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MO PAU

1. Tinh cap thiét caa dé tai

O truot, so voi 6 lan, ¢ két cu don gian, kich thude nho, gon, lam viéc
tét khi van téc cao (6 d& thuy dong va thuy tinh), co tudi tho Ién va chiu tai
trong va dap va chan dong tét hon.

O truot boi tron ma sat uét duoc dung phd bién trong hang loat loai may
mac, vi du, trong cic dong co ddt trong, trong cac tua bin hoi, trong cac mdy
nén khi, trong c4c may cong cu, trong cac may dién va trong nhiéu thiét bi co
Kkhi.

Trong nganh May tau thuy, dac biét trong cac hé truc tau thuy co6 trong tai
trung binh va Ion, 6 truot d& boi tron thuy dong duoc ding pho bién.

Tinh toan 6 truot ndi chung, va 6 truot d boi tron thuy dong, noi riéng, 1a
cong viéc thuong gap khi thiét ké cac may moc thiét bi méi ciing nhu trong qua
trinh khai thac st dung ching.

Khi tinh toan 6 truot can thuc hién mot khéi lugng tinh toan 16n va can tra
cac bang s liéu dé tim cac thong sé cua 6, phuc vu cho qua trinh tinh toan. Viéc
tinh toan 6 truot theo phuwong phép thi cdng khéng nhitng mat nhiéu thoi gian
cdng stre, do chinh xac khdng cao ma con co thé sai sét, nham Ian, kho thuc hién
nhiéu phuong an tinh toan dé chon phwong an tdi wu, ngoai ra con bt tién do
lubn can thiét phai mang theo céc tai liéu dé tra cuu.

Hién nay, viéc tinh todn 6 truot van duoc tién hanh theo phuwong phap thu
cong, chua c6 mdt chuong trinh tinh toan tu dong nao duoc phd bién rong rai.

Vi vay, viéc nghién ciu xay dyng mot chuwong trinh tinh toan 6 trugt d
boi tron thuy dong, cho phép thyuc hién ty dong tinh toan va tra cac bang s6 lidu

can thiét cho qua trinh tinh toén 1a dé tai mang tinh cap thiét.
2. Muc tiéu nghién ctu
Muc tiéu nghién ctu caa dé tai 1
- Pua ra trinh tu tinh toén 6 trugt d& boi tron thily dong theo hudng tu

dong hoa dé co thé 1ap trinh tinh todn tu dong bang cac ngdn ngir lap trinh;



- Xay dung chuong trinh ty dong tinh todn 6 trugt d& boi tron thuy dong;
- Sir dung chwong trinh trén vao thuc tién tinh toan 6 truot ciing nhu trong

cbng tac giang day va hoc tap.
3. Pdi twgng va pham vi nghién ciru

Dbi twong nghién cau cua dé tai 1a cac 6 truot dF boi tron thuy dong va
Ngon ngtt lap trinh Delphi.

Pham vi nghién ctu cta dé tai chi gidi han & cac 6 trugt d& co kich thudc
chiéu dai 16n hon nhiéu so véi duong kinh.

4. Phwong phap nghién ciru

Dua trén |i thuyét vé tinh toan 6 truot, két hop véi cac ky nang sir dung
ngdn ngi 1ap trinh tin hoc dé xay dung chuong trinh cho phép tu dong tinh toan

c4c 6 trugt d& boi tron thiry dong.
5. 'Y nghia khoa hoc va thyc tién

Y nghia khoa hoc caa dé tai thé hién & viéc két hop Ii thuyét vé tinh toan 6
truot va Ii thuyét Iap trinh dé xay dung chwong trinh ty dong tinh toan céc 6
truot d& boi tron thuy dong. Bang phuong phap twong tu nhu vay cd thé xay
dung cac chuong trinh tinh toan trong cac linh vuc Khac.

Y nghia thyc tién caa dé tai thé hién & viéc co thé sir dung két qua cua dé
tai trong thyc tién tinh toan 6 truot, trong cong tac nghién ctu cling nhu trong

giang day va hoc tap.



Chwong 1
TONG QUAN VE O TRUQT PO THUY PONG

1.1. Coéng dung, phan loai va pham vi sir dung cia 6 trwot

1.1.1. Cong dung

O truc ndi chung va 6 truot, nodi riéng, dung dé d& céc tiét may quay. O
truc tiép nhan tai trong tir cac tiét may quay lap trén truc va truyén cho bé may,
than may. Nho ¢6 6 truc, truc cd vi tri xac dinh trong may va quay quanh dudng
tam da dinh.

O truot la loai 6 truyc ma ma sat trong 6 1a ma sat truot. Khi truc quay,
gitra ngdng truc va 16t 6 c6 sy truot trong d6i Voi nhau, do d6 sinh ra ma sat
truot trén bé mat 1am viéc cua ngdng truc va 16t .

1.1.2. Phan loai

k F,
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Hinh 1.1. Céac loai 6 truot

1) Theo kha ning tiép nhan tai trong

Cac 6 truot gom: O d& (hinh 1.1a, 1.1d), 6 chan (hinh 1.1b, 1.1e) va 6 d&
chan (hinh 1.1c va 1.1f).

O d& chi chiu lyc huéng tdm, 6 chan chi chiu luc doc truc, con 6 d& chan
chiu ca lyc huéng tdm va luc doc truc. Phan 16n cac 6 truot d& (hinh 1.1a) c6
thé chiu duoc tai trong doc truc nho nhd ¢6 vai truc va goc lugn ty vao mép 6 da

dugc vat tron.



2) Theo hinh dang bé mit lam viéc

Bé mat 1am viéc cua 6 truot ¢d thé 1a mat try (hinh 1.1a, 1.1d), mat phang
(hinh 1.1b, 1.1€), mat cdn (hinh 1.1c) va mat cau (hinh 1.1f).

1.1.3. Pham vi sir dung

O trugt dugc sir dung cd wu thé trong cac linh vuc khong thé sir dung 6
lan hoic sir dung 6 lan s& khong hop 1y:

- Khi tai trong va dap va rung dong. O truot 1am viéc tét hon 6 lan do kha
nang giam chan cua mang dau;

- Khi 6 ¢6 tan sé quay cao, néu ding 6 lan sé& sinh ra luc quan tinh ly tam
rat 1on;

- Khi 6 ¢6 d6 chinh xac cao véi do cimg khong doi;

- Khi 6 ¢6 kich thude huéng kinh nho;

_Khi é 12 6 ghép:

- Khi cac 6 c6 kich thudc rat 16n hoac rat nho;

- Khi 6 1am viéc trong nhimg diéu kién khic nghiét (nhiét do cao, moi
trudong mai mon va an mon);

- O ctia cac co cau ré tién va it khi sir dung.

O truot nhe va ché tao don gian hon 6 lan, khong 6n, c6 do cang khdng
d6i va c6 kha nang 1am viéc gan nhu khong mon trong diéu kién boi tron uét va
boi tron khi, kha ning giam dao dong tét.

