ran. D¢ 1ap mo hinh nghién ctru chuyén
dong va danh gia kha ning di chuyén cua no, luan 4n dua ra mot sé gia thiét nhu
Sau:

- V& két ciu: xudng co ba vit chuyén dong riéng v6i khdi lugng quan tinh
lan lugt gdm khdi lugng than xudng va cac thiét bi gan chat trén nd (my); khoi
lwong chan vit va truc chan vit (m,); khdi lugng banh 1ai va truc ctia n6é (ms) va cac
mo men quén tinh d6i véi cac truc twong ng 1a Ly, Ly Va I;;;

- Vé lién két: lién két giita cac vat trong hé 1a lién két khép quay, bé qua ma
sat gitra cac truc quay, lién két giita than xudng v&i nudc 1a lién két giit (luon ludn
tiép xuc véi nudc), dimg (khong phu thudc thoi gian) va hinh hoc (khong phu thudce
vén toc — holonom) moéi trudng nudce 1a moi trudng khong nén duoc;

- V& mdi truong: nudce co tinh chit ddng nhit va dang huéng. Cac luc tuong
tac gifra nudc v4i than xudng va cac co cau co chuyén dong twong ddi voi nude
theo qui ludt ctia moi trudng chat long nhu lyc ddy Ac-si-met, luc can chuyén dong
ty 1& v6i binh phuong van toc va dién tich can truc dién (dién tich vudng goc voi
phuong chuyén dong);

- Bo qua lyc can khong khi vi xudng chuyén dong véi van toc nhd va dién
tich can khong khi nho;

- Than xudng chuyén dong trén mit nude dugc xac dinh 1a cac dich chuyén
d6i v6i hé cd dinh OgXoYoZo c6 thé duoc phén tich thanh hai chuyén dong co ban:

+ Chuyén dong trong mit phang thang dimg doc XOY (hinh 2.1): than xudng
chuyén dong thang khi banh lai khong quay (8 = 0);

+ Cac dich chuyén trong mit phang nam ngang XOZ (hinh 2.2 va hinh
2.3), ¢6 2 truong hop:

1) Thir nhat 14 xudng vira di chuyén véi toc do thap vira phun nudc chita chay,
khi d6 xudng bj 1éch khoi phuong chuyén dong mot goc 0 # 0 khi goc phun ciia voi phun
nudc chita chay 16ch di mot goc B, so voi phuong chuyén dong OX.

2) Thir hai 1a chuyén dong quay vong khi banh 1ai da quay di mot goc & # 0

S0 vO1 vi tri ban dau.
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Sau day luan an s& 1ap phuong trinh chuyén dong cua xudng trong ba trang
thai chuyén dong noi trén.
2.3.1. Xay duwng mé hinh va thiét lgp phwong trinh déng luc hoc khi xuéng
chuyén dgng thang

Trong qué trinh st dung xudng chira chay phai di chuyén trén kénh thang co
chién dai hang chuc km, nhiéu vat can (béo tay) va véi van téc cang lon cang tét dé
tiép can dam chay, do vay van dé bai toan thir nhat luan &n tap trung giai quyét dé 1a
van téc xudng khi chuyén dong thang khong phun nudc.
2.3.1.1. Xay dung mé hinh

Gia thiét xay dyng mé hinh:

- Lyc can téng hop tac dung 1én xudng dat tai diém A dwoc phan thanh 2 thanh
phan X va Ya (trong d6 diém A 14 lyc tac dong cua luc can dit tai tm dién tich can
caa xudng, lec nay phu thudc vao goéc nghiéng doc (goc ndng miii xudng) ¢, chiéu
chim ctia xudng, van téc ciia Xuong. ..va tng vai mdi trang thai khac nhau vi tri diém
dat A s& khac nhau va gié trj luc can téng hop F. xac dinh duoc s& khac nhau).

- Van téc cua xudng thap nén bao qua lrc can khong khi va luc can caa gio;

- Xudng hoat dong trén kénh nhé muc nudce ndng nén bé qua luc can song;

- Do xudng co kich thudc nho va chay trén kénh nho, muc nuéc ndng nén
luc btc xa dugc tinh thong qua lec can tong hop:;

- Khi chuyén dong thang bo qua md men phuc hoi.

Mo hinh dong luc hoc khi xudng chuyén dong thang duoc thé hién trén hinh 2.8.

Hinh 2.8. M6 hinh déng luc hoc khi xuong chuyén dong thiang khéng phun nudc

chiza chay
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Céc ky hiéu trén hinh 2.8:

0, = G - trong tdm cua xudng chira chay ring tram;

0, - tadm cua hé truc chan vit;

A - diém dit luc can chuyén dong tong hop cia xudng;

C -tam cua chén vit;

E., - luc can chuyén dong tong hop theo phuwong 0, X, dit tai diém A;
F,, - lyc can chuyén dong tong hop theo phuong 0,Y; dat tai diém A;
F.. - luc day (phan lyc) cia chan vit theo phuong 0, X1 ;

F.,y - luc day (phan lyc) caa chan vit theo phuong 0, Y

N - luc noi (luc day Ac-si-met) cua xuong chira chay.

Luc déy cua nudc tac dung vao canh chan vit dugc thu vé tam C cta chan vit
s& c6 cac thanh phan lyc can tai diém C: X, Y., M., (hinh 2.8). Trong d6: luc day
F,, cua chan vit dugc xac dinh thong qua mo6 men cua truc chan vit.

M6 men truc chan vit M., dugc xac dinh tur diéu kién can béng mod men cua
truc chan vit.

My, = Myci = N/ Wy = Nacl/ @2 (2.11)

Trong d6: My, - mé men dong co day cua xudng;

i - ti s6 truyén cua hop giam toc;

Ny, - cOng suat dong co;

1 - hé s6 hiéu dung cua hop giam tde;
®,, Wgy - VAN tde gbc cha truc chan vit.

Céc thanh phan luc nay (gém ca luc can tong hop cta nudc tac dung vao than
Xué)ng va luc tac dung lén canh chan vit) c¢6 do 16n s€é dugc xac dinh b%lng thuc
nghiém tai hién trudng vi né phu thudc vao méi truong nudc va trang thai chuyén
dong.
2.3.1.2. Ldp phirong trinh vi phin chuyén déng thang

Khi chuyén dong thang, do banh 1ai khong quay (8 = 0) nén hé chi co hai vat

c6 chuyén dong 1a xudng va truc chan vit.
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Theo so do hinh 2.8 thi xuéng la mot hé co hai vat ran chuyén dong trong mat
phang thang dimg, nén sb thong sd xac dinh vi tri trong hé ¢d dinh OgXoYoZo 14
2 x 3 =6, trong d6 ¢ cac phuong trinh lién két:

Xy = X1 — Qg cos(@y + o)
(2.12)
Y2 = Y1 — g sin(@; + &) }
Trong do6: ag - 1a khoang cach O,0;;
0o - 14 goc hop bai truc 0, X; voi dudng thang 0,0,.
Vi vay hé c6 4 toa do suy rong (do c6 hai lién két) nén chon cac toa do suy rong:
q(x1, Y1, 91, P2) (2.13)
Trong do: x4, y; -1a cac toa dd trong tam cuia xuéng;
®1, ¢, - lan luot 13 goc quay ctia than xudng quanh truc 01Z; va gbc
quay cua truc chan vit quanh duong tdm cua né.
Dé 1ap phuong trinh vi phan chuyén dong ctia xudng theo phuong phap hé nhiéu

vat , tién hanh cac buée sau:
- Lap vécto toa do khéi tdm cua cac vt 1 (than xuéng) va vat 2 (truc chan vit va

cic co cau dan dong) dudi dang ma tran:
X1 — ay cos(pq + ay)

X1
= yl]; T2 = |y1— ao sin(p1 + o) (2.14)
0 0
- Lap vécto van toc goc:
0 @ycos(a) P
w;=|01; @ =|¢gsin(a)|=|0 (2.15)
P1 0 0

Trong do: a - 1a gbc hop bdi duong tam truc chan vit vaoi truc OX (truc doc cua

than xuong). Géc nay rat bé nén sina = 0, cosa = 1.

- Tur (2.16), tinh dugc cac ma tran Jacobi tinh tién:

o 1 0 0 O
Jr, = a—ql = [0 10 0] (2.16)
0 0 0 O
oy 1 0 ao sin(p, +a,) 0
Jr, = Fye 1 —agcos(p+a) O (2.17)
0 O 0 0
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- Tur (2.17), tinh duogc cac ma tran Jacobi quay cua hé:

. [0 0 00 v, [00 0 1
]R1=aq?= 0 0 0 O ;]R2=aq?= 0 0 0 O (2.18)
oo 1o oo oo
- Ma trdn md men quan tinh khi lugng:
0 0 0 I, 00
IC1=[0 0 0| ; Ip=(0 0 O (2.19)
0 0 I 0 0 0

- Tinh ma tran khdi luong M(q):
Biéu thire tong quét tinh ma tran khoi lugng:

M(q) = Z?=1U”11:imi/Ti +]I€l'1i]Ri)

M(q) =]17:1m1]T1 +]%2m2]T2 +]1€1I1]R1 +]1€212]R2 (2.20)
m; 0 0 O
‘. 0 0 0
Trong d6 : Jr,ma)r, = 0 781 0 o
0 0O 0 O
H:Zmz]z =
m, 0 myaysin(@; + a,) 0
= 0 m, —m,a, cos(py + @) 0
myaosin(Q, + ap)  —m, aycos(p; + ay) myag 0
0 0 0 0
0 o0 0 O 0 0 0 O
]R111]R1 - 0 0 Il ol ]RZIZJRZ - 0O 0 O 0
0 0 0 O 00 0 &

Thay céc gid tri trén vao biéu thic (2.20), ta duogc:

(my +my) 0 m,a,sin(p; + a;) 0
0 m; +m —myay cos(@p; + @) 0
M(q) = . (my 2) 2o ‘P12 0 (2.21)
m,aosin(p; + @)  —m, aycos(p; + ap) (I, + myag) 0
0 0 0 I,

- Dong nang cua hé:

Biéu thire tinh dong ning cua hé:
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1. .
T =-q"M(q)q (2.22)
Xy
Thay ¢ = (3;11 vagT =[x, y1 @1 @2]va(2.21) vao (2.22), duoc:
P

(my + my)af + 2mpaesin(e; + ap) X191 +
T = % +(my + my)y7—2mya, cos(@y + ag) Y191 + (2.23)
(I; + myag) @i + 1,93
- Thé nang cta hé:
Xudng chuyén dong trén mat nudc nén thé ning cia hé 1a thé nang cua luc
trong trudng ldy véi gde 13 vi tri can bang nim ngang, do do:
=my.g.y; + Mmy. 9.y, = (Mg + My) gy, — aggm,sin(e, + a,) (2.24)

- X4ac dinh cac thanh phan lyc suy rong khong c6 thé:

Céc ngoai lyc tac dung khong co thé khi xudéng chuyén dong thang trén mat nudc
la cac lyc can Xy, Yy, X¢, Y va My, M, l1a cdic m6 men cua cac luc thu gon vé tim O,
va tam cua truc chan vit.

Trong d6: A(X,, Ys), va C(X,, Y,) 14 toa d6 cac diém trong hé dong gan vai khbi
tAm cta xudng nhu hinh 2.8. Céc lyc nay thu gon vé khdi tim than xudng va tm truc
chan vit s& dugc cac luc bang chiing va cac mé men:

M,, = Xc.Ve — Yoo xc — Xa.ya + Ya 2y }

M, = Myl = Ngcn/ @, (2.25)
Trong d6: My, - m6 men truyén tir dong co dén truc chan vit.

X4 = 0,.COS Uy; V4 = ay.Sin ay;

Xc = 4.COS Uq; Yo = aq.SInaq } (2.26)

Do xudng luén ludn tiép xtc véi nude nén:
Yo+ Yo =(my +my)g (2.27)
Biéu thirc cong nguyén t6 trong di chuyén kha di cua hé:
0A = =X,0x, + Y, 6y, + Xcbxc + Ye6yc+Mp, 691 + M, (2.28)
Theo hinh 2.8, di chuyén tuyét dbi cua diém A 14 téng cua cac di chuyén tuong
d6i (A4 A va di chuyén theo (A;A% = 0,0 ), nén:
6xy = 0x5 + 6x) = 8x; — a,sind @,
8y = 08y4 + 6y, = 6y, — acosbo,

Vi 8¢,1a vo cling bé nén c6 thé coi sind@, = §¢, va cosSp, = 1, do d6
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0x, = 0xy — a,sindp, = 6x; —a, 8¢,
8ys = 6y1 — azcosé@, = 8y, — a,
Tuong tu vo1 diém C, ta co:
6xc = O0xf + 8C; = 6x; — a;sindp, = §x; — a, 8¢,
8yc = 8y¢ + 8yc = 6y, — aycos6¢9, = 8y, —ay
Trong do: a; a, 1a khoang cach tir trong tam xudng dén cac diém A, C:
a, =0,C;a,=0,A
- M6 men My, trong biéu thire (2.28) dugc xac dinh:
My, = Xca,sina; — Y.a, cos @y — Xya; sina, + Y,a; cos a, (2.29)
Thay cac gia tri trén vao (2.28), thu duogc:
0A = (X; — X4)0x; + (Yo — Yy)0y; + [Xca, (1 + sina;) + Xpa,(1 — sinay)
+ Yea, cos ay — Y a,c0s a6 + My 5, — Yya, — Yeay (2.30)
Tur (2.30), nhan dugc cac luc suy rong tuwong tng:
Qr, = (Xc — Xa);
Qp, = Xcay (L +sinaq) + Xy a5(1 — sinay) + Yea, cos a; — Yya,c0s ay;
Qr, = Ya +Y¢; (2.31)
Qp, = Myl = Ngcn/ ¢,
e Lap phuong trinh vi phan chuyén dong thang cua hé:

Phuong trinh Lagrange loai II c6 dang:
d (0T oT oIl . )
at (_) - (_) =~ (—) +0Q7 (0= X1,Y1,91,92) (2.32)

9q; aq; aq;
Tinh cac biéu thirc (2.23),(2.24) va (2.31) lan luot tuong tmg theo (2.32), nhan
duoc hé phuong trinh vi phan chuyén dong thang (2.33) cta xudng nhu sau:
(my + my)%, + ag.m, sin( @, + ag)@; + agmy cos( @y + a)g% = X, — X,
(my + my)y; — agmy cos( @y + ap)@y + agm, sin( @, + ag)gZ =¥, + Y, — (my +my)g
(Ly + agmy)@y + agmy sin( @; + ag)¥; — agmy cos(@; + a) ¥y + (2.33)
+2aym, cos(p; + ) X,¢9; + 2agm, sin( @y + ag)y,¢; — 2aym, g sin( @, + ;) =

= Xca; (1 +sina;) +X4.a,(1 = siney) + Yza, cos a; — Yya,c0s a,

gy = Nacn /62
Nhéan xét:
Hé phuong trinh vi phan khi xudng chuyén dong thing khéng phun nuéc

chira chay 1a hé phuong trinh vi phan phi tuyén khong thuan nhat c¢6 cac hé sb
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chi phu thudc vao thong sb két cau ciia hé 1a cac khdi lugng (m,, m,), cac kich
thudc hinh hoc (a;, x;), va moé men quan tinh (I;), goc 1éch gitta O,C so vai truc
0,X, cua xudng a, (goc lap dat truc chan vit).

V& phai phu thudc vao cac luc: luc can tong hop ctia méi truong nude, luc dy
cua chan vit va cong suét dong co (Xa, Ya, Xc, Y va Ngo).

Pé khao sat danh gia kha ning chuyén dong ctia xudng, lam co s& cho viée cai
tién hoan thién két ciu va sir dung hop 1y xudng ndy, can phai tién hanh giai hé
phuong trinh vi phén trén theo cac diéu kién khac nhau vé két cau clia xudng va cac
dang luc tac dung tir nwde vao than xuéng. Do 16n va tinh chit caa cac luc nay phai
duoc xac dinh bﬁng thuc nghiém tai hién truong khu rirng tram ngap nudc tai vuon
quéc gia U Minh Thuong tinh Kién Giang.

2.3.2. Xdy dung mé hinh dgng lwc hoc on dinh hwéng chuyén dong ciia xuong
khi vira chuyén déng thang vica phun nwéc chira chdy

2.3.2.1. Xay dung mé hinh dong luc hoc chuyén déng khi xuong vira chuyén dong
thang vira phun nwée chiva chdy rimg

Theo cong nghé chita chay rimg tram, xudng vira di chuyén véi tbe do thap
vira phun nuéc dap tit dam chay, do cong nghé chira chdy ma voi phun nudc chira
chay s& hop v6i phuong chuyén dong 0,X,; cua xudng chita chdy méot goc B, nén
lyc ciia voi phun khi phun nuéc chita chay 1lam cho xudng bi léch khéi hudng
chuyén dong theo phuong 0,X; ban dau cta nd. Tur thuc t& hoat dong chita chay cia
xudng ludn 4n tién hanh xay dung mé hinh déng luc hoc nhu trén hinh 2.9 va hinh 2.10.

Mo hinh dong luc hoc ctia xudng chita chay rimg tram trong trudng hop nay
tuong ty nhu md hinh cta xudng chita chay trong trudng hop xudng chuyén dong
théng va ¢o thém cac thanh phén luc dit tai diém D 1a vi tri dat voi phun nudc chira
chay rung tram.

Giai thiét xay dyng md hinh:

- Xudng vira chuyén dong thang véi van toc nhat dinh, vira phun nuéc chira
chay rung

- GOc banh 1ai khong quay (6 = 0);
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Hinh 2.9. M6 hinh déng luc hoc khi xuéng vira chuyén dong thang vira phun nude
chita chdy trong mdt phang ditng doc XOY

Zy

Hinh 2.10. M6 hinh dong luc hoc khi xuo;ngq vira qhuyén deng thang vira phun nirée
chita chay trong mat phang nam ngang XOZ.

Céc ky hiéu trén hinh 2.9 va 2.10:
F\p - luc vOi phun nudc chira chay ring tram;
Foxs Fpz - luc voi phun nuéc chira chay rung tram theo phuong OX va OZ;
Byx.B, - g6c léch gitra hudng phun nudce chira chay so vai truc doc (0, X,) va
truc ngang (0, Z,) cua than xuong.
2.3.2.2. Ldp phwong trinh vi phdn én dinh hedng chuyén dong ciia xuong khi viea di
chuyén vira phun mede chira chéy
Tir md hinh dong luc hoc trén hinh 2.9 va hinh 2.10 thdy rang ngoai cac luc
tac dung 1én xudng twong tu nhu trén moé hinh khi xudng chi chuyén dong thing
khong phun nudc chira chay (hinh 2.8) con c¢6 thém céc luc tac dung tir voi phun khi
phun nudc chira chay.
Luc day ctia voi phun khi phun nuée chita chay trong truong hop xudng vira di
chuyén vira phun nudc vao dam chay rimg tram sé xuét hién phan luc tac dung vao voi

phun do dong chit 1ong duoc phun ra, luc ndy phu thudc vao luu lrong dong chat 1ong
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va hudng phun cua dong chét long d6. Do 1on cua luc nay duge xac dinh theo dinh luat
bién thién dong lugng ctua dong chét long, co thé xé4c dinh dugc b(:ing thyc nghiém vi
trong truong hop chita chay ring lre ndy phy thude vao nhiéu yéu t6 nhu khéi luong
riéng ctia nudc duoc day ra, ap luc khong khi & dau voi phun, khoang cach tir voi phun
dén d4m chay. Gi tri ctia Fy, duoc xac dinh bang Iy thuyét hogc thuc nghigm.
Trong trudng hop tong quat, gia thiét voi phun c6 phuong tity ¥ trong khong gian,
1ap v6i cac truc toa do ctia xudng cac goc 13 By, By, B, nhu hinh 2.9 va hinh 2.10.
Céc thanh phan cua lyuc E,, theo cac tryc:
E,x = F,, sin B, sin B,
E,, = F,, cos B, (2.34)
E,, = E,, sin f,, cos 3,

Khi xudng vira chuyén dong thiang vira phun nudc chita chay, do banh lai
khong quay va voi phun ciing duoc dit & mot vi tri nhat dinh nén hé ciing chi ¢6 hai
vat co chuyén dong la xuéng va truc chan vit.

Theo so d6 hinh 2.9 va hinh 2.10 thi xudng 12 mot hé cé hai vat ran
chuyén dong trong khong gian, nén sé thong s xac dinh vi tri trong hé cb dinh
OoXoYoZy 142 x 6 =12, trong d6 c6 cac phuong trinh lién két:

X, = X1 — Ay cos(p, + ay)cos 6,
Y2 = y1 — Qo sin(g; + ao) (2.35)
Z, = 7, + az cos(@, + a,) sin 6,
Trong do: ag - 1a khoang cach 0,0,.

a,- 13 gbc hop boi truc 0, X’ v6i dudng thiang 0, C;

a; - 1a khoang cach O,D;

6,- 1a goc léch hudng chuyén dong cua xuong so véi phuong 0, X,

ban dau khi xuéng phun nuéc chira chay.

Khi xudng quay di mét goc 6, quanh truc 0, Y; thi truc 0,X; ciing quay di mot

géc 6, twong wng nén dich chuyén vai hé ¢é dinh sé 1a x = x; cos 8, (hinh 2.8).
-Néu 6; = 90° thi Ox = 0; néu O;x, = 0 thi Ox = 0

Khidé z; = xtan 6,
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Mat khac tir hinh 2.8 co:
-Néu 0,x; = 0 thi 0z = 0; néu 6, = 0 thi Ox = 0.
Do d6 z, = x, sin 6, hay sinf; = x—l (2.36)

1
Tir d6 c6 4 phuong trinh lién két (2.35) va (2.36).
Dén day co thé giai quyét bai toan on dinh huéng chuyén dong theo 2 cach:
1) Theo nguyén ly cong tac dung co thé xac dinh duoc z; va 0, theo cac yéu t6 Ia
luc ctia voi phun va cac goc 1ap gitra phuong phun nuéc véi cac truc toa d6 (8, B,,.5).
2) Lap phuong trinh chuyén dong tong quét cia xudng khi cd tac dung cia luc voi phun.
Phuong 4n (1) ¢6 wu diém don gian dé thuc hién nhung chua ké dén anh huong
cua cac dich chuyén theo phuong thang dung va nghiéng ngang dén 6n dinh hudng
chuyén dong cua xudng theo phuong OX.
Phuong 4n (2) thé hién duoc day dil cac dang chuyén dong nhung s& lap dugc nhimng
phuong trinh phac tap, gap nhiéu kho khan vé mit toan hoc khi giai quyét bai toan.
Trong pham vi caa luan an chi khao sat 6n dinh chuyén dong theo phuong ngang
khi phun nudc chita chay, nén phwong 4n (1) dwoc chon dé giai quyét bai toan.
Vi truc chan vit gan chit v6i than xudng nén goc quay quanh cac truc OX, OY va
OZ ciia n6 ciing bang goc quay cua than xudng:
Q2 =¢1,0; =019, =9, .
Vay hé ¢6 6 toa do suy rong (do c6 hai lién két) nén ta chon cac toa d6 suy rong :
q(x1, Y1, 21, 91,61, 1) (2.37)
Trong dé: x4, y;, 21 - 14 cc toa do trong tAm ctia xudng;
@1, 01, 11 - 1an luot 1a goc quay than xudng quanh truc OZ, OY va OX.
Dé lap phuong trinh vi phan chuyén dong cia xudng theo phuong phép hé nhiéu
vat cho trudng hop nay, luan an tién hanh cic budc twong ty nhu trudng hop xudng
chuyén dong thang.
Tuy nhién, cac ngoai luc tac dung khong c6 thé khi xudng chuyén dong trén
mit nudc trong truong hop nay la cac luc can Xa, Ya, Xc, Ye, Xp, Yp va Mg, Mc
12 cic mo men cia cac luc thu gon vé tim O; va tAm cua truc chén vit, co gia tri

duogc xac dinh bang thuyc nghiém.
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Trong d6: A(xa Ya), C(Xe, Ye) va D(xp, Yp) 14 toa do cac diém trong hé dong gin
v6i khdi tim ciia xudng (01X;Y1) nhu hinh 2.9 va hinh 2.10. Céc luc ndy thu gon vé
khdi tAm than xudng va tAm truc chan vit s& dugc cac luc bang ching va cac md men:

M, =Xc.Yc—Xg-Ya+ Y0 —Ye.xc+Yp.xp —Xp.yp
M. = Mgc.i = Nan/ .

