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Dé tai trinh bay két qua cua viéc thay doi bién dang banh 1ai dé nang cao hiéu ning
banh 14i tau thay nho vao cong cu tinh toan mé phong sé CFD (Computational fluid
dynamics) két hop vé6i két qua thir nghiém quay vong ctia mé hinh dé kiém tra tinh ning
diéu dong cua tau khi sir dung cac dang banh lai khac nhau. Vi¢c lya chon bién dang
banh 14i dé tinh toan dua trén su khao sat mot sd kiéu banh 14i don gian co6 dic tinh thay
dong luc tdt. Ba dang banh lai dugc st dung 1a dang tam, NACA0015 va NACA0015
c6 dudi ném. Trén co so nghién ctru 1y thuyét vé cac dic tinh thuy dong luc hoc banh
141 thi hiéu ning cua banh 14i dugc xac dinh dwa vao hé sb luc nang (Cr) va hé sb luc
can (Cp), viéc tang Cr. va giam Cp s& ning cao duoc hiéu ning cta banh 13i. Két qua mo
phong cho thdy khi thém phan ném ¢ dudi (v6i chiéu rong ném bang 5% chiéu rong
banh 14i) ctia banh 1ai NACA0015 thi hé sb luc nang 16n nhét (tai goc 30°) tang 7,3% so
v6i NACA0015 nguyén ban, trong khi d6 hé s6 luc can tai cac goc tan nho ting chi ting
nhe. Két qua khi thir nghiém mé hinh cho thiy su phu hop véi 1y thuyét mé phong khi
quay vong goc 35° man trai va 35° man phai thi duong kinh chién thuét va cy 1i dich
chuyén t6i ctia banh 14 NACA0015 c6 dudi ném nhé hon dang ké so véi hai bién dang
con lai. Banh 14i hiéu ning cao khong chi gitp tau cai thién tinh ning diéu dong ma con

lam tidng hiéu qua kinh té khi khai thac tau.



LOI NOI DAU

Thanh phé Pa Néng — trung tdm kinh té, du lich 1én nhit mién trung, v6i nhitng
bai bién noi tiéng thé gidi, co vinh sau, cang bién 1on va hé thong séng ngodi chan chit.
Sau hon 2 nam chiu sy tan pha cua dai dich Covid 19, kinh té noi chung va nganh du
lich cia Pa Nang néi riéng dang phuc hdi mot cach manh mé&. Véi vi tri dia 1y thuan loi,
dong song Han tho mong gin véi nhitng cdy cau ndi tiéng, sy phat trién ngdy cang nhanh
cta thanh phé dd mé ra mot xu huéng du lich méi, d6 1a du lich bang du thuyén trén
song Han. Thanh phd di va dang dinh hudng, chi truong phat trién du lich du thuyén
tr¢ thanh dich vu du lich miii nhon trong nhitng nam toi.

Tau thuy 1a mot cong trinh k¥ thuét c6 thé ndi va di chuyén duoc trén nude, véi
két cAu phirc tap va hoat dong trong moi trudong vo cung khic, yéu cau vé tinh an toan,
kha ning diéu dong va tiét kiém ning luong 1 nhitng tiéu chi dau tién duoc tinh dén
trong qua trinh thiét ké, ché tao mot con tau. Trong d6, thiét bi l4i tau dong mot vai trd
rit quan trong, n6 c6 nhiém vu gitp didu khién con tau dén nhirng noi mong mudn. Thiét
bi 1ai anh hudéng 16n dén kha nang van hanh, khai thac cta con tau, dac biét 1a voi du
thuyén — mot phuong tién thily yéu cau tinh an toan, thAm my va tinh kinh té thi viéc
thiét ké ché tao hé thdng lai hiéu ning cao 1a rat can thiét. Xuét phat tir nhimg yéu cau
trén, duoc sy dong y ctia Khoa Co khi Giao thong va b mén K thuat tau thiy, nhém
chung em da lya chon va thuc hién dé tai: “Thiét ké, ché tao va thir nghiém mo hinh
banh 14i hi€u nang cao cho tau du lich hoat dong trén song Han”.

Nhom ching em xin chan thanh cam on Thay TS. Nguyén Van Minh néu khong
c6 su giup d& tan tinh cua Thay thi do an t6t nghiép chic s& khong hoan thanh duoc.
Cudi cung nhém xin cam on su giup dd cla cac thﬁy trong bo mon, sy dong vién cua
cac ban dé nhom hoan thanh db an nay. D6 4n t6t nghiép khong tranh khoi nhiing sai
sot nhat dinh nén mong Hoi dong bao vé cung cic ban quan tdm dén dé tai nay dong
gop nhitng ¥ kién quy bao dé dd an dat két qua tot nhat.

Nhom xin chan thanh cam on!
Da Ning, ngdy thang nim 2022

Nhom sinh vién thuc hién



CAM DOAN

Chung t6i xin cam doan rang do an tot nghiép v6i dé tai: Thiét ké, ché tao va thir
nghiém banh 1ai hiéu ning cao cho tau du lich hoat dong trén song Han, Pa Nang... 1a
nghién ctru doc 1ap cua ching toi. Cac ndi dung nghién ctru va két qua trong dé tai nay
1a trung thuc, chua dugc cong bé trong bat cir cong trinh nao. Néu c6 bat ky sy gian lan
nao, chung toi xin chiu trach nhiém trudc Hoi dong ciing nhu két qua d6 4n cua minh.
T4t ca cdc tai liéu tham khao déu c6 xuét x rd rang va duoc trich dan hop phap. Néu
truong hop phat hién ra bt cir sai pham hay van dé sao chép nao trong d¢ tai nay, chiing
to1 xin hoan toan chiu trach nhiém va chiu moi hinh thirc ky luat theo quy dinh ctia nha

truong cho 161 cam doan ctia minh.

Nhom sinh vién thuc hién
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Ki HIEU
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B : Chiéu rong thiét ké, m
Cs : Hé sb day thé tich

Cr : He sb strc can ma sat
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CHU VIET TAT
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

CHUONG 1: TONG QUAN VE DE TAI
1.1 Piéu kié¢n tw nhién ciia thanh pho Pa Ning
1.1.1 Vi tri dia ly

Trong pham vi khu vuc va quc té, thanh ph6 Da Ning 1a mot trong nhiing cira
ngd quan trong ra bién ctua Ty Nguyén va cac nudc Lao, Campuchia, Thai Lan,
Myanmar dén cac nudc ving Dong Bic A thong qua hanh lang kinh té Dong Tay voi
diém két thic 1a cang bién Tién Sa. Nam ngay trén mot trong nhirng tuyén dudng bién
va duong hang khong quéc té, Pa Nang c6 mot vi tri dia Iy ddc biét thuan loi cho su
phat trién nhanh chong va bén viing.

Da Ning 1a trung tdm kinh té, vin hoa, gido duc va cong nghé 16n nhat caa khu
vue mién Trung — Ty Nguyén va 1a thanh phd 16n tht 4 cia Viét Nam. Phia bic giap
tinh Thira Thién Hué, phia nam va tay giap tinh Quang Nam, phia dong giap bién Déong.
Véi vi trf trung do cua ca nude, Pa Ning cach Ha Noi 765km vé phia Bic va thanh phd
Hb Chi Minh 964km vé phia Nam, ndi ving Ty Nguyén trii phti qua Qudc 16 14B va
1a ctra ngd ra bién ciia Tay Nguyén va nudce ban Lao. Cac trung tim kinh doanh - thwong
mai cta cac nude ving Dong Nam A va Thai Binh Duong déu nam trong pham vi ban
kinh 2000km tir thinh phd Da Ning.

1.1.2 Séng ngoi, bién

S6ng ngoi cua thanh phd Da Ning déu bat ngudn tir phia Ty, Tdy Bac thanh phd
va tinh Quang Nam. Hau hét cac séng & Da Néng déu ngédn va dbc. C6 2 song chinh 1a
S6ng Han (chiéu dai khoang 204 km, tong dién tich luu vuc khoang 5.180km2) va song
Cu Dé (chiéu dai khoang 38 km, luu vuc khoang 426km2). Ngoai ra, trén dia ban thanh
phé con c6 cac song: Song Yén, song Chu Bai, song Vinh Dién, séng Tuy Loan, song
Phua Loc...

Da Ning c6 bd bién dai khoang 30 km, ¢6 vinh Pa Néng nim chén béi swdn nui
Hai Van va Son Tra, myc nudc sau, thudn 1gi cho viéc xay dung cang 16n va mot sb
cang chuyén dung khac; va ndm trén cac tuyén duong bién qudc té nén rat thuan loi cho
viéc giao thong duodng thuy. Mic khac Vinh Pa Nang con 1a noi tri dau tranh bio cta

cac tau c6 cong suat 16n.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Pa Nang con c6 mot bo bién dai v6i nhiéu bii tim dep nhu Non Nudc, My Khé,
Thanh Khé, Nam O véi nhiéu canh quan thién nhién ky thi; & khu vuc quanh ban dao
Son Tra c6 nhiing bai san hé 16n, thuan loi trong viéc phat trién cac loai hinh kinh doanh,
dich vy, du lich bién.
1.1.3 Khi hau

Pa Nang nam trong vung khi hau nhiét d61 gié mua, nhiét do cao va it bién dong.
MOdi nam c6 hai mua 1o rét: mua kho tir thang 1-9, mua mua tur thang 10 - 12. Nhi¢t do
trung binh hang nam khoang 25 d6 C, cao nhat 1a vao thang 6, 7, 8 trung binh tir 28 - 30
d6 C, thdp nhét vao cac thang 12, 1, 2 trung binh tir 18-23 d6 C, riéng ving rimg nui Ba
Na ¢ do cao gén 1500m, nhi¢t do trung binh khoang 20 d6 C. ba Na:mg thinh thoang co
nhiing dot rét dam vao mua dong nhung khong kéo dai.

Luong mua trung binh hang ndm 13 2504,57 mm; luong mua cao nhit vao thang
10, 11 trung binh 550 — 1000 mm/thang; thap nhit vao cac thang 1, 2, 3, 4 trung binh 23
— 40 mm/thang
1.2 Tiém ning phat trién tau du lich trén séng Han
1.2.1 Thuén lgi vé tw nhién

Thanh phb Da Ning c6 nhidu uu thé vi tri dia 1y, 14 cira ngd két nbi voi cac dia
phuong trong nudce va qudc té trén ca duong bo, dudng hang khong, dudng thuay... Véi
muc tiéu phat huy tiém ning du lich bién déo, dudng thuy noi dja, viéc phat trién nganh
dich vu lién quan dén tau du lich, du thuyén s& gop phan thu hit khach du lich trong va
ngoai nudce.

ba Na:lng dugc xem 1a diém dén an toan than thién va mén khach, héng nam thu
hut lwong 16n khach du lich d&én tham quan va nghi dudng tai ddy. Nhiéu tour, tuyén du
lich dudng thiy dang dugc hinh thanh cung véi viée xtc tién xay dung cau tau va bén
du thuyén da mé ra huéng méi cho phat trién du lich, dwa san pham du lich nay tré
thanh san phdm dic trung cua Da Néng. Nhitng tuyén dudng thuy nhu Pa Néng - Cu
Lao Cham (tinh Quang Nam); Pa Néng - Ly Son (tinh Quang Ngii) va tuyén dudng
thuy trén song C6 C9... s& gop phan thu hit du khach quay trd lai thanh phé sau thoi
gian gidn doan do dnh huong dich bénh COVID-19.

Véi loi thé c6 dong séng chay quanh thanh phd, c6 ctra bién séng Han, cang Tién

Sa thuan loi don khach du lich tau bién cling 1a mot loi thé dé phat trién nganh cong
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

cong nghiép dich vu lién quan dén du thuyén dugc ky vong s& gop phan ting trudng
GRDP, tao dot pha trong Iinh vuc cong nghiép, dich vu, gén véi phat trién bén virng,
bao vé méi trudng, giir viing an ninh qudc phong.
1.3 Muc tiéu ciia dé tai
V&i dé tai “Thiét ké, ché tao va thir nghiém banh lai hiéu nang cao cho tau du lich hoat
déng trén séng Han, Pa Nang” muc tiéu cua dé tai:
- Phan tich dugc cac dac tinh thuy dong luc hoc tdc dung 1én banh lai tau thuy
thong qua mo6 phong CFD va thir nghiém mo hinh chay tu do (Free Runing Model
Test)
- Thiét ké, ché tao, lép dat cac thiét bi do cho mé hinh, nidm dugc quy trinh thu
nghiém
- Xac dinh duogc cac thong s6 can do phuc vu cho viéc tinh todn, phan tich c4c tinh
ning diéu dong ciia tdu va hiéu ning cta banh lai
- Thiét ké banh 14i hiéu ning cao cho tau du lich v&i két ciu, hiéu ning tbt va tinh
kinh té cho san pham
1.4 P6i twong va phwong phap nghién ciru
1.4.1 Pdi twgng nghién ciru
Banh l4i hiéu ning cao cho tau du lich trén song Han, Pa Nang
1.4.2 Phwong phap nghién ctiru
- Nghién ctru co s& 1y thuyét v& bién dang, tinh ning dong luc hoc banh lai tau
thuy
- Tinh todn mo phong s dé xac dinh cac thong sé dong luc hoc banh l4i
- Phan tich, danh gia tir d6 lya chon mau banh 1ai phu hop véi mau tau duoc lua
chon khao sat.
- Ché tao mé hinh tau bﬁng vat li€éu composite, banh 1ai 3D

- Thtr nghiém md hinh tau
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning
CHUONG 2: KHAO SAT TAU DU LICH TREN SONG HAN

2.1 Céc thong sb co ban ciia tau

2.1.1 Thong s6 co ban cia tau
Tén tau: Du thuyén 4U séng Han do Cong ty C6 phan K§ Thuat Va Phat Trién Cong
Nghé Hang Hai Viét Nam (VITECHCO) thiét ké

Bdng 2.1 Théng sé co ban cua tau

Thong sb Ky hiéu Gia tri Thir nguyén
Chiéu dai 16n nhat Linax 29,80 m
Chiéu dai giira hai try L 27,90 m
Chiéu rong 16n nhat Bumax 6,00 m
Chiéu rong mép boong Bmb 5,85 m
Chiéu rong thiét ké Bu 5,74 m
Chiéu cao man D 1,90 m
Mén nude d 1,00 m
May chinh Ne 405 HP
Thuyén vién Ny 5 nguoi
Nhan vién Nny 5 nguoi
Hanh khach k 98 ngudi

2.1.2 Loai tau va cong dung
- Loai tau: Tau du lich
- Chirc ning, cong dung cua tau: Ché khach du lich tham quan, ngam canh trén
song Han, cung cp cac dich vu khac cho hanh khéch trén tau
2.2 Tuyén hinh
Tuyén hinh tau cho ngudi doc thiy duoc hinh dédng con tau qua cac dudng hinh
(duoc tao ra béi giao ciia vo tau véi cac mit phiang suon 1y thuyét, mit phing duong

nudc va mat cat doc.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Theo chiéu dai tau duoc chia thanh cac khoang suon 1y thuyét voi khoang cach

12 2790 mm dugc ky hiéu tir swon 0 dén suon 10. Theo chidu rong tau dugc chia thanh
cac cat doc voi khoang cach 1a 500 mm va duoc ky hiéu CD500, CD1000, CD1500,
CD2000, CD25000. Theo chiéu cao tau dugc chia thanh cac duong nude véi khoang
cach 1a 500 mm va duoc ky hi¢u DPN500, DPN1000, BPN1500.

O céc vi tri duong hinh vo tau 1a nhitng duong cong phrc tap (ving mili hay ving

duoi) thi c6 theé chia nhé va thém céc suon, cat doc cling nhu cadc dudong nudce dé co6 dugce

nhitng duong cong mém va tron phuc vu viéc thi cong ché tao sau nay.

DPuong hinh dang anh huéng dén nhiéu tinh ning cia tau nhu téc do, tinh hang
hai, tinh 6n dinh, tinh nang diéu dong, dung tich tau va cong nghé ché tao.

Téc d6: hinh dang mat cat nira sau than tau anh hudng rat 1on dén hiéu suét day,
¢ day tau duoc thiét ké c6 phﬁn dudi tuan duong ham nén c6 loi cho viéc gidam
strc can nhung 1am han ché duong kinh chan vi

Tinh hang hai: hinh dang mit cat ngang suon giira tau khong sir dung hong nang
cao cé tac dung lam giam lic ngang va co loi cho tinh chay nhanh ctia tau, ngoai
ra ¢ vi tri hong tau c6 bd tri thém vay giam lic kéo dai tir swon 3 dén suon 7.
Tinh ning diéu dong: duoc thé hién qua kha ning quay trd va kha ning 6n dinh
hudng, tau thiét ké c6 hinh chiéu canh mat cit doc gitra ¢ vi tri duoi khong béo,
phan mili vat nhe 1am cho trong tdm hinh chiéu canh phan chim khong chuyén
dich vé phia sau nén tinh ning diéu dong theo tuyén hinh thiét ké 1a khong duoc
t6t 1am.

Cong nghé ché tao: cac duong hinh cia tau 1a nhitng duong cong thay doi dan
dan, it nhitng ving c6 dudng cong phirc tap nén cong nghé ché tao s& don gian

hon.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

2.3 B6 tri chung

.
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e gty raa o
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N
SEEN

-
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e .
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Kich thurée chi yéu:
Chidu dii 16m nhit: Lesan = 29,8 m
Chidu dii thiétké: Lg=279m
Chidu wng lim nhiit; Hmax = 6,00m
Chiéu ring mép boong: Bimb =5 85 m
Chidu ing thiét ké: Bik =574 m
Chidu cao mgn: D=19m
Chidu chim thiét ké:
May chinh: Me =405 HP
Thuydn vién: ntv = 05 nguwdri
Mhiin vién: Ny = 0I5 ngndri
Hinh khich: k = 98 nguéri
Khodng s I§ thuyd:
Khodng sém thyre:
T A T ST
THET KB OO TAGH WA T S0 O B 1 IASHLATIICU 5450 CATH
w1 =
\ » ~ 7 A ,
Hinh 2.2 Ban vé bo tri chung
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

+¢+ Phan khoang:
- Khoang suon thyc: 500 mm
- Phan khoang theo chiéu dai tau: Tau dugc chia lam 6 khoang nhu bang dudi day
Bdng 2.2 Phdn khoang theo chiéu dai tau

STT Tén Chiéu dai (mm) Vi tri
1 | Khoang lai 4100 Tur suon -39 dén suon 5
2 | Khoang may 5000 Tir swon 5 dén suon 15
3 | Khoang trong 3 8500 Tir suon 15 dén suon 32
4 | Khoang tréng 2 6500 Tir suon 32 dén suon 45
5 | Khoang trong 1 3000 Tir suon 45 dén suon 51
6 | Khoang miii 2500 Tir suon 51 dén suon 56

- Phan khoang theo chiéu cao: Theo chiéu cao tau dugc chia lam cic khoang dudi
boong chinh véi két cau day don, bd tri trén boong chinh va boong thuong tang
% B tri chung céc ting boong
- Boong thuong tang

+ Boong thugng tang co chiéu cao 3900 mm tinh tir day v6i chiéu dai 24650 mm
nam tir sudn 072 dén swon 5015,

+ Tir suon 3 dén suon 5 bd tri cau thang 1én xudng giita boong chinh va boong
thuong tang.

+ Trén boong thuong tang b tri 98 ghé ngdi cho hanh khach chia 1am 2 diy va khu
vue bo tri 1a tir suon 8 dén suon 36, bén trén ¢6 mai che va bao quanh c¢6 lan can
bao vé.

+ Tir suon 36 dén sudn 44 ciia boong thuong tang bd tri 1au 1ai, bén trong cé cac
thiét bi diéu khién, vo lang 141, cadc phao ctru sinh, bén trén trang bi co, den tin
hiéu.

- Boong chinh

+ Boong chinh dugc thiét ké véi khong gian san tréng 1a chu yéu va mat san ¢
khoét 16 ngudi chui dé kiém tra cac thiét bi, cac khoang dudi boong chinh

+ Vi tri tir swon 5 dén suon 9 ciia boong chinh 14 noi bd tri 2 phong vé sinh va cau

thang di xudng budng may.

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 11
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

+

O phia miii tir swon 50 dén sudn 53 bo tri cac thiét bi neo nhu tdi neo, ong dan

neo va coc bich.

- Dudi boong chinh

+

Khu vuc dudi boong chinh 13 noi bé tri cac hdm, két ciing nhu cac may moc,
trang thiét bi 14i, dong co, hé dong luc.

Vi tri khoang lai: tau dugc trang bi hé théng 1ai thuy lyc voi cac thiét bi nhu sec
to lai, xilanh thuy lyc.

Khoang may: may chinh dugc bd tri ¢ vi tri sudn 9 dén suon 14, ngoai ra con cac
may phat dién, bom, thiét bi hé dong lyc cling duogc bo tri & khoang may. Két dau
duoc bd tri tir swon 13719 dén suon 15'% véi chiéu dai 1000 mm rong 1000 mm
cao 750 mm va cach doc tim 1460 mm, b tri ca 2 bén man tau.

Khoang tréng 3: b tri 1 két nude thai tir suon 15 dén suon 18 véi chiéu rong
2000 mm, cao 800 mm, 2 két nudc ngot dugc bd tri sat 2 bén man kéo dai tur
suon 28 dén sudn 32 véi chidu rong 1900 mm cao 800 mm.

Khoang trong 2: b tri két nudc ngot & vi tri tir suon 41 dén sudn 45 véi chidu
rong 2000 mm cao 800 mm va duoc thiét ké ¢ gitra tau.

Khoang miii: & khoang miii ¢6 bd tri 2 him xich neo & vj tri tir sudon 51 dén suon
52%250 v4i chidu rong mdi ham 1a 750 mm va dugc bb tri & giita tau.

O duéi vi tri cac 16 khoét ngudi chui & boong chinh thi phia duéi khoang c6 thiét

ké cac cau thang dé 1én xuong kiém tra.

2.4 Phan tich két cAu tau

2.4.1 Két ciu phéan miii

Phan miii tau khi hoat dong trong nuéc 13 16 miii, noi gip nhau cua hai giai ton
man. Séng miii phai ¢6 co ciu du cung, chiu dung va dap cua nudc, cia vat thé
la bat ky c6 thé xuét hién khi tau hoat dong. Séng miii con c6 nhiém vu ré nudc,
mé dudng tau di do vay két cAu phai co dang thoat nudc, it c6 nguy to tao sirc
can lon.

Tai mit cat doc tAm két cAu cua phﬁn miii tr swon 50 dén suon 55 bao gém séng
mili c6 quy cach 1a T8x100/5x200 lién két v6i sdng doc bong bang ma gia cudng

c6 quy cach 1a 8x100/5x200x200 (ban canh 8x100 véi chiéu rong 100mm va

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 12
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

chiéu day 8mm, ban thanh 5x200x200 vé4i 2 canh c6 kich thudc 200mm va chiéu

day Smm).
- Tai phan man tir suon 50 dén suon 55 duoc b tri mot suon khoe co quy cach 1a
T6x100/5x150 lién két v6i sdng chinh day c6 quy cach 1a T8x100/s = 5 bang ma

gia cuong.

’< 8x100 8x1 DD\

5x200x200 5x200x200

T6x1007x150

T8x100/s=5

=000+~

V l

50 55

(I |

Hinh 2.3 Mat cdt doc tam phdn mili
- Taisuon 51 két cau phan miii dugc bo tri mdt vach ngang (vach phang) duoc gia

cudng bang cac nep vai két cdu 1a dang thép chir L co quy cach 1a L63x63x5
khoang cach giita cac thanh nep véach 1a 500 mm, ¢ duong tim vach thi b tri mot
song vach voi két cau thép chir T c6 quy cach 13 T6x100/5x150, chiéu day tén
vach s=5 mm.

~—500.0—==—500.0—=———500.1 'J.

| <

163x63x5

L63x63x5

LB3x63x5

T6x100/5%150

B.Ch

Hinh 2.4 Két cau vach ngang phan mili tai swon 51
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Tai suon 52: & phan day duge bd tri mot sdng chinh c6 quy cach 1a T8x100/s =
5 va da ngang dic co quy cach 1a T8x100/s = 5, séng chinh thi lién tuc con da
ngang thi bi gian doan.

Két cdu phan man dugc bd tri cac suon dang thép chit L c6 quy cach 13 L63x63x5
lién két truc tiép v6i da ngang day va lién két véi xa ngang boong thuong bing
ma gia cuong.

Tai phan boong duoc bd tri mot séng doc boong ¢ quy cach 13 T8x100/5x150
va cc xa ngang boong thudng co quy cach 1a L63x63x5 ngoai ra phan boong
con duge bd tri mot 16 khoét khoang cach tir 16 khoét dén xa ngang boong thudng

1a 800 mm.

}-—-—300_0—--—

TT_L53XL53X5
_T8x100/

5X150 !

T8x100

s=5 |

I
|
‘ _T8x100 _

s=5

1
~ Hinh25 Két Cd’L{ suon 52

Tai suon 53: két cau tai suon 53 bao gom mdt song chinh ddy cé quy cach la
T8x100/s = 5 lién két tryc tiép véi cac da ngang day c6 quy cach 1a T8x100/s =
5, séng chinh thi lién tuc con da ngang thi bi gian doan.

Tai phan man bao gém cac sudn khoe co quy cach 1a T6x100/5x150 duwgce han
tryc tiép véi cac da ngang day.

Tai phin boong duoc bd tri mot xa ngang boong khée c6 quy cach 1a

T8x100/5x150 duoc han tryc tiép véi suon thudng.

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 14
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

™ 1000.0- =1
! X
\_T8x100 A\ T8x100
TBXT50 BXT50
)
0
T8x100
T8x100 =5

0008

B.Ch

-

o Hinh 2.6 Két cdu swon 53‘ )
- Taisuon 54, 55: Két cau co ban tai swon 54 bao gom song chinh day c6 quy cach

1a T8x100/s = 5 lién két truc tiép voi cac da ngang day co quy cach 1a T8x100/s
= 5, sdng chinh thi lién tuc con da ngang thi bi gian doan.

- Tai phan man bao gdm céc sudn thuong cd quy cach 1a L63x63x5 duoc han tric
tiép voi cac da ngang day.

- Tai phan boong duogc bd tri mot séng doc boong ¢ quy cach 1a T8x100/5x150
va cac xa ngang boong thuong c6 quy cach 1a L63x63x5, xa ngang boong thudong

lién két voi suon thuong bang cac mi gia cudng co quy cach 1a 200x200x5 mm.

| | I J/_wsms}x:z_

! T ]

L63XLE3X5
T8x100 ] 200X200X5
5X150 | [
o
A8
g
5
_i“? |
T8x100 !
s=5
T8x100
s=5
8
= =}
T8x100 D.Ch
B.Ch =5 |
Hinh 2.7 Két cau swon 54, 55
SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 15
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Tai boong chinh tir suon 50 dén suon 55: Két cdu cua boong chinh duoc bd tri theo hé
thong két ciu ngang bao gdm cac xa ngang boong thudng c6 quy cach 1a L63x63x5 va

mot séng doc boong ¢ quy cach 1a T8x100/5x150, chiéu day tén boong 1a s = 6 mm.

- Ngoai ra trén boong chinh con duoc bd tri mot 16 khoét ¢6 quy cach 1a 400x600.

‘ Hinh 2.8 Két céu suon 54, 55 ’
- Taiphan day tr swon 50 dén sudn 55: day dugc bo tri theo h¢ thong két cau ngang

bao goém cac da ngang khoe co quy cach 1a T8x100/5x200 lién két v6i sdng chinh
day co quy cach 1a T8x100/5x200, sdng chinh thi lién tuc con da ngang day thi
bi gian doan
- Tén day c6 chiéu day la s = 6 mm.
2.4.2 Két cAu phan dudi
- Tai suon -2: Két cu co ban tai sudn -2 bao gdm cac suon thudng co quy cach 1a

L63x63x5 lién két v6i xa ngang boong thudng cé quy cach 1a L63x63x5

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 16
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

150 Otmam 1000.0———= -
S=5
55

Hinh 2.9 Két cdu suon -2

- Tai sudn -1: Két ciu tai sudon -1 bao gdbm cac sudn thuong cé quy cach la
L63x63x5 va da ngang dy co quy cach 1a T8x100/5x200, sdng chinh day co quy
cach 1a T8x100/5x200 va céac xa ngang boong thuong c6 quy cach la L63x63x5,
song doc boong c6 quy cach 1a T8x100/5x150.

- Sudn thuong duge han true tiét voi da ngang day va ciing dugc han truc tiép voi
xa ngang boong thuong

- Sdng doc boong duroc khoét 15 cho cac xa ngang boong thudng chui qua, khoang

cach gitra cach gifra cac song doc boong 1a 1000 mm.

- 1000.0 -
L —

Tax100 - LE3x83x5

5x150

LE3x63x5

T8x100
5X200

5X200

Hinh 2.10 Két cdu swon -1
- Tai suon 0: Két cau tai suon 0 bao gobm cac da ngang ddy cd quy cach la

T8x100/5x200, séng chinh dy c6 quy cach 1a T8x100/5x200.
- Céac xa ngang boong khoe c6 quy cach l1a T8x100/5x150.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

- 1000.0 -

; \ ]
T8x100/ \ T&x100

29X 130 5X150
I

9X200 5% 200

Hinh 2.11 Két cdu swon 0 |

Tai suon 1: Bao gdm cac sdng doc boong c6 quy cach 1a T8x100/5x150, cac xa
ngang boong khoe c6 quy céach la L63x63x5, suon thuong cd quy cach
L63x63x5, da ngang day co quy cach T8x100/5x200, séng chinh c6 quy cach
T8x100/5%x200

Dic diém lién két giita cac co cau: sudn thudng duoc han tryc tiép véi da ngang
day, lién két v6i xa ngang boong thudng bang cic mi gia cuong co quy cach 1a
200x200x5, song doc boong duoc khoét 15 cho cac xa ngang boong thudng chui

qua khoang cach giira cac sdng doc boong 13 1000 mm

1000.0

- LE3x63x - 200x200x%5

T8x100
2X150

T8x100
| 5X200
9X200 |

- Hinh2.12 Két cau swon 1
Tai suon 2: Pac diém két cau tai suon 2 bao gom xa ngang boong khoe cé quy

cach 1a T8x100/5x150, sudn khoe c6 quy cach la T6x100/5x150, da ngang day
c6 quy cach la T8x100/5x200.

bac diém lién két gitra cac co cau: suon khoe dugc han truc ti€p véi da ngang

day, suon khoe lién két véi da ngang day bang ma hong. Ngoai ra tai suon 2 dugc

bd tri ham truc chan vit dé lép rap 6ng truc chan vit cho tau.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

2000.0
1000.0
£ ]
T8x100 \ Tex100
5X150 | xis0
Tex100
%150 T8x100
54200
B.Ch
w/

‘ Hinh 2.13 Két cau suon 2
- Tai suon 3: Bao gom cac song doc boong c6 quy cach 1a T8x100/5x150, cac xa

ngang boong khdée co6 quy cach la L63x63x5, suon thuong co6 quy cach
L63x63x5, da ngang day co quy cach T8x100/5x200, séng chinh c6 quy cach
T8x100/5%x200

- Dic diém lién két giita cac co cau: sudn thudng duoc han tryc tiép véi da ngang
day, lién két v6i xa ngang boong thudong bang cic mi gia cudng c6 quy cach 1a
200x200x5, séng doc boong duoc khoét 15 cho cac xa ngang boong thudng chui

qua khoang cach giira cac sdng doc boong 1a 1000 mm.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

1000.0

1000.0

- LE63x63x5 L
T8x100 .~ T8x100;

2X 150 I 2X 150

T8x100
5x200

\,6'5*65@

T8x100;

5X150

Hinh 2.14 Két cdu swon 2 va suon 3

- Tai sudn 4: Pic diém két ciu chi tiét tai suon 4 bao gdm da ngang day c6 quy
cach 1a T8x100/5x200, sdng chinh c6 quy cach T8x100/5x200 sudn khoe co quy
cach 1a T6x100/5x150, xa ngang boong khoe c¢6 quy cach T8x100/5x150.