Nhuoc diém cua 6 truot 1a su phic tap cta hé théng boi tron dé dam bao
ma sat uét, sy can thiét phai st dung kim loai mau dé 1am 16t 6, mémen khai
doéng cao va kich thudc hudng truc 16n. Khi lam viéc vai vat liéu boi tron 1ong
va dan hoi, nhiét do 1am viéc cua dau khong duoc vuot qua 150 °C. Tuy nhién,
mot vai vat lidu bdi tron c6 thé cho phép l1am viéc véi nhiét do téi 700 °C [17].

O trugt dugc sir dung rong rai trong dong co dot trong, trong cac tuabin
khi va hoi, may bom, may nén, may ly tdm, may can, h¢ truc tau thuy, cac hop

giam tdc loai ning va cac may khac [12].



1.2. Céu chung caa 6 trugt
1.2.1. Than 6
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Hinh 1.2. C4u tao chung ciia 6 trwot: 1 —than 6; 2 - 16t 8; 3 - 16 cap vat ligu
béi trom; 4 — ngdng truc; ranh din dau

Trén hinh 1.2 trinh bay c4u tao chung cua 6 truot, gdm: Than 6 1, 16t 6 2,
15 cap dau 3 va ranh dan dau 5. Ngoai ra con c6 cac bo phan bao veé.

Than 6 6 thé 1a mot khdi nguyén hoac 1a gdm cac phan rai ghép lai. Than
6 c6 thé 1am lién véi than may hoic ché tao riéng bang dac hoac han roi ghép
vao than may. O nguyén co6 vu diém 1a don gian va c6 d6 cimg cao hon 6 ghép,
nhung c6 nhugc diém 1a khong diéu chinh duoc khe ha trong 6 khi 16t 6 mon va
chi cd thé lap truc tir ngoai mut vao. Pbi véi nhiing 6 c¢6 duong kinh 16n hoac
can lap 6 vao ngdng truc giira thi khdng thé dung 6 nguyén dugc.

1.2.2. L6t &

Lot 6 dugc sir dung dé khong phai ché tao ca than 6 bang vat ligu giam
ma sat dat tién. Khi 16t 6 mon, nguoi ta thay 16t 6. Bé mat caa 16t 6, noi tiép xuc
véi truc, can 1am bang vat liéu giam ma sat, thuong 12 kim loai mau dit tién.
Trong san xuat hang loat 16n, 16t 6 dugc dap tir cac dai bang c6 phu 1&n bé mit
vat lidu giam ma sat. Trong san xuét don chiéc va hang loat nho, nguoi ta ding
16t 6 bang cac dng lién hodc dng ghép va ca 16t 6 kép gom mét 16p mong vat ligu

giam ma sat phu 18n bé mat thép, gang hoic dong thanh.



L6t 6 1a bo phan quan trong cua 6 truot do tiép xuc truc tiép voi ngdng
truc. Vat liéu caa 16t 6 phai dam bao giam dwoc mat mat cong suat do ma sat,
giam bét chi phi cho viéc sira chita do mon. Thong thuong, truc dit tién hon 16t
6 rat nhiéu. Vi vay, can toi truc dé co do rin bé mit truc cao, it bi mon, dong
thoi phai chon dugce 16t 6 dam bao nhiing yéu cau chinh sau:

- Hé sb ma sat thap;

- C6 kha ning giam mon va chéng dinh;

- Dan nhiét tét va hé sd né dai thap (dé khe ho trong 6 it bi thay doi do
nhiét);

- Do bén cao.

Vit lieu 1am 16t 6 c6 thé 1a kim loai, gém kim loai hoic phi kim. Trong d6
thuong dung hon ca 1a 16t 6 bang kim loai.

Vit liéu 16t 6 bang kim loai thuong dung 1a: Babit, dong thanh, hop kim
nhdm, hop kim kém, déng thau va gang xam.

Vit liéu 16t 6 bang gdm kim loai duoc ché tao biang cach nung va ép bot
kim loai & nhiét do va ap sut cao.

Vit liéu 16t 6 phi kim loai thuong dung 1a: Chét déo, gd, cao su va graphit.

1.2.3. Ranh dan dau

Ré&nh dau dung dé phan phdi déu dau bdi tron 6. Ranh dau cé thé phan b
doc truc hay vong theo chu vi, & ngoai viing chiu tai cua 6, dé khdng 1am giam
kha nang tai cua 6. Thuong ranh dau duoc bd tri tring véi chd lap ghép. Khong
nén kéo dai rdnh dau ra tan dén mép 6. Di vai ranh dau doc truc thuong ldy
bang 0,8 chiéu dai 6. O nhiing 6 chiu luc co diém dat luc ¢b dinh trén truc (do
d6 khi truc quay, 6 chiu luc thay d6i), nén 1am ranh dau ngay trén truc [1].

Ty s6 1/d giita chiéu dai 6 voi duong Kinh truc can chon theo diéu kién
lam véc cu thé caa 6. Néu yéu cau phai han ché kich thudc doc truc hoic 6 ¢6
khe hd nho, 1am viéc véi van téc 16n thi lay 1/d nho. Khi duong tdm ngdng truc
c6 d6 nghiéng nho so voi duong tdm 16t 6 thi lay 1/d 16n. Néu tang chiéu dai 6
thi &p suat trung binh trong 6 s& giam, nhung chi can truc nghiéng di mot goc

nho so véi 6 thi &p suat sinh ra tai viing mép 6 sé rat 16n, c6 thé 1am hong mép 6.



Néu lay | nho qua, dau s& chay ra ngoai mép 6, lam giam kha ning tai cua 6.
Thong thuong, ty s6 1/d 1ay tir 0,6 dén 1,0 [1].

1.3. Céc dang ma sat trong 6 trugt

Ma sat va boi tron c6 tac dung quyét dinh dén kha ning lam viéc cua o
truot. Néu cong sut qué 16n, nhiét sinh ra nhiéu, c6 thé gay nén hién tugng dinh
16t 6 va ngdng truc. Néu bdi tron khéng tét, ngdng truc va 6t 6 s& bi mon nhanh
va dan téi mat kha nang lam viéc.

Tuy theo diéu kién bdi tron, trong 6 ¢6 thé ¢ cac dang ma sét sau: Ma sat
udt, ma sat gidgi han, ma sat khd, ma sat nira khd va ma sat nira uét.

1.3.1. Ma sat wot

1) Khéi niém va cac phwong phap boi tron ma sat wét

Ma sat uwot xay ra khi cac bé mit 1am viéc duoc ngan cach boi chat boi
tron ¢6 chiéu day nho nhat hyi, 16n hon tong map md cac bé mat. Lép boi tron 1a
vat chiu tac dung cua tai trong phap tuyén dit vao co cau ma sat (hinh 1.3).
Trong truong hop ndy, ma sat ngodi cua cac vat ran duoc thay thé bai ma sét

trong cua céac 1op chat long boi tron.