Xp = E,x = E,, sinf, sin 3, ' (2.38)
Yp = E,, = E,,cos B,

Zp =F,, = E,,sinf, cosf,
Trong do: Mg, — m6 men truyén tr dong co dén truc chan vit;

i —ti s truyén caa hop giam téc.

X4 = A,.COS Uy; V4 = Qy.Sin ay;
Xc = a4.C0S Ay, Ye = a4.Sinay (2.39)
Xp = Q3.COS U3; Yp = a3.Sin a3

— Xac dinh cac thanh phan cta luc suy rong khong c6 thé:
Biéu thirc cong nguyén td trong di chuyén kha di ctia hé:
8A =Y, 6y — Xy6x4 + X 6xc — Ye8yc — Xplxp + Yp&yp + My, 691 + McSg, (2.40)
Theo hinh 2.9, di chuyén tuyét d6i ctia diém A 1a tong cta céc di chuyén twong
d6i (A4 A va di chuyén theo (A;A% = 0,0 ), nén:
6xy = 6x5 + 6x) = 6x1 — a,Sind @,
6ya = 6y4 + 6yy = 6y, — ayc056¢,
Vi 8¢,1a vo cling bé nén c6 thé coi sind@, = 8¢, va cosSp, = 1, do dd
0x, = 0x1 — a,sindp, = 6x; —a,0¢,
8ys = 6y1 — aycos6¢@, = 8y, — a,
Tuong tu véi diém C, co:
0xc = 6x¢ +6C, = 8x; —a;sindp, = 6§x; —a,6¢;
6yc = 6y¢ + 6yc = 8y, —ascosbp, = 8§y, —ay
Tuong ty v6i diém D, c6:
Oxp = 0x; —azd@q
Syp = 8y, — as

Trong do: a,, a,va as 1a khoang cach tir tam xuong dén cac diém A, C va D:
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a, = 0,C; a, = 0,4; a3 = 0,D
—M6 men Mg, trong biéu thirc (2.38) duogc xac dinh:
My, = X.a,sina; — Y.a, cosa; — X,a, sina, + Y,a, cos a,
— Xpassina; + Ypa; cos ag (2.41)
Thay cac gia tri trén vao (2.40), duoc:
0A = (Xc — Xy — Eyp sin By, sin B,)6x; + (Y, — Yo + E,, cos B,)dy; +
+[X,a,(1 — sina,) + Xca,(sina, — 1) — Yza, cosa; — Yya,(1 + cos a;)
—azF,y, sin B, sin B, cos as + azF,, cos By, cos az]6¢,
+M. 8¢, + Yea, — azF,, cos B, (2.42)
Tir (2.42), nhan dugc cac luc suy rong tuong tng:
Qx, = (X — Xy — Fyp sin By sin B,); 8
Qp, = [X40,(1 = sinay) + Xca(sina, — 1) — Yeay cosay — Yya,(1 + cos a;) -
—a3Fy, sin B, sin B, cos az + a3k, cos By, cos as]
Qy, = (Ya = Yc + Ey cos By);
Q;z = M, = Nyen/ ¢,

Theo nguyén 1y cong tac dung thi khi c6 lyc can (phan lyc) tac dung vao voi

- (2.43)

phun trong trudng hop xudng vira chuyén dong vira phun nudc vao dam chay sé
c6 hai phuong trinh chuyén dong theo cac phuong ngang OZ va quay quanh truc
thang dung OY:
(my + my)z; = Zp — F,, = F,,sinf8, cos §, — F,, (2.44)
Ilyél = My = Zp.xp — My, = a3F,, sin B, cos B, cosaz — M., (2.45)
Trong d6: F, - 1 Iyc can clia nudc tac dung vao than xuong theo phuong ngang;
l; - md men quan tinh ctia xudng;
I, - mo6 men quén tinh truc chan vit va co ciu dan dong cua no;
M_y- 12 md men can quay than xudng quanh truc OY.
Khi xudng quay quanh truc OY, do ap luc cua nudc tac dung [én man xudng
phan bb khong déu, thuong ¢ dang hinh tam giac nhu trén hinh 2.11b, nén gay ra
mo6 men can quay M.
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Lyc va md men can nay co gid tri phu thudc chiéu dai doan tiép nudce hai bén
man xudng va van téc goc quay 6;.
Foy = Fogs — Foqt = k.Seqs- 02.07 — k.Seqr. 3,02 = R.. 07 (2.46)
M, = Fogs- s + Fogr-ap = k.Seqs. 3. 07 + k. Seqr. 3. 07 = Ryey 07 (2.47)
V6i  Rp, = (k.Ss.a§ — k.Sr.a?) va Ry, = (k.Ss.a3 + k.Sr.a3)  (2.48)
Trong do:
Req + Rycy - hé s6 can quay ctia nude ddi véi xudng;
Seqt - dién tich phan thanh xudng tiép xdc véi nuéc gay can & phia trudc;
Segs - dién tich phan thanh xudng tiép xtc véi nude gay can & phia sau;
ar - khoang cach tir tam tiét dién S, dén trong tdm than xudng;
as - khoang céch tir tim tiét dién Sees dén trong tim than xuong;
F,4s - luc can quay xuéng do nudc gay ra phia bén man sau xuong;

F.q¢ - luc cn quay xudng do nuéc gay ra phia bén man truéc xuong.

01

I _

£ m e ——

(N

Hinh 2.11. So d6 dong hoc va xdc dinh lwc can khi xuong quay quanh truc Oy
Thé vao phuong trinh Lagrange loai II cac phuong trinh (2.23), (2.24), (2.43) va
két hop véi (2.44), (2.45),(2.46), (2.47) thu duoc hé gdm séu phuong trinh vi phan biéu
dién chuyén dong ctia xudng khi vira di chuyén vira phun nuéc chira chay thé hién & hé
phuong tinh (2.48). Khi xudng vira di chuyén chdm vira phun nuéc chita chy co 6

phuong trinh.
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(my +my)¥y + ag.my sin( @1 + &)@y + agmy cos( @y + ag)g7 =Xe = Xy — Eyp sin By sin B,
(my +my)yy = agmy cos( @y + ag)dy + agmy, sin( @y + ag)@; =Y, = Yo + Fyy cos By = (my +my)g

(L + agmy)@; + agmy sin( @y + ag)ky — agm, cos(@y + ag) ¥y + 2agm, cos(g; + ag) ¢y +
2agmy sin( @, + ap)y,09; = Xya,(1 — sina,) + Xca,(sina, — 1) — ¥za, cos @y — Yya,(1 + cos ay) —

asE,, sin By, sin B, cos az + asF,, cos f, cos as + 2aym,g sin( ¢ + a) (2.48)

Lg, = Nact /¢,
(my +my)z; = Eysin By, cos B, — F,,
Ilyél = a3. Fyp. cOs 3.5 By . €0S B, — Frgs. s + Fegr. ar = k. Seqs. 3. 0% + k.S.qr. a3. 67

Nhan xét:

Hé phuong trinh vi phan khi xudng vira chuyén dong thang vira phun nudc chita
chay 1a hé phuong trinh vi phan phi tuyén khong thuan nhat c6 cac hé s chi phy thudc
vao thong sb két cau ciia hé 1a cac khdi lugng (my, my), cac kich thudc hinh hoc (aj, X;)
va mO men quan tinh (I;), goc a, (géc léch gitra duong tdm truc chan vit véi trong tam
cha Xudng so voi phuong OX trong mit phang dung doc), goc 1éch B, gitta voi phun
nudc chira chay so véi phuong chuyén dong OX trong mat phang nam ngang.

Vé phai phu thudc vao céc luc: cac Iuc can tong hop clia moi truong nudc gay ra, luc
day ctia chan vit, Iyc voi phun nudc chita chay va cong suat dong co (Xa, Ya, Xe, Yo Xo,
Yb, Fyp va Nyo).

Dé khao sat danh gia kha nang 6n dinh huéng chuyén dong cta xudng khi vira di
chuyén vira phun nudc chita chay, luan an can phai tién hanh giai hé phuong trinh vi
phan trén theo cac diéu kién khac nhau vé két cau cua xudng va luc tac dung cia voi
phun, goc dat voi phun, van tdc ciia xudng.

2.3.3. Xdy dung mod hinh én dinh chong lit khi xuong quay vong ré sang kénh
vuong goc

Dic diém yéu cau cua xudng chira chay ring tram 1a chuyén dong véi van toc
I6n, kénh rach trong khu ring tram vudng goc vai nhau, khi xudng chuyén dong
quay vong & vao kénh vudng goc véi toc do cao thudng bi mat 6n dinh (nuéc bi
tran qua man xudng). Bé nghién ctu tinh on dinh khi xudng quay vong va ré sang
kénh nhéanh can phai thiét 1ap mé hinh chuyén dong cia xudng trong trang thai nay.
Tir mo hinh d6 c6 thé khao sat, xac dinh dwgc cac thong sé dong luc hoc can thiét
dam bao an toan cho xudng khi 1am viéc trong nhirng diéu kién cu thé .
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Hinh 2.12. Xuéng chita chdy rirmg khi chuyén déng quay vong

2.3.3.1. M6 hinh co hoc chuyén dong quay vong ciia xuong chira chdy rimg tram

Tur diéu kién thuc té khi xudng chita chdy ring quay vong, noé chuyén dong
trong mat phang nam ngang va mat phang ding ngang, trong d6 c¢6 3 phan tir c6 thé
coi 1a 3 vat ran c6 chuyén dong trong d6i duoc véi nhau. D6 14 than xudng, banh i
va truc chan vit nhu hinh 2.13 va hinh 2.14.

Trong d6 banh 13i duoc xoay di mot goc & so véi vi tri ban dau. Do &p luc cua
nuéc tac dung vudng goc véi bé mat banh 1i, nén s& tao ra md men lam quay than
xudng quanh cac truc O,Y;, O;X; va dich chuyén theo phuong O,Z;. C4c ché do
chuyén dong nay ciing sé& thay d6i tly thuoc vao gia tri & khac nhau. Trong trang
thai nay co hé géom 3 vat ran chuyén dong 1a than xudng (O,), hé truc chan vit (O,),
va banh 1ai (O5).

Pé lap mé hinh co hoc, luan &n cdng nhan mot sé gia thiét sau:

- C4c truc chan vit, truc banh lai déu duoc lién két véi than xudng bang cac
khép quay, ching chi ¢ chuyén dong quay twong ddi quanh céc truc caa no;

- Banh lai dugc ¢b dinh & mot vi tri véi goc léch § = const;

- Tryc chan vit dang quay véi van toc goc khong ddi w, = ¢, = const;

- Lyc can cia méi trudng nude déi vai cac dich chuyén duoc thu vé tam mién
tiép xUc gitra nudc véi than xudng va banh 14i, cé d6 16n ti 1¢ véi binh phuong van
tdc va dién tich can truc dién.

Theo céc gia thiét trén thi md hinh co hoc duogc biéu dién nhu trén hinh 2.13,
hinh 2.14 va hinh 2.15.
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Oo Xo

2y
Hinh 2.13. M6 hinh déng luc hoc khi xuéng quay vong trong mat phang XOZ

Yo

Qo Zo

Hinh 2.14. M6 hinh déng luc hoc khi xuong khi quay vong trong mét phang YOZ

X1

Hinh 2.15. So' d6 xdc dinh lyc tac dung 1&n banh lai khi xuong quay vong
Cac ky hiéu trén hinh 2.13, hinh 2.14 va hinh 2.15 :
00XoY - hé truc cb dinh (quan tinh):;
0:X1Y1 - hé truc dong (gin voi khbi tm than xudng O);
04, Oy, O3 - toa do khdi tm than xudng, truc chan vit va truc béanh lai;
8 - goc quay twong ddi cua truc banh 14i, géc gitra mat banh 1ai véi O, Xy;
0 - goc xoay cua than xudng quanh truc thiang dang O,Y;;
P - goc xoay cua than xudng quanh truc doc O, X; (goc nghiéng ngang) ;



48

Fy - Luc ly tdm khi xudng quay vong

Ly, hy, Ls, hs - khoang cach theo phirong ngang va thang dimng tir O dén O,va Os.

Goi luc dit vao tam béanh 14i 1a Fy, c6 cuong d6 a:

F,, = k.S, v2 (2.49)

Trong d6: k - hé sé can phu thudc vao ban chit ciia méi truong nudce tai noi xudng

di chuyén;

Spi- dién tich bé mat tim banh 1ai;

v, - Van toc truc dién cua nudc tac dung 1&n bé mat tam lai:

v, = (%; + v.) sin § v6i %;- van toc ctia than xudng theo phuong OX;

v, - van toc tinh tién cta dong nude do chan vit ddy.

Thu gon luc Fy, vé thm Os, s& dugc cac thanh phan luc Fy, F, va md men My,

My nhu trén hinh 2.12, hinh 2.13 va hinh 2.14. Trong d6

Fx = Fbl sind = kalvﬁ sin &

E, = F,;cos§ = kS, v?cosé } (2.50a)
F,=0

M, = h3F, = h3kS,,v% cos §

Myl = L3Fx = Lgksblv‘,% Sln6 r (250b)

M,, = h3F, = h3kSpvisin§ |
Tuong tu nhu truong hop khi xudng vira di chuyén vira phun nuéc chira chay.
Khi xudng quay vong ciing chiu ap luc cua nudc tac dung 18n man xudng phan b
khong déu, thudng c6 dang hinh tam gidc nhu trén hinh 2.11b, nén ciing gay ra mo
men can quay Mcy. Luc va m6é men can nay ciing c0 gia tri phu thuoc chiéu dai doan
tiép nude hai bén man xuong va van téc goc quay 6, khi xudng quay vong.
Foy = Fogs — Feqr = k.Scqs-a%.0% — k.Seqp.a%.07 = Rey. 07 (2.51)
Mcy = Fogs-as + Fegpoar = k.Seqs. a3. 0% + k. Scqr. a3. 0% = Rycy. 07 (2.52)
V6i  Rpp = (k.Ss.aé — k.Sp.a?) va Ry, = (k.Ss.ad + k.Sr.a})  (2.53)
Trong do6:
Req » Ryey - hé s6 can quay ciia nude doi véi xuong;
Seqt - dién tich phan thanh xudng tiép xdc véi nuéc gay can & phia trudc;
Segs - dién tich phan thanh xudng tiép xtc véi nude gay can & phia sau;
ar - khoang cach tir tam tiét dién Scq, dén trong tam than xuong;
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as - khoang céch tir tim tiét dién Seqs dén trong tim than xuong;
F,4s - luc can quay xudng do nuéc gay ra phia bén man sau xudng;
Feq¢ - luc can quay xudng do nudc gy ra phia bén man trugc xudng.
Luc can bén F¢, o hai thanh phan theo cac truc OX va OZ la:
Fegx = Foq.sin 0y =R.,.07.sin 6, (2.54)
Frqz = Frq.c0s 01 = R4.0%.cos 6, (2.55)
Tuong tu khi xudng xoay quanh truc doc OX (nghiéng ngang) ciing s& c6 mod
men can Mcx Vai hé s can nghiéng Ry :
My = Ry ¥? (2.56)
Luc ly tAm duoc xac dinh theo cong thuc:

R =" (2.57)
Trong d6: Fy; - Luc ly thm khi xudng quay vong;
M - khéi lugng toan bo cua xudng;
V - van téc khi xudng quay vong;
r - ban kinh quay vong.
2.3.3.2. Ldp phwong trinh vi phéin chuyén dong quay vong ciia xuong chita chdy
Khi xudng chuyén dong quay vong banh 1ai duoc giit & vi tri c6 goc léch
8 = const, nén co hé gdm 2 vat ran Ia than xudng ciing banh lai va truc chan vit
nhu hinh 2.13, hinh 2.14 va hinh 2.15.
Cac khéi lwong cua than xudng va hé truc chan vit 1a m; va m,, mé men quan
tinh khoi lugng cla chiing d6i v6i cac truc tuong tmg 12 lyy, lyy, 15, Va 1. Trong mit
phang nam ngang hé c6 8 thdng s6 dinh vi 1a cac dich chuyén dai (x;, z;) va cac
dich chuyén goc (1;, 8;) xoay quanh cac truc OX va OY, (i=1, 2).
Trong d6 truc chan vit c6 chuyén dong twong ddi, quay quanh céc 6 truc gan
Vi than xudng véi goc ¢, .
Theo hinh 2.13, hinh 2.14 va hinh 2.15, c6 céc lién két sau:
0, =6,
X, = x; — Ly.cos 0, (2.58)
Zy, = z; — hy.siny

Trong do, dat: L, = a, cos a, 7 hy=aysinag,

Vay hé c0 5 bac tu do, ta chon cac toa d6 suy rong du cho hé nay la :
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q(x1,21, 1,01, 01) (2.59)
Véc to toa do khdi tam khau 1 (gom than xudng va cac thiét bi gin ctng trén
d6), toa do khdi tm khau 2 (gém truc chan vit va chan vit):

X1 X1 X3 x1 — L, cos 6;
= [}’1 0] ;T = [}’2] = [ 0 ] (2.60)

Z Z Z Z; — hy siny,

Tur (2.58) ta tinh dugc cac ma tran Jacobi tinh tién

100 0 0 10 0 L,sing; 0
01 0 0O 0 1 —hgcosy; O 0
Véc to van téc goc cac khau
Wix Uy U, + @, cos ag
(1)1 = wly = 6.1 1 (1)2 = 0.1 - (pz Sin ao (262)
W1z 0 0

O day ¢,Vva ag 1a van téc goc quay cua truc chan vit va goc hop giita 0,0, Voi
lel .

Céac ma tran Jacobi quay

e 0 01 0O o 0 01 0 cosag
Jr1 = a_ql = [0 0 0 1 0] 2 = a—qz = [0 0 0 1 —sina, (2.63)
0 1. 0 0O 0 0 0 O 0
Céc ma tran md men quan tinh khéi luong
00 I, 0 0 00 Iy 0 0
In=[0 0 0 Ly 0 ]; I,=| 0 00 Ly o (2.64)
000 0 0 000 0 I
Tinh ma tran khoéi luong:
M(q) = JrimiJrs + Jt2MoJr2 + Jrilidry + T2 lo)r2 (2.65)
m; 0 0 O 0
0 m 0 O 0
Jiimyri=|0 0 0 0 0
0 0 0 O 0
0 0 0 O 0
1 0 0
[ 0 0 1 ] 1 0 0 L,sinf; O
Jt2maJr, = 0 0 —hycosip,m, [0 0 0 0 O
le sing; 0 0 j 0 1 —hgcosy; 0 O
0 0 0
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m, 0 0 m,L, sin 64 0
0 ms, —myh, cos P, 0 0
= 0 —myhy cos P, myhs cos? 1, 0 0f;
my,L, sin 6, 0 0 myl3sin?6; 0
l 0 0 0 0 0J
0 0 0 0 O
o 0 0 o of
Tuong tu: JELJpi =10 0 I, 0 0O
0 0 0 I, 0
0 0 o 0o O
[O 0 0 0 0 1
|0 0 0 0 0 |
Ji2l2Jr2 = 10 0 Iy 0 —I, cosq |
lo 0 0 Iy —I,sina, |
lO 0 —Il,cosa, —I,sinq I, J

Thay c4c gia tri nay vao biéu thic (2.65) ta co:

M(q) =
(my +my) 0 0 myLy sin by 0
0 (my +my) My cos P, 0 0
0 ~myhgcos;  (hy + I + myhd cos® yy) 0 —Lcosay|  (2.66)
lmsz sin 6, 0 0 (11y + I, + myh? cos? 1/)1) =1, sina
0 0 =1, cos ay -1, sina, h
Dong nang ciahé: T =-4"M(q)q (2.67)
_-x',l_
Z
Thay ¢ =|¥i|vaq" =[x, 2 4, 6, ¢,]vao (2.61),taco:
61
o,
[ (my + my)x2 + (2my,L, sin 6;)%, 6,
+(my + my)zE — (2myhg cos )z Yy
T = % +(myh3 cos? P, + Ly + [)Y? — (21,co5a0) 1 @, (2.68)
+(m2L% Sinz 91 + Ily + 12)912 - (lesinao)él(pz
| +1,¢3

* Tinh cac dao ham

d (oT " - j :
5 (55) = Onu+m)s + (maLy sin 0,8 + (maL, cos 6,67 ;

: . ) o
L (ZL) = (my + m)2, + (myhy cos Yy + (mahg siny )3 ;
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9 . . H
% (577) = (mah§ cos? iy + Iy + )Wy — (mh cos y sin gy i —

dt

d (6T) B
dt \ob,/)

(myhg cos,)Z; + (myhg sin ¢1)Z11.b1 — (I cos ap) @, ;

(mzLZZ Sinz 91 + Ily + Iz)él - (mzL% Sln 01)5&1 +

(m,L, cos 6,)x,0; + (m,L3 sin 6, cos 91)912 — (I, sinag) @, ;

oT aT
=07 6=
aT ; . . ] [
wr (mzho sinihy)zihy — (myh§ cos Py sinP Pz
OaTT = (m,L, cos 91)X191 + (M, L3 sin 6, cos 91)912
1