- Pac diém lién ket gitra cac co cau: Suon khoe dugc han tryc tiép voi da ngang

day, suon khde dugc han truc ti€p voi xa ngang boong khée, trén suon khoe dugc

han thém mot ma bé dé gia cuong cho 16 khoét ¢ quy cach FB63x5

1000.0
e
—— |

\\ \

63x5.FB

&8x100

\T8x100

5x150

TEx100
5x150

T8x100

5x200

I Bx180

T8x100

1000.0

D.Ch

9x200

Hinh 2.15 Két cau suon 4

- Taisuon 5: Pugc bo tri mot vach phang c¢6 chi¢u day ton vach 1a s = 6 mm, dugc

gia cuong bét cac nep doc ¢o quy cach T6x100/5x150 va cac nep thuong co quy

cach L63x63x5 mm.

- Ngoai ra vach phing con dugc khoét 16 dé bd tri 6ng bao truc chan vit
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

- Tai mit cat doc tim: bao gdm sdng doc boong c6 quy cach 1a T8x100/5x150, cac
ma gia cuong c6 quy cach la 8x100/5x200x200, sudon khdée c6 quy cach
T6x100/5%x150

- Dic diém lién két gitta cac co cAu: suon khoe lién két v6i séng doc boong bang
cac ma gia cudng, sdong doc boong dugc khoét 15 cho cac xa ngang boong thudng

chui qua.

T T }

T8x100/5%150 85100 /
5X200x200,

TEx100/5%150

8x100
5x200x200

0’80,

0 5}

1

Hinh 2.16 Két cau tai doc tam
- Tai boong chinh: két cau tai boong chinh dugc bo tri theo hé thong két cau ngang,

bao gdm cac xa ngang boong thudng va sdng doc boong, t6n boong c6 chidu day

s =6 mm
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

CHUONG 3: TINH CHON HE PONG LUC CHO TAU DU LICH

3.1 Tinh toan thé tich chiém nwéc cia tau

Céc thong sO co ban cuia tau

Bdng 3.1 Théng sé co ban ciia tau

Thong sd Ky hiéu Gia tri Thtr nguyén
Chiéu dai 16n nhat Linax 29,80 m
Chiéu dai giita hai tru L 27,90 m
Chiéu rong 16n nhat Bumax 6,00 m
Chiéu rong mép boong Bumb 5,85 m
Chiéu rong thiét ké B 5,74 m
Chiéu cao man D 1,90 m
Mon nude T 1,00 m

3.1.1 Tinh thé tich chiém nwéc tau theo tuyén hinh thiét ké

Duya vao bang tri sb tuyén hinh, ta 1dp bang tinh di¢n tich cac duong suon ly

thuyét theo phuwong phap hinh thang

Cong thire tinh dién tich theo phuwong phéap hinh thang:

$=0,5(y, +y1)d1 +0,5(y, +y2)d2 +..+0,5(y,, +yn)d2

3.1
=85=0,5d.(y,+2y,+2y,+..+y,) G-
Ap dung cong thuc hinh thang véi tau thiét ké ta co:
§=0,5d.(y,+2y,+2y,+y,) (3.2)
Bdng 3.2 Dién tich swon Iy thuyét
Suon 0 Suon 0,5
DN Yi ki Yi. ki DN Vi ki Yi. ki
0 0 1 0 0 0 1 0
500 0 2 0 500 111 2 222
1000 0 1 0 1000 1475 1 1475
Téng 0 Téng 1697
d 500 d 500
S 0 S 0,8485
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

suon 1 Suon 1,5
DN Vi ki Vi.ki DN Vi ki Viki
0 0 1 0 0 0 1 0
500 1363 2 2726 500 2010 2 4020
1000 2176 1 2176 1000 2581 1 2581
Téng 4902 Téng 6601
d 500 d 500
S 2,451 S 3,3005
Suon 2 Suon 3
DN Yi ki Vi. ki DN Yi ki Yi. ki
0 0 1 0 0 0 1 0
500 2414 2 4828 500 2758 2 5516
1000 2788 1 2788 1000 2872 1 2872
Téng 7616 Téng 8388
d 500 d 500
S 3,808 S 4,194
Suon 4 Suon 5
DN i ki Viki DN i ki Viki
0 0 1 0 0 0 1 0
500 2797 2 5594 500 2797 2 5594
1000 2872 1 2872 1000 2872 1 2872
Téng 8466 Téng 8466
d 500 d 500
S 4,233 S 4,233
Suon 6 Suon 7
DN i ki Vi.ki DN i ki Viki
0 0 1 0 0 0 1 0
500 2765 2 5530 500 2477 2 4954
1000 2872 1 2872 1000 2751 1 2751
Téng 8402 Téng 7705
d 500 d 500
S 4,201 S 3,8525
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Suon 8 Suon 8,5
DN Vi ki Vi.ki DN Vi ki Viki
0 0 1 0 0 0 1 0
500 1889 2 3778 500 1487 2 2974
1000 2273 1 2273 1000 1887 1 1887
Téng 6051 Téng 4861
d 500 d 500
S 3,0255 S 2,4305
Suon 9 Suon 9,5
DN Yi ki Vi ki DN Yi ki Vi. ki
0 0 1 0 0 0 1 0
500 1028 2 2056 500 524 2 1048
1000 1395 1 1395 1000 788 1 788
Téng 3451 Téng 1836
d 500 d 500
S 1,7255 S 0,918
Suon 10
DN Vi ki viki
0 0 1 0
500 0 2 0
1000 0 1 0
Téng 0
d 500
S 0
Trang 24
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Bdng 3.3 Bang dién tich swon Iy thuyét

Suon Si(m?) Ki S Ki
0 0 0,5 0
0,5 0,8485 1 0,8485
1 2,451 1 2,451
1,5 3,3005 1 3,3005
2 3,808 1 3,808
3 4,194 1 4,194
4 4,233 1 4,233
5 4,233 1 4233
6 4,201 1 4,201
7 3,8525 1 3,8525
8 3,0255 1 3,0255
8,5 2,4305 1 2,4305
9 1,7255 1 1,7255
9,5 0,918 1 0918
10 0 0,5 0
Téng | 39,221 Téng | 39,221

Thé tich chiém nudc theo tuyén hinh thiét ké:

Bang 3.4 Thé tich chiém nude theo thuyén hinh

Khoang cach . _,
) The tich chiém
Khoang suon gifra 2 suon ) 3
nudc V(m>)
d(m)
Suon 0 - 2 1,395 14,52
Suon 2 - 8 2,79 76,85
Suon 8 - 10 1,395 11,3

Téng - 102,67

Vay thé tich chiém nuéc cua tau 1a: A= 102,67 m?
3.1.2 Tinh toan thé tich chiém nwéc ciia thu bang phin mém Maxsuft

Buéc 1: Xay dung ban v& 3D cuia tau bang phan mém Rhinoceros
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

+ Number of drafts (S6 lwong cac dudng mén nuée)

+ Toa d6 trong tam truc doc (LCG from zero point): 0 m

+ Toa dd trong tam tryc ding (VCG from zero point): 0 m

- Baseline
EP

0 deg (stbd Draft Range
"14.882 (-13.757,5.678) Disp: 105.61, Tamid: 1
Initial draft amidsh om
= ”E”g Final draft amidships im | o ‘ =] | &3 ‘ '—- nage
Intact Damaged Specific Fluid Boundary Unit Total ~ .'
Perm.% | Perm.% gravity type Draft increment 0.2m n’::“ TD:::_IHM:Q Nritine || ¥alume Lﬂngr;lmm Tra

m*3 mA3

Number of drafts El

LCG from zero point om
VCG from zero point

Hinh 3.3 Thiét Idp cdc thong sé tinh todn
Budc 4: Sau khi thiét 1ap xong cac thong so, ta tién hanh chay module tinh toan, doc két

qua tai ctra sO Results

E3 Resuits = ”&I
ekt Aﬁ'd’h"’ﬁ 0.000 | 0.200 | 0.400 | 0.600 | 0.800 | 1.000 A

1 Displacement t 0.0001 1114: 3169 5474 7949 1056

2 Draft at FP m 0000 02007 0400 06007 0800 1000

3 Draft at AP m 0.000 0200 0400 0600 0800 1000

4 Draft at LCF m 0000 02007 0400 0600 0800 1000

5 Trim (+ve by stem) m 0000 0000 0000 0000 D000 0000

6 WL Length m 0542 24 904 1 95903 | 26.726 | 27333  27.829

7 Beam max extents on Wi m 43 900 46 966 - 46 539 | 46 636 | 46 671 46 680

8 Max sect. area mh2 0000 0553 1603 27207 3861 5009

9 Sect. area amidships m*2 6.000 1 0853 1802 I TIT 9886 5 002

10 Wetted Area me2 01857192118 1 11155 12649 14032 15385

1 Waterpl. Area mA2 0185 91161 10723 116.94 124 12 13009

12 LCB from zero pt. (+ve fvd) m | 12622 0995 0705 0564 0457 0366 %

4 | » \Hydrostatics 4 Stability { Equilibriur| < | >

Hinh 3.4 Cira s6 két qua tinh todn
Vay, tai mén nudc thiet ké 1 m, thé tich chiém nudc cua tau tinh theo phan mém Maxsuft

14 105,6 (tan) sai léch v6i phuong phép tinh theo tuyén hinh thiét ké 1a:
_105,6-102,67

x100=2,7% (3.3)
105,6
Ta ¢, thé tich chiém nudc cua tau:
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

A=pCy,.LBT (3.4)
> C, = A
p.L.BT

Trong d6: + A: Thé tich chiém nudc cua tau (m?)
+ p: Khéi lugng riéng ciia nudc song, p=1 T/m’
+ L: Chiéu dai thiét ké cua tau (m)
+ B: Chiéu rong thiét ké ciia tau (m)
+ T: Chiéu chim (m)

A _ 1056
p.LBT  1x27,9x5,74x1

= Hé sb béo thé tich cia tau: C, = 0,64

3.2 Tinh sirc cén tau
Véi tau du lich dang thiét ké, ta lya chon phuong phép tinh strc can theo Cong
thive tinh sivc cin ciia Vién thiét ké Leningrad (trang 60 [2])
Cong thtrc tinh:
R=R/+Ru (3.5)
V&1 Rrla stre can ma sat, Rq 1a strc can du tdc dung 1én vo tau.
- Strc can ma sat dugc tinh theo cong thirc sau:
Rr=0,17. W88 (3.6)

- Strc can du duogc tinh theo cong thirc:
R, =1,45(24— %)CB”% Vv (3.7)

Trong d6:  + WS: Dién tich mat uét (m?)
WS =L[2T +1,37(Cz—0,274).B] (3.8)
+v: van tdc tau (m/s)
+ A: Thé tich chiém nudc cua tau (m°)
+ L: chiéu dai thiét ké cua tau (m)
+ B: Chiéu rong thiét ké cua tau (m)
Ta tién hanh tinh sirc can tau va cong suat kéo ciia tau theo cac budc sau:
Buéc 1: Cho dai van téc V = 8 - 12 (HV/h).
Budc 2: Tinh van toc Vs = 0,515.V (m/s).

Budc 3: Tinh s Froude Fr.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Budc 4: Tinh dién tich mat tiép nudc S.

Budc 5: Tinh strc can ma sat Ry.

Budéc 6: Tinh strc can du Ra.

Budc 7: Tinh sirc can toan phan R = Ry + Ry
Budc 8: Tinh cong suat kéo EPS = R*V/75 (HP)

Bdng 3.5 Tinh sirc can tau theo cong thirc Vién thiét ké Lenigrad

. . . Dbon o
Tén Cong thire . Gia tri
vi

Van

' 14 hl/h 8 9 10 11 12
toc tau

Van
téc quy Vi=0515V m/s | 4,112 | 4,64 | 515 | 566 | 6,18
doi

)

\%
Froude Fr:\/gj - 0,249 | 0,280 | 0,311 0,342 0,374
Fr

Dién
tich WS=L[2T + 1,37 (Cp—
mat 0,274).B]

udt

m? | 136,1 | 136,1 | 136,1 | 136,1 | 136,1

.
He 1029, | 1275,
cin ma Ry = 0,17.WS. V5% kG 15463 | 1840,1 | 2156.8

sat

Strc L A
7 R, =1,4524-2)C," =" kG | 3456 | 553,6 | 8438 | 12354 | 1749,6
can du B L

Stc
can 1374, | 1829,
R=Rs+ Ru kG 2390,1 | 3075,5 | 3906.4
toan 7 4

phan
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

EPS = R*V/75

kéo

3.3 Tinh chgn may chinh
Céc thong s6 md diu dé xac dinh thong sb chan vit va chon may chinh:
- Chon vat liéu lam chan vit: vat liéu lam chan vit phai khong bi an mon & diéu
kién lam viéc nude bién nén chon hop kim déng lam chan vit.
-S4 truc chan vit: X =1
- Chiéu quay ctia chan vit: tdu c6 mot chan vit thi chiéu quay khong c¢é anh hudng
1am dén hiéu qua lam viéc cua chin vit nén chon chiéu quay cua chan vit quay
nguoc chiéu kim dong ho.

- Duong kinh 16n nhét cta chan vit D__(m): chan vit c6 duong kinh cang 16n thi

hiéu suét cong tac cao, nhung dudng kinh chan vit khong thé qua 16n vi bi mén
nuée va hinh dang dudi tau khdng ché, binh thuong tri sé duong kinh 16n nhat
ctia chan vit bang:
+ Dmax < (0.6 + 0.8).T = (0,6 = 0,8).1 = 0,6 + 0,8(m) (3.9)
=> Chon Dmax = 0,8 (m)
- Hé s dong theo cua tau thiét ké w: Hé s6 dong theo phu thudc cha yéu vao hinh
dang dudi tau va kho xac dinh chinh xéc, theo cong thirc 5.7 [2] ctia Taylor thi:
@ =0.5.Cg-0.05=0,27 (3.10)
- Hé sb hut cua tau thiét ké ¢ : Hé s6 hut phu thudc chi yéu vao hinh dang dudi tau
va kho xéc dinh chinh xéc, theo cong thire 5.17 [1] ctuia Taylor thi:
t=K.ow=10,6.0,27=0,162 (3.11)
R,

(1-1)

+ R, (kG): strc cén tau tai van tbc tauVg= 10 (hl/h) => Rr=2390,1 (kG)

+ Luc day khi ké dén hé s6 luc hut: T =

(kG) (3.12)

R, _ 23901
1-t 1-0,162

=>Lyc day chan vit: T = =2852,15 (kG)

+ Mat do nude: p = 101,82 (kg.s*/m*) theo ITTC 7.5-02-01-03
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

+Van tdc tién cua tau khi ké dén hé sb dong theo:

Vo= 0,515% Vix (1- ) = 0,515.10.(1 — 0,27) = 3,752 (m/s) (3.13)

=K', =v,.D,,, '\/% =3,752.0,8. | ;805]2’855 =0,77 (3.14)

* Chon s6 canh chan vit: vi K';=0,77 <2 nén chon s6 canh chan vit Z = 4 (canh)

e

- Ti s0O mat dia : Vo1 tau van tai bién thong dung chan vit 4 canh seri

B_Wageningen, ti s6 dién tich mat dia chon theo khuyén céo cuia cac chuyén gia
bé thir Wageninge.

%2—(i};t%V3)lZ))ZT+K (3.15)
Trong do6:
+ K=0,2 cho tau 1 chan vit
+ Po: &p suat tinh tinh dén diém trong long chat long, ngang trén tdm truc chan
vit
Py =Py + y.hs (3.16)
+ P,: ap suét khi quyén trén mit thoang P,= 1,033 kg/cm?~ 10330 Kg/m?
+ hs: @6 chim dén truc chan vit
+ y: ti trong ctia nudce ngot, ¥ = 998,2 kg/m? (theo ITTC 75-02-01-03)
hs=d—0,54.Dmax = 1 — 0,54%0,8 = 0,568 (m) (3.17)
= P, =P, +y.hs = 10330 + 998,2.0,568 = 10912,2 (kG/m?) (3.18)

+ Py: 4p suét hoi bdo hoa, tra tir bang 5.47 [2] voi T = 20°C, Py = 238 kG/m?

o A (1,3+0,3.4).1546,83
4, (10912,2-238).0,8

+0,2 20,492

A ,
Voi A; >(0,492, ta chon chan vit nhom B4.55 Wageningen dé tinh toan

% Ta dugc bang thong so sau:
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Bang 3.6 Bang tinh chon chdn vit

TT Tén goi Ki hi¢u Gia tri Don vi
1 ) truc chan vit X 1
5 buong kinh ?hén vit lon D 0.8 .

nhat

3 Hé sb luc hit t 0,162
4 Hé sb dong theo w 0,27
5 Stre can toan than tau R, 2390,1 kG
6 Luc day cua chén vit T 2852,15 kG
7 Van tdc tau Vs 10 Hl/h
8 Van tdc tién cta tau Vy 3,75 m/s
9 Mat do nudc P 101,82 kg.s*/m*

% Tinh chon may chinh va cac thong so cta chan vit:

- Chon sb vong quay chan vit: chon so bd N = 500 = 700 (vong/phiit)

3 . . N
- Tinh tan suat quay cua chan vit: n = 0 (v/s) (3.19)
, A LA P v Yo
- Tinh hé s0 luc day vong quay: K, = —=x#/— (3.20)
Jn \T

-Tu K tatra dd thi Papmiel 1ap cho chan vit B4.55 Wageningen duoc gié tri budc trugt

turong d6i o = F (K ') theo phuong phap noi suy tuyén tinh.

- Tinh budc truot twong dbi khi ké dén hé sb anh huéng: J = ad,, (3.21)
. \ , N A 1V,
- Tinh duong kinh chan vit toi vu: D, = —x—=(m) (3.22)
J n
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning
T

2 4
p X n X D()p[

- Tinh hé s6 lyc day chan vit: K, = (3.23)

- Tra d6 thi Papmiel 14p cho chin vit B4.55Wageningen dé xac dinh ti s
H/D=f(K,;J) (v6i H(m) la buéc xo4n) theo phuong phép néi suy tuyén tinh

- Tra d0 thi Papmiel lap cho chan vit B4.55 Wageningen dé xac dinh hiéu suét toi uu
cua chan vit 77, = f(K,;J) theo phuong phap noi suy tuyén tinh
% Tinh cong suat yéu cau can thiét dé quay chan vit:

Muon tinh cong suat yéu cau can thiét dé quay chan vit ta phai ké dén cac anh
huong cia cac hi€u suat truc chan vit, hi€u suat khdop noi, hi€u suat hdp so, hi¢u suat
cong tac cua chan vit, anh hudng cua moi truong, hi€¢u suat dong xody... Ta chon so bd

cac h¢ so anh huong nhu sau:

- Hiéu suét truc chan vit: 1, =(0,95+0,97) chon nr= 0,95
- Hiéu suat khép ndi: ,=1
- Hiéu suat hop s6: n,, = 0,97

-t 1-0,162
I-w  1-0,27

- Hiéu suat than tau: 7, = 1,1 (3.24)

- Hiéu suét chan vit: tra theo dd thi duoc giatri 77,

- Hiéu suat dong xody: $r=U+1.025) chon{p =1
- Anh huong cua moi truong : chon y = 0,97 x = 0,98
Cong suét cua dong co:

0,736 x EPS

Ne = >
M XN X Mg X X X T X G X 17,

(3.25)

% Lap bang chon may chinh
Tién hanh tinh toan theo cac budc trén v6i tan sé quay chan vit N = 500+ 700

(vong/phut) ta 1ap dugc bang gia tri:
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Bang 3.7 Tinh chon may chinh

Pon

Pham Ngoc Lanh
Hoang Khac Thanh

Cong thire Két qua
vi
Ney v/ph 500 550 600 650 700
Hev = New/60 v/s 8,33 9,17 10,00 10,83 11,67
K= Yo t|p - 0,57 0,54 0,52 0,50 0,48
vVn T
Jopt = f(K ) - 0,43 0,40 0,38 0,36 0,33
J =1,05.Jop: - 0,45 0,42 0,40 0,38 0,35
Dopr = %Vn—” m 1,00 0,91 0,83 0,77 0,71
T
K, =—5— - 0,41 0,49 0,59 0,69 0,80
pn.D,,
H
== S (&) - 0,53 0,65 0,75 0,83 0,98
n,=f(K;J) - 0,52 0,54 0,50 0,44 0,38
Ne = 0,736 EPS Kw | 101,71 156,72 245,71 395,20 634,08
M Mo s+ X 11 11
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Tir d6 ta c6 dd thi chon may:

Ne (KW) DObt (ITI) rlp (%)
400 1 /////// 1100
vlng chon may
360 1 4 B
Dobt
320 0.8 - —— 80
280 - — L+ — - - - = = T T/
240 1 06— L6
N \
200 |- £ LT
160 1 0.4 L L 40
120 4 4 Ne .
\
80 1 02 -L . T 20
40 - [ -+
0 0 | ] | ‘ 0
500 550 600 650 700 n (v/p)

Hinh 3.5 D6 thi chon may chinh
% Dé dam bao dong co chon phu hop vai than tau va chan vit ta can phai tuan thi chon

theo céc diéu kién sau:

- Chon trong danh muc dong co chinh cua tau thuy.

-S4 vong quay va cong suat dinh muc phai phu hop véi chan vit va chua ¥ t6i hop
s0.

- Chon may phai c6 cong suat du 16n dé thang luc can dé quay chan vit lam tau
chuyén dong theo van tdc thiét ké va cong suit phai nho nhat dé giam gia thanh

- Trong khi chon mdy ta can tinh dén hé s6 du trit cong suat may.

- Kich thudc, trong luong va diéu kién lap dat phai pht hop véi than tau, b tri
trong budng may d& dang.

- Chon may sao cho suét tiéu hao nhién liéu cua may la nho nhét dé tiét kiém nhién

liéu, giam gia thanh van hanh.

>

% Chon ddng co cho tau thiét ké

Dua vao d6 thi chon may chinh va cac catalog dong co ta co thé chon dong co

6HA2M-WDT cua hing Yanmar c6 cong suit phil hop nht, trong luong nhé do d6 chon
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

dong co ndy lam may chinh dé lip dit cho tau 1a hop li nhat, dat hiéu qua kinh té cao

nhit.
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Hinh 3.6 Cata]og dong co 6HA2M — WDT
Bang 3.8 Thong so dong co Yanmar 6HA2M - WDT
Model Don vi 6HA2M-WDT
S xi lanh - 6 xilanh thang hang
Duong kinh — hanh trinh mm 130 x 165
Dung tich xi lanh lit 13,140
Cong suat dinh mirc kW(hp) 298 (405)
Kiéu d6t chay - Phun truc tiép
Nap khi - Tua bin tang ap
Hé thong khoi dong - Mo to khoi dong dién
Hé thong 1am mat - SAE
Trong lugng kho (khong gom hop sb) Kg 1465
Kich thudc (Dai x Rong x Cao) mm 1586 x 1037 x 1260
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3.4 Thiét ké chén vit tau

3.4.1 Tinh toan cac thong sb ciia chan vit

Ta c6 thong s0 dau vao nhu ¢ phan trén da chon va tinh toan:

Cong suat may: Ne = 298/405 (kW/HP)

S6 vong quay chan vit: ney = 670 (v/p) = 11,167 (v/s)
Vit li¢u lam chan vit: chon hgp kim déng

S truc chan vit: X =1

Hé s dong theo: w = 0,27

Heé sb lyc hat: £ = 0,162

S6 canh chan vit: Z = 4

+ o+ o+ o+ o+ o+ 4

+ Ti sd mat dia: % = 0,492

0
+ Mat d nude: p = 101,82 (kg.s*/m*)
+ 1us= (0,95 - 0,97) véi hop sb thuy lyc, chon 1us = 0,97
Cong suat dén truc chan vit:

Pp= Nga. Nir. 77/1S.NE (326)

Trong do6:
e M= 0,97: hidu suit gdi da.
e 1 =0,95: hiéu suét duong truc

e 1ns=0,97: hiéu suat hop sd thuy luc
= Pp=0,97.0,95.0,97.405 = 362 (HP)

% Chon db thi Taylor chan vit B4.55 Wageningen Hinh 4.19 [2] dé tinh toan
Dé thiét ké chan vit tan dung hét cong suat may da chon ta thuc hién theo cac budce sau:
+ BI1: Chon dai toc do gia thiét cua tau: Vs = 8-12 hL/h
+ B2: Van tdc tién cua tau khi ké dén hé sé dong theo: V.=Vi(1-w) (3.27)
+ B3: Cong suat day ctia chan vit: Pp
60n [P,

+ B4: Tinh hé s6 luc ddy vong quay: Bp = ZR\N% (3.28)
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+ BS5: Tur Bp ta tra d6 thi Taylor 1ap cho chan vit B4.55 Wageningen duoc gié tri bude
trugt twong dbi Sope = fi(Bp) theo phuwong phap ndi suy tuyén tinh.

+ B6: Tinh budc truot twong dbi khi ké dén hé s anh huong & = 0,958.  (3.29)
+ B7: Tinh duong kinh chan vit: D = 0,305 ) (m) (3.30)
n

B8: Tra do thi Taylor l4p cho chan vit B4.55 Wageningen dé xac dinh ti sb
H

o £,(Bp,8) (v6i H(m) 1a budc xodn) theo phuong phép ndi suy tuyén tinh.

B9: Tra d6 thi Taylor 1ap cho chan vit B4.55 Wageningen dé x4c dinh hiéu sut tbi
uu cua chan vit 7, = f;(Bp,0) theo phuong phéap ndi suy tuyén tinh

. ) 75x P, xn

B10: Tinh lyc day chéan vit: T = — % (kG) (3.31)
0.515%xV,

B11: Tinh cong suat: T.= T(1-t) (kG) (3.32)

Tinh toan theo cac budc trén voi dai tbe do gia thiét: Vs=8 — 12 (hl/h) ta dugc bang:

Bang 3.9 Tinh todn so bg chan vit

Pai luwgng tinh | Pon vi Két qua
Vs hl/h 8 9 10 11 12
Va=Vs.(1-w) hl/h 5,84 6,57 7,3 8,03 8,76
Pp PS 362 362 362 362 362
60n [Pp
=— [—= - 154,67 115,2 88,5 69,76 56,13
Va24|Va
Sopt = f1(Bp) - 450 390 350 315 285
0 = 0,9500p: - 427,5 370,5 332,5 299,25 270,75
Ve
D=0,305—*% m 1,13 1,11 1,10 1,09 1,08
60n
H
D = f2(Bp,5) - 0,56 0,59 0,61 0,645 0,67
n, = /;(Bp,5) - 0,363 0,395 0,43 0,443 0,482
Doy | 2 1 1 2 2900,72
= 0,515V, G 3276,85 | 3169,53 3105,33 908,378 900,7
Te=T(1-1) kG 2745,99 | 2656,06 2602,27 243722 2430,8
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R+, Te (kG)

4000+ Rt

3200+

2400+

1600

800

00—~
w
-
o
-
e
-
%]
<

Hinh 3.7 D6 thi xdc dinh van téc khai théc ciia tau
Tir d6 thi ta x4c dinh Te cit Ry tai van toc 1a 10,1 (hl/h), vay khi tau & tbe do Vs= 10,1
(hl/h) thi can cong sudt dé day tau 1a Te = 2602,27 (kG) Vay chén vit ta thiét ké c6 cac

thong so chu yéu sau:

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 39
Pham Ngoc Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Bdng 3.10 Théng s6 chan vit sir dung hét cong sudt mdy

TT Tén goi Ki hi¢u Gia tri Don vi
1 Puong kinh chan vit D 1,1 m
2 Ti 56 bude xon a 0,61 :

D
. A A
3 Ti s0 mat dia ¢ 0,492 -
4,
4 S6 canh chan vit VA 4 canh
5 Hiéu sut cong tac Mp 0,43 -
6 S6 vong quay chan vit n 670 v/p
7 Van toc tiu Vs 10,1 hi/h
8 Van tdc tién cia tau Vp 3,79 m/s
9 Luc diy cua chan vit T 2602,27 kG

3.4.2 Kiém tra sii bot

Chan vit khi 1am viéc trong nudc déu c6 kha nang bi xadm thyc, canh c6 kha nang
bi xam thyc trong dic¢u kién so sui bot nho hon s6 loang. Vay nén khi thic¢t ké chan vit
can phai co0 tranh hién tuong néu trén.

Véi van tbe Vi = 10,1 (hl/h) ta tinh duge V, = 0,515.Va(1-w) (3.33)
=0,515.10,1(1-0,27)=3,79 (m/s)

- Van tdc cac diém trén céanh tinh tai 0,7R:

2
I/;,J:\/Vlf+(2xgz0xnxﬂxDj (3.34)

2
:\/3,792+(%x%x1,1j = 27,26 (m/s)

- Heé sb sui bot trung binh:

o . PB-R _ 109122-238
T 05xpxV,, 0.5x101,94x27,26°

=0,28 (3.35)

- Dua vao d6 thi Burrill trang 211 [2] ¢6 thé doc gia tri hé s lyc twong tng:

T
r= _ —0,18 (3.36)
0'5XpXV;).7 XAC
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- Dién tich to1 thi€éu mat chi€u chan vit:

T
C2 2
Tx0.5x pxV,,

(3.37)

) 2602,27
€T 0,18x%0.5%101,94% 27,26

= 0,38 (m?)

- Dién tich that cia mat chiéu chan vit:

7 x D’

A, :(1,067—0,229x%)x%x =0,57 (m?) (3.38)

Vay véi dién tich canh thuc t& Ac > Acmin tinh theo tiéu chuan Burill, ta két luan
chan vit thiéu ké trong trudong hop niy c6 kha ning tranh siii bot.
3.4.3 Kiém tra d9 bén chan vit
Ap dung phuong phap Romson [2] tién hanh kiém tra do bén canh chan vit tai
ban kinh r = 0,2R. Theo phuong phép nay, tng suit trong canh gdm trng suit do momen

ubn va lyc ly tim gay ra.

Chan vit dugc ché tao bang dong thau:
+ Gidi han chay: o, = 2500 (kG/cm?)
+ Gi6i han bén: o, = 6400 ( kG/cm?)
+ D¢ dan dai: o, =22 (%)
+ Ung suét cho phép: [c]=600+700 (kG/cm?)

S6 vong quay ctia chan vit: ncy = 670 (v/p)
- Cong suit dén truc chan vit: Pp = 362 (PS)
- Van tbc cua tau: Vs = 10,1 (hl/h)

- Puong kinh chan vit: D = 1,1 (m)

- HE s0 tién cua chan vit:

V 3,79
=—L = ) =0,31 (3.39)
nD 11,67x1,1
- Goc nghiéng canh chan vit: ¥y =8d0
- Hiéu suit cua chan vit: n,=0,43
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Chiéu day 16n nhét emax clia canh chan vit tai r=0,2R:

e
—m = 0,0406 3.40
5 (3.40)

= emax = 0,0406.D = 0,0406x1,1 = 0,0446 (m)
Chiéu rong 16n nhét bmax clia mit canh chan vit tai r = 0,2R:

bz

D.a

e

= 1,662 (3.41)

_1,662xDxa, 1,662x1,1x0,492
Z 4

b

= 0,25 (m)

Tra dd thi 5.10 [2], ta xac dinh dugc cac hé s6 CA, CB, X miéu ta dic trung phan bd lue
déy va tra d6 thi hinh 5.11 [2] ta duoc hé sb A, C dac trung cho diém dat ly tam.