Hinh 1.3. Két cAu ma sat bodi tron wot:
1 —truc; 2 - 16t 0; 3 — lé)p béi tromn

Pé thuc hién ché do boi tron ma sat uét co thé dung cac phuong phap boi
tron thuly dong va boi tron thuy tinh.

Boi tron thity dong duoc thuc hién khi nguoi ta tao nhiing diéu kién nhat
dinh dé dau theo ngdng truc vao khe hg, gay nén ap suat thiy dong can bang véi

tai trong ngoai. Phuong phap bdi tron thuy dong duoc ding phd bién hién nay.



Boi tron thuy tinh dwoc thuc hién khi nguoi ta bom dau cé &p suat cao
vao 6 dé nang ngdng truc 1én. Phuong phap nay yéu cau phai c6 cac thiét bj nén
tao 4p suat va dan dau rat phac tap, vi vay hién nay it ding.

2) Vat liéu boi trom

Vit li¢u bdi tron 1a chit dua 1én bé mat 1am viéc caa vat thé véi muc dich
giam hé s6 ma sat va ting do bén mon.

Tat ca cac vat liéu boi tron, tuy theo trang thai, c6 thé chia ra lam ran,
long va khi. Ta chi xét chat boi tron 16ng, thuong goi la dau.

Dau bbi tron 1a vat liéu boi tron cha yéu. Dau boi tron c6 cac loai: dau
khoang, dau dong vat (dau xuong, dau ca...) va dau thuc vat (dau gai, dau thau
dau...), trong d6 dau khoang duoc ding nhiéu nhat. Dau dong vat va dau thuc
vat boi tron rat tot, d& thuc hién ma sat u6t, nhung dé bién chat va gia thanh cao
nén it dung. Tuy nhién, dé tang thém chat luong boi tron, ngudi ta thuong pha
thém vao dau khoang mot it dau dong vat hoidc dau thuc vat.

Dau boi tron c6 hai tinh chat quan trong nhat 1a do nhdt va tinh ning boi
tron.

a) P9 nhat

Do nhét hodc ma sat trong cua chat long 1a kha nang can truot cua l6p nay
d6i vai 16p khac trong chat long. Trong diéu kién boi tron ma sat uét, dd nhét 1a
nhan té quan trong nhat, quyét dinh kha ning tai caa lop dau.

Do nhot dong luc

Theo Newton, (g suat tiép khi cac 16p chat long truot trén nhau 1a:
T=pu—, (1.1)

v gradien van téc.
dy

w1 — do6 nhét dong luc. Bo nhét dong luc ¢6 don vi la Newton gidy trén mét
vudng (Ns/m?). D6 1a do nhét dong luc cua mot chat dong tinh, dang huéng,

chay tang, khi giira hai 16p phang song song véi dong chay cach nhau 1 mét c6



hiéu van téc (van téc tuong d6i) 1m/s va trén bé mat cac 16p do xuat hién ung
suat tiép 1 N/m?.

Trén thuc té d6 nhot dong luc thuong do bang poazo (ky hiéu P) va
centipoazo (ky hiéu cP): 1 cP = 10P = 10° Ns/m* = 10"°Pa.s = 1 mPa.s.

Do nhot dong

Do nhét dong 1a ty s gitta d6 nhdt dong luc vai khéi lugng riéng:

v=~, (1.2)
Yo,

Pon vi caa d6 nhot dong 1a mét vudng trén gidy (m%/s), 1a do nhét dong
ctia mot chét co do nhot dong luc 1a INs/m? va khéi lwgng riéng 1kg/m?®.

Trén thyc té d6 nhét dong thuong do bang stoke (ky hiéu la St) va
sentistoke (ky hiéu 1a cSt): 1 ¢St = 10St = 10°m?s.

b) Tinh nang boi tron

Tinh nang boi tron ctia dau la yéu to c6 ¥ nghia quyét dinh trong trudng
hop khdng thé thuc hién duoc bdi tron ma sat uét. Tinh ning boi tron 1a kha
nang dau cd thé tao thanh mang bdi tron co suc can truot thap, hap thy viing
chac 1én bé mat ngdng truc va 16t 6. Nho ¢o tinh ning bdi tron nén dau cd thé
giam ma sat va mai mon khi 6 1am viéc véi ché do ma sat ntra wét hoac nira khé.

1.3.2. Ma sat gié¢i han

Ma sat giéi han 1a dang ma sat trong d6 luc can dich chuyén tuong dbi
giita cac bé mit duoc xac dinh boi tinh chat cua cac bé mit va caa 16p mang
maong gigi han trén cac bé mat ndy. Lop mang mong co co tinh hoan toan khéc
han khdi chat boi tron. Trong bdi tron gii han, bé mat cua céc vat thé dbi tiép
dugc ngan cach boi 16p vat liéu boi tron co chiéu day rat nho (khoang tir chiéu
day phan tir ¢én 0,1 pm). Lép mang mong nay lién két bén viing véi bé mat kim
loai bang céc lyc tuong tac phéan tir va vi vay nd bi mat di cac tinh chat dic trung
cua chat long trong thé tich 16n, noi ma cac hat chét long c6 thé chuyén dong tu
do tuong ddi véi nhau, con su can tré chuyén dong cua chat long duge xac dinh
boi ma sat trong ciia nd. Do chiéu day cac Iop mang rat mong nén trong trudng

hop nay cac phuong trinh thuy dong khéng ap dung duoc.



Lép mang mong lam giam luc ma sat so vai truong hop khong boi tron
xudng tir 2...10 1an va 1am giam lugng mon cua cac bé mat doi tiép dén hang
tram lan. T4t ca céc loai dau déu c6 kha niang hap thu 18n bé mat kim loai. Nho
tinh d6ng ctia cac phan ter vat lidu boi tron, sy hap thu trén bé mat ma sat dién ra
véi van toc 16n, do d6 tao cho 16p mang bdi tron tinh chat ty gin lién & nhiing
chd rach. Hiéu qua cua viéc boi tron ngoai tinh hap thy, con phu thudc vao su
tuong tac hoa hoc cuia kim loai véi chét boi tron.

Cac mang maong trén cac bé mat cé thé c6 nhitng nguon gbc khéac nhau:

- Bugc phu truée 18n bé mat;

- Bugc hinh thanh boi két qua caa nhitng qua trinh khac nhau khi ma sat.

1.3.3. Ma sat kho

Ma sat kho, doi khi con goi la ma sat khong boi tron (hay ma sat giira cac
bé mit sach). Do 1a ma sat gitra cac bé mat tiép xuc khi khéng cé su khang dinh
ré rang vé su hién dién cua chat bdi tron. Ma sat kho & ddy duoc hiéu mot cach
qui udc d6 1a ma sat gita cac bé mit khong duoc bdi tron, nhung giira chling
lubn ton tai cac mang mong hap thu tir moi truong xung quanh. Ma sét kho tuyét
d6i chi c6 thé ton tai gita cAc bé mat tuyét d6i sach, trong moi truong chan
khong. Trén thyuc té, ma sat kho thuong gip trong cac co cau phanh ham, trong
cac bo truyén dong bang ma sat, trong cac khop ndi, 1am viée trong diéu kién
khd, cua cac bo phan ma sét trong cdng nghiép dét, cong nghiép thuc pham va
hoa hoc, noi khong dugc phép ding chat boi tron dé tranh lam hong san pham
hodc vi 1y do an toan lao dong. Ma sat trong truong hop ndy cd ban chat co
phan ta.