* Thé ning cua hé:
Xudng chuyén dong trén mat nude nén thé nang cia hé 1a thé nang cua luc

trong truong lay vai goc 1a vi tri can bang nam ngang, do dé:
(mg) = mygy, + mygy, =0

* Lyc suy rong khéng cé thé
Céc ngoai luc tac dung khi xudng chuyén dong quay vong trén mat nudce la

luc can cia nude dit tai tim mién tiép xdc cua nudc voi than xudng va luc tai vi tri
tam banh lai O;. Chung dugc xéac dinh theo céc biéu thirc tir (2.51) dén (2.55).
Pé xac dinh céc thanh phan cua luc suy rong khong thé, ta tim biéu thac

cdng nguyén tb trong di chuyén kha di cua hé:
6A = (X, — Fogx — E)éxy + (Z. — F, — F — chz)621 + (My — M, )69,
+(M,, — M,,)86; + My 59, = 0 (2.69)
Céc di chuyén kha di 8x,, 8z, 8v,, 86, 8¢, doc lap, ta nhan duoc:
Qu =Xe —Fgx —Fx; Q= Zc — B, — Fy — Ry
Q) = My~ My Q5 = My —Myi Q. =My } (2.70)
Trong d6: Xc - 1a thanh phan luc day cua chan vit (Xg) theo phuong Ox;
Z- 1a cac thanh phan lyc day cta chan vit (X,) theo phuong Oz;

Gia tri cua Xq phu thugc téc d6 quay cua truc chan vit (¢,)



53

Cac thanh phan F, F, Fi, My, My, VA Fqy, Fogyy Moy, My, duge xac dinh theo
cac cong thic tir (2.50) dén (2.57).
Do gia thuyét chan vit quay véi toc d6 khong doi, nén (I, sin ay)@, = 0.
Thé cac biéu thic trén vao phuong trinh Lagranger loai 11 thu duoc phuong
trinh vi phan chuyén dong quay vong cuia xudng chira chay ring trong mat phang
nam ngang:
[ (my +my)E; + (myL, sin6,)6; + (m,L, cos 6,)67 = Qx,
(my + my)Z; + (myhg cos Y )P; + (mahg siny)y3 = Q4
(myhf cos® Py + Ly + L)y — (mzhg cos )z = Q1

(mzL% Sinz 91 + Ily + 12)51 - (mzL% Sin 91).7.("1 = Q;l

(2.71)

Sau khi dua cac biéu thuc tir (2.50)+(2.56) va (2.68) vao (2.71), ta ¢6 hé phuong
trinh (2.72) nhu sau:
[ kSpix? sin? § cos § + (myhg sin )7 + (kSeqsa? — kScqea?)07 cos 6; = 0
(my + my)Z; + (myho cos )P, + (% + kS, sin? § cos §)x2
+(myhg sin )7 + (kSqqsa207 — kScqra?07)67 cos 6, =0
(myh3 cos? Py + I, + )P, + (myhg cos )z, (2.72)
—hg. k. Sp;. %% sin? 6, cos 01 + Ry 2 = 0

(maL3 cos? 0y + Ly, + 1,)0, + (m,L, sin6,)%

—Ls. k. Sp. %% sin® 8 + (k.Seys. a3. 07 + k. Seqe.a3.02)02 = 0

Nhén xét:

1. M6 hinh chuyén dong quay vong cua xudng chira chay ring 1a hé c6 2
vat ran di chuyén trong mat phang nam ngang duoc biéu dién trén hinh 2.13 va
hinh 2.14 véi cac luc tac dung va quan hé dong hoc nhu hinh 2.15.

2. Phuong trinh vi phan chuyén dong quay vong caa xudng (2.72) 1a hé
phuong trinh phi tuyén, khdng thuan nhat c6 cac hé sé phu thudc vao céc thdng
sd két chu bao gém dién tich mat cit ngang S, chiéu cao toa do trong tam hg
va hs, khoang cach trong mit phang nim ngang tlr toa do trong tim cila xudng
dén tam truc chan vit va tdm banh 14i L,, L3 va cac dai luong dong luc hoc cua

hé bao gébm van toc khi quay vong, goc danh 1ai.
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3. Dé ¢6 co so cai tién két cau cho xudng hoidc xac dinh ché do quay vong hop
ly luan an phai tién hanh khao sat hé phuong trinh dong luc hoc da 1ap ¢ trén, viéc
khao sat hé phuong trinh vi phan (2.72) dwoc thuc hién biang phdn mém chuyén
dung. Két qua khao sat duoc trinh bay & chuong 3

Két luan chuong 2

1. Luén 4n da xay dung dugc mo hinh tinh toan dong luc hoc cua xu@)ng
v6i 3 bai toan can phai giai quyét trong yéu cau thyc tién d6 1a: mo hinh dong
luc hoc cua xudng khi chuyén dong thang trén kénh cé nhiéu chudng ngai vat
(hinh 2.8); m6 hinh dong luc hoc on dinh hudng chuyén dong cua Xuéng khi
vira di chuyén vira phun nuée chira chay ring (hinh 2.9 va hinh 2.10); mé hinh
dong luc hoc 6n dinh chéng lat cua xuéng khi quay vong ré nhanh vao kénh
vudng goc (hinh 2.13, hinh 2.14 va hinh 2.15)

2. Luan 4an d3 thiét lap duogc hé phuong trinh vi phan chuyén dong
thang cua xudng trén kénh c6 nhiéu chudng ngai vat (2.33); phuong trinh vi
phéan 6n dinh huéng chuyén dong cua xudng khi vira di chuyén vira phun nuéc
chita chdy rung (2.48); phuong trinh vi phan on dinh chong 14t ctia xudng khi

quay vong ré nhanh vao kénh vudng goc (2.72).
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Chuong 3
KHAO SAT ANH HUONG CUA MOT SO THONG SO PEN CHUYEN PONG
VA ON PINH CUA XUONG CHUA CHAY RUNG TRAM

3.1. Yéu cau k¥ thuat ciaa xudng chira chay rieng tram

Can clr vao yéu cau ki thuat caa xudng chita chay ring tram, luan an dua ra
chi tiéu danh gi& kha ning hoat dong cua xudng chita chay rimg tram nhu sau:

- Van tbc caa xudng phai da 16n khi di chuyén trén kénh c6 nhiéu beo tay dé
dap ung yéu cau veé thoi gian tiép can dam chay dé dap lira, theo yéu cau vé cong
nghé chwa chay thi van toc ti thiéu caa xudng v > 25km/h.

- Xudng phai 6n dinh huéng chuyén dong khi vira di chuyén vira phun nuéc
chira chay ring, vira dam bao van toc ciia xuoéng & gid tri nhat dinh dé dap tat duoc
ngon lira (xudng chay nhanh khdng dap tit duoc dam chay), chi tiéu nay danh gia
bang goc léch hudng 0. Theo yéu cau vé cong nghé chita chay rimg tram thi van toc
ctia xudng khi phun nudc chita chay rimg 1a v=3-5km/h, goc 1éch hudng 6 < 5 do.

- Xudng phai 6n dinh chéng lat trong moi truong hop hoat dong cia xuong
khi quay vong ré vao kénh vubng gdc, chi tiéu nay danh gia bang goc nghiéng
ngang . Dé cho xudng khong bi 1at va nude khong tran vao trong khoang thi goc
nghiéng ngang ctia xudng [y] < 23 do.

3.2. Xay dung so d0 thuit toan khio sat dong luc hoc clia xudng chira chay
rung

Pé khao sat dong luc hoc ciia xudng chita chay ring c6 thé dung nhiéu
phan mém khac nhau nhu Mathematical, Maple, Matlab — Simulink. Trong luin
an st dung phan mém Matlab — Simulink dé khao sat.

Phan mém Matlab — Simulink 12 mét cong cu hd trg duoc sir dung phd bién hién nay
dé giai va md phong hé phuong trinh vi phan. Phan cét I8i ciia chuong trinh bao gdbm cac
ham toan, cac chirc ning nhap, Xuat, ciing nhu cac chirc ning diéu khién chu trinh.
Simulink 12 mét phan chuong trinh mé rong cua Matlab. M6 hinh d6 hoa trén Simulink
cho phép thé hién hé thong dudi dang so dd lién két cac khéi tin hiéu va cac khdi chirc
nang. Simulink c6 thu vién phong phii vé6i cac khéi chirc ning cho cac hé tuyén tinh, phi
tuyén va gian doan, c6 kha ning tich hop hé thong manh, duoc tng dung rong rai trong
cac nganh khoa hoc khéc nhau dem lai nhitng két qua dang tin cdy cho cac cong trinh
nghién ctru cua cac nha khoa hoc.

Pé mo phong hé phuong trinh vi phan chuyén dong ciia xudng, luan &n tién hanh
xay dung so do thuat todn md phong cho ba bai toan da dugc xay dung & chuong 2, két
qua xay dung so d6 md phong duoc thé hién trén hinh 3.1, hinh 3.2 va hinh 3.3.
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Hinh 3.3. So' d6 khdo sdt khi xuong quay vong ré vao kénh xuéng goc
3.3. Cac thong s6 dau vao, diu ra dé khio sat phwong trinh dong luc hoc ciia
xudng chira chay rirng tram
3.3.1. C4c thdng sé ddu vao khdo sat
Pé tién hanh khao sat h¢ phuong trinh vi phan chuyén dong thang ciia xudng

(2.33), hé phuong trinh vi phan 6n dinh huéng chuyén dong ctia xudng khi vira di
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chuyén vira phun nuéc chira chay (2.48) va hé phuong trinh vi phan 6n dinh chong

1at cia xudng khi quay vong ré sang kénh vudng goc (2.72), luan &n tién hanh xac

dinh céc thong s6 dau vao cua cac hé phuong trinh vi phan néu trén. Viéc xac dinh

cac thong s dau vao cua cac hé phuong trinh trén duoc tién hanh nhu sau: cac

thong sé hinh hoc cua xudng duoc xac dinh bang phwong phap do truc tiép trén

xudng, cac thdng s trong luong dugc xac dinh bang can dién tir; toa do trong tam

Xudng va mé men quan tinh cua xudng d6i voi cac truc OX, OZ dugc xac dinh bang

thue nghiém, mot sb cac thong sé khac 13y tir cac tai lidu ki thuat caa xudng [26] va

két qua nghién ciru thyc nghiém duoc trinh bay trong chwong 4. Két qua xac dinh

cac thong sb k¥ thuat cua xudng duoc ghi o bang 3.1.

Bang 3.1: Cdc théng sé dau vdo ciia hé phwong trinh vi phén

TT Mo ta hli(é)’; Giatri |(Ponvi gll::
| |PAUVAO
Khéi luong toan b xudng m 975 kg
1 |Khdi luong xudng m, 932 kg
2 |Khbi luong truc chan vit m, 43 kg
3 KAhoéng cé(A:h tu tzilm dién tich can quay trudc ar 1 m
den trong tam xuong theo phuong OX
4 |Khoang cach tir tam dién tich can quay sau dén 2 11 "
trong tam xuong theo phuong OX
5 [Khoang cach 0,0, Qg 1.2 m
6 |Khoang cach O,C ap 2.22 m
7 |Khoang cach O;A a 1.8 m
8 [Khoang cach O,;D as 1.5 m
9 |Goc hgp 0,0, va O1x; oo 20 bo
10 |Go6c hop O,C va 01Xy oy 15 bo
11 |Go6c hop O1D va O1x; o3 30 b6
12 |C6ng suat dong co day xudng Ne | [15:25] kw
13 |Sé vong quay chan vit ¢, |[800;3200] | v/p
14 |Lyc voi phun Fuvo 0-18.5 daN
15 M6 men quéan tinh xudng theo phuwong Ox l1x 2.548 kgm?
16 [Mo men quan tinh xudng theo phuong Oz l1, 3.551 kgm?
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T M0 ti hlfe{l Giatri |Pon vi gf:
17 |Mo6 men quan tinh truc chan vit P 38.7 kg m?
18 |Hiéu suat truyén dong n 0,98
19 |[Khoang cach 0,0, trong mit phing Oxz L, 1.15 m
20 [Khoang cach 0,05 trong mit phing Oxz Ls 2.15 m
21 |Dién tich can tryc dién S 1.2 m?
22 |Dién tich banh lai Sh 0.15 m’
23 |Dién tich can quay trudc Seqt 1.46 m?
24 |Dién tich can quay sau Seas 1.52 m?
25 |Goc danh 1ai l6n nhat 8 45 Do
26 |Chiéu cao 0,0, ho 0,14 m
27 |Chiéu cao 0,C hs 0,22 m
28 |Chiéu cao O;A h, 0,25 m
29 |Chiéu cao O;D hs 0,6 m
30 [Khoang cach toa do trong tim dén mili xudng Iy 2.37 m
31 |Khoang cach toa do trong tim dén dudi xudng I, 1.89 m
32 K}loémgx cach toa do trong tam dén man phai by 0.83 m
cua xudng
33 I;Illgréll;lg cach toa do trong tam dén man trai cta Bon 0.77 m
34 [Cao d6 trong tim xudng h 0.35 m

3.3.2. C4c thong so6 dau ra

Céc thong s6 dau ra cho bai toan khao sat 1a mot sé yéu cau ky thuat cua

xudng chita chay ring tram bao gom:

- Van téc di chuyén caa xudng (v) trén khénh rach cd nhiéu chuéng ngoai

vat (beo tay);

- G6c 6n dinh huéng chuyén dong (0) khi xudng vira di chuyén vira phun

nudc chira chay rirng

3.4. Két qua khao sat cac phwong trinh dong lwe hoc ciia xudng chira chay

- Goc nghiéng ngang khi xudng () khi quay vong 1& vao khénh vudng goc

3.4.1. Két qua khdo st phwong trinh vi phan chuyén dpng thing ciia xuéng khi

khong phun nwoc chira chay
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Can cir vao yéu ciu cia xudng chita chay rimg tram 1a van tdc ctia xudng
phai 16n khi di chuyén trén kénh c6 nhiéu chuéng ngai vat (béo tay) dé nhanh
chong tiép can dam chay.

Xuét phét tir yéu cau trén, muc dich cia bai toan thir nhat 1a xac dinh quy
luat anh huong cia cac thong s két ciu cua xudng dén van tc chuyén dong
ctia xudng. Tr muc dich nay luan 4n tién hanh khao sat bai toan thtr nhat nhu
sau: thay d6i mot s6 thong sé anh huéng dén van téc chuyén dong cia xudng,
con mot s6 thong s6 khac 14y & mot gia nhéat dinh theo thong s thiét ké. Két
qua khao sat duogc thé hién trén cac do thi sau:
3.4.1.1. Anh hudng cua lwc can dén vin téc cia xuong

Trong qua trinh chuyén dong, luc can lam cho véan toc xudng bi anh huong
rat 16n, dé xac dinh quy luat anh huong, luan an st dung phan mém Matlab-
Simulink dé khao sat, qua trinh khao sat dugc tién hanh nhu sau: cho luc céan
tong hop ciia xudng 1a tham sé thay doi, cac tham sé khac 1ay gia tri trong bang
3.1, dau ra cua chuong trinh 1a van tdc xuéng, tur két qua thu dugc v€ dugc do thi
quan hé giita luc can va van toc cia xudng. Két qua khao sat dugc thé hién trén
hinh 3.4.

‘ R=50 daN
R=300 daN

R=100daN
R=400 daN

R=200 daN ‘

12 12
" A /\/\/\/\/\ 10
- / S =
S |~ BN 8
X —
iE‘/G K/\‘ A\ ?;6 T~
o I~ Vg AV S — |
e, |/ c4
fe
>
3> W/ 2
0 0
0o 1 2 3 4 5 6 7 8 9 10 50 100 150 200 250 300 350 400 450 500
Thoi gian (s) Luc can (daN)

Hinh 3.4. Anh hwéng ciia cdc gid tri hec can dén Van toc xuong
Nhan xét: Lyc can tong hop cang 16n van tdc cua xudng cang thap, luc can
nay phu thudc vao dién tich can ciia miii xudng chim trong nuéc, phu thudc vao
két cAu Xuéng, bién dang miii Xuéng, dac biét do chudng ngai vat trén kénh (beo
tay).... Pé nang cao van tdc ctia xudng, mot trong nhirng giai phap 1a phai giam
lyc can nay.

3.4.1.2 Anh hwdng ciia géc ddt chén vit dén vin toc cia xuong
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Van tdc cua xuéng phu thudc vao luc déy do chan vit tao ra, luc nay phu
thudc vao goc dat truc chan vit, cong suét dong co, cac thong sb k¥ thuat cua
chan vit. Géc dat truc chan vit anh hudng dén luc déy téng hop do chan vit tao
ra, luc day nay duoc phan ra 2 thanh phan, thanh phin tht nhit diy xudng
chuyén dong, thanh phan tht hai ndng miii xudng 1én, tir d6 giam dwoc luc can.
Pé khao sat sy anh hudéng cua goc dat truc chan vit dén van téc cua Xuéng, luan
an tién hanh khao sat nhu sau: cho tham s thay doi 1a goc dat truc chan vit, cac
thong s6 khac 14y gia trj trong bang 3.1, dau ra 1 van tbc xudng ng vdi cac goc

dat truc chan vit khac nhau. Két qua khao sat dugc thé hién trén hinh 3.5.

Alpha =5 (Do) Alpha = 10 (Do)
Alpha = 15 (Do) Alpha = 20 (Do)
Alpha = 25 (Do)

16

16

14 //\ A\L J/\ /,\L@< ﬂ 14 = ]
g1 NYANANGT DK \;CXUC g 12 —
E AU~ N NCA E o
610 / \/ o / \/ =
8 8 /\v///\' g 8
56 av; = 6
> 4 > 4

2 / 2

0 0

o 1 2 3 4 5 6 7 8 9 4 6 8 10 12 14 16 18 20 22 24 26
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Hinh 3.5. Anh hwong cua goc dat truc chan vit dén vin toc cia xuéng

Nhan xét: Quan hé gitra gdc dat truc chan vit véi van tdc cua xuéng la ham
phi tuyén, khi goéc dat chan vit tang tir 15 do dén 20 d6 thi van tc tang 1on nhat,
khi goc dat truc chan vit tang tir 20 d6 trd 1én d0 thi van tde xu@)ng giam. Két qua
khao sat cho thay goc dat chan vit tot nhat ndm trong khoang tir 15+20 do.
3.4.1.3. Anh hwéng ciia géc ndng miii xuong (goc nghiéng doc) dén vin téc ciia xuong

Luc can chuyén dong cua Xué)ng phu thudc vao dién tich can va két cAu mii
xudng. Khi goc nang thay doi, dién tich can ciia xudng thay doi theo dan dén luc can
thay ddi, khi Iyc can thay doi thi van téc xudng ciing thay doi. Dé khao sat su anh
huong ciia goc nang dén van tdc ciia xudng, ludn an tién hanh khao sat nhu sau: cho
gdc nang miii xudng 1a tham so thay doi, dau ra 1a van téc xudng Gmg voi cac goc

nang miii xudng khac nhau. Két qua khao sat duoc thé hién trén hinh 3.6.
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——— Phi=5 (Do) Phi = 10 (Do)
Phi = 15 (Do) Phi = 20 (Do)
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Hinh 3.6. Anh hwéng ciia goc néing (nghiéng doc) dén vin téc xuong

Nhan xét: Quan hé gitta goc nang véi van toc ctia xudng 1a phi tuyén, khi goc
nang cang 16n thi lyc can giam dan dén véan toc clia xudng ting 1én. Khi xuong chuyén
dong, goc nang ndy cang 16n 1am cho lic can chuyén dong giam.
3.4.1.4. Anh huéng cia hinh dang ciia mdt cdt ngang cia miii xuéng dén vin toc
cia xuong

Khi xudng di chuyén trén kénh c6 béo tdy, hinh dang két cdu cia mii
Xuéng s€ anh hudng rat 16n dén hé sb can. Theo quan sat thuyc nghiém, néu két
cdu miii xudng c6 dang hinh ném s& co6 tac dung r& béo sang hai bén man
xudng, tir 46 giam ma sat gitta bé mat day xudng voi béo tay, nguoc lai néu két
cdu mili xudng cd dang hinh elip thi toan b phan mit day xudng s& truot trén
béo, tir d6 1am ting hé s6 can chuyén dong cua xudng, din dén van tdc xudng
bi giam di rit nhiéu. Dé khao sat anh huéng cia hinh dang mit cit ngang cua
mili xudng dén van tbc, luan an tién hanh thay doi hé s6 can tong hop k tng véi
cac bién dang miii xudng khac nhau, tir két qua nghién ctru thyc nghiém ngoai
hién trudng (chuong 4), luan an xac dinh dugc hé sé can k ung véi cic bién
dang miii xudng nhu sau:

- Bién dang mili xu6ng hinh ném: k = 0.0171;

- Bién dang mili xudng hinh elip: k = 0.0226;

- Bién dang mili xudng hinh thang: k = 0.0316.