Bdng 3.11 Cdc hé so tinh todn bén
Ca Cs X C A ak an &

7,5 49 1,06 0,6 0,31 0,096 0,086 0,58

Phuong phap Romson tinh dén anh hudng coéng sudt may chinh, tan suat quay
chan vit trong nudc, hiéu suét chan vit va tbc do tién cua chan vit trong moi truong thuc
té. Ung suét trong mdi mit cit canh duoc coi 13 tong dai sé tmg suit do momen udn gay
nén 1 va g sut 2 do lyc ly tm gay nén.

Ung suét téng cong: o =01 + o2
Cong thirc tinh Gmg sut 61 do momen uén gy ra:

% Ung suat kéo:

C,.P, 101,3
o, =—A"D | C 41, X 3.41
HE ak.b.eZ.Z.N[ sy j (3.41)
7,5.362 101,3

49+0,43.
( 0,309

3

G, = . 1,06 = 350,33 (kG/cm?)
*70,096.0,225.0,0446°.4.670

% Ung suat nén:

Cc,P 101,3
o, =—AL | C, 477, X (3.42)
" aybe ZN J
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o, = 7,5.362 19+0,43.1253 ) 1 06 = 369,92 (kGlem?)
" 0,086.0,225.0,0446°.4.670 0,309

Cong thirc tinh Gmg suit o2 do luc ly tim gy nén:

% Ung suat kéo:

2 2
o, = DY (AC S CTOLD | (0.510.6 5oy 13674 (kGlem?)  (3.43)
’ 10 ay 10 0,096
% Ung sut nén:
2 2
o, =DV (AC, yOT0LD | (0.310.6 5oy 148,98 (kGlem?)  (3.44)
’ 10 a, 10 0,086
Tai mét cat r= 0,2R téng ung sut sé 1a:
or= 0y, + 0, = 350,33 + 136,74 = 487,07 (KGlem?) (3.45)
on=0,, +0,, =36992+ 148,98 = 5189 (kG/cm?) (3.46)

Max(ok, on) < [c]=600+700 (kG/cm?)
= Viy chan vit thiét ké dam bao d6 bén.

3.4.4 Kich thwdéc ca chan vit

- B0 con caa truc chan vit: k=1:12

- Duongkinh cachanvit :dy = (0,16 +0,18)D = 0,18.1,1 = 0,198 (m) = 198 (mm)
Chon dn =200 (mm)

- Duong kinh dau cii: ;= (0,18+0,204)D = 0,12.1,1 = 0,22 (m) = 220 (mm)
Chon d; =220 (mm)

- Puong kinh ddu nho : do= (0,13+0,14)D = 0,14.1,1 = 0,154 (m) = 154 (mm)
Chon d2 = 154 (mm)

- Chiéu dai cu: I = (0,2+0,27)D = 0,25.1,1 = 0,275 (m) = 275 (mm)
Chon 1y = 280 (mm)

3.4.5 Tinh khéi lwgng chan vit

Khéi luong ciia chan vit dugc tinh theo cong thirc cuia Kopeetaki, trang 578 [3]

7/XD2><ZXZ706R 4 d €6r 2
= L216.24+2x10° x(0.7] —L)x =22 1+ 0.59x yxd; x1 3.47
% 10° ( D) D yxa, xi, (3.47)
Trong do6:
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+y = 8730 (kg/m?): Khéi lugng riéng dong thau

+ D = 1,1 (m): dudong kinh chan vit
+ Z = 4: s6 canh chan vit
+ bo,er = 2,186 x ]4’(] x0,492 = 0,42 (m): chiéu rong canh tai tiét dién r =0,6R
+ dn = 0,2 (m): duong kinh cu chan vit
+eper = 0.0218x D = 0,024 (m): chiéu day 16n nhat cua tiét dién canh tair =
0,6R
+ In = 0,28 (m): chiéu dai ci chén vit.
B 8730x 1,1’ x4x0,42
4x10°

[6.2+2x]04x(0.71—01’f)

b b

0,024
X _—

G F }+0.59x8730><0,22><0,28

=G =156,94 (kg)

Vay khdi luong cuia chan vit thiét ké 1a 156,94 (kg)

3.5 Thiét ké hé truc

3.5.1 Lwa chon két cu va xac dinh kich thwéc co ban ciia hé truc

Tau thiét ké co 1 chan vit nén c6 1 hé truc trén tau. Vi tri buéng may duogc b tri & dudi
tau nén h¢ truc thuong ngén nén chi c6 truc chan vit, khong c6 truc trung gian va truc
day.

3.5.2 Chon vit liéu ché tao truc

Theo quy pham thi vat li¢u dé ché toa cac chi tiét cia hé truc nhu truc chan vit, khép
ndi tryc, buldng tryc. .. phai 1a thép rén khong ri, hodc 1a thanh thép can khong ri.

Vat liéu ché tao truc phai co6 gidi han bén kéo danh nghia nam trong khoang 400(MPa)
dén 800(MPa). Ta chon thép c6 ki hiéu SF50 1am vat liéu ché tao hé tryc.

Bang 3.12 Vat li¢u ché tao truc
CAp thép Gidi han bén kéo(MPa) Gidi han chay(MPa)

KSF50 o, =490 o, =245

Thép rén cacbon va thanh can

Do truc chan vit duoc ché toa tur thép rén khong gi nén duong kinh truc chan vit dugc

tinh theo:
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d, =100xk;x 3fﬁ (mm) (3.48)
n
Trong do6:
= N =298/405 (kW/hp): Cong suét ciia dong co
= n=0670 (v/ph) : Téc d quay cua truc chén vit
= ki=1,34 : he sb vat ligu.

—d_ =100x1,34x 3/298 = 102,287
670

= LAy duong kinh truc chén vit: dey = 102 (mm)
3.5.3 Tinh chon céc phén tir cia hé truc
3.5.3.1 Phén cén truc chén vit

a. Phan con cua truc chan vit é& phia lai

dk
d
D«

\—\‘

L Lk

Hinh 3.8 Con truc chan vit
+ Puong kinh du 16n phan cén : chinh 13 dudng kinh truc chin vit nén Dy =

102(mm)
+ Chiéu dai phan con: Ly = 2x D= 2x 102 = 204 (mm) (3.49)
+ Do con 1y theo tiéu chuan:  1:12 (Thudng duoc sir dung)
+ Pudng kinh dau nhé phan con: L = 12(Dx- di) (3.50)
=>di = Di- (Li/12) =102 - (204/12) = 85 (mm) (3.51)
Chon dx= 85 (mm)

+ Doan gidm duong kinh Li: L; = (0,3-0,45) x Ly =0,4x204= 81,6 (mm) (3.52)
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= Chon L;= 80 (mm)
+ Puong kinh ren so véi duong kinh dau nho con truc:
dr=(0,75-0,9)d; = 0,8x 85 = 68 (mm) (3.53)
+ Chiéu dai doan ren dai ¢ chan vit :
L,=(0,75-0,9)d, = 0,8x 68 = 54,4 (mm) (3.54)

=>chon L, =55 (mm)

b.Thiét ké ranh then

+ Ranh then duoc thiét ké & con truc chan vit.Chon s lugng then 1a: 1

+ Theo chuwong 2 ctia [4], néu dudng kinh dau 16n c6n truc Di> 100 mm thi rdnh

then phai cé dang thia.

+ Khoang cach li tir mép ranh then dén dau 16n cua con truc khéng nhd hon

0,2Dy=20,4 (mm)

+ Chiéu rong ranh then: B = (0,2-0,3)Dx = 0,2x 102 = 20,4 (mm) (3.55)
= Chon B =20 (mm)

+ Chiéu dai then : L, = (0,9-0,98).Li = 0.98x 204 = 199,92 (mm) (3.56)

= Chon Lt= 200 (mm)
+ Theo bang 4 trang 24 cta quyén [4] ta c6 kich thudc chu yéu cia ranh then dang

thia:h-32mm; R-32mm; a-8mm; Ro-16mm; L -48 mm

3.5.3.2 Pai 6¢ ham chén vit

Pai 6¢ hdm chan vit ¢6 nhiém vu him chén vit trén phén ren ctia dau con truc sao
cho trong moi bét ctr tinh huéng nao chan vit cling khong dugc 1ong ra hoac tudt
khoi truc.

Chiéu ren dai dai 6c hdm chan vit phai trai v6i chidu quay cua chan vit tirc 13
chiéu ren ctia dai ¢ ham chan vit phai quay trai vi chan vit quay phai.

Phan dai 6¢ ham chan vit gom hai phan: dai 6¢ ham va nap xu6i dong (kin nudc)
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Hinh 3.9 Pai 6¢c him chan vit
3.5.3.3 Bich ndi truc

- Bich nébi truc gitra truc chan vit véi truc cuia hop s6 ¢o thé ché tao roi hodc lién
véi truc chan vit. Bich roi ¢ thé ¢6 15 may o hinh con hodc hinh tru tuy theo truc.
Chiéu day ctia bich nbi tai vong chia khong duoc nhé hon duong kinh bulong
bich nbi.

- Tuy thudc vao cach la“ip rap, truc cho chan vit sé c6 cac dang két cAu khac nhau.
Néu chan vit duoc lép tir ngoai vao, thi tat ca céc kich thude trén doan truc nay
déu phai nho hon kich thudc cua ¢ truc, va do d6 phan dau truc phia lap voi truc
trung gian khong duoc lam bich ndi lién. Con khi chong chong duoc lap tir trong
ra, phia dau truc nay co thé c6 lam bich lién.

Theo nhw phén tich trén phwong dn dwa ra, chon bich diic lién véi truc

204

_PQA

Hinh 3.10 Két cdu bich néi truc
+ Vit liéu lam bulong bich nodi truc: chon thép c6 tng suat bén kéo danh nghia:

o, =600 (MPa)

+ S6 buldng bich ndi truc: chon n = § (chiéc).
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+ Bich ndi gitra truc hop s6 va truc chan vit.
+ Ta chon duong kinh cua truc chan vit dé tinh toan bich ndi truc: Dk = 102 (mm)
Kich thuée ciia bich néi truc, ta co:
+ Bén kinh R & chan mat bich khong dugc nhé hon 0.08d(mm) véi d = 102 (mm) 1a
duong kinh truc.
+ Puong kinh ngoai ciia mat bich ndi:  D; = 2Dy = 2.102 =204  (mm) (3.57)
+ Puong kinh vong chia buldng bich nbi:

D= (1,65 + 1,75)Dy=1,75.102 = 178,5 (mm) (3.58)
Chon D2 = 180 (mm)

+ Chiéu day mit bich do tai vong chia:

by = (0,19 + 0,23)Dx=0,2.102=20,4 (mm) (3.59)
Chon b1 =20 (mm)
+ Ban kinh ¢ chan mat bich: R > 0,08D;=0,08.102 = 8,168 (mm) (3.60)

Chon R = 8 (mm)

d’ x (o, +160)

+ Pudng kinh buldng bich nbi: d, >0.65 x\/ 2xDxo, (3.61)
VoI
- Puong kinh truc chan vit: d; = 102 (mm)
- S6 lugng buldng: n = 8 (chiéc)
- Puong kinh vong chia: D = D> = 180 (mm)
- Gi6i han bén kéo cua vat liéu lam truc chan vit: o, 2490 (MPa)
Chon o, =500 (MPa)
- Gi6i han bén kéo cua vt liéu 1am buldng bich ndi: o, =600 (MPa)
d, >0,65x \/ df::‘;v : Cfo) —0,65x \/ ! 0; 3:](;002 Z 01060) = 18,506 (mm) (3.62)

chon dp = 18 (mm).
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3.5.3.4 Ao truc chan vit

Truc chan vit lam viéc truc tiép vO1 nudc, vi bac dd cua truc chan vit va éng bao
truc thuong lam béing vat liéu mém nhu gb gai-éc, g0 nghién, cao su lai lam viéc tdt véi
vat liéu déng trong diéu kién boi tron tu nhién béng nuée bién tu nhién, nén tai noi lam
viée voi 6 d& ngudi ta thudng boc ¢d truc thép bang 1 dng ddng goi 1a 4o truc. Con céac
phan khac khong chiu ma sat thi boc bang dng dong hodc day quan 16p bao vé truc khoi
bi hao mon do tac dung cta nudc bién va thuén loi cho sita chita.

Ao truc thuong duc 1ién hodc ciing c6 thé 1am roi tirng doan rdi han lién véi nhau
trude khi gia cong co dé lap nhu hink 3.11
Chiéu day nho nhét cta 4o truc duoc xac dinh nhu sau:

S=003d, +75=0,03.102+ 7,5=10,56 (mm) (3.63)
Chon S =10 (mm)

102
122

10

Hinh 3.11 Két cdu Go truc

3.5.4 Thiét bi ng bao truc

Thiét bi 6ng bao truc gém 6ng bao truc, & d& truc ndm bén trong 6ng bao va cum
kin éng bao. Thiét bi éng bao truc ¢6 nhiém vy do truc chan vit, thong qua cac o do
truyén tai trong vao vo tau va ngin cach nude bién bén ngoai voi bén trong vo tau nhd
cum kin dng bao.
a. ()ng bao truc

Ong bao truc thuong duogc ché tao lién. Ong bao truc thuong mat dAu c6 mat bich
duc lién, va mot dau c6 ren c6 thé duoc 1ip tir 141 vao hodc tir phia trong tau ra phia 14i.

Chon gang lam vat li¢u ché tao éng bao truc. Két ciu éng bao truc nhu hinh 3.12
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78 9 10 11

Hinh 3.12 Két cdu ong bao truc

1: Bia chan 2: Truc 3: Ao truc 4: Bac do
5: Ao bao bac dd 6: Ong bao truc 7: Vo cum kin nudc 8: Ong dan nudc
9: Tét kin nwdc  10: Bich nbi 11: Bu 16ng bich ndi 12: Bu I6ng ham

13: Chan rac
Chiéu day (5ng bao truc dwoc xac dinh theo:
+ Chiéu day nho nhét cua dng bao truc tai chd giira 2 6 da:
S1=0,05D, + 20 =0,05.122 + 20 = 26,1 (mm) (3.64)
Chon S; =26 (mm)
Véi duong kinh 4o truc: D, =d, + 28 =102 + 2x 10 = 122 (mm) (3.65)
+ Chiéu day tai chd lap bac 1ot:
S>=(1,5+ 1,8)81=1,7526 =455 (mm) (3.66)
Chon Sz = 45(mm)
+ Chiéu dai éng bao truc phia 14i:
L> 3 +4)d, =4.102 =408 (mm) (3.67)
Chon L =400 (mm)
+ Chiéu dai éng bao truc phia miii:
L>(35+35)d,=5102=510 (mm) (3.68)
chon L =510 (mm).
+ Chiéu rong cac tim bac d&: B =70+ 90 (mm) chon B = 80 (mm)
+ Chiéu day bac d5: H =15+ 25 (mm) chon H = 20 (mm)

b. O d& truc chan vit
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Truc chan vit thuong co thé co tir 1+ 4 6 d& tuy theo két cu cua tau. O d& truc
chan vit thuong duoc bd tri ngay trong éng bao truc.
Két ciu bac d5: két cAu bac d& gdm hai phan chu yéu 1a éng 16t 1 va cac tim

chiu ma sat 2 (bac dd) truc tiép v6i true dugc ghép bén trong 6ng 16t nhu hinh 3.13

1. Ong 16t (40 bac) 2. Céc tAm ma st (bac dd)

’ Hinh 3.13 Két cdu bac do truc chan vit
Ong 16t c6 nhi€ém vu nhu 4o tryc hinh tru boc cac tam bac d& dé dé dang lap vao

6ng bao hodc gia treo. Ong 16t c6 thé ché tao tir ddng thanh, ddng thau. Ong 16t c6 thé
duc 1ién hodc 1am roi. Chon 6ng 16t lam bang ddng thanh va duoc duc lién.

Vit liéu lam bac do phai chiu dugc ma sat, chui dugc nudce bién va 1am viéc trong
diéu kién boi tron béing nudce bién. Nhiing vat liéu duoc str dung rong rai nhu gb gai- ac,
cao su pha kim loai...

Tuy nhién khi so sanh vé gia thanh ché tao, do cung, do bén va dd chiu nén cua
cac vat liéu so véi tau duoc thiét ké thi:

Chon cao su pha kim loai dé ché tao bac d6: cao su pha kim loai dugc ché thanh
tirng tAm roi ghép trong ng 16t hodc ciing c6 thé duc lién trong 6ng 16t, cao su pha kim
loai ¢6 céc dic tinh co hoc nhu strc bén kéo o, =120+156 (kG/cm?), d) gian nd twong
dbi & > 40%, d6 mai mon < 40 (cm*/kW.h), d6 cimg HB = 55 + 65 (kG/cm?)

Kich thudc va két ciu ctiia bac d& bang cao su pha kim loai nhu hinh 3.14
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Hinh 3.14 Két cdu 6 d& cao su pha kim logi
3.5.5 Cum kin 6ng bao

- Cum kin éng bao c6 nhiém khong cho nudce tir dng bao truc ro ri vao bén trong
tau. Cum kin dng bao co thé 1a doan kéo dai phia mili ctia dng bao truc hodc két
cAu tach roi duoc gin lién véi dau phia miii cua dng bao truc bang bulong.

- Cum kin dng bao bao gio ciing gin ngay dau 6ng bao va phai c6 diéu kién dé voi
tay trong qua trinh van hanh.

Két cAu cum kin dng bao nhu hinh 3.15

1 2 3 4 5

YN === o
DO

/II

DDODE
%M /f;’ e

1. Vong chia nudc 2. Ong din nuéc 3. Tét kin nudc
4. Bich nén tét 5. Vit ciy va dai b¢
‘ ‘ Hinh 3.15 Két cdu cum kin ong bao
- Chi€u dai phan dém kin:
L=(08 + 1,5)D, =1,15.122 = 140,3 (mm) (3.69)
Chon L = 140 (mm)
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3.5.6 Truc diy

- La truc ¢6 nhiém vu chan luc déy chan vit thong qua vanh chan luc két cAu lién voi
truc. Mot dau ndi véi truc trung gian va dau kia ndi voi bich bod giam tdc hoac may
chinh. Truc déy duoc lép truc tiép vao O d& chin, trong d6 c6 cac bac d& dé chan luc
day.

- V6i truc ddy chuyén mé men xodn cua may chinh, dudng kinh truc O vé 2 phia cua

vanh chan luc déy khong dugc nho hon tri s6 tinh theo cong thuc sau:

dd:].]xei/&x 560 (3.70)

. m x K
Voi

d,: Puong kinh truc day

F=100 ( d6i voi dong co Diesel)

Ne: Cong suat cuia dong co chinh

n: S6 vong quay cua chan vit

gs = 490(MPa) chon o, = 500(MPa)

K=1

+ + + + 4+ 4+

405 560
670" (500 +160)

:>dd=1,1><100><3\/ =488,05 (mm)

Chon dudng kinh truc ddy da = 88 (mm)
3.6 Tinh toan kiém tra strc bén hé truc
Sé luong 6 d5 va bé tri 6 d trén hé truc
- O dd duoc bd tri gan vach ngang, da ngang day dé tranh trudng hop 6 d& bi xé
dich duong truc mét On dinh do su tac dong cua udn cuc bo vo tau.
- S6 6 dd chon trén tau thiét ké: 2 6 d6. 1 6 sat vach budng may, 1 6 sat vach duoi
3.6.1 Tinh bén truc chén vit
- Coi truc chan vit nhu dAm ndm tu do trén 2 géi do (trong 6ng bao truc), mot dau
cong son treo chan vit va chiu céc tai trong sau: mémen X04n tir may chinh My,
mémen udn do trong luwgng chan vit Py, luc déy chan vit T, trong luong don vi q

phén bo déu trén chiéu dai truc.
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- Néu tinh strc bén truc chan vit theo so dd tinh toan cho toan bd hé truc thi khong
thuan lgi va phutc tap cho nén so dd tinh toan nhu hinh 3.11 du dé dam bao. Mat
cit nguy hiém ctia truc chan vit can kiém tra sirc bén 14 noi tap trung mémen uén
t6i da. Mt cit ndy qua tinh toan ciing nhu khéo sat thuc té nhidu tau thuong nam
gan gdi d& cudi cung phia l4i cua truc chan vit hodc giita 2 gbi.

Pv Ro R

4\
a_ M ]
LI A P O A A A
lo O 1

S L —

| lo | 1 |

| |

Hinh 3.16 So dé lyc va momen tac dung lén truc chan vit
Vi vy dé don gian hoa trong tinh toan nhung van dam bao du do tin cdy thi chi

N

can khao sat riéng phﬁn truc chan vit nhu hinh 3.11 ké ca khi truc chan vit tua trén 2 géi.
Trong tinh toan gia thiét truc c6 cung tiét dién trén sudt chiéu dai (b6 qua cac cd truc va
4o truc khong tham gia vao stc bén truc).

Ngoai ra thuc té cho thiy tng sut udn do trong lugng chan vit va trong luong
ban than cua truc va tmg suat udn bd sung do lip rap khong dang ké so voi ing suat
chung trén truc chan vit. Cho nén dé don gian hoa trong tinh todn ma van da do chinh
xac nguoi ta bo qua tinh tng suat udn o, ma thay vao do 1a hé s6 ké dén mg suat udn

e =1.02+1.06 chon e = 1.04 (ldy gi4 tri trung binh).

Cong thirc tinh Gmg suét chung tong hop cho truc chan vit:

o, =eo. +30.  (kG/cm?) (3.71)

trong do:
+ Heé sb tng suat udn: e = 1,04

+ Ung suét nén:

o =127 127 203 560 (kGlemd)  (3.72)
d; x(1-m") 10,2°x(1-07)
voi:
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e Luc day chan vit: T = 2504,304 (kG)

e Duong kinh tryc chan vit: d, = 10,2 (cm)
o Heé sb truc réng: m = 0 (do truc dac)
+Ung suit xodn:
o _M, _ 3,65x10°xN _ 3.65x10° x405
W, nxdlx(I-m') 670x10.2° x(1-07)

X

= 240,938 (kG/em?) (3.73)

Trong do:
e (Cong suit truyén dén truc chan vit: N =405 (hp)
e S6 vong quay truc chan vit: n = 670 (v/p).
e Duong kinh tryc chan vit: d = 10,2 (cm).
e Heé sb tryc réng: m = 0,4

Viy tmg suét chung tong hop cho truc chan vit:

o, =exAJo7 +307 =1,04x+/30,6597 + 3x 240,938° = 433,487 (kG/em?)

Gr B0 __ 5 7 (3.74)
o. 433,487

Hé sb duy trit bén: K =
Voi:

+ Gidi han ndng chay cua vat lam truc: o, > 345(MPa) = 2500 (kG/cm?)
3.6.2 Ap Iwc trén gdi do trong lweng ban than truc

Ap luc trén bac d& do trong luong ban than trong luong ban than truc duoc tinh theo:

_ LxSxy

p= I2xd. (kG/cm?) (3.75)
Trong do6:
+ Chiéu dai téi da cua cua nhip truc:
L <125,/d,=125 x \/10,2=3 99,217 (cm) (3.76)

chon L =400 (cm)
+ Dién tich mat cit ngang cua truc:

_axd;  xx10,2°
4

S

=81,712 (cm?) (3.77)
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+ PBuong kinh chan vit: dy = 10,2 (cm)

+ Trong luong riéng cua vat liéu 1a truc: y =7.985.107 (kG/ecm?)
Vay ap luc trén bac do do trong lwong ban than truc gdy ra co gia tri:

_ LxSxy 399,217x81,712x7.985x10”"

- : - = 2,05 (kG/cm?)
12xd’ 1.2x10,2

3.6.3 Ung suit udn do trong lwgng ban than truc

— Momen udn do trong lugng ban than tryc duoc tinh theo cong thirc nhu sau:

I gx I’ _ 0,6411x400°

=8548,273 (kG/cm 3.78
=T I3 ( ) (3.78)
Trong do:

+ Trong luong don vi phan bd déu trén chiéu dai tryc:
2 -3 2
g= yx;;xdv _ 7.985%x10 4><7Z'X]0,2 —0,6411 (kGlem) (3.79)

+ Chiéu dai cta cua nhip truc: L = 125 x 10,2%5 = 400 (cm)

— Ung suét udn do trong luwong ban than truc duoc tinh theo céng thirc nhu sau:

M, M, _ 848273 _ ¢ 557 (kGlem?) (3.80)
VVu 0.]de 0]X-[092

u

3.6.4 S6 vong quay gi6i han cho dao dong riéng

— Tan so0 dao dong uodn riéng cua hé truc nam trén nhi€u diém tua trude hét phu
thudc vao tai trong tip trung ¢ 2 dau cong son chira hé truc tau, ¢ day la trong
lugng chan vit & dau cong son phia lai cia h¢ truc tau.

— S vong quay gidi han cua hé truc dugc tinh theo:

6 4
nk=3027r E><J><g=307z2>< 2.1x10°x0,05%x10,2 X981=776,409(V/p)
L q 400 0,6411

Trong do:

+ Modun dan héi vat liéu: E = 2.1x 106 (kG/cm?)
+ Momen quan tinh tiét dién truc:
J =0.05xd! (cm*)

+ Gia toc trong trudng: g = 981 (cm/s?)
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+ Trong luwong don vi phan b6 déu trén chiéu dai truc: q = 0,6411 (kG/cm)
+ Chiéu dai cta cua nhip truc: L = 400 (cm)
Ta thiy s6 vong quay trén truc chan vit n = 670(v/p) < nk = 776,409 (v/p) théa mén
diéu kién tan sd dao dong riéng cua hé tryc.
3.6.5 On dinh ctia hé truc duéi tic dung ciia lwe diy chén vit
— Takiém nghi¢m on dinh doc cua hé truc theo cong thirc Euler trong trang thai
tinh. Tri s6 luc doc truc cho phép ludn 16n hon luc déy chan vit.
— Luc doc truc cho phép duogc tinh theo:
T xExJxK

b= (1——) (3.81)
6 2
LA R2IXI0 43297255, ﬂg) 71528,28 (kG)
560 776,409

Trong do:

+ Modun dan héi vat liéu: E = 2.1x10% (KG/cm?)

+ Momen quan tinh tiét dién truc: J = 8161,204 (cm®)

+ Chiéu dai cta caa nhip truc: 1= 560 (cm)

+ Hé s du trit bén: K > 2.5 chon K =5

+ S6 vong quay cua tryc chan vit: n = 670 (v/p)

+ S6 vong quay gi6i han cua hé truc: nk = 776,409 (v/p)
3.6.6 Tinh ap lwc riéng trén cac gbi dé hé truc tau

Ap lyc riéng trén cac gbi d& cua hé truc khong déu nhau. Ap lyc 16n nhit bao

gio cling tap trung & gdi d& cudi cling cua truc chan vit vi tai day truc tiép chiu tai trong
udn do trong luong chén vit, con cac gdi d& trung gian phia mii tau thi nhe tai hon. Ap
luc trén cac géi dd anh huong dén tdc do mai mon cua bac dd, dan dén sai léch duong
tim hé truc.
+ Chiéu dai truc chan vit:

[ =4470 (mm)

+Xac dinh lo:
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Chiéu dai tinh tir trong tdm gbi d& phia lai ngoai ciing dén nip xuyén dong hay mat

dau ren duoi.

lo = édw +0.25xD+e+éL2 (mm) (3.82)

Trong do6:

+ e: khoang céch tir chan vit dén gdi d& phia lai, mm

e = (200 +250) mm, chon e =250 mm (3.83)
+Ly=4xdey = 4x102 =408 (mm): chiéu dai 6 d& phia lai (3.84)
=>1,=0,5x102 +0,25x 1,1 + 250+0,5x 408 = 500 (mm)
+Xéc dinh I,

Khoéng cach tir trong tdm chan vit dén trong tam gbi d& truc chan vit phia lai ngoai

cung, mm.
1 0.25xD
lpzl()_Exdcv_ 3 (3.85)
= 500—§><]02—M =440 (mm)
+Xac dinh lz:
Khoang cach tir tim gdi d& phia miii dén nut truc, mm
l2=0,2xLey = 0,2x4470 = 890 (mm) (3.86)
+Xac dinh 1i:
Khoéng céch gitra hai gbi d& truc chan vit dugc xac dinh theo cong thirc:
li=Lev—(lot12)=4470— (500 + 890) = 3080 (mm) (3.87)

a. Tinh cAc momen tai goi d&

+ Momen udn tai géi do gﬁn truc chan vit, xét doan truc tu do:

2 2
M, =—~(Gxl + %) L _(156,94x 0,44 + 204> é 000,57y _ 77,06 (kG.m) (3.88)
+ Phuong trinh momen cho doan (1;2).
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M, <1, +2M (I, +1,)+ M, %1, =—gx(lf+l;)

0,6411x100

& —77,067% 3,080+ 2x M (3,080 +0,89) + M , x 0,89 = — % (3,080° +0,89°)

7,945 M, +0,89x M, +242,225=0 (a)
+Phuong trinh goc xoay tai ngam B:

o, - gxl; +M1xlz+MBx12:0

24xEJ 6xEJ 3xEJ
< qls +4M,+8M, =0 (3.89)
< 4M,+8M ,+50,781=0 (b)

Giai 2 phuong trinh (a), (b) ta dugc két qua:

M, =-69,133 (kG.m);, M, =31,56 (kG.m); M, =—9,434 (kG.m) (3.90)
Pov Ro R1 Rs
Mo
Ty Ms
RN
M1

31,56 kG.m

-9,434 kG.m

69,133 kG.m
Hinh 3.1 7 So do hé truc va biéu d6 momen
b. Tinh cac phan lyc tai cac goi do
+ Tai gbi d& 0:
M,-M,

ql,
R, =G+ql, +—+
0 qty P l

0,6411x100x 3,080 N 31,56 +69,133

=156,94+0,6411x100x0,5 + (3.91)
2 3,080
= 320,417 (kG)
+ Tai gbi d& 1:
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qlz+Q_lz+M0_M1+MB_M1

R, =—

2 2 8 [

0,6411x100x3,080 0,6411x100%x0,89 —69,133-31,56 —9,434-31,56
:>R1 = + + +
2 2 3,080 0,89

=48,505 (kG)
+ Tai ngam B:
R, =q_l2+M1 -M, _ 0,64]]><]00><0,89+31,56+9,434 74,5896 (kG.m)  (3.92)

2 l 2 0,89
Kiém tra lai tong phan luc trén cac gbi da:
YR=R,+R +R,=320,417+48,505+74,589 =443,512 (kG.m) (3.94)
Téng trong lugng chan vit va trong lugng ban than truc:

>G=G+ql=156,94+0,6411x100x4,470 (3.95)
=443,512 (kg)
Ta thidy Y. G =Y R nén két qua dung.
c. Tinh ap hre trén tirng gbi do
Thuc chét truc khong tua hoan toan trén toan bd dién tich hinh chiéu cua bac d& nén
ching ta ldy giam di 10% so véi dién tich thyc té. Dién tich hinh chiéu cua bac d&:
+G6i0: S, =0.9d,x1,=0.9x10,2x 50 =459 (cm?) (3.96)
+G6i1: S, =0.9d,x1,=0.9x10,2x 308 = 2827,44 (cm?) (3.97)

Ap luc trén cac goi nhu sau:

, R, 320,417
+G6i 0: p, = S—" = % =0,698 (kG/cm’)< p,,  (kG/em?) (3.98)
0
£ R, 48,505
+Goil: p, = ?j =827 44 0,172 (kG /em®) < p,, (kG/cm?) (3.99)

Doi vé6i cao su pha kim loai thi p,, =2.5+3 (kG/em?)