Do nham va séng bé mit, cac vat ran ludn tiép xdc roi rac, nghia 1 tai cac
vét tiép xUc riéng lé. Su tuong tac co hoc duge qui dinh bai s thAm nhép 1an
nhau cta cac dinh tiép xdc riéng Ié. Sy thAm nhap caa bé mat co do ran cao hon
vao bé mit c6 do6 ran thap hon trong ving tiép xtc thuc 1a do su khac nhau vé
c4c tinh chat co hoc, sy khong ddng nhat trén nhitng doan khac nhau cua vat thé
va su khac nhau vé hinh dang hinh hoc cua cac doan tiép xuc. Vi vay khi vat thé

nay truot trén vat thé khac s& dién ra sy bién dang cac map mé cua bé mit co do



ran thap hon. Luc can tré bién dang céc 16p bé mat khi truot goi la thanh phan
co hoc cua luc ma sat. Co thé xac dinh thanh phan luc nay néu biét tinh chat co
hoc cuia cac 16p bé mat, hinh dang hinh hoc cua cdc map md vi md va trang thai
g suét trong vung tiép xdc.

Cung véi bién dang, khi ma sat ngoai, trén nhimg doan dich gan dén
khoang cach du ngan (107 cm) sé& thay rd sy twong tac phan tir. Sy tuong tac
phan tir duoc tao thanh bai luc hit 13n nhau gitta cc bé mit cua hai vat ran. Vi
lyc nay ty 1& nghich véi khoang cach mil 4 nén hoic 14 n6 rat nho, cé thé bo qua,
hoac 1 co thé rat 16n tao thanh lién két viing chic trong thé tich. Thanh phan luc

nay goi la thanh phan phan tir cia luc ma sét.
1.3.4. Ma sat nira kho va nira wét

- Ma sét nira kho: Xuat hién khi cac bé mit ma sat khéng duoc ngin cach
hoan toan béi chat boi tron, cac dinh map mo cua cac bé mat van truc tiép tiép
xUc v&i nhau va chiu phan 16n tai trong ngoai (nghia 1a xuat hién doéng thoi ma
sat gidi han va ma sat kho);

- Ma sét ntra wot: Xuat hién khi phan 16n tai trong dugc truyén cho 16p
mang mong gitra cac bé mat, con phan it hon duoc truyén cho tiép xdc tryc tiép
giita chiing (nghia 1a xuat hién dong thoi ma sat uét va ma sét kho).

Viéc phan loai cac dang ma sat nhu trén chi mang tinh twong doi, boi vi
trén thuc té, trong vuing tiép xdc cua cac bé mat nham cé thé cing mot lic xay ra

mot vai dang ma sét, ché do ma sat nay goi la ma sat hdn hop.



Chuwong 2
CO SO LY THUYET TINH TOAN O TRUQT PO THUY PONG

2.1. Co s& ly thuyét bdi tron thiy dong

2.1.1. Nguyén ly béi tron thuy dong

Viéc nghién ctu ché do ma sat w6t trong cac 6 dugc xay dung theo Iy
thuyét boi tron thuty dong. Ly thuyét nay dua trén viéc giai cac phuong trinh vi
phan thuy dong caa chat long nhét, biéu hién quan hé gitra 4p suat, van toc va
strc can truot cia chat boi tron.

Trén hinh 2.1 trinh bay hai tim phiang A va B duoc ngdm trong dau, chiu
tai trong F. Tam phang A chuyén dong twong ddi so véi tim phang B véi van
téc v. Khi van téc v con nho (hinh 2.1a), cac tim phang tryc tiép tiép xdc voi

nhau va ma sat gitra chung la nira uét.

Fl Y%

Ly o

hzr [7] h o ¥ hl
X ki 7
B v
(P‘tdl’)d}’_m ‘ [T I
X o y . Pmax
dy:L- pdy -
c)
sx— .8
X d)

Hinh 2.1. Sw chay cia chit 16ng bdi trom trong khe hé hinh chém
Khi van téc v dua Ién, tim phang A duoc nang Ién trong dau (hinh 2.1b),
va ¢6 vj tri nghiéng, nhu khi nguoi ta ludt séng. Giira cac tim phang hinh thanh
khe hé hep, chira dau va ma sét giira chiing 1a ma sat u6t. Viéc chuyén sang ché
d6 ma sat wot dién ra khi van téc v dat tri s6 du 16n, goi 1 van téc t6i han vy,
Trén hinh 2.1b, biéu dién biéu dd van téc dbi vai mot tiét dién bat ky cua

khe hé.Trén cac diém bién, tiép gidp véi cac tam phang, van toc chat long bang



van téc cua cac tam phang A va B, cOn giira cac diém ndy van téc nho hon van
tbc v. Tam phang A luét trén chat long va dén né vao khe ho. Qua trinh nay sé
rd rang hon néu ta xét chuyén dong giita A va B theo phuong phap chuyén dong
nguoc (con goi 1a phuong phap doi gid), nghia 1a coi tim phang A ding yén, con
tam phang B chuyén dong véi van téc v, nhung theo chiéu nguoc lai (hinh 2.1c).
Khi d6 chuyén dong twong di gitra cac tim phang 1a khong thay d6i. Céc biéu
d6 van toc trong chuyén dong nguoc tai ba tiét dién duoc trinh bay trén hinh
2.1c. Hinh dang cua cac biéu do nay sé duoc giai thich sau, bang cac phuong
trinh twong (ng. O day thay rd rang, theo hudng cua van toc, chat long bi don
vao khe ho, dudi tim phang A.

Tiép theo, ta gia thiét rang chiéu rong tam phang A 1a 16n vé cling so voi
chiéu dai | caa n6. Diéu nay cho phép bo qua su chay canh caa chét long trong
khe ho va dua bai toan khong gian twong d6i phirc tap vé bai toan phang voi céc
truc X va y ma van giir nguyén duoc ban chat vat Iy caa van dé dugc quan tam.

Sy thay d6i &p suat trong chém dau dugc md ti bang phuong trinh

Raynolds:
dp h—h
— =6 m 2.1
g - O T (2.1)

7 - Gng suat tiép do ma sat trong caa chat long, khi cac 16p chat long truot
trén nhau; W - d6 nhét dong luc cua chat 1ong; hy, — chiéu day lép boi tron tai tiét
dién co &p suat 16n nhat.

Cac gia thiét khi thanh lap phuong trinh Raynolds 1a:

- Chét boi tron 1 chét long Newton;

- Cac lyc quan tinh va trong luc nho so véi ap luc;

- Su thay ddi &p suat theo chiéu day mang béi tron 1a v6 ciing bé;

- Khéng c6 su truot ¢ chd tiép giap gitra bé mat vat thé va [op boi tron;

- Chat boi tron 1a chét long khong nén duoc;

- Su chay cua chat long 1a chay tang;

- Dong chat boi tron 1a mot chiéu, nghia 1a khong c6 su chay canh caa
chat long.