Két qua khao sat dugc thé hién trén hinh 3.7.
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‘ k=0.0316 k =0.0226 k=0.0171

—

Van toc (km/h)
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Thoi gian (s)

Hinh 3.7. Anh huéng ciia hinh dang mdt cat ngang miii xuong dén vin toc

Nhan xét: T két qua khao sat cho thiy két cdu miii xudng c6 bién dang
hinh ném cho hé s can thap, tir d6 ddn dén van tc ciia xudng l1on. Nguyén
nhan do phan 16n béo tiy dugc r& sang hai bén man xudng nén luc can giam di.
3.4.2. Két qud khdo sdt phwong trinh vi phin én dinh hwéng chuyén dpng
ctia xuéng khi phun nwéc chira chdy

Theo cong nghé chita chay ring tram, khi chita chay & nhitng khu vuc gan
kénh thi xudng vira di chuyén vira phun nuéc chira chay. Do lyc cua voi phun
nudc chita chay tac dung Ién xudng lam cho xudng mat on dinh huéng chuyén
dong. Pé xudng dam bao 6n dinh hudng chuyén dong thi van tdc cua xudng phai dat
mot gia tri nhét dinh. Xong khi van toc clia xu@)ng 16n lai anh huong dén hiéu qua chira
chdy, do vay goc dat voi phun va lyc tdc dung cta voi phun nudce chita chay tdc dung
1én xudng 14 nhimg tham s6 anh hudng 16n dén 6n dinh huéng chuyén dong ciia xudng.
Day 14 nhitng tham sb can phai khao sat trong bai toan nay.
3.4.2.1. Anh huwéng cia goéc dat voi phun nwée chita chdy dén on dinh huéng
chuyén déng

Bai toan khao sat duoc tién hanh nhu sau: thay d6i goc dit voi phun nuée
chita chay theo phwong chuyén dong cua xudng By, goc dit voi phun theo
phuong thang ding By = 45 dg, van tbc xudng c¢b dinh tai v = Skm/h, khoang
cach dat voi phun cach toa dd trong tdm xuéng mot khoang az = 1.5m vé phia
truc 1ai, thong s6 dau ra 1a goc léch hudng chuyén dong cua xudng. Két qua
khdo sat dugc thé hién trén hinh 3.8.
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Hinh 3.8. Anh huéng cia géc dat voi phun nuée chiva chdy
dén 6n dinh hwéng chuyén dong ciia xuong
Nhian xét: Goc dat voi phun nudc chita chay B4 cang 16n thi goc 1¢ch huong
chuyén dong ctia xudng cang 16n. Pé dam bao hiéu qua chira chay khi xudng
hoat dong trén kénh cé bé rong tur 3m dén 5m va khong bi ddm vao bo & van toc
v < 5km/h, xudng can phai on dinh huéng chuyén dong véi goc 0 < 20 do thi goc
dat voi phun By <45 do.
3.4.2.2. Anh hwéng ciia vi tri dat voi phun nude chita chay dén on dinh hiedng chuyén
dong khi xuéng phun nde chiva chay
Bai toan khao sat duoc tién hanh nhu sau: thay doi khoang céach vi tri dat voi
phun nudc chira chay so véi toa do trong tim xudng trén truc doc vé phia banh 1ai, van
toc xudng cb dinh tai v = Skm/h, goc phun nude chita chay theo phwong chuyén dong
OX I1a By= 45 d9, thong sb dau ra 1a goc 1éch hudng chuyén dong theo phuong OX
ctia xudng. Két qua khao sat duoc thé hién trén hinh 3.9.
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Hinh 3.9. Anh hwdéng ciia vi tri dit voi phun mede chita chéy dén on dinh hirdng
chuyén dong khi xuong phun nude chita chdy
Nhan xét: Vi tri dat voi phun nudc chita chiy cang gan tdm béanh 14i, khi phun
nude chira chay xudng cang 6n dinh hudng chuyén dong, nguyén nhan 1a khi xudng

quay vong chuyén huéng thi tim quay ctia xudng dit tai tim ctia banh 1ai, do vay khi
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luc vo1 phun nudce dit cang xa tdm quay thi mo men cua lyc voi phun nude tac dong
vao xudng cang 16n, tir d6 goc 6n dinh hudng chuyén dong cang 1én. Do vay vi tri dit
voi phun nudc cang gan banh 14i cang tot. Can clr vao diéu kién két cau ciia xudng, vi
tri thich hop dit voi phun nude chita chay cach trong tim xudng 1.5m vé phia banh Iai
(cach tdm banh lai 0.58m).
3.4.2.3. Anh hudng cia van toc di chuyén cia xuong dén on dinh huéng chuyén dong
khi xuéng phun nuée chita chdy

Bai toan khao sat duge tién hanh nhu sau: thay ddi van tbc cua Xuéng, cd
dinh goc ddt voi phun B, = 45 0, khoang cach a; = 1.5m, dau ra la goc léch huéng

chuyén dong cia xudng. Két qua khao sat dugc thé hién trén hinh 3.10.
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Hinh 3.10. Anh hueong cuia vén toc xuong dén on dinh huéng chuyén dong khi phun
nuoc chita chay

Nhan xét: Van tdc cua xudng cang 16n thi goc 1éch hudng chuyén dong cia
xudng cang nhé nguyén nhan 1a khi van toc xudng 1én thi luc day chan vit tac
dong vao xudng 16n, trong khi luc voi phun ¢ dinh, din dén hop luc dé 1am thay
d6i huéng chuyén dong ctia xudng co6 xu hudng giam. Nguoc lai khi van téc
xudng thap, lyc day chan vit nho, trong khi d6 lyc tic dung ctia voi phun nuée
lam cho xudng léch hudng chuyén dong 1a khong d6i, dan dén goc léch hudng
chuyén dong cta xudng tang 1én. Tir két qua khao sat cho thiy khi xudng chay
véi van toc Skm/h, goc 1éch hudng chuyén dong 13 do, véi van tde nay xudng cd
thé 6n dinh hudng khi c6 su can thiép cuia goc 14i.

3.4.3. Két qua khdo sdt phwong trinh vi phin én dinh chong lit ciia xuéng khi

quay vong ré nhdanh sang kénh vuong goc
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Cian cir vao yéu ciu cua xudng chira chdy ring phai on dinh trong moi
diéu kién hoat dong, do vay trong bai toan nay ludn an tién hanh khao sat mot sb
théng s6 anh hudng dén géc nghiéng ngang (goc 1at) cua xudng trong trudng hop
nguy hiém nhét d6 1a khi quay vong ré nhanh sang kénh vudng goc, sau day la
két qua khao sat:
3.4.3.1. Anh huéng ciia véin téc di chuyén ciia xuong dén géc nghiéng ngang ciia
xuong khi quay vong ré sang kénh vuéng géc

Bai toan khao sat duoc tién hanh nhu sau: thay d6i van toc chuyén dong
ctia xudng, goc 1ai 1y ¢ gia tri 16n nhat § = 45 d0, du ra cua bai toan khao sat 1a
goc nghiéng ngang cua xudng. Két qua khao sat dugc thé hién trén hinh 3.11.
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Hinh 3.11. Anh hwdng cia vin toc xuéng dén goéc nghiéng ngang khi xuong
quay vong ré sang kénh vuong goc
Nhan xét: Khi van tdc xuéng nho hon 15km/h, xuéng van con 6n dinh. Khi
van tdc xudng 16n hon 15 km/h, thi g6c nghiéng ngang ctia xudng y >20 d6 va nudc
c6 kha ning tran qua man vao xudng. Dbi véi xudng chita chay duwoc nghién ciru,
g6c nghiéng ngang 16n nhit yma = 23 d6 thi nude tran qua man xudng.
3.4.3.2. Anh hwong cia goc ldi ciia xuoéng dén goc nghiéng ngang ciia xuong
Bai toan khao sat duoc tién hanh nhu sau: thay d6i goc danh 14i, van tdc iy
& mot gia tri nhat dinh v = 15km/h, du ra 1a géc nghiéng ngang cua xudng. Két qua

khao sat duoc thé hién trén hinh 3.12.
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Hinh 3.12. Anh hudng ciia géc danh 1di xuéng dén goc nghiéng ngang

Nhian xét: Géc danh 13i cang 16n thi géc nghiéng ngang cang 16n. Bbi voi xudng
chira chay rimg duogc khao sat, khi chay & van toc v =15km/h, goc danh 1ai 6 = 45 do
thi goc nghiéng ngang cia xudng sip xi 20 d6, nho hon goc nghiéng ngang gidi han
Wmax = 23 d9.
3.4.3.3. Anh huéng cua tiét dién ngang S, dén goc nghiéng ngang

Bai toan khao sat duoc tién hanh nhu sau: cho bé rong cua xudng 1a tham
s6, cac thong sd khac 14y & mot gia tri trong bang 3.1 (giit nguyén chiéu cao toa
d6 trong tam va chiéu dai ctia xudng, goc 1ai 1dy & gia tri 1on nhét § = 45 d6). Két
qua khao sét trén db thi hinh 3.13
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Hinh 3.13. Anh hudng cia tiét dién ngang S, dén goc nghiéng ngang
Nhan xét: Khi bé rong cia xudng cang nhé, goc nghiéng ngang cia xudng cang
16m. Tir két qua khao sat, can cir vao yéu ciu ciia xudng chita chay rimg 13 goc nghiéng
ngang y < 23 d9, do vay dé xudng 6n dinh bé rong t6i thiéu clia xuong B > 1.5m.

3.4.3.4. Anh hudng ciia chiéu cao toa dé trong tam dén géc nghiéng ngang ciia xuong
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Bai toan khao sat duoc tién hanh nhu sau: thay ddi chiéu cao toa do trong
tam cua Xuéng, van toc khao sat v = 15 km/h, gbc danh 141 6 = 45 dg, cac thong sb

khac 14y & mot gia tri nhat dinh. Két qua khao sat duoc thé hién trén hinh 3.14.
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Hinh 3.14. Anh hieong ciia chiéu cao toa dé trong tam dén goc nghiéng ngang

Nhan xét: Chiéu cao toa do trong tdm cang 1on thi goc nghiéng ngang cua
xudng cang 16n, tir d6 kha nang 6n dinh chdng 1at cang kém. Két qua khao sat cho
thay khi cao do trong tdm bang 0.4m thi goc nghiéng ngang sip xi 20 d6 va nudc c6
kha ning tran vao xudng. Vi vay dé dam bao 6n dinh chéng 1at cho xudng chira
chay, chiéu cao toa do trong tam cua xu@)ng nho hon 0.4m.
3.5. Xac dinh cac thong s6 hoan thién xudng chira chay rirng tram
3.5.1. Thong so6 két ciu ciia xuong chira chdy rirng

Cin ctr vao két qua khao sat da dugc phan tich & phﬁn trén, luan an xac dinh

mot s thong sé dé hoan thién két cdu ctia xudng chita chay rimg tram nhu sau:

- Goc dat tryc chan vit: dé tao ra lyc day tong hop tot nhat gitip xudng
chuyén dong, dong thoi ting goc nang cho xudng nham giam luc can chuyén dong.
Can ct vao dd thi khao sat hinh 3.5, khi gbc dat truc chan vit nam trong khoang tur
15 dén 20 do thi van toc cua Xué)ng dat gia tri 1on nhat.

- Bién dang miii xudng: dé r& béo tay khi xudng chuyén dong, bién dang
mili xuéng phai c6 dang hinh ném, khi d6 beéo tay dugc dat sang hai bén man xudng
lam giam lyc can chuyén dong. Can ctr vao dd thi khao sat hinh 3.7, khi miii xudng
c6 bién dang hinh ném thi van tbe xuéng dat gia tri lon nhat.

- Bé rong t6i thiu cua xudng chita chdy rimng: cin cir vao do thi khao sat hinh

3.13, khi bé rong xudng co gia tri 16n hon 1.5m thi goc nghiéng ngang 16n nhat 1a
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21 d9, nhé hon goc nghiéng gidi han cho phép (Ymax = 23 d6), dé xudng 6n dinh
chdng 14t trong moi trang thai thi bé rong t6i thiéu ciia xudng B =1.5m.

- Chiéu cao toa do trong tdm: can cir vao dd thi khao sat hinh 3.14, dé
xudng 6n dinh khong bi nude tran vao qua man xudng trong moi trang thai thi chiéu
cao toa d trong tam cua xuéng 16n nhat h = 0.4m.

3.5.2. Thong soé siv dung ciia xuéng chiva chdy rieng tram
Cin ctr vao két qua khao sat da duoc phan tich ¢ phan trén, luan an xac dinh
mot s6 thong sb st dung dé hoan thién xudng chita chdy rimg tram nhu sau:

- Xac dinh van téc xudng khi vira di chuyén vira phun nuéc chira chay: can
clr vao d6 thi khao sat hinh 3.10, khi vén tc cua xudng v = 3 km/h thi goc 6n dinh
hudng chuyén dong cua xudng dat 6 = 16 d9, khi d6 két hop véi diéu khién co cdu
1ai thi xuéng van 6n dinh huéng chuyén dong. Theo yéu cau ciia cong nghé chira
chay rumg thi van tdc t6i da cho phép v = 5 km/h. Nhu vy dé dap tng duoc diéu
kién vé 6n dinh hudng va cong nghé chita chdy thi van téc hop Iy nhat ctua xudng
nam trong khoang tir 3 dén 5 km/h.

- X4c dinh goc dat voi phun nudc chira chay: cin clr vao do thi khao sat hinh
3.8, khi goc dat voi phun By = 45 d6 thi goc 6n dinh huéng chuyén dong cua xudng dat
0 = 20 d0, khi d6 két hop véi diéu khién co cau lai thi xudng van 6n dinh hudng
chuyén dong. Theo yéu cau cua cong nghé chita chay rimg thi goc dit voi phun nude
chira chay By = 90 d6 1a tét nhat. Nhu vay dé dap umg duoc diéu kién vé 6n dinh hudéng
chuyén dong va cong nghé chita chay thi goc dat voi phun hop 1y nhét 1 B, =45 d6 .

- Xac dinh van tdc khi quay vong 1& nhanh vao kénh vudng goc: cin clr vao
d6 thi khao sat hinh 3.11, khi van téc cta xudng v = 18 km/h thi géc nghiéng ngang
dat y = 20 do, nho hon g6c nghiéng ngang giGi han yma = 23 d6, do vy dé xudng

khong bi nudc tran vao khi quay vong thi van tdc 16n nhat cho phép 1a v = 18km/h.
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Két luin chuwong 3:
Tu két qua nghién ctru ¢ chuong 3, luén an rat ra mot s6 két luan nhu sau:

1. Ludn 4n d3 tién hanh khao sat anh huéng ciia mot sd thong sd anh hudng
dén van toc chuyén dong va on dinh ctia xudng véi 3 bai toan da lap & trén. Két qua
khao sat da xac dinh dugc mot sb thong sb6 két cAu hop 1y cta xudng bao gdbm: gbc
dat truc chan vit hop 1y tur 15 + 20 d9, tiét dién mat cét ngang cua miii xuéng co
dang hinh ném dé ré& béo giam hé sd can ciia xudng; goc dit voi phun nudc hop 1y
B, = 45 do; Bé rong tdi thiéu cua xuéng B >1.5m; Chiéu cao toa do trong tam
h<0.4m

2. Két qua khao sat dd xac dinh dugc ché do stir dung hop 1y ciia xudng la:
van tc ctia xudng khi vira di chuyén vira phun nuéc v = 3 + 5 km/h; vén téc 16n
nhat khi quay vong r& nhanh vao kénh vudng goc v = 18 km/h thi xudng khéng mat
6n dinh (nudc khong tran vao trong xudng).

3. Két qua khao sat trén la co so khoa hoc cho viéc hoan thién két cAu va xac

dinh ché do st dung hop 1y cta xuéng chira chay rung.
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Chuong 4.
NGHIEN CUU THUC NGHIEM

4.1. Muc tiéu va nhiém vu cia nghién ctru thwe nghiém
Luan 4n tién hanh nghién ctru thue nghiém vi cac 1y do sau:

1. Dé khao sat dugc qua trinh chuyén dong ctia xudng theo mé hinh 1y thuyét
da lap ¢ chuong 2, can phai xac dinh dugc hé sd can giita xudng véi cac chudng
ngai vat trén kénh, mé men quan tinh ctua xuéng, trong luong cua xuéng, toa do
trong tdm. Nhitng hé s6 trén khong c6 trong tai liéu k¥ thuat nén can phai tién hanh
nghién ctru thuc nghiém.

2. Pé khao sat qua trinh chuyén dong cua xudng trén kénh c6 nhiéu chudng
ngai vat, can phai xéac dinh luc déy cua chan vit. Luc déy nay phu thudc vao nhiéu
yéu td, kho co thé xac dinh theo 1y thuyét dugc. Do vay ciing can phai dugc xac
dinh bing thuc nghi¢m trong diéu kién thuc té .

3. Trong qua trinh xudng hoat dong chita chay ring, xudng vira chay vira
phun nudc chita chdy, lyc day cta voi phun anh hudng dén 6n dinh huéng chuyén
dong cua xudng, luc diy nay dugc thé hién trén mé hinh 1y thuyét da 1ap ¢ chuong
2. Bé khao sat duoc mé hinh 1y thuyét da 1ap, can phai xac dinh gia tri luc day cua
vOi phun nudc chita chay nay.

Xuit phat tu 1y do trén, luan an tién hanh nghién ctu thyc nghiém véi muc
tiéu va nhi¢m vu nghién ctru nhu sau:
4.1.1. Muc tiéu nghién cvwu thuwc nghiém

1. Xac dinh gia tri béng sb ciia mot sb dai lugng, mot sb hé sb trong phuong
trinh vi phan chuyén dong ctia xudng chita chay rirng dé phuc vu cho viéc khao sat
chuyén dong cua xudng ma mé hinh bai toan di 1ap ¢ chuong 2.

2. Kiém nghiém mot s6 két qua tinh toan bang ly thuyét tir d6 danh gia murc
do tin cay cua phuong trinh todn hoc da lap.

3. Xac dinh mot s6 thong sb hop 1y ctia xudng 1am co sé dé hoan thién xudng

chita chay rung.
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4.1.2. Nhiém vu nghién cvwu thwc nghiém
Pé dat duge muc tiéu trén, nhiém vu clia nghién ctru thye nghi€ém nhu sau:
- Xac dinh toa d¢ trong tam cla xuéng (1, b, h);
- Xac dinh m6 men quén tinh (I);
- Xac dinh luc can chuyén dong (R/Xp);
- X4c dinh lyc day chan vit (E);
- X4c dinh lyc day ctia voi phun nude chita chay (Fyp);
- X4c dinh d6 chong chanh (g6c nghiéng ngang) ciia xudng (y);
- X4c dinh goc nghiéng ngang giéi han (goc 14t) ciia xudng (Ymax):
- X4c dinh van tdc ctia xudng (v);
- Xac dinh goc 6n dinh hudng chuyén dong khi xudng vira di chuyén vira
phun nudc chira chay (6).
4.2. Poi twong nghién ciru thwe nghiém
Déi tuong nghién ctru thuc nghiém 13 xudng chita chay ring do dé tai trong
diém cap nha nudc KC07.13/06-10 va du an san xuét thir nghiém cap nha nudc ma
s6 DADL2011/06 thiét ké ché tao. Pia diém tién hanh thuc nghi¢m tai vuon quéc
gia U Minh Thuong tinh Kién Giang.
4.3. Phuwong phap xac dinh cac dai lwgng nghién ciru
Viéc b6 tri thi nghiém xac dinh cac dai lugng nghién ctru duoc tién hanh trén
d6i twong nghién ciru thuc nghiém tai hién truong, 4p dung phuong phép do cac dai
luong khong dién bang dién théng qua mot sé loai cam bién do tiéu chuan cia Cong
hoa Lién bang Dirc nhu cac cam bién do gia tdc, cam bién do lyc. Két qua thi nghiém

duoc ghi lai va duoc xir Iy bang cac phan mém Catman, Excel.

DMC Plus
Cim bién % A~ PC

Hinh 4.1. So d6 khéi cdu triic ciia thiét bi thi nghiém
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Cam bién s& do cac trang thai thay doi vat ly thanh cac tin hiéu dién, cac tin
hiéu dién nay dugc DMC Plus khuéch dai va chuyén qua bo chuyén dbi twong tu s6
A/D (Analog Digital Converter) va dugc luu vao may tinh.

4.3.1. Phwong phdp xdc dinh mé men qudn tinh ciia xuong

Khi nghién ctru cac yéu td dong hoc va dong luc hoc mot co cAu can phai xac
dinh duoc gia tri mdé men quan tinh. Trong trudng hop thiét ké mdi, mé men quan
tinh c6 thé dugc xac dinh bang phuong phép giai tich. Trong thuc té nghién ciru giai
quyét cac bai toan dong luc hoc cia mdt hé vat doi khi thiéu cac thong sb6 dau vao
nhu khéi luong, toa do trong tAm, mé men quan tinh theo céc truc chinh, gdy nhiéu
kho khan cho qua trinh nghién ctu.

Pé xac dinh m6 men quén tinh cia xudng chita chay rimg co thé sir dung cac
cong thirc tinh gan diing hoic bang phuong phép thi nghiém.

Pé tién hanh thi nghiém xac dinh mé men quan tinh cta xudng chita chay
rimg, luan &n bo tri thi nghiém trén ddi twong thuc nghiém 1a xudng chira chay rimg
tram, str dung hé thong cac thiét bj do va phadn mém chuyén ding ctia Trung tAm thi
nghiém thudc Khoa Co dién va Cong trinh, trudng Pai hoc Lam nghiép gém: Thiét
bi do chuyén dung DMC Plus két nbi v6i Laptop ciing phan mém DMCLabplus
P12.

Khi nghién ctru bai toan dong luc hoc ciia xudng chita chay ring tram, luan an
can phai xac dinh dugc md men quén tinh theo céac truc chinh: md men quéan tinh
theo truc doc Jyx va m6 men quan tinh theo truc ngang Jo; .
4.3.1.1. Phwong phdp xdc dinh md men quan tinh cia xuong theo truc doc OX

Dé xac dinh md men quan tinh ctia xudng chita chay, luan an ap dung phuong
phéap thi nghiém tuong ty nhu xac dinh mé men quan tinh cua 6 t6 [4][8][12] .

Phuong phap xac dinh m6 men quan tinh trong truong hop nay dugc thuc hién
bang cach treo xudng can bang trén mit phang nam ngang véi day du cac thiét bi va hé
thong chita chay duogc bb tri trén xudng nhu thiét ké 1én 2 rong roc O; va O, bang day
cap, tao ra mot gac léch a va cho xudng dao dong lic ty do quanh truc 0,0, nhu
hinh 4.2.
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Theo [4][8][12], m6 men quan tinh duoc xac dinh qua phuong trinh dao dong

lic quanh truc OX. Phuong trinh dao dong ciia xudng quanh truc 0,0, nhu sau:

Jo1028 + ka + Mgh,sina =0 4.1)
) 4 Y 0.0,
!D]_ i D: 'ji'—'—'—'—'—'—:...'.r— L =
l? hc
A B ld
oL P i z
~— m <11 L4 L Im .
X “ DT ez = S >
e . l - — % r
, R A .‘
e L .
Hinh 4.2. So' do6 xdc dinh mé men quan tinh ciia xuong theo truc OX
Véi goc a nho thi sina = a.
Dat 28 = va w2 = 2ok (4.2)
Jo,0, Jo,0,
Vay ta co: o+ 280 + oia = 0 (4.3)
Trong d6: h, - khoang cach tir diém treo dén tryc OX;
k - hé sé can dao dong;
M - khéi luong cia xudng;
g - gia toc trong trudng;
& - hé sb tat dan;
oo - tan sb dao dong.
Mat khéc ta lai co: T, = 2= (4.4)

Sau khi tién hanh thi nghiém, ta xac dinh duoc gia tri cua chu ky Iac T,.
Thay cac gia tri T, vao (4.4) xac dinh dugc oy,
Vatu (42) xac dinh duoc Jo10p.

M6 men quan tinh ciia xudng ddi vai truc Ox dugc xac dinh nhu sau:

TZ
Jox = Jo102 — th(mg — h¢) (4.5)
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Theo két qua thi nghiém do duoc: T, = 4.75 s; khoang cach tir diém treo dén
tryc OX 14 h, = 3m; khéi luong ctia xudng M = 975 kg, gia tdc trong trudng
g = 9.81m/s?. Thay cac gié trj trén vao (4.5), xac dinh duoc mé men quan tinh cia
xudng véi truc OX 1a Jox = 2548 kgm?.
4.3.1.2. Phirong phdp xdc dinh md men quén tinh ciia xuoéng véi truc OZ

Pé xac dinh mdé men quén tinh cua Xuéng vo1 truc OZ, luan an thuc hién
tuong tu nhu xac dinh mdé men quén tinh ctia xudng véi truc OX, treo xudng trén
rong roc C bang ddy cap, tao ra mot goc H va cho xudng dao dong lic tu do quanh

truc C,C, nhu hinh 4.3.