=> Vay gdi dd bén

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 60
Pham Ngoc Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

CHUONG 4: TINH TOAN, MO PHONG CFD (Computational Fluid
Dynamics) XAC PINH THONG SO PONG LUC HQC BANH LAI
4.1 Phwong phap mé phéng s6 CFD (Computational Fluid Dynamics)
4.1.1 Giéi thiéu
DPong luc hoc chit 16ng tinh toan (CFD - Computational fluid dynamics) 13 s

phan tich cac hé théng lién quan dén dong chit 16ng, truyén nhiét va cc hién tuong lién
quan nhu phan tng hoa hoc bang mo phong dya trén may tinh. Mot s6 ing dung mo
phéng CFD trong céac linh vuc nhu:

- Phuong tién giao thong:

+ May bay: m6 phong khi dong luc hoc chuyén dong quanh thin may bay; tinh
toan lyc can may bay; tinh toan luc can, luc nang ctia canh may bay & cac goc
tan khac nhau,...

+ O td, phuong tién dudng bo: md phong khi dong luc hoc chuyén dong quanh
6 to, tinh toan strc can 6 t6, md phong chuyén dong cua hdn hop khi chay
trong xilanh dong co,...

+ Tau thiy: mo6 phong thuy dong luc hoc quanh than tau, banh 14i, chan vit, tinh
suc can tau.

- K¥ thuat quy trinh hoa hoc: qua trinh tron va tach
- Khong khi bén ngoai va bén trong céc toa nha: hudng gid, thong gio, ...
- Thily van va hai duwong hoc: mé phong dong chay trén song, trén bién
- Khi twgng hoc: phuc vu viéc du bao thoi tiét
- Y hoc: m6 phong dong méu luu thong qua cac dong mach, tinh mach
4.1.2 Phuong trinh chu dao
Vigce tinh toan va mo6 phong CFD dugc xdy dung dua trén 3 dinh luat chinh:
- Dinh luét bao toan khbi luong: téng khdi lugng dong chét luvu di vao va di ra mot thé
tich ludn duoc bao toan.
o Pinh luat bao toan dong luong: Ti 1é ting dong lwong ciia mot phan tir
chat luu bang tong cac luc tac dung 1én hat chit luu (dinh luat IT Newton).
- Dinh luat bao toan ning luong: Ti 1¢ ting ciia nang luong bang lwong nhiét truyén

cho luu chat cong voi cong sinh ra.
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D6i v6i bai toan md phong cho chuyén dong cta dong luu chat qua banh 1ai tau
thuy thi dong cht lwu 12 dong chat 1ong Newton ba chiéu c6 d6 nhét, khong nén va &
trang thai 6n dinh nén 15i giai phwong trinh ning luong khong can nira. Do d6 cac
phuong trinh chit dao quan 1y dong luu chit bao xung quanh banh 14i tau thuy chi gdm
phuong trinh lién tuc va phuong trinh bao toan dong lugng dudi dang don gidn nhu sau:

> Phuong trinh bao toan khéi luong:

Téc do tang khdi luong cua phan tir chat luu bang hiéu luu luong khdi dong di vao va

di ra phan tir chat luu d6

Ta co:
- Téc do tang khdi luong cua phﬁn ttr chat luu 1a dao ham ctia mat d6 chét luvu trén
mot don vi thoi gian:
o op
—(p.0x0y0z)=—0x0y0z 4.1
5 (p.6x0yo2z) 57 00V (4.1)
Trong do:

+  p:Mat do chit long (kg/m®)
+ OxO0yOz: Thé tich ctia phan tir chat luu (m?)
- Luu luong khdi dong di vao va di ra phan tir chat luu:
Céc dic tinh chat 16ng 14 cac ham khong gian va thoi gian va duoc viét nhu sau:
p(x,v,2,); p(x, v,2,8); T(x, v, z,t);u(x, , z,¢) 1an lugt biéu dién cho mat do, ap suat,
nhiét d6 va vec to van tdc twong tmg.

- Luu lugng khéi dong di qua mdt dién tich bé mit duoc xac dinh bﬁng cong thure:

m= p.UA (4.2)
Trong do:
+ U: Van tbc dong chay (m/s)
+ A: Dién tich bé mit (m?)
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[y

+ e

—8
dy 2 4
. dipu) ) l:‘x
ax 2

g (3(})w:l_ 1 5

o
'f dz 2

2
i « (:DU]I )

z
'\.l " )w_é'{pw} . Eéz
¥ ¢ jz 2

¥ e

=

— x
dx 2

_ r]‘[;wJ } &y
dy 2

Hinh 4.1 Luong chat long vao ra motphan tir chdt heu
- Xét luu lwong khdi vao ra mét phan tir chat luu nhu hinh (4.1) ta c6 tai diém

chinh gitra phan tir chat luu c6 toa do (x,y,z) cho dong chay theo phuong x cé:

Fh = p.U. 5)752

(4.3)

= Luu luong khéi tai 2 mit vao ra cua phan thir chét luu theo phwong x 1an luot la:

o( pu) 1

(pu—

5 )(6ydz); (pu+

O(pu) 1

0x).8y52)

(4.4)

Tuong tu cho phuong y va phuong z, Vay hiéu luu lugng khdi giita dong vao va dong

ra cia mot phﬁn ttr chat luu duoce tinh nhu sau:
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e 1 o 1
(pou . .25x).(5y5z) (ou + . .25x).(5y5z)

+(pv— M.ié’y).(c‘)’xé'z) —(pv+ M.i&/).(é’xc%)
oy oy

o(pw) 1 o(pw
How ALY 2 52 0w ~(ow + XL 52y (30
= puU.oyoz— a(p) 5x5y5z PUOYOZ — 8(,0) 5552
ox ox
+pv.0x0z —6(—M.—5y5x5z — pV.OXoz — ﬂ.i5y5x5z
oy 2 dy 2

+PpW.0XO0y — @55253@'}/ — PW.OXOy — @éézé‘x&y

4 4

a(pu) Sx8ySz — @_53;5)552 — @.525)65}1
y z

ox
=0 s5v52- 2P sisysz— 20 s svs: (4.5)
Ox oy 0z

% Tu cong thirc (4.1) va (4.5) ta co
5
L x50z = -2 516y52 - XL 36y5: - 2P 5365
ot ox oy 0Oz
5
Hay L6x0y5z+ 2% 5c5052+ 2L 5c5v52+2LY) si5v82=0
St ox oy oz

o P, pu) L9py) W) _
ot ox oy 0z

(4.6)

% Phuong trinh (4.6) 1a phuong trinh bao toan khdi lugng (phwong trinh lién tuc)
O day chat 1ong khong nén duoc nghia 1a mat do chét 1ong khong thay doi theo thoi
gian nén phuong trinh (4.6) con lai la:

VLW (4.7)
ox Oy Oz

» Phuong trinh bao toan dong lugng
% Phuong trinh bao toan dong lugng dugc xay dung dua trén dinh luat II Newton

Xét cho sy tac dung cua cac lyc 1én phan tir chat luu theo phuong x ta co:

2F. =ma, (4.8)
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Trong do:

+>2F Téng céc luc tac dung 1én phan tir chat luu theo phuwong x

o Du

+ Gia toc: a, =—— (4.9)
Dt

+ Khdi lwong: m= p.0x6yoz (4.10)

= Vé phai ciia phuong trinh (4.7) 1a:
Du
——.0X0y0z 4.11
Py 0%0Y (4.11)

% O vé trai ciia phuong trinh (4.7) 1a tong cac lyc thanh phan thuong thay nhur:
+ Luec khdi (body forces): Trong luc (gravity forces)
+ Luc bé mit (surface forces): luc ap suét (pressure forces), luc nhét (viscous

forces)

Hinh 4.2 Ung sudt nhét tac dung 1én cdc bé mat chat leu
+ Cac ng suat tdc dung 1€n bé mat chat luu gém: céc Gmg suat tiép (z,,,7,,,7..) va

cac ung suat phap (z,,,7,.,7,,,

T,.,T

yz2 U zx?

7.,)
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" +f71'zx 152
gz 2 T, 1
I, 1 4 i L
o x = = Y
Tat 55 0 f! : "~ 3y 2
—_—
dp 1 \ : p-&-ap 16)(
e T e ox 2
4 di: 2 | exkeen o i — 2
= |
| F mees=s —
dTy 13)( ____________ - T I l‘x
oox 2 L e Toox 2
3 .....1.. 5
&» l\
X Tgx a;d*_gaz

(X, ¥, 2) 0z
i

Hinh 4.4 Quy wéc cdc bé mdt ciia phan tir chat hiu

Céc thanh phan mg suat tic dung 1én chat luu theo phuong x:

A« Ao o 1 ap 1 , £ .
+ Bémit W, E gom: ap luc (p ——.=0x; p+—.—=0x), Gtmg suat phap
ox 2 ox 2
(Txx—%.l&c; rxx+%.i5x)
ox 2 ox 2

A« Ao A oA or, 1 or,, 1
+ Bemdt S, N gom: Gmg suat tiep (z,, — ay .35)/; rﬁ+§.§5y)
Y
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ot

1574

P A . A (oA aTZx 1
+ Bémat B, T gom: Ummg suat tiép (7., — =0z, T+ —0z2)
oz 2 2

= Céac luc tac dung 1én phan tir chét luu theo phuong x 1a:

op 1 or
___5 _ _ XX
[( 3 x) = (7, .

.éc?x)].c?yé‘z

or, 1 op 1
— __5x)— - . —=0x)].0vdo
H(z, + 2 x) (p+ax p x)].0yoz

+H( +8ryx ]5 )—( +8T”‘ ]5 )].oxb
T S —(7 S .0X0Z
1 P h% 1 P y

or.. 1
+ +—=.=0z)—(r_ +
[(TZX az 2 Z) (TZX

or.. 1
2 —52)].0x0
% 7 z)]o6xdy

éryx ot

0yoxoz +—25z0x0
o y0x0z P Z0X0y

__ P O0x0yoz + %.5)65)/52 +
X

==

- o
(AP T) | O Oy 5605y (4.12)
ox oy oz

= Tir cong thirc (4.10), (4.11) va thanh phan luc khéi ta c6 phuwong trinh bao toan

dong luong theo phuong x nhu sau:

& — a(_p_'_z-xx) + 6Tyx + af

=+ 8 4.13
Dt ox oy Oz M (413
Tuong tu cho phuong y va z ta co:

o(-p+ 0 0

p%: ( p&y T”’)+ ar"y + asz +8,, (4.14)
X 4

- 0

Dv_oGprr,) 0n.  %Te g (4.15)

Dt oz ox oy

- Trong do: s,,,s,,,5,. 1a cac thanh phan luc khdi tac dung 1én phan tir chat luu

Vi vu: thanh phan luc khéi (trong luc) tac dung 1én mé hinh voi phuong x,y,z

nhu trén thi:
SMx = 0’ SMy = 07 SM: = _pg
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% Ung suit nhét:

Céc tng suét nhdt duoc tao ra bai sy ma st ctia chat long véi bé mat cta phén tor va
n6 bao gém 2 thanh phan 1a img suét tiép va (mg suat phap. Ung suat nhét duoc danh
gia dua vao dac tinh dong luc hoc cua moi truong, & dé tai nay, moi trudng hoat dong
ctia banh 14i tau thuy chi yéu 13 trong nudc (dugc xem la chét 1ong Newton) theo d6
cac (mg sudt nhét s& ti 16 voi gradient van toc va dwge xac dinh béi nhirng cong thire

nhu sau:

T, = Z,U.Z—u+ Adivu; T, = Z,u.?+ Adivu;t = 2y.2—w+ Adivu
Z

4 (4.16)
T, =T,= (6_u+_) T = (6_w+8_u) 7, = (8_w+@)
o M o = p TGS
Trong d6: divu :8_u @+8_w
ox 0Oy 0Oz

- Tu phuong trinh (4.12) va cac cong thirc (4.15) co:

&apa

ou
P Dt Oox [ (

(2 —+/1dzvu)+—[ (8_u —)] —)]+SMX (4.17)
ox ox ox

Dbi véi cac dong khong nén duge (imcompressible) thi divu = 0 nén phwong trinh (4.16)

duoc viet lai nhu sau:

Du_ &, 0 a_u o u ow

Dr - o O ) [ (3 )] [ ( + )] (4.18)

Trong do: pDU olpu)  Opu)  o(pvu) | o(pwu) (4.19)
Dt ot ox oy Oz

w: Hé s6 nhét dong luc hoc

= Vay phuong trinh chu dao dung trong viéc mo phong céc ddc tinh thuy dong luc
hoc qua banh 14i tau thiy véi moi trudng 13 chit 16ng Newton, khong nén dwgc

1
A

gom:
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+ 1 phuong trinh bao toan khdi lwong (phuong trinh lién tuc)

ou ov_ ow_, (4.20)
ox oy Oz
+ 3 phuong trinh bao toan dong luo'ng (theo 3 phuong X,Y,Z)
Du dp 0 8u ou
- == 4 — - - + -
Dt o 6x ) [ ( )] [ ( )]
Dy dp O 8u
— =+ —+— —+—)]+S 4.21
Y o ay ) [ ( )] [ ( )] My (4.21)
Dw op O 6u 6v
— == — = =+ Z)+S
Dt 0z 82 ) [ ( ox )] [ ( Z )]

4.1.3 Cac phuong phap mé phéng dong rdi

4.1.3.1 Dong rbi (Turbulent flow)

> Cian clr vao s6 Reynolds (Re) dé ngudi ta phan chia dong chay thanh:

- Re <2300: Dong chay ting (Laminar flow) 1a dong ma cac phan tir chit 16ng chuyén
dong song song nhau, chong 1én nhau thanh tang véi tbc d6 cham.

- Re > 10000: Dong chay rdi (Turbulent flow) 13 dong ma cac phan tir chat long
chuyén dong hdn loan vé cac huéng khac nhau véi van tdc nhanh tao thanh dong réi

- 2300 < Re < 10000: Chay chuyén tiép tir ting qua réi

Trong linh vyc tau thuy, cong thirc tinh s6 Reynolds:

V.L
Re=—— (4.22)
|4

Trong do6:
+ V: Van tdc cua tau (m/s)
+ L: Chiéu dai cia tau (m)

+ v : Do nhét dong luc hoc cua chat long (m%/s)

> Dic trung dong rdi
- Dong rdi 1a dong ba chiéu
- Phy thudc vao thoi gian

> Truyén ning luong:

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 69
Pham Ngoc Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

- Trong dong ri sinh ra cac xody 16n va cac xoay nhd, xody 1on mang ning luong 16n
va trong qua trinh di chuyén s& phén tach thanh cac xody nho va cir tiép tuc cho dén
khi cac xody di nho va su chuyén dong 6n dinh va d6 nhét s& dong vai tro quyét
dinh

= DPong nang — nhiét nang
4.1.3.2 Cac phwong phap md phéng dong roi

» Phuong phap DNS (Direct Numerical Simulation)

DNS 1a phuong phap mé phong rdi mot cach truc tiép bang phwong trinh Navier Stokes
va khong thong qua bat cir md hinh nao
- bic diém:
+ Dé mo phong dong 3D
+ Dong md phong phu thude vao thoi gian
+ Tét ca xody 16n hay nho déu c6 thé mo phong duoc
- Uu diém:
+ Mo phong day du dong rdi
+ Cung cép duoc nhitng gia tri ma thuc nghiém khong thé 1am duoc
+ C6 thé dung dé kiém tra cdc mo hinh rdi khac
- Nhuoc diém:
+ Khéi lugng tinh toan 16n
+ Viéc luu trit can nhiéu tai nguyén
+ Phai dat ting diéu kién bién, diéu kién dau cho timg xoay c6 kich thudc khac nhau
= Phwong phap DNS cho ta luong thong tin 16n nhung khong can thiét, thoi gian cho
ra nghiém qua lau ciing voi thiét bi tinh toan lwu trir dit liéu 16m nén chi thich hop
trong cac phong nghién curu.
» Phuong phap RANS (Reynolds Averaged Navier — Stokes) / URANS (Unsteady
Reynolds Averaged Navier — Stokes)

RANS va URANS 14 hai phwong phép ly trung binh
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u

u'(t

- |
TAMTLRLTINIV v o,

 Hinh 4.5 Phirong phap ldy trung binh
Vi dy, do gia tri van toc (u) ciia mdt diém bat ky trong dong roi theo thoi gian (t) ta dugc

gia tri nhu d6 thi (Hinh 4.5)
Ta co:
u(x,t) =u’(x,t) + U(x)
Trong do:
+ U(x): 1a gia tri trung binh
+ u'(x,t): rung lic rbi
= Mo phong theo phuong phap RANS/ URANS la ta di giai gia tri trung binh U(x)
va md hinh hoa u’(x,t)
- Uu diém:
+ Yéu ciu trong viéc tinh toan va luu trit khong qua 16n
+ C6 thé mo phong trudng hop 2D steady
+ C6 thé str dung phwong phéap sb bac thip
- Nhuoc diém:
+ Céc md hinh ding dé mé phong cac cu trac 16n phai didu chinh mé hinh nhiéu
lan
+ C6 cac van dé trong viéc giai thich két qua tinh toan unsteady
4.1.3.3 Cac mo6 hinh tinh toan cia phwong phap RANS
Mot md hinh mé phong rdi hitu dung phai dat dugc nhing tiéu chi: kha ning ing
dung rong rai trong nhiu trudng hop, tinh chinh x4c, don gian va chi phi tinh toan thip,
don gian.
Vi¢ce phan loai m6 hinh RANS dugc dua trén sb phuong trinh cdng thém vao mo

hinh dé giai.
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+ MO0 hinh Mixing length: khong cong thém phuong trinh

+ Mo hinhk e /k w: cong thém hai phuong trinh

+ MO0 hinh Reynolds stress: cdng thém bay phuong trinh
» MO hinh Mixing length

- Uu diém:
+ D& thyc hién, don gian va khong ton nhiéu tai nguyén
+ Cong thire thiét 1ap cho cac dang dong tdt
- Nhuoc diém:
+ Hoan toan khéng tmg dung ddi voi dong c6 hién twgng phan tach 16p bién
(canh may bay, banh lai tau thuy,...)
+ MBO hinh chi tinh cdc gi4 tri trung binh ciia dong va cac ting suit roi
» Ho cac mod hinh k_¢:
- Ho cac m6 hinh k& gom: Standard, Realisable va RNG
- Nhitng khac nhau chinh cta ho cac mé hinh k ¢ la:
+ Phuong phap tinh d6 nhét rdi (turbulent viscosity)
+ S6 Prandtl réi khac nhau tuy tirng mé hinh dé diéu khién sy khuéch tan cua k
va g
+ Dai lugng sinh ra (generation) va dai lugng tri¢t ti€u (destruction) trong
phuong trinh &

> Uu nhugc diém ho cac mé hinh k¢

Mo hinh Standard k_ €:
- Uu diém:
+ MBS hinh don gian, d& thuc hién, chi cAn diéu kién dau va diéu kién bién da co thé
mo phong rdi
+ Két qua tinh toan tot, (mg dung tinh toan cho nhiéu dang dong khac nhau trong
cong nghiép
+ Mo hinh duoc thiét lap tt, duoc kiém chirng rong rai va duoc nhiéu nguoi su
dung

- Nhuoc diém:
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+ Khoi lugng tinh toan cao hon mo hinh Mixing length (thém 2 phwong trinh van
chuyén)
+ Két qua khong tot cho mét sé dang dong:
e Céc dang dong chay qua nhitng bién cong, cac dong xody va cac dong co bién
dang 16n
e Céc dang dong c6 hién tuong mat d6i ximg
Mo hinh RGN k_ &:
- Uu diém:
+ M6 hinh RGN k_ & duge thém mot s6 hang trong phuong trinh & dé giai quyét
van d¢ cac dong bién dang dot ngot
+ MO hinh s& cai thién hon trong viéc mo phong cac dang dong xody, dong di
qua cac bién cong
- Nhuoc diém:

+ Khdi lugng tinh toan nhiéu hon mét chat so véi mo hinh Standard k ¢

Mo hinh Realisable k_ €:
- Uu diém:
+ MBO hinh c6 két qua mo6 phong tdt cho cac bai toan 19p bién, co su bién doi ap
sudt 16n va cac dang dong qua cac bién cong.
» Mo hinhk_w
- Uu diém:
+ Mo hinh dugc st dung rong rai do nd sinh ra dugc dung ludt & tuong ma
khong phu thudc vao do nhot
+ Cho ra két qua tinh toan, mé phong tt hon cac mé hinh k& trong céac bai
toan dong 16p bién
- Nhuoc diém:
+ MBO hinh dy doan két qua khong t6t dbi véi cac phan phia sau body
+ Nhay cam vdi cac gia tri bién tu do, trong trudng hop bién khong duoc dinh
nghia t6t
= Dé cai thién cac nhuge diém trén nguoi ta phat trién thém mé hinh méi tir mé hinh

k_ gbc 1amo hinh SSTk_ w
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= Vay ddi v6i bai toan tinh toan mé phong cac tinh ning thay dong luc hoc qua banh
1ai tau thiy thi & ddy ta chon mé hinh SST k_ w dé giai vi nhimg vu diém cia né
trong viéc giai quyét cac van dé vé 16p bién, bién dang cong va dong chay vdi ap

suét thay d6i 16n.

Mo hinh SSTk w
Tir 2 phuong trinh bao chi dao (phwong trinh bao toan khdi lwong va phuong

trinh bao toan dong lugng) ta tién hanh giai thém 2 phuong trinh nhu sau dé giai bai

toan:
% +div(pkU) = div[(u + 22 grad (k)] + P, — B* pke (4.23)
Ok
PD) | i pat) = divf(u + L) grad ()] + (2 PSS, - 2 oY S,)
ot o, 37 ox
’ U (4.24)
+ B pa’ +2 p_x @
c,,0 0x, Ox,
Trong do:
+ Ung suit Reynolds duoc tinh cho mé hinh 2 phuong trinh theo biéu thic
Boussinesq:
2 ou. ou. 2
—puu, =2uS. —= pkod. = u (—t+—=L)—= pko, 4.25
IO i lut 1 3p 1 ‘th(ax. axi ) 310 1 ( )
: . 2 oU,
+F, =min(/0f pkw,2u,.S;.S; —— pk—+05;) (4.26)
37 ox,
v apk (4.27)

" max(a,w,SF,)
V6i a, 1a hang s0; S =,/2S,S; ; F2 1a ham dé giai cac van dé bat 6n cia cc xody gan

tuong.

+ Céc hang s6 trong cong thirc dugc xac dinh bang thyc nghiém nhu sau:

o, =1 Ow1=2 |04,,=117] y=044 |B=0,083 | B =009
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4.2 Ung dung phwong phip CFD trong md phéng tinh toin thiiy dong lrc hoc banh
lai
4.2.1 Cac dac tinh thiy dong luc hoc qua banh lai tau thay

Muc dich cua viéc tinh toan thuy dong hoc banh lai 1a di xac dinh cac tri s6 cua
luc thuy dong dé 1am co so cho viée khao sat hidu ning ctia banh 14i trong qué trinh diédu
dong tau. Mdi bién dang (profin) banh 14i s& cho ra sy khac nhau vé cac gié tri thuy dong
luc hoc tac dung lén né khi hoat dong. Khi banh lai dugc dat trong dong chay van tde
vs, dudi goc tan a, dudi tac dung cua dong chay chit 1ong phan b ap luc ¢ mit trén va
mat dudi cia profin mat cit banh 14i khac nhau, 1am xudt hién luc tac dong ngang. Cac
luc thuy dong tac dong 1én banh 1ai gdm c6: Lyc nang L va lyc can D.

Tong hop cua L va D sé& duoc luc R - luc chinh tac dong 1én banh lai:

R=~IL+D’ (4.28)

- Luc R c6 thé phan thanh hai thanh phan gom:
+ Luc phap tuyén: N =L.cosa+ D.sina 4.29)
+ Luc tiép tuyén: T = L.sina—D.cosa (4.30)

Céc lyc nay dat tai tam ap luc k
- Momen thuy dong & canh trudce cia banh lai:
Mz = N.e (4.31)
Trong do:
+ e: Khoang céch tuir canh trudc ctia banh lai dén diém dat luc N
+ Momen tai trén truc lai dugc tinh theo cong thurc:
My=Nx=N.(e—a) (4.32)
Trong do:
+ ¢ - khoang cach tir truc 1ai dén canh trudc ctia banh lai

+ a - khoang cach tur diém dat luc dén tAm truc lai
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Hinh 4.6 Céc théng soé thity dong e hoc banh ldi
4.2.2 Ung dung phuong phap CFD trong tinh toin md phéng dong lwe hoc binh

lai

- Trong linh vyc tau thity, phuong phép tinh toan dong luc hoc chét 1ong (CFD)
dugc sir dung mét cach phé) bién nhu tinh toan stc can tic dung Ién than tau, van
tdc, ap suat dong chay qua chan vit, banh l4i tau,... Vi nhiing vu diém ctia phuong
phap la chi can thiét 1ap mot md hinh chinh xéc, chon module thich hop, chia ludi
tinh toan tt cing v&i mién tinh toan, didu kién tinh toan thich hop 1a c6 thé cho
ra mot két qua voi do chinh xac kha tot. Va dac biét 1a voi viée tinh toan mo
phong thi sé tiét kiém duogc chi phi hon so v&i viéc tinh todn bang thir nghiém,
thue nghiém va s& don gian hon so véi tinh toan bang phwong phap giai tich.

- Viéc tinh toan mé phong cac dic tinh thuy dong luc hoc banh 1ai bang phuong
phap CFD la dya vao bién dang (profin banh lai), géoc quay cua banh lai va van
tdc dong chay bao quanh banh l4i.

- Qua cac phan tich néu ra ¢ cac phan trén thi mé hinh dwogc sir dung dé tinh toan
12 mo hinh dong rdi k_w SST véi cac thong s6 dau vao cho tinh toan 13 bién dang
banh 14i, tbc do dong chay di qua banh 1ai va duoc dat trong mién tinh toan dua
theo viéc md phdéng cho céc profin cho canh may bay cua NACA.

4.3 Xac dinh cic thong so hinh hoc ciia banh 13i
4.3.1 Kiéu banh l4i

» Banh lai duogc thiét ké dya trén két cau phan dudi cia tau va thuong co cac ki€éu nhu
sau:
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- Banh 1ai don gian: 14 banh 14i c6 it nhat mot gbi d& ¢ phia trén va mot gbi d& ¢

phia dudi banh 1ai, ngoai ra c¢6 thé thém cac gbi do trung gian.

Kiéu I

Ty 1ai thudng

Hinh 4.7 Kiéu bdanh lGi don gian
- Banh lai treo: 1a banh 1ai lién két véi vo tau qua cac goi cuia truc lai.

'[_But‘:mg taim quay

Hinh 4.8 Kiéu banh ldi treo
- Banh lai ntra treo: 1a banh 1ai ¢6 phan dudi lam viéc nhu mdt doan cong xon.

Kidu I

Try 14 treo

Pudng tim quay

Hinh 4. 9 Kiéu banh ldi mia treo
» Phan loai banh lai theo vi tri banh 14i so voi duong tdm quay gom:
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- Bénh lai can bang: 1 banh 1ai c6 duong tim quay chia banh 14i thanh hai phan.
Moémen do ap luc thiy dong tac dung 1én phan sau s& dugc can bang boi ap luc
tac dung 1én phan trudc.

- Banh lai khong can bang: 1a banh 14i c6 dudng tAm quay nim sat canh trude cua
banh 14i. Mémen do 4p luc thuy dong tac dung 1én banh li s& truyén hoan toan
lén truc lai.

- Banh l4i ban cén bang: 12 banh 14i c6 phan dudi nho ra phia trudc truc l4i gdy ra
dbi trong.

> Tu két cdu phﬁn dudi cua tau, ta Iya chon banh lai cho tau du lich song Han thudc

loai banh 14i don gian, ban can bang va profin banh 14i ¢6 dang tAim phing hay dang
lru tuyén, dam bao cho tau cé tinh ning quay tré tot khi hoat dong & toc do thap.

o]
=3

+ L7
N

ANy i

{504}
E50

154
!

Hinh 4.10 Két cdu viing dudi tau du lich séng Han
4.3.2 Dién tich banh lai

- Ta c6 dién tich banh lai:

SS=all (m (4.33)
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Trong do:
+ L =279 (m): chiéu dai hai tru cta tau.
+ T =1 (m): chiéu chim cua tau.
+ a: hé sd, theo bang 1.2 [1-tr 14]tacd: a=3,57% + 3,85%
Chon a=3,75%
Suy ra:
>8 = 3,75%.27,9.1 = 1,046 (m?)
- Kiém tra lai dién tich banh l4i:
Dién tich banh 1i ti thiéu cho phép duoc xac dinh theo cong thire sau:

LT 150
S = pg.——(0,75+——— 2 434

Trong do6:
+ L =27,9: chidu dai tau, m
+ T =1: chiéu chim tau, m
+ p:hé ) (bé‘mg 1,2 néu banh 14i khong dat truc tiép sau chan vit; bé“mg 1,0 néu
banh lai dat truc tiép sau chan vit), chonp =1,0

+ q:hé sb (béng 1,25 d6i véi tau kéo: béng 1 ddi véi céac loai tau khac), chon hé $6
q=10

27,9.1 (0,75+i75)=0,616 (m?)

S =1.1. .
2 S 100 27,9+

Vay téng dién tich banh lai dugc chon théa man.
4.3.3 Chiéu cao banh lai

Theo nhitng phan tich ta lya chon banh lai cho tau du lich theo loai banh l4i don gian,

ban can bang va c6 hinh chir nhat.

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 79
Pham Ngoc Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning
= = = =

DNTK e
T
(T
N
(=)
s
N N
|_
DN O
I
he® n A
[Ty]
=3
%
b

Hinh 4.11 Cac kich thwoe banh ldi tau du lich

- Theo quy dinh ciia Pang Kiém thi khi tau toan tai, banh lai phai ngap hoan toan
trong nudc. Chidu day 16p nudc phia trén banh 1ai khong duoc nhé hon 25%
chiéu cao banh 14i (hs1)

- Chon chiéu cao banh lai dya trén két cAu ving dudi: hyi= 1300 (mm)

- Mgép dudi clia banh lai phai cao hon mép dudi ctia chan vit it nhat 5% chiéu cao
banh lai.

- Theo thiét ké: khoang cach gitta mép dudi banh 1ai véi mép chan vit 1a 95 (mm)

- Khoang cach tir mép trén banh 1ai dén duong nudc thiét ké 1a 358 (mm)

+ 0,05he = 0,05.1300 = 65 (mm) < 95 (mm)
+0,25hy= 0,25.1300 = 325 (mm) < 358 (mm)

= Vay vi¢c chon kich thude chiéu cao banh 14i va cach bd tri la phu hop, thdéa man cac
diéu kién cho phép.
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4.3.4 Hé s6 kéo dai A

Hé sb kéo dai 2 = 0,5 + 3 tuy theo két cAu ving duéi tau, theo khao sat cho thay nhirng

banh 14i ¢6 A 16n dam bao hiéu qua lai tot & cac gbc quay nho.

Ta cé: A=ty L3 605 (4.35)
X
Trong do:
+ Chidu rong banh 14i: b, hi ! ’?4362 —0,8(m) (4.36)
bl >

4.3.5 Chiéu day ciaia profin
> Chiéu day 16n nhat
Chiéu day 16n nhét cua profin t 1y theo duong kinh chan vit Dey
t=(0,1+0,125).D,, (4.37)
t=(0,1+0,125).D, =(0,1+0,125).1,1=0,11+0,1375(m)
Chiéu day t6i wu trong khoang:
t=(0,12+0,25).b, (4.38)
t=(0,12+0,25)b,, =(0,12+0,25).0,8 = 0,096 +0,2(m)
Vay chon chiéu day 16n nhat cta profin 14 0,12 (m)
> Chiéu day twong ddi
Chiéu day twong d6i cua profin duoc xac dinh theo cong thirc:

E—L _ 0,12
b, 0,8

=0,15 (4.39)

4.3.6 Vé profin banh lai

Ngay nay, cac bién dang banh 14i c6 tinh nang thily dong luc hoc cao dugc su
dung mot cach rong rai nhu NACA (M), IfS (Btc),...