Xét phan t6é dau nam trong khe hé hinh chém, ¢ kich thuéc dx.dy.1, truc
X lay theo phuong chuyén dong, truc y vudng gdc véi truc x. Luc tac dung 1én
phan té dau nay, dugc trinh bay trén hinh 2.1. Diéu kién can bang cua phan té c6
dang:

(p +dp)dy — pdy = (z +dz)dx — zdx, (2.2)

p — &p Suét; 7 - &ng suat truot ciia mang boi tron.

Sau khi rat gon biéu thire trén ta duoc:

t_de 23

Mt khac, vi c6 chuyén dong tuong ddi gitra cac 16p dau trong khe ho
hinh chém nén sinh ra lyc can truot. Theo dinh luat Newton, luc can truot sinh
ra trén mot don vi dién tich xac dinh theo cong thrc:

dv,
dy '

T=p (2.4)

V — Van toc cta phan td chat boi tron theo truc X.
Y nghia vat Iy caa dinh luat Newton nhu sau. Hai 16p chét long canh nhau
chuyén dong véi van tdc khac nhau va do do truot trén nhau. Luc can truot ty 16

thuan véi cuong thay doi van toc theo phuong vudng goc véi phuong truot hay

dao ham ‘ijx_ Hé s ty 1& p phu thudc vao cac tinh chét caa chat long va duoc
y

xac dinh bang thuc nghiém. Sir dung dinh luat nay c6 thé tim duoc cac dic tinh
khac cua dong chay chat long.
Tir (2.3) va (2.4), ta ¢6:

d’v, 1dp

. 1dp 2.5
dy® g odx (29)
Tich phan hai lan (2.5) theo y, ta dugc:
dv 1dp 1dp,
T _=FF C:v,=——"F C C,, 2.6

C1, C, — cac hang sb tich phan, duogc xac dinh tir cac diéu kién bién:



khi y = 0 thi v, = v; khiy = h thi v, = 0, h — chiéu day mang bdi tron trong

khe ho hinh chém, tai diém c6 toa do x,

_y dp [h-y
=2, VMgt ( - j (2.7)

Thé tich dau chay qua khoang ha cé chiéu cao h va chiéu rong bang mot

don vi chiéu dai 6, trong thoi gian mot gidy 1a:

dp (h yj vh  h® dp

v d h)—+v dy=—-——. 2.8
nyf(y)dx(h]yzlzﬂdx @8

Y - a - A ) N e A dQ .o,
Theo diéu kién lién tuc cua dong chat boi tron ™ =0, khi do:

3 3

vdh 1d(hdp)_ 1 d(h’dp)_veh 29)
2dx 12dx\ u dx 12 dx ydx 2 dx
Tich phan ca hai vé (2.9) theo x, ta duoc:
3
L PSS (2.10)
u dx

Hang s tich phan C trong (2.10) xac dinh tir diéu kién tai tiét dién c6 ap
suat 16n nhat thi g_p = 0. Néu ky hiéu chiéu day mang dau tai diém nay la h,, thi:
X

C =-6vh,. (2.11)
Thay (2.11) vao (2.10), ta dugc phuong trinh Raynolds (2.1).
2.1.2. C4c két luan co ban cia phwong trinh Raynolds

Néu thay h = hy, vao (2.8), ta dugc luong dau chay qua khe ho ¢é chiéu
cao hy, chiéu rong bang mot don vi chiéu dai 6, trong mot giay la:

vh,
Q. = 5 (2.12)

Theo diéu kién lién tuc cua dong chat boi tron thi luu luong dau Q s&

khong phu thudc vao x (trong tat ca céc tiét dién cua khe ho Q khong doi). Khi
d6 tir biéu thirc (2.8) suy ra rang, gradien ap suat %sé thay ddi theo su thay doi

cua chiéu day 16p dau h twong tng véi biéu thuc sau:



d v 2
d—z - 6;1(? _ h—?j (2.13)

Véi h = hy - ax, hy - chiéu day Iop dau tai tiét dién bién trai; o - goc
nghiéng cua tim phang 2 so vai tim 1, sau khi ldy tich phan biéu thic (2.13)
trong giGi han tir h; dén h va diéu kién bién - khi h = h; thi p =0, ta dugc:

6uf 1 1) o1 1
p_;Mh -2 hlﬂ 210

Biéu thirc (2.8) va (2.14) c6 thé rit gon don gian hon néu luu ¥ rang tai
tiét dién bién bén phai khi h = h, thi &p suat du p = 0. Vi thanh phan hé s khong
d6i trong (2.14) khong thé bang khdng nén thanh phan trong ngoic vubng cua
(2.14) phai bang khong, tir d6 ta thu duoc:

hth
=V—— 2.15
Q=i 215)
Thay (2.15) vao (2.14), ta dugc:
p= 6v (h_zhl)(h_hz) (2.16)
a h (hl+h2)

Sir dung cac biéu thue thu dugc, c6 thé rit ra nhitng két luan sau:
1) Vi luu lugng dau Q 1a khong doi trén moi tiét dién cua khe hd hinh
chém nén van téc dau ting dan tir trai qua phai. Trong khi d6 tai cac ving bién

tiép xuc voi cac tim phang, van toc cua chat long khong ddi va bang van tc cac
r 2 Y 4 . s s 4 4 N d n A
tam phang. Tai tict dién cd ap suat I6n nhat thi d_p =0, do do6 theo (2.7) van toc
X

v, thay doi tuyén tinh theo y (biéu dd van toc 1a duong thang). Vi ly do nay ma
khi van toc van téc trung binh cta dau tang tir trai qua phai thi biéu d6 van toc
tai tiét dién bién bén phai s& 16m con tai bién bén trai s& 16i, nhu trinh bay trén
hinh 2.1c. D6 16n cua van toc chat long tai bat ky I6p ndo va bat ky tiét dieén nao
déu co thé xac dinh dugc theo (2.7).

2) Ta s& thiét 1ap quan hé gitra 4p Suat cua chat boi tron va chiéu day 16p

boi tron. Tai tiét dién trung binh ta c6 h = (h; + h,)/2, thay vao (2.16), ta dugc:



2
p = 24 (h=h;) (2.17)

a (h+h,)
Néu ké dén rang do 1on cua khe ho rat nho (vai micromet), coi h, = 0, ta
duoc:
6:v 1
p, ~ 2 2 (2.18)

Nhu vay ap suat ty 1é nghich vai chiéu day 16p dau. Trong cac 6 truc, khe
ho nay c6 d6 16n tir vai phan trim vai phan muoi milimet, vi vay ap suat co thé
dat dén tri s6 rat lon.