Ci1Cs :
:“é‘?Y he
A
A B
m" { ~ -‘-:-1

i L I
L

Hinh 4.3. So' d6 xdc dinh mé men qudn tinh ciia xuong theo truc OZ
Tuong ty nhu trén, md men quan tinh ciia xudng ddi véi truc OZ duge xac
dinh theo phuong trinh vi phan dao dong quanh C,C; nhu sau:
J.0 + k6 +Mgh,sinf =0 (4.6)
Tuong ty nhu khi xac dinh mémen quan tinh ctia xudng dbi véi truc OX, ta
tién hanh thi nghiém va tir két qua thi nghiém, xac dinh duoc chu ky dao dong T,
tinh duoc J;, w..

M6 men quan tinh cua xuéng theo truc OZ duogc xac dinh nhu sau:

TZ
Joz = Jcicz — Mh?(mg —h¢) (4.7)
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Theo két qua thi nghi¢m do duoc: T, = 5.165 s ; khoang céch tir diém treo
dén truc OZ 1a h = 3m; khéi lugng cua than xudng M = 975 kg ; g = 9.81 m /s°. Thay
cac két qua trén vao cong thic vao cdng thuc (4.7), xac dinh dugc md men quan
tinh cua xudng ddi vai truc OZ 1a Jo, = 3551 kgm?.

4.3.2. Phwong phdp xdc dinh toa dp trong tim ciia xuéng chiva chdy rirng tram

Mot trong nhiing théng s6 anh huéng dén d6 on dinh ciia xudng khi hoat dong 1a
toa do trong tam va dugc xac dinh qua cac phuong phap thuc nghiém nhu sau:
4.3.2.1. Xac dinh toa do trong tam cua xué‘ng chita chay rung theo chiéu doc

Dé xéc dinh toa do trong tm cua xudng chira chay rimng theo chiéu doc, dit tat ca
cac thiét bi chita chay 1én xudng diing vi tri thiét ké va tién hanh can trén mat phang nam
ngang nhu hinh 4.4, v6i vi tri ban can dat tai vi tri treo can bang xudng trong thi nghiém
xac dinh m6 men quan tinh ctia xudng, vi tri can phia trude dat tai diém A cach mii
xudng 1.16m, xac dinh duoc trong lwong phan bd phia trude xudng M; = 503.5 kg va vi
tri can phia sau tai diém B cach dudi xuéng 0.6m, xac dinh dugc trong lugng phan bd
phia sau xudng M, = 471.5 kg . Khoang cach giita hai vi tri dat ban can trén xuéng AB =
L = 2.5m. Trong luong toan bd ctia xudng duge xac dinh theo cong thic:
M=M;+M,=975kg (4.8)

L

z::“! - 5 . —
—

.- Oe a
< #_‘“-_.-LLIHDF:
AN B
e Bancdin ——

Hinh 4.4. So d6 xdc dinh toa do trong tam cua xuo”‘ng theo chiéu doc

Toa do trong tam theo chiéu doc cua xuéng duoc xac dinh nhu sau:
L =>2L=121m va l, =*L=129m (4.9)

Trong d6: ;- khoang cach tir trong tAm xudng dén vi tri d4t ban can phia trudc;
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|, - khoang cach tir trong tAm xudng dén vi tri dit ban can phia sau;
L - khoang céch gitra hai vi tri dat ban cén;
M - trong lugng ctia xudng khi co bd tri tat ca cac hé thong va thiét
bi chita chay;
M; - trong lrong xudng phan bd 1én vi tri dit ban can phia trude xudng;
M; - trong lwong xudng phan bd 1én vi tri dat ban can phia sau xudng.
Vay toa dg trong tam cua xuéng theo chiéu doc 1a:
lk =121+116=2.37m ; 1;=1.29 + 0.6 = 1.89m
4.3.2.2. Xdc dinh toa dé trong tdm ciia xuong chira chdy rieng tram theo chiéu ngang
Tuong tu nhu phuong phép xac dinh toa do trong tam cia xudng theo chiéu
doc. Luan 4n tién hanh cin trong luong xudng phan bd theo chiéu ngang ciia xudng
v6éi B = 1.5m, vi tri dat ban can cach man xudng mdi bén 0.05m nhu hinh 4.5, xac
dinh duoc trong lwong phan bd bén trai va bén phai ciia xudng nhu sau:
My = 471 kg ; Mp, =504 kg
) B

b b2

- P
<t |-

— | DO
O,

¥

(¥« Bancan .7y
Mtr Mph

Hinh 4.5. So' do xdc dinh toa dé trong tdm ciia xuong theo chiéu ngang
Toa dd trong tam theo chiéu ngang cua xuéng duoc xac dinh :
by = 2% B = 0.78m va b, = "B = 0.72m (4.10)
Trong d6: b;- khoang cach tir trong tim xudng dén vi tri dit ban can bén trai ;
b, - khoang cach tir trong tAm xudng dén vi tri dat ban can bén phai;
B - khoang cach gitra hai vi tri dat ban can;
M - trong luong ctia xudng khi c6 bd tri tat ca cac hé théng va thiét
bi chira chay;

M - trong lugng xudng phan bd 1én vi tri dit ban cin bén trai xudng;
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My - trong luong xudng phan bd 1én vi tri dit ban can bén phai xudng.
Toa d6 trong tim cua xudng theo chiéu ngang la:
by = 0.78 + 0.05 = 0.83m ; by, =0.72 + 0.05=0.77m

4.3.2.3. Xdc dinh toa d3 trong tam ciia xuong chita chdy rieng theo chiéu cao

Dé xac dinh chiéu cao cua trong tam xudng chita chay rimg tram, luan an tién
hanh ning phan mili cia xudng 1én d6 cao h, = 0,8m, xudng 1éch so véi mit dudng
mot goc a. Khi d6 s& can duoc trong lugng phan bd 1én phan sau cta xudng Z, =
518 kg dugc bd tri nhu hinh 4.6. Trong luong xudng tac dung 1én phan mili xudng
khi do s€ 12 Z;:

Z,=G-2Z,=975-517 =458 kG (4.11)

’
M Ban can 'I I

Hinh 4.6. So do xdac dinh toa dé trong tam cua xuéng theo chiéu cao
Trude khi nang xudng 1én, tién hanh ¢d dinh xudng trén bé d& va ban can dé
xudng khong bi truot xubng theo d6 doc a.
Trén hinh 4.6 co:
h - chiéu cao trong tdm ciia xudng chita chay rimg so véi mit ddy cua
xudng, m;
h;- chidu cao tir vi tri diém dat gbi d& trén ban can trong mit phang nam
ngang dén vi tri nAng miii xudng, m;

Z1- phan luc phap tuyén tac dung 1én gbi d& phan trude xudng, N;
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Z, - phan luc phép tuyén tac dung 1én gbi d& phan sau xudng, N;
L - Khoang céach gitta hai vi tri gdi d& & phan trudc va sau xudng, m.
Xéc dinh dugc: sinr = = (4.12)
Lap phuong trinh cn bang m6 men cua tat ca cc luc tac dung 1én xudng
chira chay rimg ddi véi diém Z, trong truong hop nay, duoc:
Z;.coso.L + h.G.sina — I,.G.cosa =0 (4.13)

Tir (4.12) va (4.13), tinh duoc cao d6 trong tam ciia xuong:
(Gl,—Z.L).cos o
h= % =0.35m (4.14)

L
4.3.3. Phwong phdp xdc dinh lyc cin tong hop ciia xuodng véi cic chwéng ngai
vdt trén kénh
So d6 bb tri thi nghiém xac dinh luc can cta xué)ng chira chay khi hoat dong trén
kénh cd nhiéu chudng ngai vat (rong, béo, luc binh) duoc thé hién trén hinh 4.7.
3 2 1

= / b ‘ =/ =

Y W =T
e | v Sl

i D\ 1 = Sl A

Hinh 4.7. So' d6 bo tri thi nghiém xdc dinh lyc cdn ciia xuong chita chay

AU

1. Béng luc (xuong kéo) 2. Cdam bién do luc kéo
3. Xuong chita chdy rieng tram 4. Chuong ngai vat (beo tay)
Str dung mot xudng may co coéng suit 16n (1) dé kéo xudng thi nghiém
(3) thong qua cam bién do luc (2) di chuyén trén kénh cé nhiéu chudng ngai
vat (4) & nhiéu van tdc khac nhau. Gia tri luc kéo do duoc cting chinh Ia luc
can tong hop tac dong vao xudng thi nghiém dugc xac dinh theo cong thire: [25]
R, =R, + Ry

R. = > pv2Qk (4.15)

Trong d6: Re: luc can toan phan, N;
Rus, R4 luc can ma sat va lyc can du;

k- hé so can tong hop (hé s can ma sat va hé so strc can du);
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n ) , N.s?
p - trong lugng riéng ciia nudc, —

Q - dién tich can choan nudc cua xudng, m*;
V - van tdc ctia xudng thi nghiém tai thoi diém do, m/s.

Pé xac dinh hé sb can ung véi cac bién dang miii Xué)ng khac nhau, luan an
tién hanh thi nghiém nhu sau: thay d6i bién dang miii xudng thi nghiém theo ba
dang 1a hinh ném, hinh elip va hanh thang. Viéc thi nghiém xac dinh cac h¢ s6 can
cho mdi bién dang duoc tién hanh nhu da trinh bay bén trén. Két qua thi nghiém
duogc thé hién trong bang 4.3.

4.3.4. Phwong phdp xdc dinh lwc ddy ciia chén vit
Thi nghiém xé4c dinh lyc ddy chan vit cua xudng chita chay khi dong co day

hoat dong & ché d6 toan tai duoc thé hién trén hinh 4.8.

1
.// 8L

_ ) _
T > -

Hinh 4.8. So do thi nghiém xac dinh luc dcfy chan vit cua xuo”‘ng

éﬁd CZJ/3 /2
&

1. Xuéng chéiza chay ring tram 2. Day cép kéo
3. Cam bién do Iic kéo 4. Cay tram
Luc déy chan vit dugc tinh theo cong thirc sau:
R;=F,=T,+R, (4.16)
Trong do: Ry - 1a luc d?ly cua chan vit, N;
Tk - 12 luc kéo thu dugc tur thi nghiém, N;
R. - 1a lyc can toan phﬁn thu dugc tir thi nghiém do luc can, N.
4.3.5. Phwong phdp xdc dinh vin téc xuong ieng véi cdc géc dat truc chan vit
khac nhau
Thi nghiém xac dinh van tbc xudng chita chay tmg véi cac goc dit truc chan
vit khac nhau duoc thé hién trén hinh 4.9. Thi nghiém xac dinh van tdc xuéng Vol

cac goc o khac nhau nhu sau: o = 10% o = 15% a = 20°%; a = 25°% o = 30°.
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Hinh 4.9. So do thi nghiém khdo sat van toc xuéng ung voi cac goc dat truc chdn vit
khac nhau
4.3.6. Phwrong phdp xdc dinh luc ddy ciia voi phun nwée chiva chdy dgt trén xuéng
Thi nghiém xac dinh lyc day ciia voi phun nudc trén xudng chira chdy ring

tram khi hoat dong phun nudc tryc tiép vao than cay duoc thé hién trén hinh 4.10.

Hinh 4.10. So do thi nghiém xdc dinh lec ddy ciia voi phun nwée chita chay
1. Xuéng chita chdy rieng tram 2. Voi phun nwée 3 Day cap
4. Cam bién do lyc 5. Cay tram
4.3.7. Phwong phdp xdc dinh goc ldc ngang cia xuéng (d¢ chong chanh) khi cdc
thiét bi cong tdc trén xuong hoat dpng
So d6 bb tri thi nghiém dugc thuc hién nhu hinh 4.11.

Hinh 4.11. So do thi nghiém xdc dinh géc ldc ciia xuong

1. Pau do gia téc theo phwong thang ding 2. Truc di qua trong tdm xuong

3. Pau do gia toc theo phwong chuyén déng 4. Cam bién do goc ldc ciia xuong
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Do gia toc thang dung ¢ hai bén thanh xudng bang cam bién do gia tdc.

Pé xac dinh goc lic ngang caa xudng, luan an tién hanh do dong thoi dich
chuyén theo phuong thiang dung ¢ hai bén thanh xudng d6 1a dich chuyén bén trai Z,
va dich chuyén bén phai Z,,

Viéc xac dinh dich chuyén bén trai va bén phai dugc do bang hai dau do gia toc
B12/1000. So d6 do gia tdc trén xudng chita chay dwgc thé hién trén hinh 4.11. Sau
d6 1an luot tich phan hai lan gia trj gia tic trong tng bén trai va bén phai ta s& xac dinh
duoc dich chuyén bén trai va bén phai ctia xuong:

Z=[fzdt (4.17)
Trong d6: Z - 1a gia toc thu duoc tir qua trinh do;
Z - 1a chuyén dich cta thanh xuéng (Z; va Zy).
G6c lac ngang cua xudng (d6 chong chanh) dugc x4c dinh nhu sau:
|Ze|—|Z
Y = arctan <|t8+/|2pl|) (4.18)
Trong d6: v — goc lic ngang cuia xudng chita chdy;
B -1a khoang cach giira hai cam bién do gia tc bén trai va bén phai;
Zi, Z, - 1a gia tri dich chuyén bén trai va bén phai cta thanh xudng.
Ngoai phuong phap trén, luan an con xac dinh gdc lac ngang bang cam bién
do gbc (hinh 4.13).
4.3.8. Phwong phdp xdc dinh géc nghiéng ngang ( goc ldt) cia xuéng khi quay
vong ré vao kénh vuong goc
4.3.8.1. Bé tri thi nghiém

Cho xudng chira chay chay véi toc do cao va chuyén huéng gip sang kénh

nhanh vudng goc véi kénh chinh thé hién nhu trén hinh 4.12.

FE® O XN g Kénh chinh

Xubng thi nghiém —» %\

Kénh nhanh

!

Hinh 4.12. So do bé tri thi nghiém xdc dinh géc nghiéng ngang
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4.3.8.2. Thiét bi do g6c nghiéng ngang
Pé xac dinh géc nghiéng ngang cua xudng, luan an st dung cam bién do
gbc duoc dit tai trong tAm cua xudng. Nguyén 1y ciia cam bién duoc thé hién

nhu hinh 4.13.

Cam bién

DMC
Plus

Hinh 4.13. So d6 nguyén Iy do géc nghiéng ngang ciia xuong
4.3.9. Phwong phdp xdc dinh vin téc ciia xuong
4.3.9.1. Phuong phdp xdc dinh vin toc ciia xuéng bang cich do quéing dwong trén
don vi thoi gian
Pé xac dinh van téc ciia xudng, luan an st dung phuong phap bam gidy thoi
gian chuyén dong ctia xudng va do khoang cach di dwoc cua xudng trong khoang
thot gian xac dinh. Tu cac thong s6 thoi gian va khoang cach, luan an xac dinh dugc
van tdc chuyén dong ctia xudng theo cong thirc:
V= T (4.19)
Trong d6: v - van tdc xudng, (m/s).
S - quang duong xudng di chuyén, (m)
t - thoi gian xudng di chuyén trén quing duong S, (s).
4.3.9.2. Phuong phdp xdc dinh vin toc xuoéng bang cam bién do gia téc theo
phirong chuyén dong
Ngoai phuong phap bam gidy, luan an con sir dung phuong phap do van toc
ctia xudng thong qua cam bién do gia tdc theo phuwong chuyén dong duogc thé hién
nhu trén hinh 4.11. Sau khi xdc dinh duoc gia tde chuyén dong Z s van tdc cua

xuong dugc xac dinh bang cong thure sau:

v = [ Zdt (4.20)
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4.3.10. Phwong phdp xdc dinh dp 6n dinh hwéng chuyén dong theo phwong 0X
cria xuong

Luén &n str dung la ban dit tai toa do trong tim xudng. Dong thoi b tri va
tién hanh thi nghiém nhu nhu hinh 4.14.

A B
_CQ O_
s
C
o e 0
-0 . O
A1 L AlT B:
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Hinh 4.14. So do bé tri thi nghiém xdc dinh goc léch hwéng chuyén déng ciia xuong
theo phwong OX khi vira di chuyén vira phun nwée chita chdy

Trén kénh thi nghiém, cing hai doan day song song AB va A;B; c6 chiéu dai
L bang nhau ndi trén mat nuéc va cach nhau mot khoang AA,.

Cho xudng thi nghiém di chuyén ¢ tiing van téc v = (3, 5, 7) km/h véi goc
phun nuéc chira chay hop véi phuong thing ding OY mét goc By = 45 d6. O mdi
van téc v cta xudng chira chay, tién hanh thi nghiém véi nhiéu vi tri goc phun nuéc
B hop vai phuong ngang OX khac nhau.

G6c léch huéng chuyén dong cua xudng khi vira di chuyén vira phun nudc
chira chay duoc xac dinh nhu sau:

6 = arctan (ALLC) [dd] (4.21)

Vé6i A;C = AA; — 1.6; (bé rong xudng bang 1.6m).

4.4. Thiét bi do va cam bién do
4.4.1. Thiét bi khuéch dai
Luan 4n st dung bd khuéch dai tin hiéu DMC-Plus ctia Cong hoa lién bang

Dtrc. Thiét bi nay 1a bo thu thap va khuéch dai thong tin do luong két ndi voi may
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tinh nhu hinh 4.15. Thiét bi ndy thay thé cho bo khuéch dai K va bo chuyén doi
A/D (Analog/Digital) trong so d6 nguyén Iy caa phuong phap thi nghiém.

+ Modul DVO01: La modul khuéch dai kiéu dong mot chiéu DC, dung dé do
nhiét do, ndi véi cap nhiét, cac dong mot chiéu. Modul nay c6 thé do dugc ngudn
dién ap vai dai do rat rong (£0,1V ; £1V; £10V; £200V), dai tan 2,2 kHz.

+ Modul DV10: Kiéu khuéch dai dong mot chiéu DC, dé ndi cac cau da va
ban cau dién tré, co thé do dién thé, nguon dién ap DC, dai tan 4,4 Hz.

+ Modul DV30: Kiéu khuéch dai 13 tin sb 600Hz, dung dé do cac cau da va
ban cau dién tro, do dién thé, ngudn dién ap DC, dai tan 250 Hz.

+ Modul DV35: Kiéu khuéch dai la tan sd, thich hop dé do dién tro , nguon
dién ap DC, dai tan 250 Hz.

+ Modul DV55: Kiéu khuéch dai Ia tan sb, khoang khuéch dai 1a 4,8 kHz, rat
thong dung. Dung dé ndi véi cac cau du va ban cau dién tro, do dién &p cac ngudn
4p DC, dai tan 2,2 kHz.

+ Modul DZ65: Dung cho viéc ndi cac cam bién do mé men va tdc do,
cdng suat.

Hinh 4.15. Thiét bi DMC Plus
Thiét bi DMC Plus c6 cac modul duoc ché tao theo cac kénh:
4.4.2. Cam bién do
4.4.2.1. Cam bién do gia toc
Pé xac dinh gia toc thang ding cta hai bén thanh xudng bang phuong phap

thuc nghiém, luan &n st dung hai cam bién do gia tc B12/1000 theo nguyén 1y dién
cam do hdng HBM cua Cong hoa lién bang B¢ san xuat, hinh dang va so do
nguyén 1y dugc thé hién & hinh 4.16.
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Cam bién duoc gan ¢ dinh vao hai bén thanh xudng tai truc ngang di qua
toa do trong tAm theo phuwong thing dung va déi xtmg nhau. Khi xudng chuyén
dong, dudi tac dung cua chudng ngai vt va su dao dong cia xudng lam khoi
quan tinh (1) dao dong trong hai cuon day dién cam (2), lam cho tur tré cia mach
tir thay doi dan dén dién cam cua hai cudn day (2) thay ddi. Su thay d6i dién cam
nay s& duoc thiét bi DMC Plus thu thap, khuéch dai 1én gap nhiéu lan va duoc
ghi lai vao may tinh. Nhu vay, bién do dich chuyén cua khéi quan tinh (1) 16n
hay nho phu thugc vao do 6n dinh cta xudng hay tiy thudc vao gia téc dao dong

Cua xudng.

Wb W

Hinh 4.16. Cam bién do gia téc B12/1000
1. Khei quén tinh; 2. Mt cdt cua hai cuén day dién cam;3. Lo xo 1a (phan ti dan
hoi); 4. Than dau do; 5. Canh Vat; 6. CoC Nnéi ddy; 7. Pdu c6 ren ldap vao vdt do
4.4.2.2. Cam bién do luc kéo
Dé do cac luc kéo trong cac thi nghiém, luén an str dung cam bién do luc kéo tiéu
chuén cta hang HBM cua Cong hoa lién bang Btic hinh 4.17, dai do luc tir 0 dén SKN

Hinh 4.17. Cam bién do luc kéo HBM
4.4.2.3. Cam bién do géc nghiéng ngang
DPé xac dinh goc nghiéng ngang trong qua trinh quay vong r& sang kénh
vudng goc cling nhu gbc nghiéng ngang giéi han cta xudng, luan an st dung cam

bién do goc loai hiéu ing Hall (hinh 4.18), cam bién két ndi DMC.
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Hinh 4.18. Cam bién do géc nghiéng ngang

4.5. To6 chirc va tién hanh thi nghi¢m
4.5.1. Po luc cin chuyén dpng ciia xuong

Thi nghiém dugc tién hanh trén kénh c6 nhiéu rong, beo, luc binh ...v41 mat
d6 nhét dinh tai vuon qudc gia U Minh Thugng tinh Kién Giang, sir dung xudng c6
cong suat 16n dé kéo xudng chira chay rimg tram (xudng thi nghiém) théng qua soi
day cap dai 40 m (khoang cach 2 xudng 1a 40m) véi cac van toc yéu cau clia xudng
chita chay 15km/h. Cam bién do luc kéo duge két ndi véi thiét bi do DMC Plus va may
tinh, két qua do duoc luu trén may tinh. Qua trinh do dugc thé hién trén hinh 4.19.

- Rl S S T
Gy

Hinh 4.19. Thi nghiém do luc can

Pé bao dam d6 tin cdy cua cac sb liéu thi nghiém dat 95%, theo phuong

phap di biét, luan 4n d4 x4c dinh s6 1an lap lai cia mdi thi nghiém 1 3.
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Hinh 4.20. 6 thi do liec can chuyén déng ciia xuong chita chdy
Hinh 4.20 1a d6 thi luc can chuyén dong cua xudng chira chay riung ung
vGi van tde 15km/h. Gia tri luc can ban dau tang rat nhanh do béo tay bi don
nén lai dén khoang 500 daN thi luc can on dinh do mii xuéng lam beo tay bi
r& sang hai bén. Két qua thi nghiém dwoc xu 1y bang phan mém DMC Labplus
va Catman.