Déi voi bién dang banh 14i tau du lich can thiét ké ta chon cac bién dang banh lai
don gian va thong dung, & day ta chon 3 dang profin dé so sanh va lya chon nhu sau:

> Bién dang 1: Dang tim (Flat plate)

Bién dang tAm phing 13 dang banh 14i don gian nhat trong viéc ché tao va d& dang

1am chéch hudng chat 1ong.
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Chon béanh 1ai ¢6 bién dang tdm véi chiéu day t =16 (mm)

-~ 16.0

800.0
Hinh 4.12 MGt cdt banh ldi dang tim phdang
» Bién dang 2: Profin NACA
Trong linh vyc hang khong, profin NACA dugc st dung rong rai vi c6 tinh nang
dong luc hoc tbt, ung dung trong viéc thiét ké banh 14i tau hiéu nang cao ta st dung
dong NACAO0.
Ta c6: chiéu day tuong ddi cua profin duoc xac dinh & trén 13 7 = 0, 715nén ta chon banh
lai theo profin NACAO0015
- Toa dd thuc cua profin banh l4i tinh theo cong thirc:

b

- 4.40
=700 (4.40)

—tb
=ty —— 4.4]
y y100 (4.41)

Trong do6 :

+ X, y: toa do cac diém trén profin banh l4i

+ x,y: toa do twong ddi

+ b: chiéu rong profin banh lai tai cac mat cit thiét ké
+ t: chiéu day tuvong dbi profin

Tur nhiing thong s6 hinh hoc banh 1ai ta 1ap bang toa d6 profin banh lai nhu sau:
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Bang 4.1 Toa do profin banh lai NACA0015
X y X y X y X y

- - - - 15,00 | 44,55 | 120,00 | 53,46
0,25 7,20 2,00 8,64 17,50 | 46,30 | 140,00 | 55,56
0,50 | 10,28 | 4,00 | 12,34 | 20,00 | 47,78 | 160,00 | 57,34
0,75 | 12,45 | 6,00 | 14,94 | 25,00 | 49,50 | 200,00 | 59,40
1,00 | 14,10 | 8,00 | 16,92 | 30,00 | 50,00 | 240,00 | 60,00
1,25 | 15,80 | 10,00 | 18,96 | 40,00 | 48,35 | 320,00 | 58,02
1,75 18,55 | 14,00 | 22,26 | 50,00 | 44,00 | 400,00 | 52,80
2,50 | 21,80 | 20,00 | 26,16 | 60,00 | 38,03 | 480,00 | 45,64
3,25 | 24,55 | 26,00 | 29,46 | 70,00 | 30,50 | 560,00 | 36,60
5,00 | 29,60 | 40,00 | 35,52 | 80,00 | 21,85 | 640,00 | 26,22
7,50 | 34,99 | 60,00 | 41,99 | 90,00 12,06 | 720,00 | 14,47
10,00 | 39,00 | 80,00 | 46,80 | 100,00 1,05 | 800,00 1,26

______I_"‘-ﬂ—-_____ _

0 1056 913 73.2 524 53._'9_‘_‘::_—_
W " T

0. 800—|j0w—|:é00 160.0

800.0

- Mit cét cua profin banh l4i nhu sau:

1147

0.0—

Hinh 4.13 Mt cdt banh lai NACA0015

» Bién dang 3: Profin banh 14i NACAO0015 c6 dudi ném

Banh 14i NACA0015 ¢6 dudi ném duoc thiét ké dua trén profin cua NACA va
thém phan ném & dudi véi tic dung nang cao hiéu suit banh l4i bang cach ting hé s luc
nang khi quay banh l4i. Phan ném dugc thém vao phan mép sau ctia banh 13i v6i chidu
rong phan ném bang 5%, 10% hay 15% cua chiéu rong banh 1ai.

Profin banh 1ai NACAO0015 ¢6 du6i ném duogc lya chon cho truong hop:

s NACAO0015 + 5% wedge
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning
+ Chiéu rong phan ném: by = 5%.by1= 0,05.0,8 = 0,04 (m)
* Goc léch ném 45°

= Mit cit cta profin banh 14i NACA0015 c6 dudi ném (5%)

116,04

1

800
. Hinh 4.14 MGt cat banh lai NACA0015 ¢6 dudi ném
4.4 Cac diéu kién tinh toan

4.4.1 Muc dich

- Muc dich cua viéc tinh toan mo6 phong CFD cho cac bién dang cua banh 1ai tau
thuy nham:

+ Biét cach thiét 1ap mo hinh tinh toan md phong tinh chat thuy dong luc hoc qua
cac bién dang banh lai khac nhau

+ Xac dinh duogc cac thong ) thuy dong luc hoc banh 1ai (Iyc can, lyc nang) va cac
thong ) ap suét, van toc tac dung Ién cac bé mat cua banh 14i.

+ Viéc xac dinh cac thong sb bang phuong phap nay néu dugc thiét 1ap tbt s& cho
ra két qua rat chinh xac va c6 thé ap dung thay cho viéc thyc nghiém dé giam chi
phi.

4.4.2 Cac dbi twgng tinh toan mé phéng (Modeller)

Péi tuong duoc dung dé tinh toan moé phong 1a cac bién dang hinh hoc 3D cia cac loai
banh lai m6 hinh véi ty 1€ 1/13,95

+ Bién dang 1: NACAO0015

Hinh 4.15 Hinh hoc 3D banh lai NACA0015
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+ Bién dang 2: dang tim FLAT PLATE

Hinh 4.16 Hinh hoc 3D bdnh ldi dang tam
+ Bién dang 3: NACAO0015 c6 dudi ném (WedgeTail) 5%.

Hinh 4.17 Hinh hoc 3D banh lai NACA0015 co dudi ném
4.2.3 Cac diéu kién tinh toan mé phéng
4.2.3.1 Mién tinh toan (Momain) va diéu kién bién (Moundary conditions)

» Mién tinh toan cta bai toan 1a hinh hdp chit nhat véi céc kich thudc duge dinh
nghia nhu sau:

Symmetry ;
etry

"\\?\ H\\\.\;\\_\:\\\
Sy mn‘i;etry\\\ Sy mme}y///

7

-
-

Hinh 4.18 Mién tinh todn mé phong
Theo d6 cac khoang cach tir banh 1ai dén cac vi tri ciia mién tinh toan nhu sau:
+ Mép dan banh lai — inlet: 3¢
+ M¢ép thoat banh 1ai — outlet: 6¢
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+ Tam banh 1ai — Symmetry: 3c

+ Véic=0,0573 m (c la chiéu rong cua banh 14i)

+ Inlet: Velocity Inlet (Véan téc vao dung cho trudng hop banh lai ty do va 1iy bang
van tdc cia tdu mé hinh 1a V = 1,377 (m/s)

+ Outlet: Pressure outlet (P = 0)

+ Rudder: No — slip wall

+ Tinh sé Reynolds:

e PVL _998,2.1,377.0,0573
P 0,001002

= 78602 (4.42)

Trong do:
+ p=998,2 (kg/m®) (khéi lwong riéng ctia nude ngot & 20°C)
+ w=0,001002 (Pa.s) (hé s6 nhot dong luc hoc ctia nudce ngot & 20°C)

4.2.3.2 Lwdéi tinh toan (Mesh)
Ludi tinh toan dung dé roi rac hoa (chia nho) mién tinh toan va chét lwong ludi 1a rat
quan trong trong viéc dam bao su 6n dinh va cho két qua chinh x4c.

» Cac loai ludi:

Ludi tinh toan duoc chia thanh 2 loai 1a ludi ciu trac va ludi khong cAu trac

+ Ludi ciu trac s& don gian trong viéc chia luéi, giam khédi luong tinh toan khi chia
nhung chi ap dung cho nhitng hinh hoc don gian va khé diéu chinh dwgc d6 min
mong mudn ciia ludi & nhirg ving dja phuong.

+ Ludikhong cdu trac c6 thé chia cho nhirng hinh hoc phtc tap, bién cong, d& dang
1am min & nhiing vi tri dia phuong nao d6 nhung viée giai s& kho khin hon, ton
nhiéu thoi gian hon va dic biét kho dat duoc chat luong ludi tot.

+ Céc dang luoi 2D va 3D:

e 2D: tam giac (Triangle), t giac (Quadrilateral), da giac (Polygonal)
e 3D: 4 mit (Tetrahedral), 5 mat (Pyramid), 5 mdt c6 2 mat song song
(Prysm), 6 mit hinh hop (Hexa), nhiéu mit (Poly)
> Chét lugng ludi
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Chét luong luéi 13 rit quan trong va can duoc chu ¥, ludi xdu sé gy ra sy khong chinh
xé4c vé nghiém va kho hoi tu.
Céc tiéu chuan danh gia chat luvong ludi:
- Danh gia cac phan tir (Cell)
+ Equiangle Skew (Skewness):

(4.43)

Max Skewness = max ;
180-9, o,

¢max _(oe . q)e — ¢min :|

Trong do:
+ @y 20 16n nhit cta phan tir
+  @min: goc nho nhit cta phan tu
+  @,= 60° véi phan tir tam giac
+  @,= 90° véi phan tir ttr giac

Gi4 tri cia Skewness s chay tur 0 dén 1 va gidi han chép nhan duogc cia Max Skewness

la khong vuot qua 0,95.

Bdng 4.2 Tiéu chudn danh gid chat lwong Skewness
Skewness

Excellent | Very good Good Acceptable Bad Unacceptable
0-0,25 0,25-0,5 0,5-0,8 0,8-0,94 | 0,95-0,97 0,98 -1
+ Aspect Ratio (ty 1€ co gidn)

e Dbi voi dang luéi Triangular va Tetrahadrad
R
Asp = f(—j (4.44)
r
Voi:
+ R 1a ban kinh dudng tron ngoai tiép ciia phan tir

+ 114 ban kinh dudng tron ndi tiép ciia phan tir

1
+ f= 35 khi cell c6 dang Triangular

1
+ f= E khi cell c6 dang Tetrahadral

e Ddi v6i ludi Quadrilateral va Hexahedral
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_ max(e),e,,¢e;,....e,)

Asp : (4.45)
mln(el,ezpeja"'aen) a
Trong do:
a+c b+d ‘ ;
e = ;62 =

2 2
Truong hop 2D thin=2

b
Truong hop 3D thin=3
Hinh 4.19 Cac kich thwoc 6 luoi

= Gié tri Asp cang nho tién vé 1 thi cang OQuadrilateral va Hexahedral

t6t
- Danh gia tong thé (Mesh)

Tiéu chuan Orthogonal (chat lwong truc giao)

e Dé dam bao chét luong ludi nén giir cho gia tri Min Orthogonal nhé hon 0,1

Bdng 4.3 Tiéu chudn danh gid chat heong Orthogonal
Orthogonal

Unacceptable Bad Acceptable Good Very good | Excellent
0-0,001 0,001 -0,14 | 0,15-0,2 | 0,2-0,69 | 0,7-0,95 0,95-1

+ Sy thay d6i kich thudc céc cell gan ké
e Sy thay ddi kich thudc 2 cell gan ké khong dugc 16n hon 20%
= Thong thuong dé kiém tra chat luong ludi ngudi ta thuong dung 2 tiéu chuan 1a
Skewness va Orthogonal.
> Giatri y'vay
- y" 1a thudc do khong thir nguyén cua khoang cach tir twong (y), y 1a chiéu cao
6 lu6i dau tién tinh tir tuong
- Gia tri y+ mong mudn duoc lua chon 1a nhé hon 5 dé c6 thé xur ly tdt cac 16p
bién gan tudng dic biét 13 bién cong va dé giam bét khoi luong tinh toan.

= Tir gi4 tri mong mudn y+ ta tinh dwgc chidu cao 6 ludi dau tién tir bién 1a:

y <6,6.10°

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 88
Pham Ngoc Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Input

Freestream velocity: | 1.377 | [m/s]
Deunsity: | 998.2 | [kg/m3]
Dynamic viscosity: |0.001 002 | [kg/ms]
Boundary layer length: | 0.0573 | [m]
Desired Y+ value: | 5 | [
Output

Reynolds number: | 7.9e+4 | [
Estimated wall distance: |6.69—5 | [m]

Hinh 4.20 Khodng cdch 6 hedi dau tién khi y+=5
4.5 Quy trinh tinh toan mé phéng

4.5.1 Thiét 1ap hinh hoc mé hinh banh lai

Hinh hoc banh 14i 3D dwogc xdy dung trén DesignModeller, Module Fluent ciia phan

mém Ansys gom cac budc sau:

% Budc 1: Khoi dong phan mém, chon Module Fluid Flow (Fluent)

% Budc 2: Click chudt phai vao Geometry va chon New DesignModeler Geometry dé
thuc hién thiét 12p hinh hoc banh lai

% Budc 3: Thiét 1ap hinh hoc 3D cho banh lai
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Da Ning

&2 B
1
2| Geometry 5] New SpaceClaim Yoo
3 @ Mesh 1
4 @ sewp i Import Geometry »
5§ Solution k! o
i 0 Besiis: 1 Transfer Data From New »
Bl Eecric Fluid Flow (Fluent) Transfer Data To Hew »
8 Explct Dynamics 8 o= z.
0 Fluid Flow - Blww Makding (Polyfiow) 2 vk L #| tphi
16 Fiuid Fow - Extrusion {Pohyflow) 4|8 e T Update Upstream Companents
) Fluid Flow (CFX) 5 ) Seusen 7
Fiid B = .:9 i i [#] Refresh
Fluad Fow (Polyflow) 1 Ta Reset
B Harmonic Responss Fluid Flaw (Flust)
8 Hydrodynams Defracion Rename
Il Hydrodynamic Respanse Propecie
4 1c engre (Fluent) o
a 1C Engine (Forte} Quick Help
Magnetnetahc
- Add Note
B Modal (aBAQUS)
B Modsi [Samce)
¥ Random Vibration

| File Create Concept Tosls Units View Help

| @ || Due Gro e[ b [ MRMEB - 0w
QemMacEm ve m

= A A A A AR -

‘,mine v % | None ~ 8 || Gmente W Topolony BRI

Skin/Loft : s
@ ice || @Point B Coneron

oo i SHE e sicion ==

Hin’h 4.21 Qdc budc thiét lap hinh hoc 3D cho banh lai
¢ Budc 4: Thiét 1ap mién tinh toan (Domain)

- Mién tinh toan 1a khdi hop chir nhat véi kich thude LxBxH = 0,5x0,35x0,35 (m)
- Sau khi hoan thanh viéc thiét 1ap hinh hoc ta tit cira sé DesignModeler

'0.400 (m)

#0100 0300

Hinh 4.22 Mién tinh todn
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

4.5.2 Chia lwéi

Ludi tinh toan dwgc chia 1a ludi khong céu tric, chat luong ludi s& quyét dinh
dén kha nang hoi tu va d¢ chinh xac cua bai toan cho nén n6 s€ dugc kiém tra ky trudc
khi sang budc tiép theo. Qua trinh chia ludi dugc thye hién nhu sau:

 Budc 1: Click chudt phai vao Mesh va chon Edit d¢ tién hanh chia lu6i cho hinh
hoc da thiét 1ap

% Budc 2: Tién hanh chia ludi cho cac canh (Edge Sizing), cho mit (Face Sizing),
cho khdi (Body Sizing) va dic biét cho 16p bién gan tudng (Inflation)

+ Budc 3: Tién hanh chia ludi bang cach chon “Generate Mesh” hodc chon “

Update”
;msqummm M wf | o) Genensteresn *H B! A] v @PWorisheet Iy ny .y 0
L \;-@@@:’nn -Js-l«QQ G\@]:cxng;u—n Details of "Inflation” - Inflation 1]
5 Show Vertices i Close Nertices 1 5e.00 - @@ Weetume | OgshowMesn b M Random @Preferences | . 1. [ [ |
<5 v @ Location = [@Comven = <& Macelneous = 0 Tolermess -|| Scope
B eReset BplodeFadon  f—————————— 4juemby Center - e -
WidgeCiomg = A~ A= A+ A+ A= A F Ham Scoping Method Geometry Selection
Mesh 3J Updote | @ Mesh = O, Mesh Contral = @Mesh Bt = | ® . — L i34
F Geometry 1 Body
= Definition
Suppressed No
Boundary Scoping Method | Geometry Selection
Boundary 7 Faces
Inflation Option First Layer Thickness
First Layer Height 4,e-005m
Maximum Layers 6

© 3 Messsoer o Salection Metic im ka W s V&) Dearees [

4

File Edt View Units Took Help || (5] «f | fGenersteMeh fl B [A] @
TV LERRO0E & SrRA QT
B Show Vertices [ Close Vertices 732007 (Auts Scalel - @0 Wireframe | 72 00
e !lwlﬁur; = @ convert = 0 Miscellaneous = @ Tolerances

O Expinde Factar: i—. Assembiy Center - L]
[Mesh f Update | @ Mesh = B, Mesh Control = @ Mesh Edit = | 1 irt

-

Duthine L]
Filter:  Mame -
Bat-=2a 8

@ Sokd ~

Bl ik Coondnate Systems
4 Gobal Coordnate System
/B Connections
=l .&;:-
Edge Sarg
B, Edgesang 2
/B, Face Song
4% Inflation
3, Body Sang

Hinh 4.23 Cac buéce chia lwoi tinh toan
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Hinh 4.24 Luoi tinh toan
¢ Budc 4: Kiém tra chat lugng ludi

- Lép bién Inflation duoc chia & quanh bé mit banh l4i véi s6 luong va kich thude
phu hgp
- Max Skewness = 0,846
- Min Orthogonal = 0,153
= Chét luong chép nhan duogc
S6 lugng phan tir Iudi 1a hon 3 triéu phan tir véi hon 900 nghin diém giao

= Néu luéi khong dam bao chét lugng thi phai tién hanh chia lui lai (tir Budc 2)

r =]

Hinh 4.25 Lép bién gan tuwong
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Thiét ké, ché tao va thir nghiém banh lai hi€u nang cao cho tau du lich trén song Han, Da meg

Hinh 4.26 Chat heong Skewness va Orthogonal
Budc 5: Thiét 1ap céc bién, tuong cho mién tinh toan gom:

Inlet, Outlet, Sym1, Sym2, Rudder

Sau khi hoan thanh tién hanh déng cira s6 Mesh

-

| Filter MName

2+ = gl 8l
5 @] Model (13)
= ',& Geometry
@ Solid
@ Solid
(-5 Coordinate Systems
J% Connections
- ,,@ Mesh
@1 Named Selections
‘fm inlet
./Q outlet
jg syml
sym2
oy

Details of "rudder”

#

w

|-I| Scope

.Smping Method
:Geome-'try

:'—;' Definition
|sendto Solver
| visible

iGef:uﬂeln,‘ Selection
5 Faces

Yes
Yes

Hinh 4.27 Binh nghia banh ldi trong mién tinh todn

4.5.3 Thiét 1ap tinh toan

7
0‘0

@
0‘0

Budc 1: Click chudt phai vao Setup va chon Edit => Xuét hién Fluent Launcher
chon Parallel va chon Processes 1a 8 rdi nhan ok

Budc 2: Xuat hién ctra s6 tién hanh thiét 1ap cho bai todn nhu sau:

+ Chon mo hinh tinh toan: vao Model => Viscous chon k-omega (2eqn) va chon
SST model
+ Thém luu chat: vao Material => Fluid va tién hanh thém chét luu méi Water
liquid
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Fluent Launcher (Setting Edit Only) = [} X
— B 5 e POV SN [l ] ENSVS 5D S
AN ﬁ Fluent Launcher s @63 A0D
T oot oo | o s | it | e | @ peesmng | vewra | fod || reen | @
s prom [ —— P s
Dimension Options e, 7 «
20 [] Double Pracision it
I WMeshing Mode
[] Use Jok Scheduler
Hisani oo, Use Remate Linux Mades
Display Mesh After Reading t
‘Warkbench Color Scheme Processing Optians
[[] Do not show this panel again ) serial

(@ Parallel (Local Machine)
ACT Option S

[ Load ACT Processes

GPGPUs per Machine
Maone |5

[# Show hMore Options

Cancel Help x

n Create/Edit Materials Tree = Tk Page *
~ @ s
B Sanert | B viscous Mogel
Name Matertl Type ~ O Models

water-houd fsd
i Formua Fuent Fud Materss I
waterdquid (h2ol>) 8 Hst Exchange: (081

: BN

B

Properties =

et =

Densty {¥g/m3) constant = [E® i

5942 ]

Viscosiy (kgfms) consmnt - Eik 1
0.001003 Meinig Dptrirs

s T Low-Rs Comactons
B Feport Definions Dekians SOf {nner’ Prand! =
[ Curvature Comection
] Producnian Kate-Launder Usar.Dafnad Funcoons

roducton Limeer Turbiient Viscasty
) intermezency Transexe Moded (e, -

Change/Create | Delete Help | [%] | comen | [stoe

Hmh 4.28 Lua chon mé hinh lwu chdt tinh todn ) )
+ Chon Iuu chat dé tinh toan: Vao Cell Zone Conditions => nhan edit va thay thé

chét luu cii bang water liquid dd chon & trude
+ Thiét lap diéu kién bién: vao Boundary Conditions rdi thiét 1ap cac tiy chon nhu
sau:
e Inlet (Velocity inlet) vé1 V = 1,377 (m/s)
e Qutlet (Pressure Outlet) véi P = 0 (Pascal)
e Rudder (Wall)

e Syml, Sym2 (Symmetry)
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

B Fluig
Baundary Conditions 2
LR T |
sold ? Zong [FEar Tt i
8 MuRiphase (061] -
Materist Mame [ waterdqud ] s o Tnegy (08} T
5 # Vncows (557 k- omegal tencrsclid e
L] Frame Mot 1 Source Terms & Radistion (D8] oitiet 5 ]
- : |5 i
Mt E Feeed Vabies 8 Heat Enchanger (M)
] porousZ H Spacies (OM) B valocity Indet
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= W Gicrete Phase (01 a0y
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¥{m)a | constant: = ¥jo | ‘Egnstant. = Fefarance Frame; Absokite -
zim o | constant ~ | ‘zh | constant - Velocky Hagruds (mis) | 1,377 constant i
Supersorsc/ il Giuge Presuure (pascal |0 corstant -
Turhukence
Specfication Mathod Intensty and Vicosey Ratio >
Tutbuent Intansty (] 5 @
Terbulent Viscosty fto |10 '
BE ruddes Gl i) OK| Cancel | | ey
5 wymi tmymm
El Cancel | | Help B wym2 (oymemetiry, 1= | o Conv | Bnen T
— e — .
~ @ Madeh 2one [f == T
B Mustiphanr (0} = -
S Enargy (DA nist Y
& iterine-sokd
# R R
# He L 1 _
# ip
res tiet
i B Fressure Outle
5 Sokdiicatan & Melting {08 2one Hawe
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< Fuledisn Wak Fim 08
T Electric Pobatial (061 Moo
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f o Fackilow Heference Frame | Abschite
& o
g Grupe Presuurs [pascal) |1 Coestant
M Eacifw Dirsctien Spaciicatin Method| ol to Boondary
2 el Backfiow Pressurs Spocficiton | Fotal Brasains
i Cal T m ] Raxtil Equiltium Prassurs Dstbuten
@ selid | s 21 [ Aweape Prasmae Speciton
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et bl ) S
- wat, e T} pely
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Hackfi T oty Rate |10

IE' Cancel

Help

Hinh 4.29 Thiét ldp cdc diéu kién bién

Definitions

0
%

Budc 3: Chay chuong trinh

Thiét 1ap céac gid tri trong Reference Values dé tinh cac hé sb luc can, luc nang
Luya chon phuong phap tinh toan: vao method va tién hanh thiét 1ap

Ghi ra hé sd luc can (Cd), lyc nang (Cl) bang cach thiét 1ap trong Report

Vao Initialization => Hybrid Initialization sau d6 vao Run Caculation chon

Number Interations =1000 rdi tién hanh tinh ton.
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

A~ L Solution Methods
Reference Values =l Genersl . MRS
~ H Models ressure-Velocky Couplng
Compute from B Multiphase (04) Sﬂ'e"!‘
- Couole -
) [inlet M A
FE Viscous 55T k-omega) Spatis Dscretuation
Reference Values B Raiation (DA} |ass ~
B Hest Exchanger (Off) | ieast Squres Cak Based =7}
imega) Area (m2) |0.0053289 & Species (06) | Pressura
> BF Discrete Phase (O4f] Second Order -]
(o) Density (ka/m3) B2 Salidication & Melting (0] | Momentum
. B Acoustics (OFf} Sscond Order Upwind -
Enthapy k)|  Eera WP 0 e i
BE Eaectric Potantial (0f) 2 -
0ff) Length (m)[0.0573 i) o e it
Meltin v D id 7 '
g (0ff) Pressure (pascal) l:l = Sacond Order Upwind -
& fluid-1 o o
m (OFf) Temperature (k) |288.16 I waterliquid Transient Fo
> & Solid -
1 (Off) Velocity (m/s}|1.377 ~ & Call Zone Conditions
o & scid (fiud, ida2) -
Viscosity (ka/m-s) |0.001003 v BE Boundsry Condaions i
5 inlet vlocity-inke, id=9) Pseudo Tansient
Ratio of Specific Heats ¥ interior-sclid (ntenior id=1) [] Wasped-Fece Gradient Correction
i 2 i
S = B outet lpremme-cutet. 0[] (] oh O Torm Rawraton [ ..
9 Radiation (Off) A 2 B 1 B2 Report Definitions
B Heat Exchanger (OF) e B maecticaid
5 Species (O cneck case.. | Update Dynamic Mash... @il et (1] i [ feros e opmrsd
> f9 Discrete Phase (Off) e e Ziine Com| 10 Nare s d
el . Pseudo Transient Options B sobd uid, id=d | o | Report Typs B
B Solficaton &Meling O || g Tme Scae Sounsy Consioo). N, A
B2 Acoustics 5 intet bomiocityin | cm Surface/Zone Hamas : nudder
B9 Eulerian Wall Film (Off} me Sten Hetod 7 Tiriencole Pactin B interiorsobd fin Per Surface/Zone : Ho
89 Electric Potential (Off) O user Heatiion B cutet pmessurel Auerage Over i1
VB Ktk @ Automatic B rudcer fwal i
v & Fluid ot Scale Méthiod ety :';N”mz -
g ;ir_m | consenvative - o =) Bimieic st New = Edf.. Delets | Caputs
LI Reference Values e -
& waterliquid ttion Creste Output Paramater
> & Solid Methads Used In
S Number ofkemmns_ Reporting Interval . Conkrk wlfds
2 [1000 Elk = chefile
& solid (fluid, id=2) 2 e - chplat
v J€ Boundary Conditions Profile Update Interval ispe i Report Fle Defntions.,.
= o Regitte i
B inlet (velocity-inlet id=5) i Repurt Pot DefEions...
P4 interior-solid (interior, id=1) Cukalation Activil -
P% outlet (pressure-outlet, id=6) B Hantte ] [fenesic S Fun Calculation
% rudder (wall, id=2) ACoUSHIC SoUTces FFT.. ults -
T symi (symmetry, id=7) R = Graphecs P
£ 7 beyrimetiy, id=g) | calute ‘ Tm
il ns
ﬁ Dynamic Mesh i [ [

Hinh 4.30 T hiét ldp cdc bude ghi két qua va chay chwong trinh
+ Budc 4: Ghi két qua tinh toan

E ¥ 2 &2 N 8 P & ¢

3

Q

+ Vao Result va tién hanh chon hién thi cac két qua tinh toan ( vén tdc, ap suét)

béng céc vecto, dudng dong, ...

Hinh 4.31 Ap sudt, vec to vin toc va dwong dong quanh banh ldi
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

4.6 Két qua tinh to4n va nhan xét

4.6.1 Hé s6 lwc can (Cr), hé s6 lwe nang (Cp) va ti 1¢ (Cr/Cp)

e NACADDLS cO dudi ném

Dang tdm
NACAQO1S
0.9 -
0.8
0.7 1
0.6
o 05
0.4 ]
0.3
024 |
011/
o
0 5 10 15 20 25 30 35 40
GOC TAN (PO)
Hinh 4.32 H¢ 50 luc nang Cy
e MACADOLS co dudiném
Dang tdm
NACAQDLS
0.6
0.5 /
0.4
a
Go3
0.2
0.1
0
0 5 10 15 20 25 30 35 40
GOC TAN (PO)
Hinh 4.33 Hé 50 luc can Cp
—4— NACA0015 c6 dudi ném
Dang tdm
NACA0015
8
7
6
5
@)
o i)
o 3 \,\
2 g
1
0
0 5 10 15 20 25 30 35 40
GOC TAN (PO)
Hinh 4.34 Ti lé C1./Cp
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Tur két qua tinh todn cac h¢ s6 luc can va luc nang cho 3 banh 141 m6 hinh cé thé théy:

+ Heé s6 luc nang Cr ctia 3 banh 1ai ting kha nhanh tir goc 0° dén goc 15°, trong do
banh 14i NACA0015 c6 ném & dudi ¢ hé sd luc nang cao hon hén so véi hai banh
lai con lai. Sau goc 15° Cr cua ba banh lai bt dau tang cham lai va hé s6 luc nang
ctia banh 14 NACA0015 c6 dudi ném (Wedge Tail) dat Cr ¢ goc 30° cao nhat Cr
=0,784). Su tang nhanh h¢ s6 luc nang cuia NACAO0015 c6 dudi ném (Wedge Tail)
1 nhd phan ném nhd ra chin hudng di chuyén cia dong chay tac dung 1én banh 14i
lam cho ap suat viing 16m phia gan ném tang cao. So v6i banh 1ai NACA0015, viéc
thém phan ném & dudi s& gitp ning cao hé sd luc nang mot cach dang ké (C tai
30° tang 7,3%).

+ Heé s sirc can Cp ciia 3 banh lai ting cham & gbc tan nho dudi 5°, khi ting dan goc
tan tir 5° dén goc 35° thi hé sb stic can ctia banh l4i dang tim ting nhanh nhat va
cao nhat trong 3 banh l4i. Trong khi d6 banh 14i NACA0015 cho thiy kha ning
thoat nude tdt khi cho hé sb luc can thép nhét. Banh 14i NACA0015 c6 dudi ném
(Wedge Tail) do anh hudng cua phan ném thém vao nén hé s luc can ting manh
sau goc 20°, con trude goc 20° thi Cr chi ting nhe. Tir cac gid tri Cr va Cp tir két
qua tinh toan ta c6 dugc dd thi so sanh ti 16 C1/Cp cta 3 banh 1ai (Hinh 10), trong
d6 CL/Cp cia NACAO0015 1a cao nhét (tai goc 10° 12 6,84%) va NACA0015 co duodi
ném (Wedge Tail) cling x4p xi n6 con ti 18 C1/Cp thap nhat 1a dang tim.

4.6.2 Phan bd ap suit bé mit va quanh banh lai:
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Da Ning

Hinh 4.35 A'p sudt tae dung lén banh lc?i tai 0 do
Luc nang cia banh l4i dugc tao ra bdi su chénh 1éch ap suat ciia hai bé mat banh lai. Tur

két qua phan bd ap sut tac dung 1én cac bé mit banh i ta co thé thdy & goc tin 0°, ap
suét tac dung can bang 1én ca hai mit bén ctia banh l4i nén hé s6 lyc nang gan nhu bang
0.