3) Néu goc a dan dén khong thi khi giéi han ta c6 hy = h = h,, thay vao
(2.16) ta tim duoc p = 0. Vi vay mot trong nhiing diéu kién dé tao thanh ché do
bdi tron ma sat wét 12 giita c4c bé mat ma séat phai c6 khe hé hinh chém. Néu két
cau cua 6 khong c6 khe hd hinh chém thi khong thé tao duoc ché do boi tron ma
sat wot. Vi du, ddi véi nhitng 6 truot chan don gian khéng c6 khe ho hinh chém
nén khong thé tao dugc ché do boi tron ma sat udt. Bé c6 thé thuc hién boi tron
ma sat ut ngudi ta tao cho loai 6 nay céc hinh dang dic biét. Boi véi céc 6 truot
d3, khe hé hinh chém dugc tao sin do két cdu cua 6. Khe hé hinh chém duoc tao
thanh nho sy 1éch tdm caa ngdng truc va 16t 6.

Qua nhiing phan tich trén day, ta rat ra cac diéu kién co ban dé tao boi
tron ma sat udt theo phuwong phap béi tron thuy dong la:

- Giira hai bé mit truot phai c6 khe hg hinh chém:;

- Dau phai ¢ 6 nhét nhat dinh va lién tuc chay vao khe ho;

- Van tdc tuong d6i gitta hai bé mit truot phai co phuong chiéu thich hop
va tri s6 du 16n dé ap suit sinh ra trong 16p dau c6 kha ning can bang vai tai

trong ngoai.
2.2. Ma sét trong o truwot d& thiy déng

Ma sat thuy dong la dang ma sat uét, duoc tao theo nguyén ly boi tron
thay dong.



Ung suit tiép can truot trong 16p chat boi tron duge xac dinh theo Newton
(cobng thuc (2.4)). Thay (2.7) vao cdng thire (2.4) ta duoc:

dp h Vv

_dp(, M) v 2.19
r=P(y-0 ) 219)
Khiy:O,tacé:r(o):—j—zg—y%. (2.20)
Khiy = h, ta c6: 7, :j—zg—y%. (2.21)

Nhu vay trén bé mat cia cac vat lam viéc, tng suat tiép 1a khac nhau. Tuy
vay, diéu kién can bang van khdng bi pha v& vi sy khac nhau nay duoc xac dinh
bang mat mat nang luong chén ép 1én chat bdi tron trong khe hd hinh chém.
Trén hinh 2.1c bé mat B 1a chu dong, con bé mit A 1 bi dong véi van te truot
tuong d6i v. Ngudi ta thudng quan tdm dén ma sat trén bé mat cha dong. Thay
(2.1) vao (2.20), ta duogc:

vi-h-h
T(O) = —ﬂﬁ(3 h m +1j (222)
Luc ma sét trén bé mat chu dong xac dinh theo cong thic:

X2
Fy = [leex, (2.23)
x1

| — chiéu rong 6; xq, X, — toa do diém dau va diém cudi cua ving ma sat.

Ap suat trong 1p béi tron xac dinh theo cong thuc:

p= po. (2.24)
Tai trong phap tuyén (kha nang tai caa 16p dau) trong ving tiép xdc:

F, = XJZ p.ldx (2.25)

Hé s6 ma sét khi boi tron thity dong xac dinh theo cong thic:



= J.T(h)dx
f=_t X

B Xfpdx |

(2.26)

Hé s6 ma sat khi boi tron thuy dong khdng Ién va thuong vao khoang
0,005+0,05.

2.3. Tinh to4n & trugt d& boi tron thiy déng

Tinh toan 6 truot bodi tron thiy dong la tinh toan kiém nghiém. Dix liéu
ban dau can thiét cho tinh toan 1a cac dic tinh hinh hoc cua 6, tai trong tac dung
Ién 6, tan s6 quay cua O va cac dac tinh vé do nhét cta chat boi tron. Muc dich
cua viéc tinh toan 13 xac dinh chiéu day nho nhat caa lép boi tron, su mat mat

cong suat, lugng chat boi tron tiéu thu va nhiét do 16p boi tron.
2.3.1. Xac dinh chiéu day nhé nhat ciia lép bdi tron

Chiéu day nho nhat cua lép boi tron trong 6 trugt d& boi tron thiy dong
duoc tinh toan véi nhitng gia thiét sau:

- Cé4c bé mat ma sét khong bién dang;

- P6 nhét cua chét boi tron khong doi;

- Khéng c6 sy chay chat boi tron ra canh 6 tir viing ma sat.
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Hinh 2.2. Xac dinh chiéu day nhé nhit cia Iép bdi tron



Gia sur ngdng truc chiu tdc dung cua tai trong hudéng tdm F,. Khi chua
quay, ngdng truc tiép xdc truc tiép véi 16t 6. Vi duong kinh ngdng truc nho hon
duong kinh 16t 6 nén giita ngdng truc va 16t & ¢ khe hg hudng tam va tam
ngdng truc léch vai tam 16t 6 moét khoang e, goi 1a do léch tam tuyét dbi. Khi
quay, ngdng truc cudn dau vao khe h¢ giira ngdng truc va 16t 6, dau bi ép va c6
ap suat 16n. Khi truc quay vai van tée da 16n, ngdng truc duoc nang han 1én, tai
trong F, duoc can bang vai ap luc sinh ra trong 16p dau (hinh 2.2). O truot ltc
nay lam viéc véi ché do boi tron ma sat uét.

Piéu kién co ban dé hinh thanh va ton tai 16p boi tron, ngan cach cac bé
mat 1am viéc caa ngdng truc va I6t 6, ngoai tinh bam dinh cua chét boi tron vao
cac bé mat lam viéc, 1a 4p suat du trong 16p dau, ngan cach su tiép xdc cua cac
bé mat 1am viéc. Sy thay d6i 4p suat trong 16p boi tron duoc xac dinh theo
phuong trinh Raynolds.

L6t 6 duoc chon co duong kinh trong D I6n hon duong kinh ngoai d cua
ngdng truc. O trang thai khdng lam viéc, thm cua ngdng truc va 16t 6 léch nhau
mot khoang e nao d6, nhd vay ma giita cac bé mat cia ching tao thanh khe ho
hinh chém (hinh liém).

Khi truc quay, chat long boi tron bi cudn vao khe hé thu hep dan nho céc
luc nhét, do vay &p suat trong 16p boi tron tang 1én. Khi van téc vong cia ngéng
truc da 1on, trong 16p boi tron hinh thanh ap suat dé nang ngdng truc 1én khoi 16t
6, ngdng truc nhu noi trén 16p dau mong. Trong vi tri can bang dong luc hoc nhu
vy cua ngdng truc, tam cta nd ¢d vj tri 1éch véi vi tri ban dau.

Trén hinh 2.2 trinh bay vi tri caa ngdng truc trong 16t 6 trong ché d6 ma
sat w6t va sy phan bd &p suat theo tiét dién ngang cua ngdng truc. Vi tri cua
ngdng truc dugc dac trung boi 2 toa do: goc gitra phuong cua tai trong tac dung
lén 6 va duong thang di qua tAm ngdng truc va 16t 6 ¢, va do léch tam tuyét déi e.