4.5.2. Po lwc ddy chén vit ciia xuong chiva chdy rieng

bo luc déy 16n nhat cta chan vit duge thuc hién tai vuon quéc gia U Minh
Thuong tinh Kién Giang. bé xé4c dinh luc déy ciia chan vit, luan an tién hanh thi
nghi¢m nhu sau: C6 dinh mot dau cam bién do luc kéo vao géc cay tram, dau con
lai cia cam bién do luc kéo dugc ndi vao than xudng thong qua day cap. Day tin
hiéu cua cam bién do luc kéo duoc két ndi vao thiét bi thu thap tin hi¢u thi nghiém

DMC Plus va may tinh. Qua trinh do dugc thé hién nhu hinh 4.21.

Hinh 4.21. Thi nghiém lwc ddy chan vit ciia xuong chiva chdy
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Hinh 4.22. Biéu do lwc ddy chan vit ciia xuong chiva chdy

Luén an tién hanh thi nghiém va&i cac goc dat truc chan vit khac nhau véi
o = 10; o = 15; o = 20; o = 25; o = 30. Pé dam bao tin cdy cua cac sb lidu thi
nghiém la 95%, theo cac sb liéu cua thi nghiém tham do ban dau, x4c dinh
duogc s6 1an ldp lai cho mdi thi nghiém 1a 3.

Ngoai ra luan an con tién hanh thi nghiém do luc day chan vit & cac gia
tri sb vong quay dong co khac nhau n = (1000, 1500, 2000, 2500, 3000, 3500)
vong/phut.

Két qua thi nghiém dugc xur 1y bang phan mém DMCLapPlus va Catman.
Hinh 4.22 1a biéu d6 luc day chan vit cia xudng chita chay ring.
4.5.3. Po géc nghiéng ngang (gdc ldt) ciia xuéng khi quay vong

Thi nghiém do goc nghiéng ngang dugc thuc hién tai hién truong, qua
trinh do nhu sau: khi van téc xudng dat dén gia tri quy dinh, tién hanh danh 1ai that
nhanh dén goc lai 16n nhat dé cho xudng quay vong, gia tri goc nghiéng ngang ting
nhanh dén khi goc nghiéng ngang ciia xudng dat dén gia tri 6n dinh nhu hinh 4.23.
Str dung thiét bi do géc nghiéng ngang ghi lai gié tri do. Két qua thi nghiém xur
1y bang phan mém DMC LapPlus, Catman va duoc thé hién trén hinh 4.23.
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Hinh 4.23. Két qud do géc nghiéng ngang ciia xuong chita chdy
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Hinh 4.24. Thi nghiém do géc nghiéng khi xuéng quay vong véi géc ldi 1ém nhdt
Ngodi ra dé xac dinh goc nghiéng ngang gidi han, luan an tién hanh thi
nghiém nhu sau: dung ngoai luc kich dong cho xudng nghiéng ngang & trang thai
tinh, luc kich dong cang 16n thi goc nghiéng ngang cta xudng cang 16n. Khi goc
nghiéng ngang dat dén gia tri y = 23 d6 thi nudc tran qua man xudng. Qué trinh

thue hién do géc nghiéng ngang gisi han dugc thé hién trén hinh 4.24 va hinh 4.25.

40

30

(=)
[=]

=
[=]

[=]

~ Goc nghieng ngang (Do)

Hinh 4.26. Biéu dé do géc nghiéng ngang gisi han cua xuong chira chay
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4.5.4. Po g6c ldc ngang (dé chong chanh) ciia xuéng khi cdc thiét bi trén xuéng
dang hoat dong

Dé xac dinh goc lic ngang cua xudng, luan an tién hanh thi nghiém nhu sau:
cho xudng vira di chuyén vira van hanh hé thong phun nudc chita chay, do gia toc
dit hai bén thanh xudng nhu so d6 bé tri thi nghiém nhu hinh 4.11. Két qua thi
nghiém xir Iy bang phan mém DMC LapPlus, Catman va Dasylab 10.

LAIL CHRICE T S S LR X IORs
— [

DMCLabplus »12a (s

sosa31220 08

HBM

0]

MO T OF T EN

Hinh 4.27. Biéu dé do gia toc ldc hai bén man xuéng chita chdy
4.5.5. Do lyc cua voi phun nwdéc chira chay
Thi nghiém do lyc cua voi phun nudce chita chdy dugc thuc hién nhu sau: )
dinh dau do luc kéo vao géc cay tram, dau con lai duoc gén chat voi xuéng thong
qua diy cap hinh 4.28, cho may bom nuéc hoat dong véi cong suét 16n nhat. St
dung cam bién do Iyc kéo va thiét bi do DMC Plus sé& xac dinh duoc luc day cua voi

phun nude. Két qua thi nghiém duogc xtr Iy bang phan mém DMC LapPlus va Catman

Hinh 4.28. Thi nghiém do luc cua voi phun nuwoc chiva chay
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Hinh 4.29. Biéu dé do lyec ddy ciia voi phun nuée chita chdy

4.5.6. Do vin toc chuyén dong ciia xuong trén kénh c6 nhiéu chwéng ngai vit

Cho xudng chay véi van tdc 10n nhét trén cac doan kénh c6 nhiéu béo tay,
thay doi gbc dat truc chan vit ay=5 dg; a,=10 dg; ;=15 d0; 0;=20 do; a,=25 do.
St dung ddng hd bam gidy do thoi gian di chuyén cua xudng, sir dung thude diy do
quing duong di chuyén ciia xudng, ngodi ra luan an con st dung cam bién do gia
téc duge két ndi vai thiét bi do DMC Plus va may tinh dé do gia téc chuyén dong
ctia xudng, qué trinh do dwoc thé hién trén hinh 4.30. Két qua do dugc xir Iy bang
phan mém DMC Labplus va Catman va Dasylab 10.
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Hinh 4.30. Thi nghiém do vdn téc ciia xuong
4.6. Xir Iy két qua thi nghi¢m

Dé két qua thi nghiém chinh x4c luén an tién hanh thi nghiém theo ting 16, moi
16 c6 ba thi nghiém. Theo dinh luat s6 1on thi phan bd xac suét trung binh mau tiém
can chuan [13], [14], [16].

Cong thirc vdc lvong miu tong thé 1a:
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S
P(X = Uy =<u, SX+na12.ﬁ) =1-a (4.22)

Trong do: X - trj s6 trung binh miu tong thé;
S - tiéu chuin mau;
o - micynghia. a=0,05;1-a=0.95
Tra bang Uy, = 1.96

Neéu goi A 1a sai s6 tuyét doi cua uoc lugng, ta co:

S
A= ulz. \/_ﬁ
>P.(X-A<sp «X+A)=1-a (4.23)
X X <X \ ua12.52.104
Dung luong mau can thiét la: Nt = —— (4.24)

()2.(Ac%)?
Trong d6 A% sai s6 twong ddi ciia ude luong, 1y A% = 5%.

Két qua tir cac thi nghiém do luc can chuyén dong cua xudng, do luc day
ctia chén vit, do cac goc lic, goc 1at va do gia toc dugc xir Iy theo phuong phap
"THKU 53X" [14] va phén mém Tewin dé xac dinh cac dic trung dong luc hoc,
cac budc xir 1y s6 liéu bao gom:

- Loai bo cac gia tdc bat binh thudng;

- X4ac dinh ham tuong quan;

- Xéc dinh céc gié tri theo thoi gian bang phuong phép tung do diém;

Theo [16], ham tuong quan dugc tinh theo cong thirc thirc sau:

N-j

R, (Atj) = N_] X; . l+] (4.25)
i=1

Trong d6: A;- SO gia thoi gian;
J - Budc nhay;

N- S6 sé lieu X ;;

i - SO hang twong tmg X z
4.7. Két qua nghién ciru thue nghiém
4.7.1. Xdc dinh mé men qudn tinh, toa d¢ trong tim va cdc thong sé hinh dang
xuong
Béng cac thi nghiém dugc mé ta & muc 4.3.1 va 4.3.2, luan an da xac dinh
dugc mot sb thong sb hinh dang va m6 men qua tinh, toa d0 trong tdm cua Xuéng

duogc ghi trong bang 4.1
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Bdng 4.1. Cdc théng s6 kj thudt ciia xuong

Stt Théng s6 k§ thuat Pon vi Gia tri Ghi chu
1 Chiéu dai/ rong/cao m/m/m 4.26/1.6/0.7
2 Trong lugng toan bo kg 975

Mo6n men quan tinh theo 9
3 N N kgm 2548
chiéu doc xuoéng Ox
Mon men quan tinh theo 9
4 N N kgm 3551
chiéu ngang xudng Oy
Toa do trong tam:
- Doc (14/1,) " 2.37/1.89
> - Ngang (b/by) 0.83/0.77
- Cao 0.35
6 Dién tich mit cét uét m’ 1.2

4.7.2. Xdc dinh hé s6 cin chuyén dpng giira xudng véi cdc chwong ngai vit trén kénh

Sau khi do dugc luc kéo (F¢,) va xac dinh dugc van tdc cla xuéng, thay vao
cong thirc (4.15), xac dinh duoc hé sd can chuyén dong cua xudng véi céc
chudng ngai vat trén kénh c6 béo tdy. Két qua xac dinh hé sb can tong hop k
dugc trinh bay ¢ bang 4.2.

Bang 4.2. H¢ s6 can chuyén dong giita xuéng voi cac chuong ngai vat trén kénh

Hé€ so can k irng véi cac van toc khac nhau

Trang thai cia kénh 6 9 12 15
km/h Km/h Km/h Km/h
Nudc khong co beo 0.0168 0.0171 0.0214 0.0240
Béo cai 0.0189 0.0229 0.0236 0.0262
Béo tay 0.0241 0.0258 0.0264 0.0271
Hon hop 0.0225 0.0231 0.0261 0.0266
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Bang 4.3. Hé so can chuyén dong cua xuong wng voi cac bién dang miii xuong

khac nhau
Hé s6 can k ng véi cac bién dang miii xudng
khac nhau
Trang thai cia kénh
Hinh ném Hinh elip Hinh thang
Nudc khong c6 beo 0.0240 0,0274 0,0316
Béo cai 0.0262 0.0296 0.0331
Beo tay 0.0271 0.0319 0.0358
Hon hop 0.0266 0.0305 0.0346

Nhén xét: Hé s6 can phu thudc vao van téc chuyén dong ciia xudng va chuéng
ngai vat trén kénh ddi v6i kénh c6 chuéng ngai vat (béo tay) co hé sd can 16n hon
d6i v6i kénh khong c6 chuéng ngai vat, van toc cua xudng cang 16n thi hé sb can
chuyén dong cang tang (thé hién ¢ bang 4.2). Hé s6 can phu thudc vao bién dang
mili xudng, bién dang miii xudng hinh ném co6 hé sé can nho nhat
4.7.3. Xdc dinh vin toc ciia xuong chita chdy rirng ieng véi cdc géc dit truc chan
vit khdc nhau

Sau khi do duoc van tde Xuéng ung véi cac goc dat truc chan vit khac nhau.
Xir 1y s6 lidu theo phuong phap thdng ké toan hoc va dugc trinh bay & bang 4.4.
Goc dit truc chan vit ting tir 5 dén 20 do thi van tdc cua xudng duge cai thién ting
1én, khi goc dit truc chan vit ting dén 25 d6 thi van téc xudng khong ting ma co Xu
huong giam xudng. Tir két qua thi nghiém cho thiy goc dat truc chan vit tot nhat
nam trong khoang tir 15 dén 20 do.

Bang 4.4. Van toc cua xuéng wng voi cdc goc dat truc chan vit khac nhau

Cac goc dat truc chan vit

TT Thong s6 do
50 10° 15° | 20° 250

1 Van téc xudng (km/h) 9.3 10.8 | 12.4 | 12.8 11
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4.7.4. Xdc dinh goc lic ngang ciia xuéng (d¢ chong chanh) khi cic hé théng
céng tdc trén xuong hoat dong

Sau khi x4c dinh dugc gia toc thing dimg bén trai va bén phai man xudng,
thay vao cong thirc (4.16), str dung phan mém Dasylab 10 dé tich phan hai 1an céc
gia tri gia toc, xac dinh dugc chuyén dich bén trai va bén phai ctia man xudng, thay
cac gia tri chuyén dich vao cong thic (4.17), xac dinh dwoc goc lic ngang (do
chong chanh) cua xudng khi cac hé thong cong tac trén xudng hoat dong. Két qua
tinh toan duoc thé hién & bang 4.5.

Bdng 4.5. GOc lic ngang khi cdc hé théng céng tac trén xuong hoat dong

Trang thai Trang thai
T Thong s6 do x:u"ing chay Xuong quay Quy ’phg'm
thang va phun vong ré thiet ke
nuwoc nhanh
Go6c lac ngang cua
1 xuong 2.2 d6 7.14d0 8.7 do
(do chong chanh)

Nhan xét: gdc lac ngang (d¢6 chong chanh) ciia xudng nho hon quy pham

thiét ké xudng

4.7.5. Xdc dinh géc nghiéng ngang gidi han (goc lat) khi xuéng quay vong
Sau khi thu dugc két qua thi nghiém, luan &n tién hanh xtr 1y va xac dinh
duogc gia tri goc nghiéng ngang gidi han (goc 14t) thé hién trén bang 4.6.

Bang 4.6. Géc nghiéng ngang gidi han ciia xuong khi quay vong ré nhanh

Goc nghiéng ngang trng véi cac Goéc
. vén toc khac nhau nghiéng
TT Thong so do
ngang gioi
5km/h | 10 km/h | 15 km/h
han
1 | Goc nghiéng ngang (d0) 6.3 9.2 13.7 23

Nhan xét: Van téc chuyén dong cang cao thi gia tri goc nghiéng ngang cua

xudng cang lon.
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4.7.6. Xac dinh lwc voi phun nwoc chira chdy

Sau khi do duogc luc ctia voi phun nudc chita chay, sa dung phan mém
Catman, luan an xac dinh dugc luc ctia voi phun nudce ghi trong bang 4.7. Phan luc cta

voi phun nudc chita chay tac dung lai xudng khi phun vao mit dat c6 gia tri 16n nhat.

Bang 4.7. Luc voi phun nudc weng voi cac trang thai phun khac nhau

Luwc voi phun
TT Trang thai phun Ghi chu
(DaN)
1 | Phun vao bui cé 17.5 Phun truc dién
2 | Phun vao ngon cay 21.0 Phun truc dién
3 | Phun vao mit dét 27.5 Phun truc dién

4.7.7. Xdc dinh géc on dinh hwéng chuyén déng

Sau khi tién hanh thi nghiém, luan an xac dinh duoc goc léch huéng chuyén

dong, két qua thi nghiém duoc xur Iy va ghi ¢ bang 4.8.

Bang 4.8. Géc léch huéng chuyén dong ciia xuong chira chdy vng véi cdc téc dd

khdac nhau
) Van toc ciia xudng
TT Thong so xac dinh
2km/h | 3km/h | 5km/h | 10 km/h
1 Go6c Iéch hudng 6 (d0) 16.5 14.2 11.3 6.6

4.8. So sanh két qua tinh toan ly thuyét véi thwe nghiém

Dbé danh gia do tin cay cua mo hinh ly thuyét, luan &n 13p bang so sanh mat )
thong s6 dong luc hoc chuyén dong ciia xudng chira chay ring tinh theo mé hinh 1y
thuyét va két qua do bang thuc nghiém. Luan 4n tién hanh so sanh két qua khao sat

trong 3 bai toan 1y thuyét v6i thi nghiém.
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4.8.1. So sanh vdn téc chuyén déng ciia xuong khi di chuyén trén kénh cé
chuong ngai vat
Cin ctr vao két qua khao sat & chuong 3 va két qua nghién ctru thuc nghiém
thu dugc ¢ trén, luan an 1ap bang so sanh két qua tinh theo 1y thuyét va két qua thi
nghiém trong cung mot diéu kién. Két qua so sanh duoc thé hién trong bang 4.9.
Bang 4.9. So sanh vin téc chuyén dong ciia xuong tinh theo mé hinh Iy thuyét va

thue nghiém.

Van toc chuyén dong (km/h)
TT Trang thai so sanh Ket qua Ket qua
khao sat Iy thuc Sai 56 (%)
thuyét nghi¢m
1 | Géc dat chan vit (a; = 5°%) 10.5 9.3 11.4
2 | Goc dat chan vit (oq = 10°) 12.5 10.8 13.6
3 | Goc dat chan vit (aq = 15°) 14.1 12.4 12
4 | Goc dat chan vit (aq = 20°) 14.0 12.8 8.5
5 | Goc dat chan vit (aq = 25°) 11.8 11.0 6.8

Nhan xét: sai s6 giita tinh theo mé hinh ly thuyét va két qua thyc nghiém
nam trong pham vi cho phép
4.8.2. So sanh géc léch hwdng chuyén dong khi xuéng vira di chuyén vira phun
nuwoc chira chay
Pé kiém ching mo hinh tinh toan goc léch huéng chuyén dong ciia xudng,
luan 4n tién hanh so sanh giira két qua tinh theo 1y thuyét va thuc nghiém trong

cung mot diéu kién. Két qua so sanh dugc thé hién trén bang 4.10.
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Bdng 4.10. So sanh géc léch huéng chuyén dong ciia xuong tinh theo mé hinh Iy

thuyét va thuwc nghiém.

Géc 1éch huéng chuyén dong 0

Két qua £ ,
TT Trang thai so sanh khao sqét ly Ket qUa'C}o
thuyét | WC nEhiem | sai 56 (%)
() (@
1 | Van toc cia xudng v = 2km/h 18.5 16.5 10.8
2 | Van tdc ctia xudng v = 3km/h 16.3 14.2 12.9
3 | Van tdc ctia xudng v = Skm/h 12.6 11.3 10.3
4 | Van toc ciia xudng v = 10km/h 75 6.6 12.0

4.8.3. So sanh nghiéng ngang ciia xuong khi quay vong ré nhdanh

Dé kiém chirng mé hinh tinh toan goc nghiéng ngang ctia xudng khi quay vong r&

sang kénh nhanh, ludn an tién hanh so sanh giita két qua tinh theo 1y thuyét va thuc

nghiém trong cting mot diéu kién. Két quéa so sanh dugc thé hién trén bang 4.11.

Bdng 4.11. So sanh nghiéng ngang ciia xuong tinh theo mé hinh Iy thuyét

va thyc nghiém.

Géc nghiéng ngang khi xudng quay
vong (¥)
TT Trang thai so sanh - -
Kétqua khao | Két qua do s
sat Iy thuyét | thuc nghiém S(%l/ ;0
0
(d9) (d6)
1 | Van tdc cta xudng v = Skm/h 7.1 6.3 11.2
2 | Van tdc cta xudng v = 10km/h 9.8 9.2 6.1
3 | Van tdc cta xudng v = 15m/h 15.1 13.7 9.3
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Nhéan xét: Tu két qua thuc nghiém nhan dugc ¢ trén, ludn an c6 mot sb
nhan xét sau:

- Sai 1&ch giira két qua xac dinh van téc chuyén dong ciia xudng trén kénh
c6 nhiéu chuéng ngai vat; d6 6n dinh cua xudng thong qua goc léch hudng
chuyén dong 0 va goéc nghiéng ngang y (goc 1at) cia xudng khi quay vong ré
sang kénh vudng goc bang thuc nghiém so véi tinh theo 1y thuyét nim trong
pham vi cho phép (sai 1éch dudi 15%) va chap nhan dugc, nhu vy mé hinh dong
Irc hoc chuyén dong cua xudng theo 1y thuyét xay dung & chuwong 2 1a c6 thé tin
cay dugc. Sy sai léch giita két qua trong bai toan 1y thuyét va thuc nghiém 1a do
trong qué trinh thyc nghiém con mot sd yéu té anh hudng co tiac dong 1an nhau
ma trong nghién ctru Iy thuyét chua ké dén tic dong nay.

4.9. Xac dinh cac thong so ky thuat dé hoan thién xudng chira chay rirng
4.9.1. Xdc dinh goc ddt truc chdn vit

Tir két qua thi nghiém thu duoc & bang 4.3, st dung phan mém chuyén dung,
chung toi thiét 1ap duoc phuong trinh twong quan giita goc dat truc chan vit (o) voi
luc ddy chan vit nhu sau:

- M6 hinh hdi qui:

V =7.6+0.631a; — 0.019a? (4.26)

Gia tri tinh toan tiéu chuan Kokhren, Gy = 0,327, gia tri tinh toan tiéu chuan
Fisher la F; = 2.1.

- Kiém tra tinh dong nhét ctia phuong sai: gia tri Kokhren tra bang VIII [16],
vol a = 0.05; Gy, =0.6644, so sanh voi1 gié tri Kokhren theo tinh todn c6: Gy = 0.327
< Gy, =0.6644, phuong sai cta thi nghiém coi 1a dong nhit.

- Kiém tra tinh tuong thich ctia phuong trinh hdi qui: gia tri tiéu chuan Fisher
tra bang VI [16] véi muc dd chinh xé&c cua nghién cuu 14 0,05; Fy, = 2.5; so sanh véi

gia trj Fisher tinh toan ta c6: Fy =2.1 < F, =2.5 m6 hinh hoi qui 1a twong thich.
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Khao sat phuong trinh twong quan (4.26) thdy phuong trinh trén dat cuc dai khi
goc oy = 16.6 do, cho vén tdc 1a 16n nhat v = 14.9 km/h.