Khu vic chiu ap suat 16n nhét 1a phan mép thoat trude tac dung truc tiép ciia van tdc
dong chay, & banh 14 NACA0015 c¢6 dudi ném &p suit cao con tap trung ¢ phan 16m

cua ném.

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 99
Pham Ng(_)g Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Da Ning

—— e T~

Hinh 4.36 Ap sudt tac dung 1én bénh 1di tai 15 d¢

;- , —_— = ) gt -
) Hinh 4.37 Ap sudt tac dung lén banh ldi tai 35 do
Tai vi tri goc tan 15° mép dudi banh 1ai NACAO0015 c6 dudi ném (Wedge Tail) chiu ap

suat kha 16n dic biét 1a phia gan mép dan va & vi tri 1dm gan duoi cta banh 1ai chinh
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Thiét ké, ché tao va thi nghiém banh l4i hidu ning cao cho tau du lich trén séng Han, Pa Ning

viéc nay lam cho Cy. ting cao. Pdi v6i banh 1ai dang tim & goc tan 35°, phan phia dudi
banh 1ai ap suat 16n nhat 1a nira dau mép dan nguoc lai phia bén kia 1a ving ap suat thap
nén banh l4i c6 xu hudng di vé phia c6 ap suat thdp hon lam cho Cy. ting.

4.6.3 Phan bo van tdc va dwong dong

- Phan b0 van toc

Hinh 4.38 Phén bé vén toc tai 0 do
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Thiét ké, ché tao va thi nghiém banh l4i hidu ning cao cho tau du lich trén séng Han, Pa Ning

Hinh 4.39 Phan bé vn téc tai 15 do

ASYS

w

Hinh 4.40 Phan bé van téc tai 35 d¢
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Da Ning

- Phén b6 duong dong:

] 0 . amim E/I‘la. a [y gt m)

oot [T ae1 o

Hinh 4.41 Duong dong vin téc tai 0 do
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msYs

o oo

Hinh 4.42 Duong dong van téc tai 15 do
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N

% &%
s CS: M i

q Hinh 4.43 Duong dong van toc tai 3’5 do .
Dong chay chuyén dong qua banh lai mang theo van toc tdc dung 1én bé mat banh

953

1ai theo phuong song song v&i dong chay tao ra luc can, bién dang s& anh hudng 16n dén

hé s strc can cuia banh 14i.

+ Hinh 4.43 cho thiy sy phan bd ciia vec to van toc va duong dong qua cac bé mit
banh 14i tai goc 0°, dbi voi banh 14i NACA0015 WedgeTail phan ném phia dudi tao
ra cac xody phia sau dudi va phan 16m gan ném lam ting lyc can tic dung 1én banh
1ai. Vi banh 1ai dang tim cac xody xuét hién kha nhiéu, tai mép dan khi banh lai
tach dong tao ra ving xody ¢ hai bén cung véi xody sau vung dudi lam cho banh lai

tAm co luc can cao nhat trong ba bién dang. Banh 1ai NACAO0015 cho théy duoc su
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Da Ning

phan tach dong t6t khi & goc tin nay, no khong tao ra xoay nudc nao nén lyc can la
nho nhit

Ngoai viéc tao xody nudc lam tang luc can thi khi van tdc nude khi tac dung 1én
banh 14ai, cac canh banh 14i nh6 ra va khong c6 bién dang thoat nudc thi ¢ d6 van tde
tac dung 18n rat cao lam ting luc can (dic trung ¢ banh 1ai dang tdm) dugc thé hién

nhu trén hinh 4.44

Hinh 4.44 Xody nudc 6 mép truoc va dudi banh lai o goc 0 do
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y v
l—‘—- 1.;.
o v
— —
o ™

Hinh 4.45 Céc viing c6 vin téc dong chdy cao
Dua vao két qua tinh toan céc thong so thiy dong luc hoc tac dung 1én ba banh lai

c6 bién dang khac nhau c6 thé rat ra mét so két luan nhu sau:

+ Banh lai dang tAm cho hé sb lyc nang ting 6n dinh va dat Cr kha cao & goc 35°,
bén canh d6 thi hé s6 luc can cua banh l4i nay taora la rat 16m.

NACAO0015 cho thay kha ning tach dong t6t khi cho hé sb luc can nho nhung hé
s0 luc nang ciing khong qua 1én. Ti 1é CL/Cp cia NACA0015 1a t6t nhét trong ba
banh lai.

Banh 14i NACA0015 WedgeTail cho hé s luc nang 16n & goc tin nhé nhd phan
ném & dudi, hé s6 luc can do banh lai nay tao ¢ cac goc tan nho (dudi 20°) 1a kha
t6t gan gidng véi NACAO0015 vi vay ti 1é C1/Cp cao xap xi NACA0015.

Trong viéc thiét ké banh lai tau, tuy vao muc dich sir dung, loai tau hay vung hoat
d6ng dé chon loai banh 1ai phu hop. Banh 14i NACA0015 ¢6 ném ¢ dudi cho thy
duoc hi€u nang tt thich hop cho cac tau hoat dong trong cac vung thuy noi dia,
cac vung nudc han ché, banh 1ai han ché khi n6 tao ra dugc Cr. 16n & gbc tan nho
trong diéu kién s Reynolds thip. Ngoai ra hé s luc can do banh l4i nay tao ra &

cac goc tan nho 13 kha thap nén nang cao dugc hiéu qua kinh té khi khai thac tau.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning
= Str dung banh 14i NACA0015 c6 ném dudi (chiéu rong bang 5% chiéu rong banh 14i)
dé thiét ké cho tau du lich song Han — Pa Ning.
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CHUONG 5: THIET KE BANH LAI HIEU NANG CAO CHO TAU DU
LICH SONG HAN

5.1 Tinh toan dac tinh thiy dong lwc hoc banh lai

- Tu nhing két qua tinh toan cac thong s6 thity dong luc hoc banh 14i ¢ chuong 4
ta chon banh lai dé thiét ké 1a: NACA0015+WEDGE5% v6i nhitng thong sd duoc
xac dinh nhu sau:
Chiéu cao: hy = 1,3 (m)
Chiéu rong: bp = 0,8 (m)
Dién tich: Ay = 1,04 (m?)
+ Heé s0 kéo dai: 1= 1,625

+ o+ o+

5.1.1 Két qua tinh toan tir phwong phap mé phéng (CFD)
Bdng 5.1 Bang cac hé 56 thuy dong luc hoc banh ldi

Géc tan (d0) Co CL Cm C1/Cp
0 0,0260 0,0001 0,0002 0,0057
5 0,0363 0,4074 0,0595 11,2314
10 0,0624 0,8413 0,1393 13,4863
15 0,1210 1,2058 0,2285 9,9618
20 0,2096 1,3694 0,2898 6,5329
25 0,3230 1,4169 0,3502 4,3863
30 0,4792 1,4238 0,3715 2,9713
35 0,7681 1,4263 0,3965 1,8570
Pham Ngoc Lanh

Hoang Khic Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

1.6 16
1.4 14
1.2 12
1.0 10
Uz 0.8 8 Q_}
D @)
U 06 6
)]
S 4
0.2 2
0.0 0
0 5 10 15 20 25 30 35 40
GOC TAN (dd)
—e—CL D ™ cL/cD

Hinh 5.1 Dé thi thiy déng lic hoc banh lGi
Nhan xét:

Tur dd thi biéu dién dic tinh thuy dong hoc cua banh 1ai ta c6 dugc mbi quan h¢
gitta 3 h¢ s6 C1, Cp, Cy. Tix quan h¢ gitra 3 hé ) nay ta co thé di xac dinh vi trf tdi wu
truc banh 141, ing véi vi tri t6i wu cta truc banh lai thi m6 men lam quay truc banh lai la
nho nhat.

5.1.2 X4c dinh vi tri téi wu caa truc 14i
Ta c6 thé dinh tdm ap luc K dén canh dan nhu sau:

e=M p (3.1)

Trong d6: Cy= CL.cosa + CD.sina (5.2)
Tir hinh ta thiy khoang cach tir tAm ap suét dén truc quay la:

c=e—a=&.b-a (5.3)

N
Trong do6:

+ b la chiéu rong banh lai
Cong thirc nay ¢ y nghia rat quan trong dé xac dinh vi tri tdi vu cua tryc quay banh

fe N7 er . . .~ 1A \ C
lai. Vi tri cta tru 141 phai thod man bat phuong trinh: a < C—M b
N
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T
Tam ap
lue | |
Truc // Canh
banh lai | dan
C a
e

Hinh 5.2 Vi tri tam ap lyc va truc banh ldi
Lap bang tinh vi tri té1 wu cua truc banh lai nhu sau

Bang 5.2 Tri $6 t6i uu ciia truc banh lGi
o CL cosd. Co sina | cosa.Cy, | sina.Cp2 | Cn Cm e/b

0,000 | 1,000 | 0,026 | 0,000 | 0,000 0,000 | 0,000 | 0,000 | 0,000
5 10,407 | 0,996 | 0,036 | 0,087 | 0,406 0,003 | 0,409 | 0,060 | 0,146
10 | 0,841 | 0,985 | 0,062 | 0,174 | 0,828 0,011 | 0,839 | 0,139 | 0,166
15 | 1,236 | 0,966 | 0,121 | 0,259 | 1,194 0,031 1,225 | 0,229 | 0,187
20 | 1,369 | 0,940 | 0,210 | 0,342 1,287 0,072 1,358 | 0,290 | 0,213
25 | 1,417 | 0,906 | 0,323 | 0,423 1,284 0,137 | 1,421 | 0,350 | 0,246
30 | 1,424 | 0,866 | 0,479 | 0,500 1,233 0,240 1,473 | 0,371 | 0,252
35| 1,426 | 0,819 | 0,768 | 0,574 | 1,168 0,441 1,609 | 0,397 | 0,246

Boi vi tai goc 1om 30° va 35°, luc thiang goc Cn 16n hon rat nhiéu nhitng tri s twong tng
v6i goc khac, chinh Cx tao md men quay tau cho nén dé nhan dugc mé men nho trén tru

lai, ta chon vi tri truc lai nhu sau:

(0,252+0,246)=0,249 (5.4)

>
SR
N |~

= chon % =0,25

= Khoang cach tryc 14i tinh tir canh dan s& 1a:

a=0,25.b = 0,25.800 = 200 (mm)
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

5.1.3 Anh hwéng ciia mit nwée va vé tau dén dic tinh thily dong ciia banh lai

Dong chay thuc qua banh 14i khong phai 1a dong chay vo han nhu ddi véi banh
c6 1ap. Dong chay thuc su bi anh huong bdi mat thoang ctia nudce, vo tau va boi tac dung
cta chan vit,...Da s tau hién dai c6 két cau ving dudi dam bao khi tau ché day, banh
141 van ngdp du sdu dé hau nhu khong bi anh huéng cua mit nude. Vo tdu ndm trong
dong chay qua banh 14i nén anh hudng dén géc tan thuc té cta banh 14i, &én van tdc
dong chay, dén sy phan bd cac thanh phan van tc trong dong chay...do d6 anh huong
dén luc thuy dong tac dung 1én banh 14i.

Trong tinh todn thuc té thiét bi 14i, anh huong cua vo tau dugce tinh dén béng hé sb

kv, giam vén tbc dong chay qua banh 1ai:

v =v. Ky (5.5)
k= (1- p)? (5.6)

Trong do:
+ v: van tde chuyén dong cua tau, m/s

+ Wy hé s6 dong theo ctia vo (Tra bang 1-13, S6 tay thiét bi tau thuy tap1)

v, =(0,686 + Aw—0,43+0,18.%).u

=|0,68.0,64+0-0,43+0,18. 0,64 A (5.7
1,029

2

=0,117
Vi :
+ Ay=0
+ u=1,0: Banh lai ndm trong mit phing d6i xtmg.
+ 8= 0,64: H¢ sb béo thé tich.
+ ha = 0,64 (m): Phin chiéu cao banh 14i trén duong co ban
+ H=1,029 (m): Chiéu cao truc 14i tinh t6i dudng co ban
= kv =(1-0,117)>=0,78

Vay van toc cta banh lai qua tdc dong cua vo tau tinh ra la:

vy = 5,144:/0.78 = 4,54 (ms)
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

H=1029.404
h2=640.00
Buwéng co ban

I—

Hinh 5.3 Cac khoang cdch cua banh ldi voi duwong co ban
5.1.4 Anh huéng ciia chan vit dén dic tinh thuy dong ciia banh lai

Dong nude duoc day bai chan vit chay qua banh lai, c6 anh hudng 16n dén dic tinh
thuy dong ciia banh 1ai. Mdi chat diém trong dong chay cuia chan vit ¢6 3 thanh phan
van tdc: van tde doc va huéng doc truc chan vit, van tdc tiép vi hudng vuodng goc voi

ban kinh truc chan vit, van tdc huéng kinh v huéng doc ban kinh.

Tri sO va twong quan cua cac thanh phan van toc noi trén phu thudc hé so luc day

cua chan vit ocv:

Ccv = #;?Di (5.8)
Trong do:
+ P:luc déy cua chan vit, N
P= ﬁ .N (5.9)
+ R =23901 (N): Luc can chuyén dong cua tau
+ Z=4:S6 chan vit
+ 0=0,7.yev + 0,06 =0,7.0,366 + 0,06 = 0,316: Hé s6 hut
+  p=998,2 (kg/m?) khéi lwong riéng cia nudce
+ Ve van toe dong chay t6i chan vit (m/s)
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning
Vev = V.(I- we)
+ v=10 (hl/h) = 5,144 (m/s): Van tdc cua tau

+ e Hé s6 dong theo cua chén vit

3
(//cv:0,]65g g—AW (5.10)

+ = 0,64 Heé sb béo thé tich tau

+ V=102,67(m?) Thé tich chiém nudc cua tau
+ De= 1,1 (m) dudng kinh chan vit

+ AW =0,1(Fr—0,2)=0,1(0,31-0,2) = 0,011

1% 5,144

Véi s6 Froude: Fr = = =
JeL 9,81.27,9

M

Suy ra:

3/
+ Yoy =0,165.0,64%. M—0,01120,366

+ Vey=5,144.(1 - 0,366) = 3,26 (m/s)

23901

+ = —_—
1.(1-0,316)

= 34953 (N)

_ 8.34953
3,14.998,2.3,26°.1,1°

- Va= VeI +0, -1)=3.26.(y[+6,94-1)=5,92 (m/s)

- Val =Y.Va: gié tri ting tbc do trung binh do chan vit tinh & tAm 4ap suét banh lai

(m/s)

Ocv

=6,94

Vot :
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Y= é j425 (5.11)

Pa \/JO (25 )

+ S1=0,65 (m) khoang cach tir mit dia chan vit dén tim &p suat

Vi :

1|, 20,65 1 P

2 3 \/10 (2065)

X:

Do do:
va = 0,7.5,92 = 4,144 (m/s)

Ta c6 hé sb anh hudng cua chan vit dugc xac dinh theo cong thirc:

kev = 1+ SE [(1+6cy). (11__&)2-1] (5.12)

Trong do:
+ S’: dién tich phan banh 14i ndm trong dong diy cta chan vit, (m?)
+ S: dién tich banh 14i,( m?)
+ o hé sd luc déy chan vit

+ V61 S’ dugce xac dinh theo cong thuc:

3,26 + 3,92
S’ =b. Dev — 2 =0807(m?) (5.13)
3,26 +4,144
= Vay ta co:
S' 0 807 1-0,366
-y D 2
key =1+ — . [(1+0Ocy @) -1 (146,94 -1
S -[( G)( V) 1= 1.0 [( )(1 0“7) 1=
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5.1.5 Xac dinh lwe va mé6 men thiy dong tac dung Ién banh lai

5.1.5.1 Lyc tac dung Ién banh lai

- Lucnang L:
PV’
L=C, k, k,. 5 S (kG) (5.14)
- LuccanD:
pv
D=C,k, k,. 5 S (kG) (5.15)
Trong do:
+ Cr: hé s luc nang cua banh lai
+ Cp: hé s6 luc can cua banh lai

2

+ p:ty trong nude ngot, p = 101,52 ( ) tai nhiét d6 18°C

m4
+ v:3,79 (m/s) - Vén tdc dong chay qua banh 14i (1ay bang van tdc tau)
+ S: 1,04 (m?) — Dién tich banh lai

- Lucnang L:
2
L=C,.0, 78.3,4.%.],04 =3714.C, (kG)
- LuccanD:
2
D=C,.0, 78.3,4.%.1, 04=3714.CD (kG) (5.16)
- Hop lucR:
R=NI+D* =\[(3714.C,)’ +(3714.C,)’ (kG) (5.17)

5.1.5.2 M0 men thuy dong tic dung lén banh lai
Momen thiy dong tac dong 1én banh 14i, véi diém dat & mép din cua banh lai 1a:

2

JoRY

Mt = C. kv. key. = .S.b (kG.m) (5.18)
Vi :
+ Cwm : hé s6 momen thay dong.
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+ b=0,8 (m) chiéu rong banh lai

101,52.5,144°
+ M= Cun.0,78.3,4. %.1,04.0,8 =2971,2.Cy (kGm)

Két qua tinh lyc nang L, luc can D, luc tong hop R va mémen thuy dong tac dong 1én

béanh 13i Miu duoc thé hién qua bang sau:

Bang 5.3 Luc va mo men thuy dong tdac dung lén banh lai

Goc
i Cp CL Cm D L R Mia
tan(®)
0 0,0260 | 0,0001 | 0,0002 | 96,46 0,55 96,46 0,50
5 0,0363 | 0,4074 | 0,0595 | 134,70 | 1512,91 | 1518,89 | 176,80

10 0,0624 | 0,8413 | 0,1393 | 231,68 |3124,50 | 3133,08 | 413,92
15 0,1210 | 1,2058 | 0,2285 | 449,54 | 4478,24 | 4500,75 | 679,04
20 0,2096 | 1,3694 | 0,2898 | 778,49 | 5085,83 | 5145,07 | 860,94
25 0,3230 | 1,4169 | 0,3502 | 1199.70 | 5262,26 | 5397,28 | 1040,44
30 0,4792 | 1,4238 | 0,3715 | 1779,71 | 5288,08 | 5579,53 | 1103,69
35 0,7681 | 1,4263 | 0,3965 | 2852,65 | 5297,34 | 6016,59 | 1178,21

Dua vao bang tinh trén ta co :

Luc can 16n nhit : Liax = 2852,65 (kG)

Luc nang 16n nhét: Dmax = 5297,34 (kG)

Luc tong hop 16n nhét tac dung 1én banh 14i : Rinax = 6016,59 (kG)

Moémen thiy dong 16n nhat tic dong vao banh l4i : M= 1178,21 (kGm)

5.1.5.3 Luc tac dung Ién banh lai khi tau chay tién va chay lai
Luyc tac dung Ién banh 1ai khi tau chay tién va khi tau chay lui dugc dung lam co
s& xac dinh céc kich thude co ciu cua banh 14i va duoc tinh theo cong thirc sau:
Fr=K1.K2.Ap.V? (N) (5.18)
Trong do:
+ Ay =1,04 (m?) - Dién tich banh I4i.
+ V- Van téc tau (hl/h)
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning
+ V=10 (hl/h) - Khi tau chay tién (ldy bang gi tri van tdc thiét ké ciia tau)
+ Vo=0,5.V=05.10=5 (hl/h) - Khi tau chay lai

+ Ki - Hé s phu thudc vao hinh dang cia banh lai
. b’
= A: D0 dang tam banh 14i A = A_

0
* b: Chiéu cao ngap trung binh cua tAm banh 14i, b= 1,3 m;
1,3

=\ = =1,61
1,046

Noi suy K theo bang 5.4 [5] dudi day, ta dugec K; = 115,6

Bang 5.4 H¢ s6 K; phu thuoc vao do dang banh lai
A 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0

Ki 61 93 113 126 135 140 141 141

+ Ks- Hé s6 phy thudc loai tau, Ko = 1,2 véi tau c6 dong co
Luyc tac dung Ién banh 14i khi tau chay tién:
Fr=Ki.K2.Ap.V2=115,6x1,2x1,04x 10° = 14510,1 (N) (5.19)
Luc tac dung lén banh lai khi tau chay lui:
Fr=Ki1.Ko. Aot.V>= 115,6x11,2x1,04x5° =3627,5 (N) (5.20)
5.2 Xac dinh lwe va momen tac dung Ién truc lai
5.2.1 Mdmen xoin tic dung Ién truc lai
Do banh 13i ¢6 dang don gian nén moomen xoan tac dung 1én truc l4i tuong tng véi tau
chay tién va chay lui dugc xéc dinh theo cong thirc:
M, = Frr (3.21)
Trong do:
+ Fr=14510,1 (N) - Lyc tac dung 1én banh 14i khi tau chay tién
+ Fr=3627,5 (N) - Luc tac dung 1é€n banh lai khi tau chay Iui
+ r: ban kinh cua lyc tdc dung (m)
r = xc — f, néu truc quay nam trén tim banh lai
r = Xc + f, néu truc quay nam trude tam banh lai

I = Xc, n€u banh 14i c6 gia 4o banh lai
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

+ X Khoang cach tir diém tac dung cua luc thily dong 1én tam banh 1ai dén
. Y SRS \ . A
mép trudc cua tam banh lai nhu hinh dudi: C =—, x.=0,3C

1,046
1,3

= (C=

=0,8 suyrax.=0,24

-

S

(o]

’ Hinh 5.4 Banh lai ¢ got ky gia do
Momen xodn tac dung lén truc 14i khi tau chay tién:
My =F.r=14510,1 x 0,24 = 3482,4 (N.m)
Mémen xoan tac dung 1én truc 1ai khi tau chay lui:

My =F.r=3627,5x 0,24 = 870,6 (N.m)

5.2.2 Momen udn tic dung Ién truc lai

Poan truc 14i tir banh 14i dén 6 d& trén chi chiu tac dung cua momen xoéan. Poan
truc 1ai tir gdi d trén 1én phia trén chiu tic dung cia momen u6n do can l4i hodc séc to
lai
sinh ra.

M6 men udn nay dugc tinh theo cong thirc sau:

Frh
M, =Tk (5.22)
L}”
Trong do:
+ F: Luc tac dung lén banh lai
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+ =X+ f, truc quay nam trudc tim banh lai

+ hx=0,215 (m) khoang cach tir gbi d& trén dén tdm cua can lai hodc séc to
lai (m)

+ Li: ban kinh vong séc to hoidc canh tay don can lai

14510,1x0,24x0,215

> M, =
0.2

=3743,6 (N.m)

5.3 Tinh toan hé¢ lai
H¢ lai phai c6 du do bén dé chiu duogc cac luc va mémen xoan da tinh toan &
phan trén. B¢ xac dinh co cau cua hé 141, phai xét dén cac lyc va moémen sau day:
- D01 véi than banh 1ai: Momen uon va luc cat
- D01 véi truc 1ai: Momen uon va momen xoan
- D061 voi 6 d6 ¢ chot 1ai va 6 do truc lai: Phan luc goi do
Duya vao hinh dang dudi tau va két cau vung duoi, ta chon céc kich thudc cia hé

truc lai nhu sau:

" N

800

L

1300 210— 460 —220—

Hinh 5.5 So d@6 goi d& va cdc kich thude ciia hé truc ldi

+ h;=1300 (mm) - Chiéu cao banh 14i
+ a=210 (mm) - Khoang cach tir mép trén banh 1ai dén gbi d& dudi.
+ hy=460 (mm) - Khoang cach gdi d& trén va gbi d& dudi.
+ h3 =220 (mm) - Khoang céach tir gbi d& trén dén can lai
+ hs=95 (mm) - Khoang cach tir mép dudi ctia banh lai dén chdt 14i.
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5.3.1 Xac dinh phan lyc goi va mémen udn ctia hé banh lai — truc lai:
St dung phan mém tinh toan stirc bén RDM6 dé tinh toan phan luyc va momen tai
cac gbi do
% Khi tau chay tién

Luc phan bd N tac dung 1én banh 14i 1a:

Nzﬁzwzllltﬂ,é (N/m) (5.23)
h 1,3
Luc tac dung 1én dau truc 14i:
M 3743,6
F. :?“: — =18718 (N) (5.24)
Trong do:
- Mu: mdmen udn tai dau truc lai
- Rc=200 (mm) = 0,2 (m) : ban kinh can quay lai
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R

E? T A o

Sl .

@ :

My ! N
M,

® 2242,78 (N.m)

Hinh 5.6 Biéu do luc va momen tac dung lén hé lai
¢ Luc va mOomen tai cac goi do la:

Momen tai cac gbi:
e M;=0(MPa)

e M,=-1794,28 (MPa)
e M;=-4117,96 (MPa)

Phan luc tai cac goi:

e RI= 7075,75 (N)
e R2=12382,85(N)
e R3=23769,48 (N)

Kiém tra lai két qua :
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ZR1=FR+FC

<=>R; + Ry +R3=Fr +F; (5.25)
<=>7075,75 + 2382,85 + 23769,48 = 14510,1 + 18718
<=> 33328,1 =33328,1
= Vay két qua trén 1a dung.
5.3.2 Pudng kinh truc lai

Truc l4i xuyén qua v6 tau boi mot dng du bén va tét 1am kin dé khong cho nudce
lot vao trong tau.

Theo quy dinh cua QCVN 21/BGTVT thi truc banh 14i, chdt 14i, bulong lién két,
then, cac thanh mép va cac phan dic ciia banh 1ai phai duoc lam bang thép can, thép rén
hoic thép cacbon duc phit hop. Vat liéu dung dé ché tao truc 14i, chét 14i, khép ndi, then
cua banh 14i c6 gidi han chdy khong nhé hon 200 (N/mm?).

Theo quy dinh nhu trén ta chon vat li¢u ché tao nhu sau:

Bdng 5.5 Thong s6 vt liéu ché tao hé ldi

Tén goi Vit li¢u Gi6i han bén Gi6i han Pon vi
chay

Bénh 14i Thép A515 420 220 N/mm?

Truc 1ai SF45W 470 240 N/mm?

Ong bao truc, 0 d& SC42W 550 360 N/mm?
duai

Bac giira, bac dudi, HBsC2 440 175 N/mm?

' nén tét

Ong 1ot truc, vanh SU304 900 201 N/mm?

chan

a. Puong kinh dau truc 13i
- DPuong kinh dau truc 1ai banh 14i khong can bang khong duge nho hon gia tri

dugc tinh theo cong thuc:

d,=4,23M , k, (mm) (5.26)
Trong do:
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+ Mx =3482,4 (Nm) - mOmen x0an trén truc lai

+ k= (gj - Heé sd vat liéu truc 14i
O-ch

Véi:  -e=0,75 khi 6en> 235 (N/mm?)

- ¢ = 1,00 khi oen < 235 (N/mm?)

0,75
—> k= [ﬁ =0,98 (5.27)
240

Vay duong kinh dau cia truc 14i

di = 4,23[3482,4x0,98 = 93,23 (mm) (5.28)
Chon dudng kinh phan trén cia truc 1ai 1a: di = 95 (mm).
b. Pudng kinh phan dwéi cia truc l4i
DPuong kinh phan duéi cua truc 14 chiu mémen udn va moémen xodn phai dugc
xac dinh sao cho g suat trong dwong & truc 14i khong 16n hon 118/Ks (N.mm?).

DPuong kinh phén dudi cua truc lai khong duoc nhé hon gia tri dugc xac dinh theo

cong thuce sau:

d2=d161+§><[ “j (mm) (5.29)

Trong do:
+ di = 105 (mm) duodng kinh phan dau truc 1ai
+ My =23743,6 (Nm) M momen udn tai tiét dién dang xét ctia phan dudi
+ Mx =3482,4 (Nm) - mOmen x0dn cta truc lai

Vay duong kinh phan dudi cta truc 1ai:

2
o= 105x g1+ 25 3755 2 119,65 (mm) (5.30)
3 \(3482,4
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Chon dudng kinh phan duéi cia truc 1a: di = 120 (mm).
Tai cac vi tri cac 6 d& phia trén va phia dudi ciia truc ta c¢6 thém cac 6ng 16t truc (40
bao truc), va dugc lap bang méi ghép cang.
5.3.3 Kiém tra bén truc lai
a. Puong kinh phin dau truc
Puong kinh phan trén cia truc l4i yéu cau dé truyén dugc momen xodn phai
duoc xac dinh sao cho ng suat xodn khong dugc 16n hon tng suit cho phép

- Ung suat xoan phan dau truc la

o 51.M_10°  5,1x3482,4x10°
dj 95°

=20,7 (N/mm?) (5.31)

Trong do:
+ Momen xo4n tac dung 1én dau truc: My = 3482,4 (N.m)

+ Duong kinh dau truc d; = 95 (mm)

- Ung suat chophép 1a [7]= % = % =69,4 (N/mm?).
=> 1 <[1]

Vay phﬁn dau cua truc thoa man diéu kién bén
b. Pudng kinh phin dwéi truc

Puong kinh phan duéi cta truc 1ai chiu mémen uon va mémen xoan phai duoc

xac dinh sao cho ng suat trong dwong & truc 1ai khong 16n hon tng suit cho phép
Ung suat trong dwong dugc tinh theo cong thirc:

o, =o' +7° (N/mm?) (5.32)
Trong do:

_10,2.M,.10°  10,2x3743,6 x10°

+ 0 =22,09 (N/mm?)
’ d3 120° ’
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5, IM_10°  5,1x3482,4x10°
d; 120°

+7 =11,04 (N/mm?)

Voi:
+ Momen udn tai phan dudi cua truc: My = 3743.6 (N.m)

+ Puong kinh phan duéi truc: d2 = 120 (mm)

> 0, =122,09° +3x 11,04 =29,2 (N/mm?)

Ung suét cho phép 1a: [6 ] = 118 _ 118 120,4 (N/mm?)
k0,98
= 0q < 0]

Vay duong kinh phan duéi cta truc thoa man diéu kién.

5.3.4 Bao v¢ cho truc lai
Céc ¢ tryc lap 6 va vong kin nude duge boc bang dng 16t ddng hoic thép khong gi.

Céc doan truc 14i con lai dugce son bang loai son bao vé dac biét.

Dbi v6i truc cha tau thiét ké thi chiéu day cia dng 16t nam trong khoang 10 + 20
(mm) ddi véi 6ng 16t c6 vat liéu bang dong va 4 = 8 (mm) voi dng 16t 1am bang vat lidu
1a thép khong gi. Doi vé6i truc 14i cua tau thiét ké, ta chon vat liéu 1a thép khong gi

SUS304.
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Hinh 5.7 Ong 6t truc ldi
5.3.4.1 Then dau truc lai

O dau truc 14i nguoi ta 1ap mayo dé dan dong truc l4i, ngudi ta dung then dé cb
dinh mayo va tryc 1ai.
Duya vao dudng kinh cta dau truc 14i d = 95 (mm).Ta chon then c6 cac kich thuée sau:
+ Kich thudc then b x h: 70 x 60 (mm).
+ Chiéu sau cta ranh: t; = 16 (mm)
+ Chiéu dai then 1, = (0,7+0,9).ln(mm). V&i: ln = 90 (mm) - chiéu dai mayo
Do do: 1t=0,7.90 = 72 (mm). Chon I = 70 (mm)

Theo [3] ta kiém tra mbi ghép then theo diéu kién bén dap va diéu kién bén cét co dang

sau:
A Al LA 1A 2T
- Difukién bén dap: o, = < [O'd] (5.33)
dl .t
s A ‘A A z ZT
- bicukiénbéncit: o, =——< [O'C] (5.34)
dl.b
Trong do:
+ o4, Oc: g sut dap va ung suét cit tinh toan, (Mpa)
+ d =95 (mm): duong kinh dau truc 1ai
+ T =23482,4 (N.mm): moémen xoan trén tryc lai
+ [o4] = 150 (MPa): tng suét ddp cho phép cua vat liéu
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+ [oc] =60 (MPa): tmg suat cit cho phép cua vat liéu

Suy ra:
3
O_d:2><3482,4><10 265S[O'd]
95x70x16
3
O_C=2><3482,4><10 =]4,9S[Gc]
95x70%x70
Vay then du bén.