Pé tinh toan ta dung cac ky hiéu sau day:

0 =D—d -3 ho duong kinh; A=R —r1a d6 ho ban kinh;

:_D(;d :g- d6 ho duong kinh twong ddi,



D — duong kinh 16t 6; d — duong kinh ngdng truc.

Khi 6 khéng lam viéc, do léch tam tuyét d6i e bang d6 ha ban kinh
A =R -r. Khi 6 1am viéc ¢ ché d6 ma sat uét, do léch tdm e nho hon do ho ban
kinh A. Ty s6 gitta d6 léch tam tuyét ddi e va do ho ban kinh A goi 1a do léch
tam twong doi:

e 2e
=——=—, 2.27
Y5127 5 (2.27)
Pham vi thay ddi cua y tir 0, khi tdm cua ngdng truc va 16t 6 tring nhau,
dén 1, khi ngdng truc tiép xuc véi 16t 6.

Chiéu day cua 16p dau tai tiét dién ang véi goc o:

h :g+ecow: g(1+ ¥ COS ). (2.28)
Chiéu day 16p dau tai tiét dién tng véi goc gm, €O P = Pmax:
h :g(1+ £C050,). (2.29)
Chiéu day nho nhat caa 16p dau nam trén duong ndi tm va bang:
o o d
h. =——-e=—0A-)=w—>0-7). 2.30
mn =% 2( x) =y 5 1-2) (2.30)

O vi tri 1éch tdm cua ngdng truc trong 16t 6, khe hd giam dan theo chiéu
quay cta truc tir tri s6 16n nhat hya dén tri s nhé nhat hyi, (day 13 doan that dan
cua khe ho), sau d6 ting dan trén doan khuyéch tan. Mang dau bi gian doan tai
mét vi tri @, khong xa diém bit dau cua doan khuyéch tan, theo chiéu quay cua
truc. C4c vi tri bién cua chém dau (vi tri gian doan cua 16p dau) @, va ¢, tinh tir
bién caa goc chat tai @, phu thudc rat nhiéu vao:

- Cac thdng sé két cau cua 6 (gia tri do ho twong d6i y, ty sb gitra chiéu
dai 16t 6 va ngdng truc 1/d);

- Két cdu cua 16t 6 (16t 6 tron, 16t 6 nira, 16t 6 120°);

- biéu kién str dung (dic tinh caa chat boi tron, vi tri bdi tron...)



Thong thuong, 6 truot duoc tinh toan vai gia thiét duoc st dung pho bién
trén thyc té va trong nhiéu tai liéu 1a chém dau choan mot nira cung tron: @, — ¢,
= 180°.

Hop luc cua cac ap luc do 16p dau tac dung 1én ngdng truc, xac dinh kha
ning tai cua 16p dau hay kha ning tai cua 6 F,. Ap suat cua 16p dau dugc duy tri
boi tac dung quay cua ngdng truc véi dd nhét nhat dinh caa dau.

Ap suét cao trong 16p dau dan dén hién tugng chay phuc tap cua chat long
trong 6. Mot phan chét long theo ngdng truc vao khe ha hep dan, dugc day
nguoc lai qua ctra vao, nguoc Vi chiéu quay cua truc. Phan Ién dong chay ra
khoi viing 1am viéc theo chiéu quay cua ngdng truc, phan con lai chay qua céc
dau mut caa o.

Déi véi 6 ¢ chiéu dai vo han, khdng c6 su chay dau qua cac mat mat cua
6 va van dé dugc don gian hoa. Luc dau ly thuyét boi tron thuy dong duoc
nghién ciru dé ap dung cho loai 6 nay, sau d6 phat trién cho cac loai 6 thuc té, co
chiéu dai hitu han. Sy chay dau qua c&c mat mat caa 6 1am giam ap suét trong
I6p dau lam viéc theo chiéu dai 6, tir gid tri 16n nhat ¢ gitra 6 va giam dan vé 2
phia dau 6. Do vay, kha ning tai caa 6 c6 chiéu dai hitu han nhoé hon kha ning
tai cua 6 cO chiéu dai vo han.

Ché d6 ma sat uét trong 6, dugc dic trung boi kha ning tai cua 16p boi
tron va momen ma Sat tir phia 16p boi tron tac dung 1én ngdng truc, phu thuoc
vao nhitng yéu t6 cong nghé va két cau, cac tinh chat cua chat long boi tron, van
tbc quay caa ngdng truc, nhiét do lam viéc cua 6 va vat liéu caa ngdng truc va
16t 6.

Trong cac tinh chat cua chét long boi tron thi 2 tinh chat quan trong nhat
1a d6 nhét va tinh niang boi tron. DO nhdt hoac ma sat trong cua chét long 1a kha
nang can truot cua l6p nay ddi véi 16p khac trong chat long. Trong diéu kién boi
tron ma sat uét, do nhot 1a nhan té quan trong nhat, quyét dinh kha ning tai cua
|6p dau. Tinh ning boi tron cua dau c6 ¥ nghia quyét dinh trong truong hop

khong thé thuc hién bdi tron ma sat uét. Tinh nang boi tron 1a kha ning dau co



thé tao thanh mang bdi tron ¢ suc can truot thap, hap phu vitng chac 1&n bé mat
ngdng truc va I6t 6.

Do hé duong kinh twong dbi w dic trung cho muc thu hep khéng gian
gitra ngdng truc va 16t 6. Khi giam d6 ho twong déi, trong nhirng diéu kién khac
nhu nhau, s& ting kha ning tai cua I6p boi tron va giam ma sat trong 6. Bong
thoi giam khe hd hyin trong 6. C4c tri s6 nho cia do ho twong ddi cd lién quan
t&i nhitng yéu cau cao vé lap rap va do cang cua ca gdi truc. Mit khac, khi ting
d6 ho twong d6i trong nhitng gidi han cho phép 1a nhan té o loi bai vi no lam
tang luu lwong dau chay qua 6 va tao kha niang thoat nhiét tot. Luu luong dau
chay qua 6 chi duoc xac dinh béi kha nang hut cua ngdng truc. Vi vay, luong du
thira chat long bodi tron trong 6 s& rira ngdng truc ¢ ngoai ving 1am viéc va chi
c6 tac dung 1am mat ma khong c6 tac dung boi tron. Trong cac 6 Sir dung trén
thuc té, do c6 do Iéch thm céc truc, d6 udn cua ngdng truc, 6 map md trén cac
bé mat ma sét va nhiing dic diém tuong tu khéc, chiéu day hyi, phai co tri s6 sao
cho, 16p dau khong bi pha v&. Chiéu day hmi, cang nhé thi cang giam do tin cay
cua o.