Nhu vay goc dat truc chan vit tdi wu 13 oy = 16.6 do.
4.9.2. Xdc dinh cong suit dpng co

Sau khi x4c dinh duoc hé sb can chuyén dong cua xudng chita chay rimg tram
khi hoat dong chita chdy trén kénh c6 chudng ngai vit, thay hé sb can da xac dinh
vao cong thirc tinh cong suat dong co [20], luan an xac dinh dugc cong suat can

thiét cia dong co cho xudng chita chay rimg tram la:

P, = (4.27)

Véi P=k2-S. v

Thay cac gia tri vao cong thirc (4.27), xac dinh cong suat dong co thuc té can
thiét cho xudng chita chay 1a Ps = 26 kw .
4.9.3. Xdc dinh vi tri, goc dat voi phun nwéc chira chay trén xuo”‘ng

Cin ct vao két qua khao sat & chuong 3 va két qua nghién ctru thuc nghiém
& phan trén cho thiy goc dit voi phun nude chita chay hop 1y nhit 1a B, < 45 d0,
vi tri dat voi phun nudc chita chay cach toa do trong tim 1.5 m vé phia banh lai
khi d6 goc léch huéng chuyén dong cua xudng nho, xudng van on dinh huéng
chuyén doéng ¢ van toc v = 3+5 km/h khi c6 tic dong cua diéu khién banh 1ai,
ddng thoi vin dam bao dugce cong nghé chita chdy ring dat hiéu qua.
4.10. So sanh mét s thong sb6 ky thuit ciia xudng nghién ctu cai tién so véi
xudng hién tai dang sir dung

Dé danh gia tinh nang k¥ thuat ciia xudng nghién ciru cai tién so voi xudng
hi¢én tai dang st dung, ludn an tién hanh 1ap ban so sanh mot ) thong sb ky

thuat, két qua so sanh dugc thé hién & bang 4.12.
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Bang 4.12. So sanh mét sé chi tiéu kj thudt ciia xuéng dang sir dung voi

xuong nghién ciru cdi tién

. Len . Xudng dang sir dung Xuodng nghién ciru cai
TT|  Chitiusosinh | 500 do aé tai thiét ké) tién, hoan thién
1 | Bién dang miii xudng | - Hinh thang - Hinh ném
2 | Goc dat truc chan vit | - aq =10 [ do] - 0y =16.6 [d0]
Goc dat voi phun By
g | (khi xuong wira di| yp.nohc dinh - Be<45[ do]
chuyén viea  phun & : X '
nwoc chita chay)
. A 1 | - Cach trong tdm 1.5m
4 | Vi tri dit voi phun Cach trong tam 2m ve | s 1o banh 1ai (dudi
phia miii xudng X
xudng)
5 | Cong suat dong co - Ps =15 [kw] - Ps =26 [kw]
6 | Van téc xudng - 8 [km/h] - 15 [km/h]
Goc on dinh hudng 1
chuyén dong  khi 7 - On dinh véi 6 < 20
7 | xudong vua di chuyén | - Khong 6n dinh [d6] 6 van toc v = 3+5
vra phun nudc chira km/h
chay (0)
8 | Luc can chuyén dong | - Fe, = 300 [daN] - Fey =220 [daN]
9 | Cao d¢ trong tam - h=0.35[m] - h=0.35[m]
10 | Bé rong xudng -B=1.6[m] -B=1.6[m]
11 Goc nghiéng ngang | Ve = 23[d0] - Ve = 23[d0]
glél han \Vmax max g max Y

Két luin chwong 4

Tu két qua nghién ctru thyc nghi¢m, luan an rut ra mot sb két luan sau:

1. Luan 4n d4 xay dung dugc phuong phéap thuc nghiém xac dinh mot s6 thong
s6 dong luc hoc chuyén dong cia xudng chira chay ring tram, phuong phap thuc
nghiém nay c6 thé dung dé tham khao khi xac dinh cac thong sd dong luc hoc cua

cac phuong ti€n van tai duong thuy khac.
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2. ba xéc dinh dugc toa do trong tdim, mé men quan tinh, hé sb can ung vai cac
bién dang miii xuéng khéc nhau trén kénh c6 nhiéu chudng ngai vat khac nhau, luc
day chén vit, lyc voi phun nuée chita chay. Cac thong sd trén di duoc st dung trong
tinh toan khao sat ¢ luan an ndy, ngoai ra con c6 thé lam tai liéu tham khao khi tinh
toan dong luc hoc cua Xuéng.

3. Két qua nghién ctru thyc nghiém thu duoc di so sanh vai két qua tinh theo
moé hinh 1y thuyét véi sai s6 nam trong pham vi cho phép (sai s6 nhd hon 15%), tir
d6 ¢ thé khang dinh mé hinh bai toan 1y thuyét vé dong luc hoc chuyén dong cia
xudng di 1ap ¢ chuong 2 1a dang tin cay.

4. Két qua nghién ctru thuc nghiém da xac dinh dugc mat s6 thong s6 két cau
hop 1y cua xuéng bao gém: gbc dat tryc chan vit o = 16.6 do, vi tri ddt voi phun
nuoc chira chay az= 1.5m cach toa d¢ trong tam vé phia truc lai va géc dat voi phun
nudc chira chay By < 45 do, déng thoi cling xac dinh dugc ché do s dung hop 1y
ctia xudng khi hoat dong chita chdy rimng bao gém: van toc khi xudng vira chay vira
phun nuéc chita chay tir v = 3+5 km/h, véan tc khi quay vong 1& vao kénh vudng
goc v < 15 km/h thi xudng khong bi nudc tran qua man xudng va khong ddm vao

bo.
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KET LUAN VA KIEN NGHI
1. Két luan

Trén co s& cua nhitng nghién ctru 1y thuyét va thuc nghiém vé dong luc hoc
chuyén dong cua xuéng chita chay rung tram, luan an da dat dugc mot sb két qua
nhu sau:

1. Xudng chira chay rimg tram 1a thiét bi méi do dé tai trong diém cap nha
nudce thiét ké ché tao hién dang duoc su dung co6 hi€u qua tai cac don vi chita chay
rimg thudc khu vic Pong bang séng Ciru Long, tuy nhién thiét bi ndy con mét sb
t6n tai can phai hoan thién dé dap Gmg yéu cau cuia cong nghé chira chay rimg

2. Luan 4n da thiét 1ap duoc mo hinh va phuong trinh vi phan chuyén dong
thang cta xudng (2.33), phwong trinh vi phan khi xudng vira di chuyén vira phun
nudc chita chdy (2.48), phuong trinh vi phan khi xuéng quay vong r& nhanh vao
kénh vudng goc (2.72).

3. Luan an di tién hanh khao sat cac phuong trinh vi phan da lap duoc &
chuong 2, két qua khao sat d xac dinh dugc mot sé thong sd két cau hop 1y cua
xudng chita chay rimg tram bao gdm: goc dit truc chan vit hop 1y tir 15 + 20 46,
tiét dién mat cat ngang ctia mili xudng c6 dang hinh ném dé r& béo giam hé sb can
ctia xudng, goc dit voi phun hop 1y By < 45 d6; ché do sir dung hop 1y bao gém van
tdc cuia xudng khi vira di chuyén vira phun nuée v = 3+5 km/h, van toc 16n nhat khi
quay vong r& vao kénh vudng goéc v = 18 km/h thi xudng khong mat 6n dinh (khong
bi nudc tran qua man xudng).

4. Luan an da xay dung dugc phuong phdp nghién ctru thuc nghiém xéac dinh
mot s6 thong sb dong luc hoc bao gff)m: toa dg trong tdm, m6 men quan tinh, h¢ sb
can Ung vé6i cac bién dang mili xudng trén kénh c6 nhiéu chuéng ngai vat khac
nhau, luc déy chan vit, luc voi phun nudc chira chay; da tién hanh so sanh két qua
tinh toan theo mé hinh 1y thuyét va thyc nghiém, két qua so sanh cho thay sai sd
nam trong pham vi cho phép (sai s6 nho hon 15%), tir 6 ¢6 thé khing dinh rang mo
hinh bai toan 1y thuyét di xay dung ¢ chuong 2 1a dang tin cay.

5. Bé“mg nghién ctru thyc nghi¢m, luan éan da tién hanh xac dinh dugc mot sd

thong s6 két cau va ché d6 st dung hop 1y nham hoan thién xudng chita chay rimg
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tram bao gém: gbc dat truc chan vit tdt nhat a; = 16.6 do, vi tri dat voi phun nudc
chita chay cach toa d6 trong tdm xudng 1.5 m vé phia banh lai, goc dat voi phun
nuée chita chay Py = 45 d0, van tdc khi xudng vira di chuyén vira phun nudc chira
chay v = 3 + 5 km/h, van téc xudng khi quay vong ré sang kénh vudng goc
v=15km/h.

6. Cac théng sb cua xudng duoc rit ra tir két qua nghién ciu da khic phuc
duogc nhitng ton tai ciia xuong hién dang st dung va dap ung duoc yéu cau vé cong
nghé va ky thuat cua xudng chira chay rimg do6 1a: van téc di chuyén xudng 16n dé
tiép can dam chay, 6n dinh huéng chuyén dong khi xudng vira di chuyén vira phun
nuéc chita chay va on dinh chéng lat khi xudng quay vong ré sanh kénh nhanh
vuodng goc.

2. Kién nghi

Nghién ctru dong luc hoc chuyén dong cua xudng chita chay ring 13 van dé
16n can co thoi gian nghién ctru dai. Do vay dé dé tai duoc hoan thién, lun an kién
nghi can nghién ctru tiép mot s6 ndi dung sau day:

1. Nghién ctru vé dao dong cta xudng dé han ché anh hudng dén stc khoe cia
can bo chira chay va chat luong hoat dong cua cac thiét bi chita chay.

2. Nghién ctru sau vé bién dang miii xudng va tuyén hinh xudng dé hé sd can
nho nhat nhung van dam bao 6n dinh & cac ché d6 hoat dong cua xu@)ng.

3. Nghién ctru sau vé hé sd can ma sat gitra bé mat vo xudng voi cac chudng
ngai vat trén kénh (béo tay) dé giam hé s can.

4. Nghién ctru cac md hinh dong luc hoc cua Xuéng khi Xuéng vuot can bé'mg

to1 kéo.
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PHU LUC 04
SO LIEU THI NGHIEM PO LUC PAY CHAN VIT
5.1. Lure ddy chan vit véi géc dat 10 dp

Xc Xc Xc Xc
t (ms) (daN) t (ms) (daN) t (ms) (daN) t (ms) (daN)
0.00 0 0.72 3.272 1.50 220.32 2.26 924.805
0.02 0.175 0.75 3.621 1.53 235.725 2.29 921.661
0.03 0.461 0.79 4.018 1.56 251.082 2.33 950.406
0.05 0.349 0.82 4.193 1.58 271.68 2.35 964.302
0.07 0.397 0.83 4.78 1.60 291.293 2.37 994.317
0.08 0.746 0.85 5.543 1.62 306.809 2.38 999.098
0.10 0.111 0.87 4.367 1.63 320.308 2.40 905.958
0.12 1.81 0.88 4.193 1.65 335.094 2.42 998.399
0.13 1.175 0.90 3.843 1.67 346.496 2.43 982.915
0.15 2.509 0.92 6.464 1.68 358.646 2.45 964.541
0.17 2.573 0.93 5.543 1.70 368.714 2.47 945.451
0.18 2.271 0.95 6.416 1.72 381.8 2.48 931.952
0.20 1.525 0.97 4.669 1.73 396.459 2.50 921.551
0.22 2.62 0.98 5.13 1.75 409.434 2.52 929.347
0.23 0.937 1.00 5.066 1.77 423.282 2.53 931.253
0.25 3.494 1.02 5.892 1.78 436.606 2.55 948.198
0.27 2.922 1.03 5.415 1.80 447.31 2.57 950.755
0.28 3.796 1.05 5.717 1.82 454.584 2.58 971.703
0.30 1.874 1.07 6.94 1.83 458.602 2.60 960.586
0.32 2.795 1.08 6.067 1.85 466.558 2.62 969.543
0.33 1.636 1.10 8.036 1.87 476.802 2.63 968.558
0.35 2.335 1.12 7.464 1.88 488.379 2.65 987.171
0.37 3.669 1.13 6.416 1.90 505.547 2.67 993.984
0.38 3.033 1.15 6.591 1.92 523.921 2.68 924.047
0.40 1.874 1.17 4.844 1.93 548.236 2.70 943.009
0.42 3.144 1.18 6.94 1.95 570.93 2.72 964.068
0.43 2.223 1.20 6.877 1.97 594.672 2.73 970.468
0.45 3.097 1.22 7.512 1.98 626.482 2.75 976.058
0.47 2.795 1.23 6.765 2.00 660.802 2.77 967.038
0.48 2.684 1.25 89.427 2.02 696.233 2.78 946.265
0.50 1.922 1.27 90.65 2.03 733.585 2.80 927.084
0.52 2.049 1.28 95.113 2.05 779.831 2.82 901.482
0.53 2.795 1.30 99.48 2.07 824.902 2.83 987.346
0.55 2.509 1.32 103.45 2.08 872.546 2.85 970.527
0.57 2.747 1.33 108.326 2.10 915.949 2.87 968.325
0.58 3.97 1.35 110.533 2.12 963.831 2.88 960.062
0.60 2.859 1.37 114.551 2.13 979.442 2.90 961.571
0.62 3.319 1.38 120.141 2.15 949.288 2.92 948.373
0.63 4.256 1.40 123.921 2.17 991.993 2.93 943.482
0.65 2.922 1.42 128.86 2.18 934.157 2.95 922.471
0.67 3.732 1.43 130.893 2.20 972.955 2.97 912.418
0.68 3.383 1.45 137.134 2.22 911.006 2.98 988.914




Xc Xc Xc Xc
tMs) | gany | T | gany | TMS) | gany | TMS) | (gany
0.70 3.843 1.47 143.169 2.23 952.901 3.00 988.564
3.02 968.729 3.79 943.009 4.55 921.661 5.32 953.773
3.33 952,721 3.81 964.068 4.57 950.406 5.33 944.641
3.05 927.708 3.82 970.468 4.58 964.302 5.35 988.914
3.07 919.973 3.83 976.058 4.60 994.317 5.37 988.564
3.08 913.986 3.85 967.038 4.62 999.098 5.38 924.805
3.10 928.708 3.87 946.265 4.63 905.958 5.40 921.661
3.12 933.012 3.88 927.084 4.65 998.399 5.42 950.406
3.13 947.146 3.90 901.482 4.67 982.915 5.43 964.302
3.15 957.85 3.92 987.346 4.68 964.541 5.45 994.317
3.17 972.62 3.93 970.527 4.70 945.451 5.47 999.098
3.18 973.557 3.95 968.325 4.72 931.952 5.48 905.958
3.20 984.61 3.97 960.062 4.73 921.551 5.50 998.399
3.22 989.2 3.98 961.571 4.75 929.347 5.52 982.915
3.23 907.987 4.00 948.373 4.77 931.253 5.53 964.541
3.25 991.761 4.02 943.482 4.78 948.198 5.55 945.451
3.27 966.462 4.03 922.471 4.80 950.755 557 931.952
3.28 941.084 4.05 912.418 4.82 976.058 5.58 921.551
3.30 929.919 4.07 988.914 4.83 967.038 5.60 929.347
3.32 920.327 4.08 988.564 4.85 946.265 5.62 931.253
3.33 924.281 4.10 988.914 4.87 927.084 5.63 948.198
3.35 921.137 4.12 988.564 4.88 901.482 5.65 950.755
3.37 927.664 4.13 924.805 4.90 987.346 5.67 971.703
3.38 924.98 4.15 921.661 4.92 970.527 5.68 960.586
3.40 9027.95 4.17 950.406 4.93 968.325 5.70 969.543
3.42 9067.272 4.18 964.302 4.95 960.062 5.72 1026.314
3.43 924.805 4.20 994.317 4.97 961.571 5.73 1038.765
3.45 921.661 4.22 999.098 4.98 948.373 5.75 943.009
3.47 950.406 4.23 905.958 5.00 943.482 5.77 964.068
3.48 964.302 4.25 998.399 5.02 922.471 5.78 970.468
3.50 994.317 4.27 982.915 5.03 912.418 5.80 976.058
3.52 999.098 4.28 964.541 5.05 988.914 5.82 967.038
3.53 905.958 4.30 945.451 5.07 988.564 5.83 946.265
3.55 998.399 4.32 931.952 5.08 988.914 5.85 927.084
3.57 982.915 4.33 921.551 5.10 988.564 5.87 901.482
3.58 964.541 4.35 929.347 5.12 924.805 5.88 987.346
3.60 945.451 4.37 931.253 5.13 921.661 5.90 970.527
3.62 931.952 4.38 948.198 5.15 950.406 5.92 968.325
3.63 921.551 4.40 950.755 5.17 964.302 5.93 960.062
3.65 929.347 4.42 971.703 5.18 994.317 5.95 961.571
3.67 931.253 4.43 960.586 5.20 999.098 5.97 948.373
3.68 948.198 4.45 969.543 5.22 905.958 5.98 943.482
3.70 950.755 4.47 931.841 5.23 998.399 6.00 922.471
3.72 971.703 4.48 929.459 5.25 982.915 6.02 912.418
3.73 960.586 4.50 933.477 5.27 964.541 6.03 988.914
3.75 969.543 4.52 919.104 5.28 945.451 6.05 988.564
3.77 968.558 453 918.691 5.30 931.952 6.07 921.661




Xc Xc Xc Xc
t (ms) (daN) t (ms) (daN) t (ms) (daN) t (ms) (daN)
6.13 987.171 6.90 972.386 7.67 921.551 8.43 950.406
6.15 993.984 6.92 948.373 7.68 929.347 8.45 964.302
6.17 924.047 6.93 943.482 7.70 931.253 8.47 994.317
6.18 943.009 6.95 922.471 7.72 948.198 8.48 999.098
6.20 964.068 6.97 912.418 7.73 950.755 8.50 905.958
6.22 970.468 6.98 988.914 7.75 971.703 8.52 998.399
6.23 976.058 7.00 988.564 7.77 960.586 8.53 982.915
6.25 967.038 7.02 924.805 7.78 969.543 10.20 964.541
6.27 946.265 7.03 964.302 7.80 982.915 10.22 945.451
6.28 927.084 7.05 994.317 7.82 964.541 10.23 931.952
6.30 901.482 7.07 999.098 7.83 945.451 10.25 921.551
6.32 987.346 7.08 905.958 7.85 931.952 10.27 929.347
6.33 970.527 7.10 998.399 7.87 921.551 10.28 931.253
6.35 968.325 7.12 982.915 7.88 929.347 10.30 948.198
6.37 960.062 7.13 964.541 7.90 931.253 10.32 950.755
6.38 961.571 7.15 945.451 7.92 948.198 10.33 988.914
6.40 948.373 7.17 931.952 7.93 950.406 10.35 988.564
6.42 943.482 7.18 921.551 7.95 964.302 10.37 924.805
6.43 922.471 7.20 995.711 7.97 994.317 10.38 921.661
6.45 912.418 7.22 989.898 7.98 999.098 10.40 950.406
6.47 988.914 7.23 996.584 8.00 905.958 10.42 964.302
6.48 988.564 7.25 931.253 8.02 998.399 10.43 994.317
6.50 924.805 7.27 948.198 8.03 982.915 10.45 999.098
6.52 921.661 7.28 950.755 8.05 964.541 10.47 905.958
6.53 950.406 7.30 988.914 8.07 913.986 10.48 998.399
6.55 964.302 7.32 988.564 8.08 928.708 10.50 982.915
6.57 994.317 7.33 924.805 8.10 933.012 10.52 964.541
6.58 999.098 7.35 921.661 8.12 947.146 10.53 945.451
6.60 905.958 7.37 950.406 8.13 957.85 10.55 931.952
6.62 998.399 7.38 964.302 8.15 972.62 10.57 921.551
6.63 982.915 7.40 994.317 8.17 973.557 10.58 929.347
6.65 964.541 7.42 999.098 8.18 984.611 10.60 931.253
6.67 945.451 7.43 905.958 8.20 989.259 10.62 948.198
6.68 931.952 7.45 998.399 8.22 987.346 10.63 950.755
6.70 921.551 7.47 982.915 8.23 970.527 10.65 951.703
6.72 929.347 7.48 964.541 8.25 968.325 10.67 940.586
6.73 931.253 7.50 945.451 8.27 960.062 10.68 949.543
6.75 948.198 7.52 931.952 8.28 961.571 10.70 941.661
6.77 950.755 7.53 921.551 8.30 948.373 10.72 940.406
6.78 971.703 7.55 929.347 8.32 943.482 10.73 944.302
6.80 960.586 7.57 931.253 8.33 922.471 10.75 944.317
6.82 969.543 7.58 948.198 8.35 912.418 10.77 939.098
6.83 968.558 7.60 917.818 8.37 988.914 10.78 935.958
6.85 987.171 7.62 931.841 8.38 988.564 10.80 938.399
6.87 993.984 7.63 929.459 8.40 986.758 10.82 932.915
6.88 924.047 7.65 933.477 8.42 979.199 10.84 924.044




5.2. Luwe ddy chan vit véi géc dit 20 dp

Xc Xc Xc Xc
L) | @any | 1M (@any | T (dany | TS| (dan
0.00 184.127 0.72 1336.897 1.50 1486.689 2.26 1526.725
0.02 197.388 0.75 1375.806 1.53 1483.147 2.29 1537.826
0.03 209.902 0.79 1413.683 1.56 1486.339 2.33 1525.613
0.05 221.241 0.82 1440.855 1.58 1485.418 2.35 1530.918
0.07 231.945 0.83 1478.669 1.60 1496.011 2.37 1519.388
0.08 241.839 0.85 1505.079 1.62 1488.388 2.38 1525.439
0.10 249.859 0.87 1533.062 1.63 1491.866 2.40 1522.008
0.12 252.257 0.88 1557.598 1.65 1479.542 242 1536.667
0.13 255.211 0.90 1566.269 1.67 1489.134 243 1541.78
0.15 249.399 0.92 1581.341 1.68 14814 245 1562.204
0.17 240.839 0.93 1582.452 1.70 1498.155 247 1569.525
0.18 237.122 0.95 1584.183 1.72 1500.426 2.48 1578.72
0.20 227.006 0.97 1576.338 1.73 1527.297 2.50 1578.847
0.22 225.021 0.98 1573.845 1.75 1533.872 2.52 1569.827
0.23 222.528 1.00 1572.209 1.77 1554.057 2.53 1555.692
0.25 224.322 1.02 1587.391 1.78 1553.707 2.55 1537.238
0.27 228.69 1.03 1586.693 1.80 1559.059 2.57 1527.821
0.28 227.816 1.05 1596.301 1.82 1544.703 2.58 1509.557
0.30 238.345 1.07 1581.753 1.83 1540.685 2.60 1512.241
0.32 248.875 1.08 1583.326 1.85 1529.695 2.62 1503.332
0.33 258.705 1.10 1560.409 1.87 1522.469 2.63 1516.243
0.35 276.095 1.12 1549.34 1.88 1521.373 2.65 1506.874
0.37 291.516 1.13 1524.803 1.90 1521.31 2.67 1511.765
0.38 310.478 1.15 1518.276 1.92 1532.649 2.68 1499.314
0.40 332.759 1.17 1501.823 1.93 1537.651 2.70 1499.552
0.42 355.39 1.18 1500.712 1.95 1550.515 2.72 1482.75
0.43 381.515 1.20 1499.028 1.97 1546.783 2.73 1485.529
0.45 408.624 1.22 1501.125 1.98 1556.439 2.75 1485.529
0.47 441.72 1.23 1505.19 2.00 1547.085 2.77 1501.363
0.48 477.961 1.25 1502.459 2.02 1558.36 2.78 1511.241
0.50 513.392 1.27 1509.033 2.03 1548.006 2.80 1530.965
0.52 551.031 1.28 1501.474 2.05 1565.285 2.82 1544512
0.53 595.355 1.30 1507.636 2.07 1564.824 2.83 1550.452
0.55 640.744 1.32 1497.805 2.08 1583.786 2.85 1551.15
0.57 689.61 1.33 1514.497 2.10 1588.201 2.87 1542.019
0.58 739.048 1.35 1517.355 212 1602.161 2.88 1537.016
0.60 796.872 1.37 1540.859 2.13 1595.364 2.90 1516.196
0.62 861.032 1.38 1545.386 2.15 1589.662 2.92 1507.525
0.63 924.144 1.40 1564.411 2.17 1576.687 2.93 1497.107
0.65 987.907 1.42 1558.075 2.18 1560.933 2.95 1507.175
0.67 1060.802 1.43 1559.583 2.20 1543.94 2.97 1504.38
0.68 1130.441 1.45 1542.479 2.22 1529.33 2.98 1514.973
0.70 1191.806 1.47 1533.109 2.23 1527.297 3.00 1511.527