5.3.4.2 O d&, bac 16t truc lai
O d5 truc 14i 1a 6 d& chan duoc lép trén truc, cé tac dung la chéng dich chuyén

doc truc.Vo 6 1am bang thép duc SC42W c6 mit bich ngang dé bat buléng xudng

gia do
= ggs+CI.U'_15 F2
i — (o019
T ]
i #82
. |
© g © ‘
i 1
/ © © &
L}’ ~ e =]
7 i 2x45 \
230- |
= @170 = -~ ‘ ,
Hinh 5.8 O do truc lai Hinh 5.9 Bac lot 6 do truc lai

- Vit liéu ché tao bac 16t 4 1a déng thau cuong do cao: HBsC2
- Chiéu dai bac 16t: 1 = (0,9+1,2)d, chon1=1,2d.
V61 d =95 (mm) 1a duong kinh truc 14i tai vi tri o
1= (85,5 + 114) (mm) chon 1 =90 (mm).
- Chiéu day bac 16t t = 5 + 10% duong kinh truc 1ai tai vi tri b, chon t = 8%
t=8%.95=7,6 (mm) chon t = 8 (mm)

- Duong kinh bac 1a : dy = 98 (mm)
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CHUONG 6: THIET KE VA CHE TAO MO HINH THU NGHIEM

6.1 Phan tich va lwa chon ty 1¢ mé hinh tau
Céc can nhic sau day can duge can nhic khi tién hanh lya chon ty 1€ va kich thuéc mo
hinh tau:

- Vé nguyeén téc, ti 1€ nén dugc chon cang 16n cang tét, c6 nghia Ia ti 1€ m6 hinh
tau nén chon cang 16n cang tot, nhung can luu y rang ti 1é cac hiéu g trong diéu
dong van chua dy di va mo hinh cang 16n thi quy mo céc hiéu tmg cang nho.

- Kich thuéc bé thir nghiém tuong ung vai dién tich can thiét dé thuc hién cac tht
nghiém ciing nhu kha ning cua cac thiét bi thir nghiém 13 nhirng yéu t6 chi phéi
ti 1€ mo hinh tau.

- Chan vit dugc st dung va ti 1€ Iya chon lién quan t&i sy phu hop cua chan vit
thiét ké. Pau tién, duong kinh nén duoc chia ti I¢ mot cach chinh xac va sau do
ti 1€ budc chan vit va dién tich canh nén cang gﬁn chan vit thuc té cang tdt, sb
canh chan vit nén duoc xem la uvu tié€n thir ba.

V61 nhitng can nhéc néu trén, nhom lua chon ti 16 mé hinh ché tao véi ti 16 1a 1:13,95,
kich thudc mé hinh tau dwgc thé hién trong bang dudi day:

Bdng 6.1 Théng sé kich thude mé hinh tdu

Théng sb Ky hi¢u Gia tri Pon vi

Chiéu dai 16n nhét Linax 2,14 m

Chiéu dai thiét ké Lpp 2,00 m

Chiéu rong 16n nhat Bunax 0,43 m

Chiéu rong thiét ké Bu 0,41 m

Chiéu cao man H 0,14 m

Chiéu chim T 0,07 m

Hé sb béo thé tich Cs 0,64 -
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6.2 Thiét ké va ché tao mé hinh bing composite
6.2.1 Vat li€éu composite
6.2.1.1 Tong quan

C6 nhiéu loai vat liéu duoc st dung dé ché tao m6 hinh nhu g0, composite, kim
loai... Tuy nhién viéc ché tao mo hinh béng gb va composite duoc str dung rong rai hon
s0 vGi céac vat liéu khéac do tinh dé ché tao, do déng dang cua mo hinh so véi tau that
cao, gia thanh thép va c6 trong lugng nhe hon.

Trong dé tai nay, nhom lya chon vat liéu composite dé ché tao mo hinh vi
composite c6 kha nhiéu wu diém nhu: khéi luong riéng nho, do bén co hoc cao, do cung
vitng va udn kéo t6t, c6 kha ning chdng chiu thoi tiét, chdng 130 hoa cao.

Composite 1a vat li¢u téng hop, két hop hai yéu td 6 ddc tinh khac nhau dé tao
ra mot vat liéu co kha ning két cau tot. Vat liéu composite thuong gd hai phan chinh:
vat liéu nén va vat liéu gia cudng (phan cbt)

+ Vat liéu nén (matrix) c6 chirc ning dam bao cic thanh phan cét bén trong
composite duoc lién két vi nhau nham tao ra tinh nguyén khdi va théng nhét
cho composite. Vat liéu nén bao gdm polymerr (polyester, PE, PP, cao su...) kim
loai, ceramic (xi mang...)

+ Vit liéu gia cudng (phan cdt — Fiber) ¢6 cac dic diém co Iy tinh can thiét, vé co
ban ¢6 hai kiéu vat liéu cdt 1a dang cbt soi va dang cdt hat. Vat liéu gia cuong
g@)m cac loai sgi (thuy tinh, cellulose, cacbon...), hat (hat kim loai, hat dat sét,

bot g0...), hodc cac hinh dang dic biét khac.

PHAN COT —

Hinh 6.1 Thanh phdn cdu tao vt liéu composite
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Uu nhuoc diém cua vat liéu composite:
« Uudiém:
+ Uu diém chinh cua vat liéu composite
+ Ut diém chinh caa vat liéu composite 1a trong luong thép, c6 do bén va
d6 clmg cao, c6 kha nang chéng lai méi truong khic nghiét
+ Vat liéu composite khong bi tham thau, thim nudc nén than tau duoc thiét
ké nhu mot ciu trac lién tuc, khong c6 duong ndi, tranh moi diéu co thé
xay ra van dé ro ri
+ Bén va ¢ yéu cau bao tri thap
« Nhuoc diém:
+ Vit liéu composite khong co kha ning tai ché, tai sir dung nhu nhya thong
thuong
+ Khoé khan khi thay d6i hinh dang sau khi thanh pham
+ Viéc phan tich thanh phan cau tao, dic tinh co, 1y, héa cuc ky phtc tap
6.2.1.2 Ung dung vit liéu composite trong hang hai
So véi vat licu dong tau truyén théng, vat liéu composite c6 co tinh tdt, dugc
dung dé ché tao vo tau. Chung c6 dac diém 1a trong lugng nhe hon va tiét kiém nang
lwong hon, quy trinh san xuat twvong d6i don gian. Viéc tmg dung vat liéu composite trén
tau khong chi gitp giam trong lwong ma con bd sung chirc niang tang hinh hong ngoai

radar va cac chirc nang khac, vi vay dugc sir dung rong rai cho cac tau hai quan.

Hinh 6.2 Ung dung composite trong déng tau hai qudn
Tai nudc ta, viéc ché tao cac loai tau composite cd nhé phuc vu ddnh bat ven bién, nuoi

trong thuy san, tuan tra ven bién... ngay cang dugc mo rong.
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Hinh 6.4 Tau cd composite
6.2.2 Thiét ké mé hinh

Tuyén hinh tau mé hinh
X Déng dang myén hinh theo tau that véi ti 1€ K = K, Ko, K3
— Ki: ty s6 dong dang theo chiéu dai.
— Ka: ty sb ddng dang theo chiéu rong.
— Ks: ty sb ddng dang theo chiéu cao.
Tri s& myén hinh tau mo hinh dugc chia theo ti 1€ K = 1:13,95 da chon, gia tri dugc cho

trong bang dudi day:
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Bdng 6.2 Tri s6 tuyén hinh theo nira chiéu réng

Nira chiéu rong
Suon | BPNO | BN500 | BDN1000 | BDN1500 | TT.Man | BN2250 | BC | MG
0 - - - 102 - - 165 | 153
0,5 - 8 106 163 - - 195 | 182
1 - 98 156 191 - - 2071 193
1,5 - 144 185 205 209 - 210 | 202
2 0 173 200 208 208 98 210 | -
3 0 198 206 208 205 160 210 | -
4 0 201 206 208 205 165 210 | -
5 0 201 206 208 205 165 210 | -
6 0 198 206 208 205 161 210 | -
7 0 178 197 207 210 130 210 | -
8 0 135 163 182 - 79 194 | 210
8,5 0 107 135 157 - 52 173 | 194
9 0 74 100 122 - 27 141 | 164
9,5 0 38 56 74 - 8 93 [ 114
10 - - - 5 - - 15 | 27
Bdng 6.3 Tri s6 tuyén hinh theo chiéu cao
Chiéu cao
Suo | D | CD50 | CD100 | CD150 | CD200 | CD250 | TT. TT. BC | VM
n T 0 0 0 0 0 Man | Pay
0 |73 83 95 110 127 146 - - 137 | 186
0,5 34| 43 56 73 94 121 - - 136 | 186
1 10 15 25 41 62 93 - - 136 | 186
50 3 8 18 35 65 129 - 136 -
2 0 3 5 8 18 42 104 7 136 -
3 0 3 5 8 10 17 62 11 | 136 -
4 0 3 5 8 10 15 52 12 | 136 -
5 0 3 5 8 10 15 52 12 | 136 -
6 0 3 5 8 10 17 63 11 | 136 -
7 0 3 5 8 12 38 134 9 136 -
8 0 3 5 14 45 101 - 6 139 | 194
85 1 0 3 9 37 84 155 - 4 141 | 194
9 0 4 33 83 148 - - 2 144 | 194
95 1 0 33 102 179 1 147 | 194
10 | 72 - - - - - - - 151 | 194
Tir d6, ta xdy dung ban v& tuyén hinh mé hinh tau:
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

6.2.3 Ché tao mé hinh bing composite

6.2.3.1 Mt s6 lru y khi ché tao mé hinh tau

M0 hinh tau phai tu do di chuyén trong tat ca 6 bac tu do va duoc trang bi dong
co, co cau lai phu hop

MO hinh tau phai c6 da d bén than tau va do chinh xac hinh hoc. Hé thong k§
thuat cia mo hinh tau bao gém banh 1ai va chan vit, hé théng dinh vi phai dugc
kiém tra bang cach kiém tra xem c6 hu hong rd rang nao khéng, dam bao do
chinh x4c trong qué trinh thir nghiém. T4t ca cac phan phu phai dugc mé hinh
hoa theo hinh dang dugc thiét ké ban dau ciia ching.

Tinh trang tai ctia mé hinh (mén nuéc miii, 14i va GM) phai duoc kiém tra trudce
khi xudt xuéng va xac minh trude va sau cac thir nghiém. GM phai c6 do chinh
xac trong vong 5%

Vi cac thir nghiém diéu dong yéu cau su giéng nhau vé hanh vi dong luc hoc gitra
mo hinh va con tau that, nén mémen quan tinh cia mo hinh phai dugc chia ty 1¢

tu tau that.

6.2.3.2 Ché tao mé hinh
+»* Ghi chu:

Dién tich vé tau S = 2 m?

Soi thuy tinh: 1 kg sgi =3 m?

1 kg soi thiy tinh can 2 — 2,5 kg keo

Str dung 4 16p soi thuy tinh (1 trong, 3 ngoai)

Thép hop vudng (séng doc dé gia cudng va 1a bé dé 1ap cac sudn): Dung thép
vuong kich thudc 20mm x 20mm, day 2mm, dai 6m

Vat liéu ché tao: TAm fomex, vat liéu composite (sgi thuy tinh)
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

5

Hinh 6 7 Vit liéu composite, keo dung ché tao vé tau
Kich thudce, so Iugng va gia thanh can thiét ché tao vo tau dugc thong ké trong bang

dudi day:
‘ Bang 6.4 T hc?'ng ké vat lieu fomex i
STT Chieuday | Kich thudc | SO lru’(yng Cong Don g,ié Thér‘lh tién

(mm) (mm) (tam) dung (dong/tam) | (dong)
1 5 1220x2440 3 Lam vo 175,000 525,000
2 10 1220x2440 1 Lam suon | 350,000 350,000
Téng 875,000
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Badng 6.5 Théng ké vit liéu composite

] Pon gia Thanh tién
STT Tén SO Iuong (kg) . .
(dong/kg) (dong)
1 Keo 7 60,000 420,000
2 Soi thuy tinh 3 55,000 165,000
3 Bot da (CaCO3) 3 15,000 45,000
Tong 630,000

Bang 6.6 Cdc dung cu can thiét khdc

STT Tén S6 luong Pon giad Thér‘lh tién
(dong)

1 Dao cit 1 15,000 15,000
2 Gidy nham 1 50,000 50,000
3 Bt xa 1 20,000 20,000
4 Keo 502 2 50,000 100,000
5 Thép hop 1 115,000 115,000

Tong 300,000

< Cac budc tién hanh:
Budéc 1: Phéng dang — ché tao duwéng miu

- Tir ban v& tuyén hinh, thuc hién céng doan phong dang nhu dbi véi mot con tau
thong thuong

- Phoéng dang cac suon 1y thuyét bang cach in tric tiép bién dang tau mé hinh theo
ti 1¢ 1:1 1én gidy A1l

- Tién hanh cit theo bién dang di phéng, 1am dudng mau cho phuc vu viée 1y

bién dang va kiém tra
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén song Han, Da Ning

v

EEC(K

Hinh 6.8 Phong dang bién dang swon lén gidy
- Pdi voi séng chinh, ta phong dang truc tiép 1én nén theo tuyén hinh tau

Hinh 6.9 Phéng dang song chinh lén nén
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén song Han, Da Ning

7 A A < P . A r o 4o A
Buwdce 2: Lay dau, cat va gia cong cac chi tiét
- Dua vao tuyén hinh va dudng mau tién hanh lay dau cac sudn trén vat lidu va cat
cac suon.

- Cat got, mai nhan cac chi tiét theo kich thudge thiét ké

Hinh 6.10 Cdt, gia céng cdc swon
- Cat song chinh, nén va gia cong theo bién dang trén nén phong

Hinh 6.11 Cdt, nén va han song chinh theo bién dang
- Lay dau vi tri cac suon trén song chinh
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén song Han, Da Ning

X ¥ =

Hinh 6.12 Ldy déu cdc swon trén song chinh
Budée 3: Lap rap cac swon Ién song chinh

- Dung song chinh lam chuan, tién hanh dan céc suon theo dau da lay, ludn kiém

tra va diéu chinh kich thuéc chinh xac trong sudt qua trinh thyc hién

Hinh 6.13 Lép rdp cdc swon lén song chinh
Buwdc 4: Lap rap ton vo bao 1én khung swon

- Sau khi hoan thanh khung suon tau mé hinh tién hanh cit va dan phan vo cho tau

mo hinh
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Hinh 6.15 Hoan thién ldp rdp tén vé bao
Budce 5: Quét keo va trai sgi thiy tinh 1én ton vé bao

- Tién hanh quét keo, cét soi thily tinh sau d6 dan theo bién dang vo tau (tién hanh

thue hién 3 16p dé dam bao chic chin va kin nudc)

Hinh 6.16 Quét keo, trai soi thuy tinh mat ngoai
- Sau khi 16p v6 ngoai da kho, ta tién hanh twong ty d6i voi mét trong vo bao
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén song Han, Da Ning

Hinh 6.17 Quét keo, trai soi thuy tinh mat trong
Buée 6: Mai nhan, dap bot da CaCO3

- Sau khi keo kho tién hanh danh nhin bé mit vo tau bang may mai sau d6 cha

bang gidy nham min

Hinh 6.18 Mai nhin bé mdt vo tau
- Tron hon hop bdt da (CaCO3) va keo composite dé quét 16p phu gia cudong cho

bé mat vo tau mo hinh
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén song Han, Da Ning

. Hinh 6.19 Phu lop bot da gia cuong N ‘
- Sau khi hon hgp bot da kho, dung mady mai va giay nham dé lam nhan cac bé mat

Hinh 6.20 Mai nhan 16p bét da
Bude 7: Son va hoan thién vé tau

- Sau khi hoan thanh qué trinh mai nhén thi tién hanh son vo tau

- Kiém tra va hoan thi¢n

Hinh 6.21 Son va hoan thién vo tau
Budc 8: Che tao va lap dat thwgng tang
- Sau khi hoan thién vo tau, dua vao ban v& b tri chung, tién hanh cit vat liéu

va ché tao thuong tang
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

) Hinh 6.22 Hodn thién thuwong tang
6.3 Tinh chon thiét bj hé dong luc cho tau mo6 hinh

6.3.1 Lwra chon ddng co, ngudn

Bdng 6.1 Théng s6 tau mé hinh

Théng sb Ky hi¢u Gia tri Pon vi
Chiéu dai 16n nhat Linax 2,14 m
Chiéu dai thiét ké Lop 2,00 m

Chiéu rong 16n nhat Bmax 0,43 m
Chiéu rong thiét ké Bu 0,41 m
Chiéu cao man D 0,14 m
Chiéu chim T 0,07 m

Heé sb béo thé tich Cs 0,64 -

- H¢ dong lyc tau mod hinh s€ dung dong dién 12v - 24v dé chay dong co, truc va
chan vit s& duoc din dong bai mot servo motor va ngudn 1a binh acquy
- Ti 1€ dudng kinh truc cua tau mo hinh so véi tau that k = 1:13,95

102
13,95

= Puong kinh truc: D, = =7,3mm => Truc chan vit tdu md hinh c6 thé chon

khoan 7 - 10 mm, s6 vong quay 16n nén ta chon Stepper motor 57HSE + Driver

Hybric Step 57 ¢6 cac thong sé cu thé sau:
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

% Thong sb dong co:
+ Chiéu dai than: 96 mm
Chiéu rong: 57 mm
Dong dién st dung: 4,5 A
S6 vong quay 16n nhat: 1200 vong/phit
Duong kinh truc: 8§ mm
Momen xoén: 2,8 Nm

Cong suat: 100 W

+ o+ 4+ 4+ o+ 4+

% Théng sb Driver:
+ Tin hi€u xung: twong thich 5V/24V
+ Dién ap: 24 - 80VDC
+ Vibudc cai dat: 200 — 25600 budc/vong

Hinh 6.23 Dong co budc step 57
¢ Vi cac thong so cua servo ta tinh chon nguon cho servo:

_txP 3x100

= = =35,7 (AH 6.2
Vxn 12x0,7 (AH) (6.2

Trong do6:

+ t: thoi gian st dung, t=3 h

+ P: cong suat servo motor, P =100 W
+ V:Dién ap cua dc quy
+

n: He¢ sb st dung ac quy, n =0,7
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Vay ta chon ngudn dién din dong servo motor ta ding 2 binh acquy 12V — 45AH ndi

truc tiép

 Hinh 6.24 Binh acquy Enimac 12V 46B24L 45AH
+» Thong so cuia ac quy Enimac 12V 46B24L 45AH:

+ Thuong hiéu: Enimac

Dién ap: 12V

Coc binh: Binh coc trai (L)
Chiéu ngang binh “B”: 127 mm
Chiéu dai binh: 24 cm

+ o+ 4+ o+

6.3.2 Lua chon chan vit tau mo hinh
St dung phuong phap dong dang dé ché tao mé hinh, tir kich thudc thuc té cua
chan vit tau, déng dang hinh hoc theo ti 1€ 1:13,95

+ Vat liéu lam chén vit: Nhya tong hop

+S6 truc chan vit: X = 1

+ S6 canh chan vit: Z =4

+ PBuong kinh chan vit tau that D =1100 mm

=> Puong kinh chan vit ciia tau mé hinh Dy = 78,83 mm, chon Dmn = 80 mm
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Hinh 6.25 Chan vit tau mo hinh
% Khbi lwong chan vit mé hinh = 0,1 (kg)

6.3.3 Thiét ké hé truc chdn vit
- Sir dung phuong phap ché tao md hinh theo ti 1¢ dong dang, nén céc kich thudc
chu yéu cua hé truc ciing dugc tinh so bd béng cach thu nho tir tau that xuéng
13,95 lan, va lam don gian lai cac chi tiét hé truc dé d& ché tao lép rap.

- Chiéu dai cua truc chan vit tau that: L, = 4470 mm

4470

=> Chiéu dai truc chan vit thu mé hinh: L, = =292 mm, ta chon Ly =300 mm

b

- DPuong kinh tryc chan vit tau mé hinh: Dy = 8 mm

7

¢+ Dicu kién lam viéc cua hé truc

- H¢ truc lam viéc trong diéu kién phurc tap. Mot dau hé truc ndi véi servo dong co
— chiu tadc dong truc ti€p cua momen xoan tir servo dong co, dau kia mang chan
vit va chiu truc ti€¢p momen cua chan vit.

7

% S6 lugng hé truc trén tau
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

- Tau duoc bo tri 1 hé truc.

- Chiéu quay cua chan vit: theo chiéu ngugc chiéu kim ddng ho.

Hinh 6.26 Hé truc chan vit tau mo hinh
6.4 Thiet ke, cheé tao banh lai mé hinh bang cong ngh¢ in 3D

6.4.1 Téng quan céng nghé in 3D
6.4.1.1 Khai ni¢m

Cong nghé in 3D la phuong phap san xuét boi ddp duwa trén thiét ké 3D cua san
pham. Thiét ké 3D s& duoc chuyén ddi dit liéu thanh dir liéu diéu khién (Geode) bang
phén mém cét 16p (Slicer). Tu do, dir liéu diéu khién s& duoc nap vao may in 3D dé thue
hién tao hinh san phém véi dd chinh x4c cao va chi tiét dua theo dit liéu thiét ké ban

dau.

i Hinh 6.27 Mo ta quy trinh in 3D ’
Céc san pham cua cong nghé in 3D rat da dang, c6 thé tao dugc nhirng hinh khoi

tir don gian cho dén phtrc tap. Dé c6 thé hiéu rd vé in 3D so véi in 2D va cat got vat liéu
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Thiét ké, ché tao va thir nghiém banh l4i hidu ning cao cho tau du lich trén séng Han, Pa Ning

thi c6 thé néi: in 3D 14 viéc xép chong vat liéu két dinh theo thtr tw, dua trén mé hinh
thiét ké 3D, cing v6i su quan 1y, giam sat ciia may tinh va robot. Con k¥ thuat in 2D la
st dung muyc in phun, ép 1én bé mat phéng cua vat liéu. Trong khi do, viéc ct got khong
phai in, n6 dugc coi la qué trinh gia cong vat li€u, giup loai bod phz“m khong can thiét cua

vat liéu dé tao ra san pham

Hinh 6.28 Mt s6 san pham in 3D

6.4.1.2 Lgi ich cia in 3D
Str dung cong nghé in 3D c6 thé cung cip nhiéu loi ich cho ca ca nhan va doanh nghiép.
Duéi day 1a 6 loi ich dang ké ma cong nghé in 3D:

e Tbc d6 san xuit nhanh: Tao mAu in 3D chi vai ngay hodc tham chi 1a chi vai gio.
Trong khi @0, viéc tién hanh thir nghiém y tuong va thiét ké véi cac phuong phap
san xuat thong thuong s& mat nhidu ngay, c6 khi 1én dén vai tuan.

e D& dang tiép can & ung dung: In 3D dd mang lai nhitng phin mém va phan cimg
dé sir dung hon cho nguoi tiéu dung. Cac doanh nghiép s& dé dang dé tim hiéu
va két hop cong nghé in 3D, dé dwa vao quy trinh san xuit ciia minh chi trong
vai ngay.

e Chét luong miu thi: Voi dic thu cia phuong phap san xut truyén théng, viéc
san xuat mau thir s& bi han ché vé thiét ké, thoi gian hay vat liéu tao mau. Nhung
ddi véi in 3D, su da dang vé vat liéu, thoi gian san xuét nhanh chong cung cac

thiét ké da dang c6 thé duoc chinh sira d& dang, s& mang dén nhitng mau thir chat

luong cao.
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

e Tiét kiém chi phi: Chi phi nhan cong dong vai trd 16n trong xac dinh sé tién dau
tu dé phat trién mot mau thir. i v6i phuong phap tao mau truyén théng ngoai
viéc gia cong dung cu ciing doi hoi rat nhiéu sirc lao dong cua con ngudi va kinh
nghiém van hanh may. Nhung d6i voi in 3D thi murc chi phi nhin cong chi biang
mot ngudi ban hanh 1€nh in

e Thiét ké sang tao va tu do tiy bién: K§ thuat san xuat truyén thdng rat tbt trong
viéc tao ra hang triéu ban sao cia cung mot thir. Nhung n6 din dén cac thiét ké
budn t& va nham ma khong c6 kha nang dugc cai thién nhiéu. Piéu d6 1am cho
mdi thiét ké tro nén doc déo véi cac ki thuat nay 1a cuc ky kho khin. Tuy nhién,
in 3D cho phép c4 nhan héa, gitp tao nén san pham dap tng yéu cau riéng biét
tr khach hang

e Han ché rac thai: In 3D chi st dung vat liéu can thiét dé tao ra mot phén mau thu
nén khong gay ra lang phi nguyén li¢u. Ngoai ra, viéc st dung lai cac tai li¢u tur
ban in 3D trudc d6 ciing kha don gian. Tir d6 ma san xuat bdi ddp tao ra rét it
chét thai va tiét kiém cho cong ty rat nhiéu tai nguyén va ngudn vén

6.4.2 Thiét ké, ché tao banh l4i bing cong nghé in 3D
Dura theo kich thudc banh 1ai tau that da tinh toan & Chuong 5, banh 1ai moé hinh
duoc déng dang theo ti I¢ tau tau that va tau moé hinh 1:13,95. Tién hanh m6 hinh hoa

3D kich thuéce cua 3 bién dang banh lai
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Thiét ké, ché tao va thir nghiém banh l4i hidu ning cao cho tau du lich trén séng Han, Pa Ning
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a) b) c)
) Hinh 6.29 Kich thucc cac bién dang banh ldi
Tién hanh in 3D céc bién dang banh 14i trén, ta thu dugc hinh dudi day

Hinh 6.30 Banh ldi in 3D
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Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

CHUONG 7: LAP PAT VA THU NGHIEM MO HINH CHAY TU DO

7.1 B6 tri va lip diit hé dong lwc cho tau mé hinh
% B tri hé truc 1én tau md hinh
- Vitri dat servo dong co: tr suon 11 - 14

- Lép nghiéng hé truc mot goc o< = 5 do

THONG S0 00 BAN

Chidu b ko sl ki Ll = 23400 ()
Chidu roey fom bl ki BB =043 0H ()
[SH—— ER AT
Chidu chen che b =007 )

schii lugmg DWT-0.038 (1)
Hé o8 blo i iich, Camli
Vin e thidr L Ve LT (mk)

Hinh 7.1 Bé tri hé dong lyc tau mo hinh
% Lap dat servo motor chan vit:

Tién hanh lap dat servo motor chan vit tir suon 1y thuyét 2 — 3 trén tau mé hinh, goc

nghiéng 5 do.
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

TR R {

Can

Hinh 7.2 Ld'p dat servo motor chan vit tau mo hinh
+» Lap dat truc hé truc chan vit

, ~ Hinh 7.3 Lap dat truc chn vit tau mé hinh
7.2 Lap dat cac thiét bi khac

Céc thiét bi do duoc bd tri trén tau mot cach hop 1li va ddm bao can béng tau. Trén tau

md hinh bd tri cac thiét bi sau:

- Servo lai: Diéu khién goc quay cia banh lai
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

_ Hinh 7.4 Lap dat Servo ldi
- Driver HBS 57: Diéu khién téc d§ quay cua chan vit

) Hinh 7.5 Driver‘ HBS57 ‘ 7
- Board mach ESP: Thiét bi nhéan va truyén chuong trinh di€u khién tir may tinh

dén servo lai va Stepper motor
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Thiét ké, ché tao va thir nghiém banh 14i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Hinh 7.6 Board ESP32
- GPS Receiver: Xac dinh toa dJ cua tau trong qua trinh thir nghiém

- May tinh: Thiét bi trung gian, nhén tin hi¢u diéu khién tir may tram b tri trén bo

- Ac quy: La ngudn dién cung cip cho may tinh va Stepper motor

’ Hinh 7.7 Lép cfg’ quy ’ )
- May do toc do gi6: Trong qué trinh chuyén dong, toc dd gi6 chinh la toc do cua

tau
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_ GPS - May do toc dd gié
e
==

Servo lai j ( ( E5F 42 _ May tinh
™ /

Driver HBS57 .

- - % .1
Banh lai . A \ 0,07m
Chan vit Stepper Motor Ac quy

Hinh 7.8 So do bé tri cdc trang thiét bi trén tau
7.2.1 Kiém tra 6n dinh tu mé hinh bing phwong phap thir nghiéng (Inclining

test)

Sau khi ldp dat day du cac trang thiét bi trén tau mo hinh, ta tién hanh can bang tau va
kiém tra dn dinh cua tau trén bé thi.

Céc thong s tiéu chuan phuc vu viéc kiém tra duoc thé hién trong bang dudi day:

Badng 7.1 Théng sé ciia méi truong tinh todn

Théng sb Pon vi Gia tri
Khéi lwong riéng nude song kg/m? 998,68
Khéi luong riéng nuée bién kg/m? 1025
hl/h =» m/s - 0,514
Gia tdc trong trudng m/s? 9,806
Nhiét do cia nudc do C 18

- Can kiém tra can than cac kich thudc ctia mé hinh theo ti 1& da chon

- Tinh toan khdi lugng mo hinh
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Bdng 7.2 Théng sé co ban ciia tau thdt va tau mé hinh

Thong sb Ky hi¢u Pon vi Tau that | M6 hinh

Ti 1é - - 1 13,95

Chiéu dai thiét ké Lop m 27,9 2,00
Chiéu dai 16n nhat Linax m 29.8 2,14
Chiéu rong thiét ké B m 5,74 0,41
Chiéu cao man D m 1,9 0,14
Chiéu chim T m 1,0 0,07
Thé tich chiém nuéc A m? 103 0,04
Khé; lwong tau - kg 102864 37,89
Chf;hcigggam GM m 0,865 0,062
Téc d6 - Hl/h 10 2,68

Téc d6 - m/s 5,14 1,38

Hé s6 Froude Fn - 0,31 0,31
Cao d¢ trong tam KG (VCG) m 0,569 0,04

% Inclining test (thr nghiéng):

e La mdt thir nghiém duogc thuc hién trén mot con tau nham xac dinh d6 6n
dinh, trong luong tau khong va toa do trong tdm cua no.

e Chiéu cao tim nghiéng GM: Chi phéi d6 6n dinh cua tau, c6 thé dugc tinh
toan tir thiét k&, nhung gia tri chinh xac phai dugc xac dinh bang thir
nghiém nghiéng.

e Phuong phap thir nghiém: Khi tau cén bang, ta dit mot vat niang khoi
lugng (W) tai vi tri gitta tau, sau d6 dich chuyén vat nang vé phia man trai
(phai) mot doan (ly) xac dinh chiéu cao tim nghiéng (GM) va tién hanh
tinh toan goc nghiéng (@), cudi ciing so sanh véi goc nghiéng hién tai ciia

tau
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]

L
S\
Jf‘—"'t, \\
A \

b}

A}
1

Hinh 7.9 Phuwong phap thw nghiém nghiéng

wl L wl
GM = L — > @p=tan - (7.1)
W .tan @ w.GM

Trong do6:

+ w: khdi lugng vat nang

+  W: khéi luong tau mo hinh

+ 1y: khoang cach vat nang duoc dich chuyén

+ @: gbc nghiéng

+ GM: chiéu cao tdm nghiéng

Két qua cua thir nghiém duogc trinh bay chi tiét trong bang dudi day:

Bdng 7.3 Thong s thir nghiém nghiéng

Théng so Ky hi¢u (Pon vi) M6 hinh
Khdi luong tau W [kg] 37,89
Chiéu cao tim nghiéng GM [m] 0,06
Khéi luong vat ning W [kg] 1,35
Khoang cach dich chuyén ly [m] 0,11
Goc nghiéng 1y thuyét @ [d0] 3,62
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Bdng 7.4 Két qua thir nghiém nghién

Goc i
- . Goc do hia Sai so
én goi nghiéng
[dd] [%o]
[dd]
Vi tri ban dau 0,21 - -
Sau khi dich chuyén vé phia man trai (phai) 3,76 3,55 1,85

> Sau khi két thuc thir nghiém, sai s6 cta goc nghiéng so véi goc nghiéng 1y thuyét 1a
1,85%, thda man diéu kién 6n dinh.