Xc Xc Xc Xc
t (ms) (daN) t (ms) (daN) t (ms) (daN) t (ms) (daN)
3.02 1250.567 3.79 1509.843 4.55 1520.897 5.32 1521.77
3.33 1298.385 3.81 1495598 4.57 1530.854 5.33 1514.497
3.05 1324.326 3.82 1476.234 4.58 1528.468 5.35 1516.245
3.07 1519.324 3.83 1512.289 4.60 1556.963 5.37 1497.567
3.08 1517.641 3.85 1527.424 4.62 1552.199 5.38 1480.987
3.10 1526.773 3.87 1542.606 4.63 1540.272 5.40 1462.2
3.12 1527.011 3.88 1550.166 4.65 1523.057 5.42 1457.61
3.13 1541.908 3.90 1551.913 4.67 1501.998 5.43 1446557
3.15 1561.505 3.92 1548.943 4.68 1491.516 5.45 1445.62
3.17 1580.817 3.93 1529.313 4.70 1487.864 5.47 1430.85
3.18 1591.235 3.95 1513.861 4.72 1490.421 5.48 1420.146
3.20 1595.777 3.97 1489.309 4.73 1493.263 5.50 1406.012
3.22 1600.763 3.98 1484.592 4.75 1500.951 5.52 1401.708
3.23 1588.852 4.00 1477.732 4.77 1497.984 5.53 1386.986
3.25 1576.227 4.02 1491.691 4.78 1500.664 5.55 1392.973
3.27 1556.455 4.03 1492.104 4.80 1494.137 5.57 1400.708
3.28 1552.199 4.05 1506.477 4.82 1497.281 5.58 1425.721
3.30 1539.684 4.07 1502.459 4.83 1493.327 5.60 1441729
3.32 1546.672 4.08 1504.841 4.85 1502.919 5.62 1464.185
3.33 1546.497 4.10 1490.818 4.87 1514.084 5.63 1481.988
3.35 1557.265 412 1489.42 4.88 1539.462 5.65 1487.038
3.37 1550.277 4.13 1478.208 4.90 1564.761 5.67 1482.162
3.38 1551.262 4.15 1475.762 4.92 1590.599 5.68 1476.62
3.40 1544.687 4.17 1479.542 4.93 1604.495 5.70 1472.268
3.42 1544.179 4.18 1500.251 4.95 1613.802 5.72 1461.914
3.43 1531.077 4.20 1514.036 4.97 1612.071 573 1461.564
3.45 1535.333 4.22 1535.682 4.98 1604.972 5.75 1461.914
3.47 1540.399 4.23 1552.087 5.00 1592.632 5.77 1485.418
3.48 1558.36 4.25 1558.599 5.02 1580.991 5.78 1495.471
3.50 1570.637 4.27 1552.723 5.03 1575.941 5.80 1516.482
3.52 1584.533 4.28 1535.38 5.05 1572.145 5.82 1521.373
353 1599.842 4.30 1523.104 5.07 1579.895 5.83 153457
355 1596.761 4.32 1503.396 5.08 1580.531 5.85 1533.062
357 1588.09 4.33 1493.152 5.10 1583.151 5.87 1541.32
3.58 1570.637 4.35 1487.451 5.12 1580.118 5.88 1543.527
3.60 1559.409 4.37 1492.977 5.13 1577.863 5.90 1560.346
3.62 1536.27 4.38 1488.848 5.15 1565.523 5.92 1574.48
3.63 1526.074 4.40 1491.405 5.17 1561.044 5.93 1600.08
3.65 1515.958 4.42 1486.339 5.18 1552.199 5.95 1619.265
3.67 1523.628 4.43 1485.291 5.20 1559.758 5.97 1640.038
3.68 1515.37 4.45 1473.317 5.22 1560.457 5.98 1649.058
3.70 1523517 4.47 1469.584 5.23 1576.338 6.00 1643.468
3.72 1514.798 4.48 1462.898 5.25 1585.771 6.02 1637.068
373 1518.514 450 1468.711 5.27 1595.602 6.03 1616.009
375 1500.076 4.52 1478.716 5.28 1593.267 6.05 1597.047
3.77 1499.251 453 1496.233 5.30 1585.184 6.07 1566.984




Xc Xc Xc Xc
tms) | gany | T | gany | TS | gany | TMS) | gany

6.13 1413.683 6.90 1550.166 7.67 1501.998 8.43 1480.987
6.15 1440.855 6.92 1551.913 7.68 1491.516 8.45 1462.2

6.17 1478.669 6.93 1548.943 7.70 1487.864 8.47 1457.61
6.18 1505.079 6.95 1529.33 7.72 1490.421 8.48 1446.557
6.20 1533.062 6.97 1513.861 7.73 1493.263 8.50 1445.62
6.22 1557.598 6.98 1489.309 7.75 1500.951 8.52 1430.85
6.23 1566.269 7.00 1484.592 1.77 1497.984 8.53 1420.146
6.25 1581.341 7.02 1477.732 7.78 1500.664 10.20 1406.012
6.27 1582.452 7.03 1491.691 7.80 1494.137 10.22 1401.708
6.28 1584.183 7.05 1492.104 7.82 1497.281 10.23 1386.986
6.30 1576.338 7.07 1506.477 7.83 1493.327 10.25 1392.973
6.32 1573.845 7.08 1502.459 7.85 1502.919 10.27 1400.708
6.33 1572.209 7.10 1504.841 7.87 1514.084 10.28 1425.721
6.35 1587.391 7.12 1490.818 7.88 1539.462 10.30 1441.729
6.37 1586.693 7.13 1489.442 7.90 1557.265 10.32 1464.185
6.38 1596.301 7.15 1478.208 7.92 1550.277 10.33 1481.988
6.40 1581.753 7.17 1475.762 7.93 1551.262 10.35 1487.038
6.42 1583.326 7.18 1479.542 7.95 1544.687 10.37 1482.162
6.43 1560.409 7.20 1500.251 7.97 1544.179 10.38 1476.62
6.45 1549.34 7.22 1514.036 7.98 1531.077 10.40 1472.268
6.47 1524.803 7.23 1535.682 8.00 1535.333 10.42 1461.914
6.48 1518.276 7.25 1552.087 8.02 1540.399 10.43 1461.564
6.50 1501.823 7.27 1558.599 8.03 1558.36 10.45 1461.914
6.52 1500.712 7.28 1552.723 8.05 1570.637 10.47 1485.418
6.53 1499.028 7.30 1535.381 8.07 1584.533 10.48 1495.471
6.55 1501.125 7.32 1523.104 8.08 1599.842 10.50 1516.482
6.57 1505.19 7.33 1503.396 8.10 1596.761 10.52 1487.864
6.58 1502.459 7.35 1493.152 8.12 1588.09 10.53 1490.421
6.60 1509.033 7.37 1487.451 8.13 1570.637 10.55 1493.263
6.62 1501.474 7.38 1492.977 8.15 1479.542 10.57 1500.951
6.63 1507.636 7.40 1488.848 8.17 1500.251 10.58 1497.984
6.65 1497.805 7.42 1491.405 8.18 1514.036 10.60 1500.664
6.67 1514.497 7.43 1486.339 8.20 1535.682 10.62 1413.683
6.68 1517.355 7.45 1485.291 8.22 1552.087 10.63 1440.855
6.70 1540.859 7.47 1473.317 8.23 1558.599 10.65 1478.669
6.72 1545.386 7.48 1469.584 8.25 1552.723 10.67 1505.079
6.73 1564.411 7.50 1462.898 8.27 1535.38 10.68 1533.062
6.75 1558.075 7.52 1468.711 8.28 1523.104 10.70 1487.864
6.77 1559.583 7.53 1478.208 8.30 1503.396 10.72 1490.421
6.78 1542.479 7.55 1475.762 8.32 1493.152 10.73 1493.263
6.80 1533.109 7.57 1479.542 8.33 1487.451 10.75 1500.951
6.82 1413.683 7.58 1500.251 8.35 1492.977 10.77 1497.984
6.83 1440.855 7.60 1514.036 8.37 1488.848 10.78 1500.664
6.85 1478.669 7.62 1535.682 8.38 1491.405 10.80 1494.137
6.87 1505.079 7.63 1552.087 8.40 1486.339 10.82 1497.281
6.88 1533.062 7.65 1558.599 8.42 1485.291 10.84 1493.327




5.3. Lure diy chan vit véi goc dat 30 dp

Xc Xc Xc Xc
tmS) | @an) | 1™ | (@any | T ] (dany | T | (dan)

0.00 1.188 0.72 3.56 1.50 172.329 2.26 1152.438
0.02 1.474 0.75 4.322 1.53 181.223 2.29 1185.836
0.03 1.362 0.79 3.862 1.56 192.927 2.33 1206.132
0.05 1.41 0.82 4211 1.58 203.917 2.35 1219.695
0.07 1.759 0.83 4.608 1.60 220.91 2.37 1226.095
0.08 1.124 0.85 4.783 1.62 236.315 2.38 1228.302
0.10 2.823 0.87 5.37 1.63 251.672 2.40 1220.743
0.12 2.188 0.88 6.133 1.65 272.27 2.42 1217.551
0.13 3.522 0.90 4,957 1.67 291.883 2.43 1209.34
0.15 3.586 0.92 4.783 1.68 307.399 2.45 1210.738
0.17 3.284 0.93 4.433 1.70 320.898 2.47 1214.93
0.18 2.538 0.95 7.054 1.72 335.684 2.48 1213.818
0.20 3.633 0.97 6.133 1.73 347.086 2.50 1213.58
0.22 1.95 0.98 7.006 1.75 359.236 2.52 1206.084
0.23 4.507 1.00 5.259 1.77 369.304 2.53 1193.221
0.25 3.935 1.02 5.72 1.78 382.39 2.55 1186.138
0.27 4.809 1.03 5.656 1.80 397.049 2.57 1178.8

0.28 2.887 1.05 6.482 1.82 410.024 2.58 1175.831
0.30 3.808 1.07 6.005 1.83 423.872 2.60 1170.939
0.32 2.226 1.08 6.307 1.85 437.196 2.62 1162.856
0.33 2.925 1.10 7.53 1.87 447.9 2.63 1164.078
0.35 4.259 1.12 6.657 1.88 455.174 2.65 1163.443
0.37 3.623 1.13 8.626 1.90 459.192 2.67 1164.714
0.38 2.464 1.15 8.054 1.92 467.148 2.68 1158.377
0.40 3.734 1.17 7.006 1.93 477.392 2.70 1144.179
0.42 2.813 1.18 7.181 1.95 488.969 2.72 1128.25
0.43 3.687 1.20 5.434 1.97 506.137 2.73 1108.748
0.45 3.385 1.22 7.53 1.98 524.511 2.75 1094.265
0.47 3.274 1.23 7.467 2.00 548.826 2.77 1069.712
0.48 2.512 1.25 8.102 2.02 571.52 2.78 1052.91
0.50 2.639 1.27 7.355 2.03 595.262 2.80 1034.52
0.52 3.385 1.28 90.017 2.05 627.072 2.82 1018.702
0.53 3.099 1.30 91.24 2.07 661.392 2.83 1012.476
0.55 3.337 1.32 95.703 2.08 696.823 2.85 997.4049
0.57 4.56 1.33 100.07 2.10 734.175 2.87 987.1779
0.58 3.449 1.35 104.04 2.12 780.421 2.88 970.2959
0.60 3.909 1.37 108.916 2.13 825.492 2.90 965.7539
0.62 4.846 1.38 111.123 2.15 873.136 2.92 958.6709
0.63 3.512 1.40 115.141 2.17 916.539 2.93 960.7039
0.65 4.322 1.42 120.731 2.18 964.421 2.95 960.5919
0.67 3.973 1.43 1327.876 2.20 1010.032 2.97 968.1519
0.68 4.433 1.45 1331.084 2.22 1049.878 2.98 982.4609
0.70 4211 1.47 1334.34 2.23 1092.583 3.00 995.2609
3.02 3.036 3.79 1331.259 4.55 1134.747 5.32 1008.697




Xc Xc Xc Xc
t (ms) (daN) t (ms) (daN) t (ms) (daN) t (ms) (daN)
3.05 1076.525 3.82 1323.684 4,58 1253.379 5.35 1373.568
3.07 1087.34 3.83 1322.302 4.60 1258.969 5.37 1361.117
3.08 1099.68 3.85 1319.682 4.62 1252.092 5.38 1363.038
3.10 1104.508 3.87 1313.853 4.63 1256.745 5.40 1352.096
3.12 1115.323 3.88 1311.408 4.65 1247.963 5.42 1350.413
3.13 1122.486 3.90 1328.544 4.67 1246.105 5.43 1345.521
3.15 1135.746 3.92 1323.542 4.68 1243.659 5.45 1341.567
3.17 1149.484 3.93 1325.225 4.70 1236.735 5.47 1341.043
3.18 1166.699 3.95 1322.636 4.72 1235.687 5.48 1331.673
3.20 1180.309 3.97 1322.127 4,73 1225.92 5.50 1328.592
3.22 1195.952 3.98 1318.808 4.75 1231.161 5.52 1317.84
3.23 1200.097 4.00 1311.884 4.77 1222.49 5.53 1322.494
3.25 1216.153 4.02 1311.82 4,78 1234.591 5.55 1309.344
3.27 1227.143 4.03 1308.914 4.80 1225.11 5.57 1314.283
3.28 1246.867 4.05 1300.418 4.82 1241.849 5.58 1308.169
3.30 1255.189 4.07 1296.352 4.83 1239.483 5.60 1320.556
3.32 1274.786 4.08 1327.876 4.85 1256.984 5.62 1309.28
3.33 1287.063 4.10 1331.084 4.87 1253.617 5.63 1315.331
3.35 1308.343 4.12 1334.34 4.88 1269.847 5.65 1308.518
3.37 1319.524 4.13 1331.259 4.90 1273.278 5.67 1314.41
3.38 1337.263 4.15 1329.687 4.92 1285.078 5.68 1308.058
3.40 1348.428 4.17 1323.684 4.93 1289.032 5.70 1312.886
3.42 1361.18 4.18 1322.302 4.95 1298.577 5.72 1318.237
3.43 1362.514 4.20 1319.682 4.97 1308.883 5.73 1320.969
3.45 1369.137 4.22 1313.853 4.98 1323.065 5.75 1323.24
3.47 1372.17 4.23 1311.408 5.00 1348.539 5.77 1323.891
3.48 1378.983 4.25 1328.544 5.02 1359.481 5.78 1332.086
3.50 1381.889 4.27 1323.542 5.03 1383.398 5.80 1324.923
3.52 1390.783 4.28 1325.225 5.05 1387.4 5.82 1328.894
3.53 1394.912 4.30 1341.043 5.07 1345.347 5.83 1324.288
3.55 1315.331 4.32 1338.772 5.08 1361.927 5.85 1335.342
3.57 1308.518 4.33 1327.369 5.10 1360.656 5.87 1327.544
3.58 1314.41 4.35 1326.734 5.12 1374.028 5.88 1336.961
3.60 1308.058 4.37 1314.172 5.13 1374.489 5.90 1331.911
3.62 1312.886 4.38 1312.25 5.15 1388.512 5.92 1342.028
3.63 1318.237 4.40 1305.961 5.17 1382.286 5.93 1334.532
3.65 1320.969 4.42 1297.179 5.18 1394.277 5.95 1341.678
3.67 1323.24 4.43 1288.984 5.20 1392.879 5.97 1344.076
3.68 1323.891 4.45 1284.617 5.22 1398.168 5.98 1353.494
3.70 1332.086 4.47 1286.65 5.23 1397.072 6.00 1353.271
3.72 1324.923 4.48 1276.359 5.25 1395.214 6.02 1358.846
3.73 1328.894 4.50 1280.313 5.27 1397.58 6.03 1364.897
3.75 1324.288 4.52 1274.898 5.28 1392.133 6.05 1366.358
3.77 1335.342 4.53 1283.982 5.30 1393.689 6.07 1376.712
6.13 1327.544 6.90 1270.371 7.67 1304.345 8.43 1380.54
6.15 1403.933 6.92 1318.825 7.68 1376.061 8.45 1402.71




Xc Xc Xc Xc
t (ms) (daN) t (ms) (daN) t (ms) (daN) t (ms) (daN)

6.17 1405.854 6.93 1324.574 7.70 1366.358 8.47 1412.715
6.18 1307.977 6.95 1310.614 7.72 1370.074 8.48 1407.887
6.20 1311.185 6.97 1318.825 7.73 1367.803 8.50 1421.322
6.22 1314.377 6.98 1310.916 7.75 1371.582 8.52 1345.347
6.23 1315.14 7.00 1319.81 7.77 1367.342 8.53 1361.927
6.25 1316.124 7.02 1313.41 7.78 1367.565 | 10.20 | 1360.656
6.27 1318.221 7.03 1323.065 7.80 1365.421 | 10.22 | 1374.028
6.28 1322.636 7.05 1318.698 7.82 1361.53 10.23 1374.489
6.30 1322.127 7.07 1321.382 7.83 1364.309 | 10.25 | 1388.512
6.32 1318.808 7.08 1323.717 7.85 1360.307 | 10.27 | 1382.286
6.33 1311.884 7.10 1325.336 7.87 1364.897 10.28 1394.277
6.35 1311.82 7.12 1338.772 7.88 1357.559 | 10.30 | 1392.879
6.37 1308.914 7.13 1345.347 7.90 1361.006 | 10.32 | 1398.168
6.38 1300.418 7.15 1361.927 7.92 1349.651 | 10.33 | 1397.072
6.40 1296.352 7.17 1360.656 7.93 1355.241 | 10.35 | 1395.214
6.42 1320.904 7.18 1374.028 7.95 1345.124 | 10.37 1397.58
6.43 1319.158 7.20 1374.489 7.97 1350.937 | 10.38 | 1392.133
6.45 1314.965 7.22 1388.512 7.98 1342.091 | 10.40 | 1393.689
6.47 1316.775 7.23 1382.286 8.00 1345.347 | 10.42 | 1337.501
6.48 1312.408 7.25 1394.277 8.02 1336.04 10.43 | 1342.726
6.50 1312.757 7.27 1392.879 8.03 1336.04 10.45 | 1329.418
6.52 1311.122 7.28 1398.168 8.05 1330.752 | 10.47 | 1334.817
6.53 1311.36 7.30 1397.072 8.07 1330.514 | 10.48 | 1324.749
6.55 1315.028 7.32 1395.214 8.08 1333.722 | 10.50 | 1332.149
6.57 1314.155 7.33 1397.58 8.10 1335.691 | 10.52 | 1322.732
6.58 1318.173 7.35 1392.133 8.12 1344.251 | 10.53 | 1330.053
6.60 1322.651 7.37 1393.689 8.13 1345.236 | 10.55 | 1324.987
6.62 1325.208 7.38 1384.383 8.15 1354.939 | 10.57 | 1326.559
6.63 1328.813 7.40 1386.304 8.17 1350.937 | 10.58 | 1322.017
6.65 1327.876 7.42 1372.583 8.18 1359.894 | 10.60 | 1322.668
6.67 1331.084 7.43 1380.603 8.20 1356.003 | 10.62 | 1322.319
6.68 1334.34 7.45 1374.092 8.22 1365.135 | 10.63 | 1320.334
6.70 1331.259 7.47 1381.604 8.23 1359.306 | 10.65 | 1329.291
6.72 1329.687 7.48 1373.79 8.25 1367.168 | 10.67 | 1331.737
6.73 1323.684 7.50 1381.826 8.27 1357.21 10.68 | 1345.299
6.75 1322.302 7.52 1378.396 8.28 1366.58 10.70 | 1343.663
6.77 1319.682 7.53 1384.272 8.30 1361.514 | 10.72 | 1357.909
6.78 1313.853 7.55 1382.048 8.32 1373.742 | 10.73 | 1353.208
6.80 1311.408 7.57 1382.112 8.33 1374.092 | 10.75 | 1370.773
6.82 1328.544 7.58 1380.317 8.35 1384.097 | 10.77 | 1364.261
6.83 1323.542 7.60 1374.092 8.37 1389.036 | 10.78 1375.6

6.85 1325.225 7.62 1373.568 8.38 1390.434 | 10.80 | 1369.486
6.87 1324.526 7.63 1367.104 8.40 1395.5 10.82 | 1386.241
6.88 1323.828 7.65 1372.805 8.42 1396.246 | 10.84 | 1383.811




) X ' PHU LUC 05
KHAI BAO THONG SO KHAO SAT HE PHUONG TRINH PQNG LUC
HQC XUONG CHUA CHAY RUNG

clear all;

clc

k=0.0168;

ro=100;

v=[1:20];

omega=1,;
XA=(K.*ro.*v."2.*omega)/2
Phi=(15*pi)/180);

Y A=(XA.*tan(Alpha4-phi);
N_dc=10.3;
phi_2cv=[800:3200];
nuy=0.98;
XC=(N_dc.*nuy./Phi_2cv)
Y C=(XC.*tan(Alphal+phi);
Fvp=27.5;

Fcz=350;
beta_y=(45*pi)/180;
beta_z=(45*pi)/180;
a0=1.2;

al=1.8;

a2=0.4;

a3=2.22;

a4=1;

m1=943;

m2=43;
Alpha0=(20*pi)/180;
Alphal=(10*pi)/180;
Alpha2=(15*pi)/180;
Alpha4=(25*pi)/180;
g=9.81,

11x=2548;

11y=3511;

12=38;

S_cQs=230;

s_cqt=200;

as=1.1;

at=1;

k=0.0168;

nuy=0.98;

N_dc=10.3;



clear all;

clc
k=0.0168;

S bl=0.15;
Delta=(20*pi)/180;
S_CQs=1.46;
s_cqt=1.52;
m1=932;
m2=43;
h_0=0.3;
as=1.1;
at=1.2;
|1x=2548;
11z=3551;
12=38.7;
h3=0.54;
R_Mcx=450;
L2=1.15;
L3=2.15;