7.3 Diéu khién mé hinh
7.3.1 Piéu khién mé hinh bang phin mém Arduino IDE
7.3.1.1 So' lwge vé phan mém Arduino
a. Arduino IDE 13 phin mém lap trinh mi ngudn mé

Arduino IDE 13 m6t phian mém soan théo vin ban chinh hing, giup ban viét code
dé nap vao bo mach Arduino mot cach nhanh chéng, d& dang va hoan toan mién phi.
IDE trong Arduino IDE 14 phan c6 nghia I ma ngudn mé, nghia la phan mém nay mién
phi ca vé phan tai vé 1an phan ban quyén: Ngudi ding c6 quyén sira d6i, cai tién, phat
trién, nang cip theo mot sb nguyén tic chung duwgc nha phat hanh cho phép ma khong
can xin phép ai, diéu ma ho khong duoc phép 1am ddi v6i cac phin mém ngudn dong.

Tuy la phan mém ma ngudn md nhung kha ning bao mat thong tin ctia Arduino
IDE 1a v6 cuing tuyét voi, khi phat hién 18i nha phat hanh s va nd va cap nhat rit nhanh
khién thong tin ctia ngudi dung khong bi mét hodc ro ri ra bén ngoai.
b. Sir dung ngon ngir 1ap trinh C**

Arduino IDE sir dung ngon ngir 1ap trinh C/C* rat pho bién trong gidi lap trinh.
Bit ky doan code nao ciia C/C** thi Arduino IDE déu c6 thé nhan dang, giup céac lap
trinh vién thuan ti¢n trong vi¢c thiét ké chuong trinh 14p cho cac bo mach Arduino.
c. Ho trg 14p trinh t6t cho bo mach Arduino

Arduino c6 mgt module quan 1y bo mach, noi nguoi dung co thé chon bo mach
ma ho mudn lam viéc cung va co thé thay d6i bo mach thong qua Menu. Qua trinh stra
ddi lua chon cling lién tuc tu dong cap nhat dé cac dit liéu co sin trong bo mach va dix

lidu stra d6i dong nhat v6i nhau. Bén canh dé, Arduino IDE ciing giup ban tim ra 15i tir
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code ma ban biét gitp ban stra 16i kip thoi tranh tinh trang bo mach Arduino lam viéc
v6i code 181 qua 1au dan dén hu hong hodc tbe do xur 1y bi giam sut.
d. Thw vién hd trg phong phi

Arduino IDE tich hop v6i hon 700 thu vién, dugc viét va chia sé boi nha phat
hanh Arduino Software va thanh vién trong cong dong Arduino. Moi ngudi c6 thé tan
dung chiing cho du 4n cta riéng minh ma khong can phai bo ra bét ky chi phi nao.
e. Giao dién don gian, dé sir dung

Arduino IDE c6 mot giao dién don gidn, dé sir dung gitip ngudi dung thuén tién
hon trong thao tac. Duéi day 12 mét s tinh nang ndi bat ching ta thudng sir dung:

- Nut kiém tra chwong trinh (Verify): gitip do 16i phan code dinh truyén xubng

bo mach Arduino.

Hinh 7.10 Nuit kiém tra 16i (Veify)
- Nut tii doan code vao bo mach Arduino (Upload): giip nhap doan code vao

bo mach Arduino.
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Hinh 7.11 Nut tai code vao bo mach (Upload)
- vVung lap trinh: nguoi dung s€ viét chuong trinh tai khu vuc nay.

void setup() {

// put your setup code here, to run once:

void loop() {
// put your main code here, to run repeatedly:

. Hinh 7.12 Ving ldp trinh
- Thanh Menu: gom nhiing thé chirc nang nam trén cung nhu File, Edit, Sketch,

Tools, Help rit thong dung c6 & hau hét cac chuong trinh nhap code khac.
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File Edit Sketch Tools Help

) . Hinh 7.13 Thanh menu
f. Ho tr¢ da nén tang nhuw Windows, MacOS, Linux

Arduino IDE hoat dong trén 3 hé diéu hanh phé bién nhat 1a Windows, Mac

OS va Linux gitp ngudi dung cé thé truy cap vao phdn mém & bat ctr dau, bat cur khi
nao mién 13 ho c6 mot cai may tinh. Ngoai ra, ngudi ding co thé truy cap vao cong cu
tir ddm may. Diéu nay cho phép cac nha 1ap trinh lya chon tao va luu dy 4n cta minh
trén ddm may hodc xay dung chuong trinh trén may tinh va upload né lén bo mach
Arduino.

Dé diéu khién tau mo hinh bang phan mém Arduino IDE ta can chuan bi nhiing
trang thiét bi sau:

+ 1 board ESP32 + cap USB

1 dong co budc S7HSE + Driver HBS57 ding dé quay chan vit
1 Servo 25KG dung cho banh lai
2 binh dc quy ENIMAC 46B24L 45AH

+
+
+
+ Day dién ndi c quy
7.3.1.2 So' @6 mach
a. So' dd mach Servo chén vit
- Day cip xung (PUL+) mau xanh ¢4m ndi véi chdn RX2
- Day cép tin hi¢u chiéu quay (DIR+) mau xanh 14 ndi voi chan s6 D18
- Day mau den (PUL-, DIR-) ndi v6i chan GND
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, i
g ENA-[ o
- ENA+ | &
@ DIR- | &
% DiR+ | &
e
P PUL- | ©
a8 PUL | & |
- i
=) B [@
=
z B | ®
o A | S
T A+ | ®
= GHD | ®
pl
;] we | ©
=~ VDO V-V ‘J‘

. Hinh 7.14 So @6 mach Servo chan vit véi bo mach ESP32
b. So do mach Servo lai

- Day mau nau noi véi chan GND
- Day mau do6 noi véi chan +5V

- Day mau cam (tin hi¢u) noi véi chan D4

. ; 5 - y- 3
VIN GNO CMO 503 502 013012014 D27 026 D25 n'si.naa D35 P34 VN VP EN
HERSAR

LE

IR EE LTLERETE TR

3V3 CLK 'SD@ SD1 D& D15 D3 D4 RX2 TX2 DS D18 D19 D21
A3 P ARSI ERERREEESYRS

Hinh 7.15 So' @6 mach Servo lGi véi bo mach Arduino UNO
¢ Thiét lap toc d§ cho tau mo hinh:

Ta tién hanh thyc hién do téc d6 tau twong rng voi rpm cua chan vit tau, ta thu

duoc két qua nhu sau:
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Bdng 7.5 Toc do tau véi rpm

rpm \%
(vong/p) | (m/s)
1200 1.12
1200 1.15
1300 1.38
1300 1.35
1400 1.68
1400 1.73
1500 2.1
1500 2.05

Sau d6 v& do thi tc do tau tuong tmg véi rpm:

P6 thj xac dinh van téc theo rpm

2.5

Van téc (m/s)

1200 1250 1300 1350 1400 1450 1500 1550
rpm (vong/p)

Hinh 7.16 Do thi téc dé tau véi rpm
Tir do thi trén, ta x&c dinh dugc phuong trinh van téc va rpm:

y =0,00307x — 2,364
Voi:
+ y: te d6 tau (m/s)
+ x: 80 vong quay ctia chan vit (vong/p)
= Viy voi tde d6 thiét ké cua tau mo hinh 1a 1,377 (m/s) ta tinh duoc s6 vong quay can
thiét ctia chan vit:
1,377 =0,00307x — 2,364
= x = 1218 (vong/p)
Vay v6i RPM tuong tmg 1218 vong/p thi tau mé hinh sé& di chuyén dting véi van toe
thiét ké
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7.3.2 Thu thap va xir li dir liéu tir thuwc nghiém mo hinh
7.3.2.1. Lwa chon module dé thu thap dir liéu vé toa dd ciia kinh dd va vy dd

Module GPS dugc sir dung trong qua trinh thir nghiém la module GPS-BS 708

Hinh 7.17 Hinh anh module GI"S—BS 708 ’
Module GPS-BS 708 1a module dinh vi toan cau st dung hé thong vé tinh GPS

cua My. Module GPS-BS 708 cho tdc do xéac dinh vi tri nhanh va chinh xac, ¢6 nhiéu

muc nang luong hoat ddng, phu hop véi cac ing dung chay pin.
Module dinh vi GPS stir dung board diéu khién két ndi cua hang U-BLOX dén tr
Thuy Sicéd rat nhiéu nam kinh nghiém trong linh vuc san xuat module dinh vj toan cau.
a. Ciu tao:
Module GPS-BS 708 céu tao bao gém mét chan cim USB va mot dau thu bao
gom ca angten
b. Thong s6 ky thuat
e Module GPS BS708 , ngudn cung cip 3V-5V
e DO chinh xac: 0.1 mét/gidy
7.3.2.2 Két ndéi module GPS véi board mach arduino

*» Budc 1: chon céng port va cai dat tdc do baud

° u-center 22,07
File Edit View Player Receiver Tools Window Help

o || g Ao 2haED EO-E-E-M-EF BEONGCE S NG S
| THE~ & . - I
|

Hinh 7.18 Lwa chon cong Com cho mdy tinh
+ Budc 2: Chon goi dir li¢u cho GPS
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- — ]

| GPGLLubx - Notepad

File Edit Format View Help

$GPGLL,1604.68626,N,10809.19636,E,040355.08,A,D*6F
$GPGLL,1604.68626,N,10809.19636,E,040356.00,A,D*6C
$GPGLL,1604,68625,N,10809.19635,E,0848357.08,A,D*%6D
$GPGLL,1604.68624,N,10809.19633,E,040358.00,A,D%65
$GPGLL,1604.68622,N,10809.19630,E,040359.00,A,D%61
$GPGLL,1604.68621,N,10809.19623,E,040400.00,A,D%60
$GPGLL,1604,.68620,N,10809.19627,E,040401.00,A,D*6F
$GPGLL,1604.68620,N,10809.19624,E,040402.00,A,D%6F
$GPGLL,1604.68619,N,10809.19622,E,040463.00,A,D*%62
$GPGLL,1604.68619,N,10809.19620,E,040404.00,A,D%67
$GPGLL,1604.68618,N,108029.19618,E,040405.00,A,D%6C
$GPGLL,1604,68617,N,10809,19616,E,040406.00,A,D*6E
$GPGLL,1604,.68617,N,18809.19613,F,0408487.08,A,D*6A
$GPGLL,1604.68615,N,10809.19611,E,040408.00,A,D*65
$GPGLL,1684.68614,N,10809.19610,E,048409.08,A,D*64
$GPGLL,1604.68614,N,10809.19608,E,040418.08,A,D%65
$GPGLL,1604.68613,N,10809.19606,E,040411.08,A,D%6D
$GPGLL,16084,68612,N,10809,.19603,E,0408412,00,A,D*6A
$GPGLL,1684.68612,N,10809.19602,E,040413.00,A,D%6A
$GPGLL,1604,68612,N,10809,.19599,E,040414.08,A,D*6C
$GPGLL,1604.68609,N,10809.19596,E,040415.00,A,D%68
$GPGLL,1604.68608,N,10809.195909,E,040416.00,A,D%6C

’ Hinh 7.19 Lva chon goi dir liéu cho GPS
¢ Budc 3: Tién hanh ghi dir liéu

L LPREy { S s P |
Fle Edit Yiew Playes Revever  Tuob Winduw  Help

DRES- @2y e e N0 eD-o-E-F-50 aolcEanEs
av pa v R AR S E I N> b ] e HIES RN T T - -

Hinh 7.20 Ghi lqi file thu o nut record

co v w||w ||| A M i0 b (o BRI & A

Hinh 7.21 Két thic file bang it Ejectfile

s Nguyén ly hoat dong cia GPS
Hé thdng may thu GPS tiép nhan thong tin truyén tir vé tinh xudng, thong qua cac phép
tinh lugng gic, hé thong s& tim duoc chinh x4c vi tri ciia nguoi dung.
Vi du: Trén ban d6 danh du 3 vi tri A,B va C, vi tri ctia ban cach diém A 1km, cach
diém B 2km, cach diém C 3km. Dir liéu GPS s& thong bao cho nguoi dung biét khoang
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cach tir 3 diém d6 dén vi tri cua ho 1a bao xa. Sau d0, ban tién hanh v& ra 3 vong tron co
tam 1a A, B, C c¢6 ban kinh tuwong trng 1a 1km, 2km va 3km. Khi dé, vi tri giao nhau cua

ba vong tron trén chinh 1a vi tri ma ban dang dung.

YOU ARE HERE!

) Hinh 7.22 Nguyén ly hoat dong cua GPS
s Thu thiet bi

Trude khi tién hanh thir nghiém ta phai thir tinh va thir dong thiét bi GPS muc dinh chinh
1a dé xé4c dinh dd chinh x4c va sai s6 cia module GPS
a. Thir tinh thiét bi
Tién hanh thu dir liéu GPS tai hai diém & mot khoang cach xac dinh cho 5 truong hop
2m, 4m, 6m, 8m, va 10m. Sau d6 tién hanh thu dir liéu va st dung cong thirc Euler dé
tinh khoang cach gitra hai diém ma GPS do dugc rdi so sanh véi gia tri thyc.
Do thi th tinh caa GPS

12

10 O

8 /

Measured
[e)]
¢

0 2 4 6 8 10 12
Case
—@— Target value Measured
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‘ ~ Hinh 7.23 D6 thi thik tinh ‘
Nhin vao do thi thir tinh ta thay: duong do bdi GPS (Measured) gan nhu trung véi duong

gia tri thyc té (Target value).
b. Thir dong thiét bi
Ta tién hanh v& mét quy dao hinh vudng c6 canh 13 5m, sau d6 ta tién hanh di chuyén

GPS theo quy dao hinh vuéng dé roi do gia tri ma GPS do dugc so vai gia tri thuc té.

Hinh 7.24 Quy dao di chuyén sau khi thir dong GPS o ‘
Nhu vay dua vao két qua cua hai truong hop thir tinh va thir dong ta c6 thé két luan rang,

module GPS-BS 708 thu gié tri chinh xéac
7.3.2.3 Xir Iy s6 liéu bang ngon ngir Python
a. Gi6i thiéu vé ngén ngir Python

Python 1a mot ngon ngir 1ap trinh dugc str dung rong rai trong cac ting dung web,
phat trién phan mém, khoa hoc dit liéu va may hoc (ML). Céc nha phét trién sir dung
Python vi n6 hi¢u qua, d& hoc va co thé chay trén nhiéu nén tang khac nhau.
Ngon ngir Python duge sir dung nhiéu trong linh vyc phat trién tmg dung, bao gdm
nhitng vi du sau:

< Ty dong héa bing cac tap 1énh Python
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Ngon ngir tap 1énh 1a mdt ngdn ngtr 1ap trinh tu dong hoda cac tdc vu ma thuong dugce
con ngudi thuc hién. Céc lap trinh vién thuong xuyén sir dung cac tip 1énh Python dé
tr dong hoa nhiéu tac vu hang ngay nhu:

« D4i tén mot sb luong 16m tép cung luc

. Chuyén dbi mot tép sang mot loai tép khac

o Loai bo cac tir trung 1ap trong t&p van ban

e Thuc hién céac phép tinh toan co ban

e Gui email

o Tai xuéng ndi dung

e Thuc hién phan tich nhat ky co ban

« Tim kiém 16i trong nhiéu tép
¢ Khoa hoc dir li€éu va may hoc

Khoa hoc dir lidu trich xuat thong tin quy gia tir dit liéu va may hoc (ML) day may
tinh ty dong hoc hoi tir dir li¢u va dua ra cadc du doan chinh xéc. Cac nha khoa hoc dix

liéu str dung Python cho céc tac vu khoa hoc dir li€u sau:

o Stra va loai bo dir liéu khong chinh xac, hay con dugc goi 1a 1am sach dir liéu
o Trich xuét va chon loc cac dic diém da dang cua dir liéu
o Gan nhan dir liéu, gan tén c6 ¥ nghia cho dit liéu
« Tim cac sb liéu thdng ké khac nhau tir dit liéu
o Tryc quan hoa dit liéu bang cach str dung cac biéu d6 va db thi, chang han nhu
biéu d6 duong, biéu d6 cot, bicu d6 tan sudt va biéu do tron
Céc nha khoa hoc dit liéu sir dung nhiing thu vién ML cta Python dé dao tao cac mod
hinh ML va xay dung céc cong cu phén loai gitip phan loai dir liéu mot cach chinh xac.
Céc chuyén gia tir nhiéu linh vuc st dung nhitng cong cu phén loai dya trén Python dé
thuc hién cac tac vu phan loai, chéng han nhu phan loai hinh dnh, van ban cling nhu luu
lugng truy cdp mang, nhan dang giong no6i va nhan dién khuon mat.
b. Xir 1y s6 liéu
Sau khi da thu thap duogc dir li€u tu thiét bi GPS trén tau mo hinh, ta thu thap

dugc dir liéu kinh d (Longitude) va vy do (Latitude), dit 1iéu nay can phai dugc xu ly
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dua vé hé toa d6 UTM dé xac dinh dudng kinh chién thuat (cm), dudng kinh quay ciia
con tau (m).
> Doi goi dit lidu
Dit liéu duoc thu vé trén tau md hinh dang ¢ dang GPGLL.:
» Latitude (DDmm.mm)
* Longitude(DDDmm.mm)
Ta phai dua dit liéu vé don vi tiéu chuén 1a do:
DD = d + (min/ 60)+ (sec/ 3600) (7.2)
d: Bg, min: phut, sec: gidy
> Doi kinh d9, vy do vé toa d6 UTM
x=k,*N *[A+(I-T+C)* A’ /6 +(5— 18T +T° +72C —58¢°)*4’ / 120]  (7.3)

y=k[M-M,+Ntang[4’ /| 2+(5—-T+9C+4C*)A" / 24 +
(61—58T +T°+600C—330e°)A° / 720]]
Trong do:
k, =0.9996
e’=e’/(1-¢€)
N=a/(l-ésin’ )"’
T =tan’ ¢
C=e’cos’ ¢
A=(A—-4,))cos¢
M =a[l-e’/4-3e"/64—-5¢" /256]*¢—(3e’ | 8+3e’ /32+
45¢° 1 1024)*sin4¢—(35%e° / 3072) *sin6 ¢
+ A :Kinh do
+ J,: Kinh d6 cta kinh tuyén trung tim
+ ¢:Vydo
+ e: Do léch tam

> So dd thuat toan xtr Iy s6 licu

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 170
Pham Ngoc Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

Bit dau

A 4

»(DD)=d + (min/60)
$(DD) =d + (min/60)

A 4

% (Rad) = i (DD)*3.14/180
d(Rad) = $(DD)*3.14/180

h

ZoneNumber = (A+180)/6+1

v

A0 = (ZoneNumber-
1)*6-180+3

v

Tinh X,Y

Két thuc

Hinh 7.25 So thudt todn xi Iy s6 liéu
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o B Qg EDNO-E-E-H-AF Ao cCEOsEB
an e |y Ay o b e

I ¥ %L CDM acC

a _

Hinh 7.26 Qua trinh thu thap di liéu tir thiét bi GPS trén tau mé hinh

| GPGLLubx - Motepad

File Edit Format View Help

$GPGLL,1604.68626,N,10809.19636,E,040355.00,A,D%6F
$GPGLL,1604.68626,N,10809.19636,E,040356.00,A,D*%6C
$GPGLL,1604,68625,N,10809.19635,E,040357.00,A,D*%6D
$GPGLL,1604.68624,N,10809.19633,E,040358.00,A,D%65
$GPGLL,1604.68622,N,10809.19630,EF,040359.00,A,D%61
$GPGLL,1604.68621,N,10809.19628,E,040400.00,A,D760
$GPGLL,1604.68620,N,10809.19627,E,040401.00,A,D*6F
$GPGLL,1604,68620,N,10809.19624,E,040402.00,A,D%6F
$GPGLL,1604,68619,N,10809.19622,E,040403.00,A,D%62
$GPGLL,1604.68619,N,10809.19620,E,040404.00,A,D*%67
$GPGLL,1604.68618,N,10809.19618,E,040405.00,A,D%6C
$GPGLL,1604,68617,N,10809.19616,E,040406.00,A,D*6E
$GPGLL,1604.68617,N,10809.19613,E,040407.00,A,D*6A
$GPGLL,1604.68615,N,10809.19611,E,040408.00,A,D*65
$GPGLL ,1604.68614,N,10809.19610,E,040409.00,A,D*64
$GPGLL,1604.68614,N,10809.19608,E,040410.00,A,D765
$GPGLL,1604.68613,N,10809.19606,E,040411.00,A,D%6D
$GPGLL,1604.68612,N,10809.19603,E,040412.00,A,0%6A
$GPGLL,1604.68612,N,10809.19602,E,040413.00,A,D*6A
$GPGLL,1604,68612,N,10809.19599,E,040414,08,A,D*6C
$GPGLL,1604.68609,N,10809.19596,E,040415.00,A,D%68
$GPGLL,1604.68608,N,10809.19590,E,040416.00,A,D%6C

Hinh 7.27 Kinh d¢ va vy do cua tau mo hinh sau khi thir nghiém
7.4 Thir nghiém m6 hinh chay tw do (Free Running Model Test)
7.4.1 Gi6i thi¢u
Kha ning diéu dong cua tau dugc dap tng dé tranh tai nan va cham tau trong cac
ving nudc hd hodc han ché. IMO (T6 chirc Hang hai Qubc té) da ban hanh Tiéu chuan

vé kha ning diéu dong cua tau cho tit ca cac tau dang hoat dong trén bién. Trong thiét

SVTH: Lé Van Hoa GVHD: TS. Nguyén Vin Minh Trang 172
Pham Ngoc Lanh
Hoang Khac Thanh



Thiét ké, ché tao va thir nghiém banh l4i hiéu ning cao cho tau du lich trén séng Han, Pa Ning

ké budc dau cua tau, kha nang diéu dong cua tau dugc dy doan béng cach su dung
phuong phap thuc nghiém va phuong phap sé. Thir nghiém mé hinh chay tu do duoc
phat trién dé thir nghiém kha ning diéu dong cua tau. Ky thuat thir nghiém nay hiéu qua
hon va thiét thuc hon vi n6 duoc coi 13 tuan theo cac yéu cau cia ITTC (Bao céo Uy
ban diéu khién ITTC lan thtr 25 nim 2008). Thtr nghiém mo hinh dugc trang bi chéan vit
va banh 14i riéng, trong d6 mo hinh dwgc diéu khién bai ngudi diéu khién thong qua hé
thong lién lac khong day.

Kha ning diéu dong cua tau vé co ban phu thudc vao kha ning diéu khién hoat
dong ciia banh 1ai va toc do cua tau. Banh 1ai dugc thiét ké dé c6 duoc gia tri 16n nhét
cta luc bé 141 dé c6 thé thay d6i bat ky hudng nao cua than tau.

7.4.2 Thir nghiém kha niang quay tré (Turning circle test)

Thir nghiém kha ning quay trd thudng bt dau khi tau chay véi mot tée do xac
dinh sau d6 diéu chinh véi goc nghiéng banh 14i (thuong 14 35° qua man phai va 35° qua
man trai cua tau) va két thuc sau khi banh 14i trd lai vi tri ban dau sau khi hoan thanh
thir nghiém quay vong, tirc 1a sau khi dat tdc d6 chéch hudng on dinh.

Viéc thir nghi€ém mo hinh chay tu do nham xac dinh kha nang diéu dong ciia mo
hinh tau trong thir nghiém quay tré. Géc banh 1ai duoc sir dung dwa trén tiéu chudn IMO
1a goc 35° vé phia man phai va man tréi cia tau.

Ba loai banh 1ai duoc st dung:

+ Banh lai dang tAm
+ Banh lai NACAO0015
+ Banh 1ai NACAO0015 dudi ném
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7.4.2.1 Quy trinh thir nghiém

a. Diéu kién tién hanh thuc nghiém
- Tau phai ddm bao mirc d6 chui lai nhat dinh (nghiéng ngang) va khong dwogc
nghiéng ngang
- Chiéu cao tdm On dinh phai phtt hop véi yéu cau ctia quy pham
- Cén thyc nghiém tai mot dia diém vao thoi gian mat nude yén tinh va dong chay
nho
- Do sau vung nude thir khong nho hon 4 1an mén nude va co bé mit twong d6i
rong
- Str dung GPS xéc dinh vi tri khi thir nghiém ) géng hiéu chinh sai s6 nhé hon
5%
- Vong quay cua dong co phai ¢ ging dat t6i téc do thiét ké dé thyc nghiém
b. Phuwong phap thuc nghiém
+ Diéu chinh tau dén tdc d6 thiét ké, cb dinh mii tau theo hudng thang (goc 14i 0)

+ Diéu khién banh 1ai quay sang phai hodc trai mot goc 35O
+ Ghi lai vi tri tau bang thiét bi GPS
7.4.2.2 Tinh nang quay tré cua tau
a) Cac tham sb diic trung ciia vong quay tré
Khi goc bé cua banh 14i va tdc d6 tau 6n dinh, quy tich chuyén dong cua trong
tam tau 1a mot duong cong goi 1a vong quay tré. Vong quay trd biéu thi tinh ning quay
tré cia tau, vong quay trd 16n hay nhé dugc do bang ty s gitra duong kinh quay tré véi
chiéu dai thiét ké cua tau. Pay 1a mot trong nhiing chi sé danh gia tinh ning quay tré
clia con tau, ty s6 nay cang nho thi tinh ning quay tré cang tot, nguoc lai tinh nang quay
tr kém.
Céc tham sb quay trd cua tau gom:
+ Dudng kinh chuyén thuat: La khoang cach dich chuyén ngang cua trong tim tau
& hai huéng di nguoc chiéu, tinh trén dudng vudng goc véi duong kéo dai hudng
di ban dau dén duong kéo dai huong di khi tau quay duoc 180 do
+ Culy di chuyén t6i: La khoang cach vuong goc tinh tir trong tim tau khi tau quay

duoc 90° dén hudng di ban dau vao thoi diém bé 14i
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+ Goc troi 6: La goc kep gitra mit cat doc mii lai tau va dudng tiép tuyén voi quy

tich di chuyén cua trong tau

r~a————————— Buong kinh chién thuat

Cu ly dich chuyén téi

s —

Hinh 7.28 Qua trinh quay tro cua tau
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CHUONG 8: KET QUA VA BAN LUAN

8.1 Két qua thwe nghiém mé hinh

Sau khi tién hanh thyc nhiém tinh ning quay tré (Turning model test), ta thu duoc
bao cdo thuc nghiém sau:

- Ngay tién hanh thyc nghiém: 20 — 21/11/2022

- Pbia diém: HO Bau Tram

- DPosau: 0,5-2m

- Diéu kién thoi tiét: Mt nudc tinh, khong co gid

- Moén nudc day tai: 0,07 m

8.1.1 X4c dinh quy dao chuyén ddng ciia tau

X(lgp) X{Lgp)

Y
e
(5]

3,55

421 4,37
&
V() PORT TURN U 9 STARBOARD TURN Y (Lep)
Hinh 8.1 Quy dao di chuyén ciia tau khi thir banh ldi NACA0015
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X(Ly,) X(Lep)

3,76

B o
Y (Lgp) PORT TURN U STARBOARD TURN Y (L)

Hinh 8.2 Quf dao di chuyén ciia tau khi thir banh ldi dang tam
K(Lpp) X(Lpp)

3,33

o i
Y (L) PORT TURN \J \J STARBOARD TURN Y (L)

Hinh 8.3 Quy dao di chuyén ciia tau khi thir banh ldi NACA0015 ném dudi
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Bdng 8.1 So sanh két quda thir nghiém theo tiéu chudn

NACA
Banh lai NACA 0015 , Tiéu
Dang tam .
0015 c6 dudi chuan
Théng sb ném
Puong kinh chién
4,13 3,59 3,86 <50
thuat (Lpp)
Quay phai -
Cu li dich chuyén
_ 4,37 4,35 4,35 <45
té1 (Lpp)
Puong kinh chién
3,55 3,33 3,76 <50
thuat (Lpp)
Quay trai -
Cu li dich chuyén
_ 4,21 3,80 4,20 <45
té1 (Lpp)
Bang 8.2 So sanh do léch khi quay phai va quay trai
NACAO0015 cé :
Banh lai NACA0015 Dang tam
dudi ném
Puong kinh chién
0,5775 0,2591 0,1024
thuét (Lpp)
Cu 1i dich chuyén to1
0,1589 0,2216 0,1492
(Lpp)
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8.2 Két luan

Qua két qua tinh toan mo phong va thir nghiém co thé dua ra mot sb két luan nhu sau:

+ Két qua thir nghiém cho thay sy pht hop véi két qua tinh todn mo phong.

+ Banh lai NACAO0015 c6 duoi ném cho théy dugc hi¢u nang tdt khi tao ra luc nang
16n nho vao hiéu qua do ném dudi tao ra, diéu nay s¢ dam bao an toan cho tau
trong nhitng truong hop bat ngd, trong cac ving nude han ché, banh lai han ché.
So véi banh 14 NACA0015 viéc thém phan ném & dudi s& giup nang cao hé sb
luc nang mot cach dang ké (Cy. tai 30° tang 7,3%).

+ Bén canh do, viéc tao ra lyc can nho ¢ nhiing géc quay nhé cia banh lai (duoi
20°) s& giup nang cao tinh kinh té khi khai thac tau.

+ Qua két qua thir nghiém quay vong cho thay khi dung banh 14i NACA0015 cé
dudi ném dam bao dugc tinh ning diéu dong can thiét theo tiéu chuan va nang
cao dugc hi¢u nang quay trd khi c6 duong kinh chién thuat, cu li dich chuyén toi

nho nhét trong 3 bién dang banh lai dugc thir nghié
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KET LUAN

Nhitng diém dat dwoc cia dé tai:

Tim hiéu dugc thuc trang, tiém ning phat trién va tinh cap thiét cua du lich bang
du thuyén & Da Nang.

Poc hiéu cac ban vé, két ciu cling nhu bd tri cac hé théng cua tau du lich trén
song Han.

Ap dung CFD d¢ tinh toan va mo phong cac lyc thiy dong tac dung 1én banh lai
Thiét ké hé dong luc tau du lich song Han va hé dong lyc mo hinh tau.

Tiép can va van dung duogc cac phﬁn mém Rhinoceros, Maxsuft dé thiét ké, kiém
tra tau mo hinh, Arduino IDE dé diéu khién mé hinh tau, ngén ngit 14p trinh
Python dé xur 1y s6 liéu sau khi thir nghiém mo hinh.

Thiét ké hé thng 1ai tau du lich song Han va hé thong 14i mo hinh tau.

Hoan thién dugc mo hinh tiu bang vat liéu composite ciing nhur banh 14i bang
cong ngh¢ in 3D

Cung ¢o cac kién thirc da hoc trong sudt qua trinh lam do6 an

Nhitng diém han ché cua dé tai:

Trong qua trinh tinh toan, co s& dir liéu cua phan mém con han ché ciing nhu tinh
chinh xac ctia phan mém chua xac minh dugc nén cac két qua chi mang tinh

tuong dbi.
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