Puong kinh ngdng truc vai van tée goc cho trude, xac dinh van téc, ma
chat boi tron bi cuén vao khe ha hinh chém. Néu chua xét dén ché do nhiét
trong 6 thi khi ting van toc vong caa ngdng truc, kha ning tai cua 6 sé ting. Két
qua cling nhu vay néu ting d6 nhét cua chat boi tron. Van tc cua ngdng truc
khong thé xem xét doc 1ap voi do nhét cua chat boi tron trong ving 1am viéc.
Khi ting nhiét d6 thi d6 nhét va ma sat trong 6 giam. Khi ting van toc cd thé
kéo theo su téa nhiét 16n trong 6, néu khong thoat nhiét tét thi s& 1am giam kha
nang tai cua o.

Nhiing rénh dau phan b theo chu vi 16t 6 trong viing chiu tai va nhiing
ranh dau doc truc lam gian doan su chay binh thuong caa chat boi tron, ndi cac
ving c6 cudng do ap suat khac nhau.

Ly thuyét boi tron thiy dong dugc xay dung dua trén cac gia thiét do nhét

cua 16p boi tron khong d6i, ngdng truc va 16t 6 khong bién dang, cac duong tam



ctia ngdng truc va 16t 6 tuyét dbi song song va bé mit ngdng truc va I6t 6 cb
hinh dang tru 1y tuong.
Viét lai phuong trinh Raynolds trong hé toa d6 doc cuc, véi cac quan hé
dx=0,5d.dg; v=0,5wd;h =51+ ycose);
h,=0,d+ ycose,),
ta duoc

o (1+ ycose)—(1+ ycos
dp =6 2( X C0s9p) —( Z Pn) 4y =
y 1+ zcosg)

‘@ x(cosp—cosg,)
w®  (1+ ycosg)’
@ — Vvan toc goc cua ngdng truc.

Ap suat tai tiét dién ang vai goc ¢

(o) = [dp. @231)

?1
Kha nang tai cta 16p dau trong o, nghia 1a tai trong huéng tim F, ma lop
dau c6 thé chiu duoc, dugc xac dinh bang tich phan hinh chiéu cua ap suat p(p)
lén phuong cua tai trong ngoai (mién tich phan 1a mién c6 ap suat thay dong

choan cung tir ¢, dén @, va cé chiéu dai la chiéu dai 6):

Id 1]
Fo = [PO)cos80’ ~g g, )do -
Lo » (2.32)
=—Hdp[ cos(p -+ ,)Jdg =55 700

[ZX %

- =3 I I #lcosp- COS(pm)d(p[—COS((paw)]d(o,

hps 1+ COSp

— g6c chat tai (hinh 2.2); &g 12 ham s6 cua vi tri ngdng truc trong 6, goi
la hé sb kha nang tai cua 6. Hé s6 & 1a dai luong khdng tht nguyén, xac dinh

bang phuong phép tich phan do thi. Tur (2.32), ta co:

2 2
o - VPV (2.33)
dl po  uo



Pm — &p SUat trung binh cua dau, p,, = % N/m?; ;1 — d6 nhét dong luc cua

dau, Ns/m?.
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Hinh 2.3. Quan hé giira s6 Domerfel va d léch tim twong ddi cia 6

Vé tréi cua (2.33) 1a ham sé chi caa mot bién 1a do léch tim twong d6i y
(cac toa dd ¢, Va ¢, xac dinh tir cac diéu kién bién), nén co thé tinh duogc trudc
va lap thanh bang hoic d6 thi nhu hinh 2.3. V& phai cia (2.33) goi la sb

2
Domerfel S, =@, = Pt/

U@
Bang 2.1 cho céc gia tri cia @ , phu thudc vao chiéu dai twong dbi I/d va

d6 léch tam tuong dbi y cua o, co xét dén dic diém chiéu dai 6 c6 han (dau bi
chay ra ngoai) va trong trudng hop ¢, — ¢, = 180° (chém dau choan mot nua
cung tron).

Dé xac dinh hpin, can xac dinh hé s6 kha ning tai @, sau d6 dua theo &y,

tra bang dé tim do léch tam twong ddi y, roi tinh hyi, theo céng thic (2.30).



Bang 2.1. Hé s6 kha ning tai ®¢

I/d | x
03 |04 |05 |06 [065 |07 [075 |08 [085 |09 [0925 |0,95 |0,975]0,99
Heé s6 kha ning tii ®f

0,3 10,0522 0,0826 | 0,128 | 0,203 | 0,259 | 0,347 | 0,475 0,699 | 1,122 | 2,074 | 3,352 [5,730 [ 155 [50,52
0,4 10,0893 0,141 [0,216 0,399 | 0,431 | 0,573 [ 0,776 | 1,079 | 1,775 | 3,195 |5,055 [8,393 | 21,00 | 65,26
0,5]0,133 [0,209 |[0,317 0,493 0,622 | 0,819 | 1,098 | 1,572 | 2,428 | 4,261 | 6,615 | 10,706 | 25,62 | 75,86
0,610,182 [0,283 |[0,4270,6550,819 | 1,070 | 1,418 | 2,001 | 3,036 | 5,214 | 7,956 | 12,64 |29,17 | 83,21
0,7]0,234 [0,361 [0,538]0,816 1,014 | 1,312 (1,720 2,399 | 3,580 | 6,029 |9,072 [14,14 |31,88 88,90
0,810,287 [0,493 [0,647]0,927 | 1,199 | 1,538 | 1,965 | 2,754 | 4,053 | 6,721 | 9,992 [ 15,37 | 33,99 | 92,89
0,9]0,339 [0515 [0,754 1,118 | 1,371 | 1,745 [ 2,248 | 3,067 | 4,459 | 7,294 | 10,753 | 16,37 | 35,66 | 96,35
1,0/0,391 [0,589 |0,853]1,253 1,528 | 1,992 | 2,469 | 3,372 4,808 | 7,772 [ 11,38 | 17,18 | 37,00 | 98,95
1,110,440 [ 0,658 |0,947|1,377 | 1,669 | 2,097 | 2,664 | 3,580 | 5,016 | 8,186 | 11,91 |17,86 |38,12 101,15
1,210,478 [0,723 [1,033]1,489 1,796 | 2,247 | 2,838 | 3,787 [ 5,364 | 8,533 | 12,35 | 18,43 | 39,04 | 102,90
1,3]0529 [0,784 [1,111[1,590 1,912 2,379 2,990 | 3,968 | 5,586 | 8,831 [ 12,73 | 18,91 |39,81 | 104,42
1,5]0,610 [0,891 [1,248 1,763 2,099 | 2,600 | 3,242 | 4,266 | 5,947 | 9,304 | 13,34 | 19,68 | 41,07 | 106,84
2,010,763 |1,0901 |1,483]2,070 2,446 | 2,981 | 3,671]4,778 6,545 10,091 | 14,34 [20,97 | 43,11 110,79




2.3.2. Xac dinh cong suat mat mat do ma sat
Sy mat mat do ma sat va do toa nhiét duge xac dinh trong 6 d& thay dong
dugc xac dinh bai cac tng suat tiép khi truot trong 16p boi tron.

Ung suét tiép cua chat long nhét xac dinh theo cong thirc Niuton:

X

T=pu—=.
oy
Mt khéc: v, :i(y—h)@w(u} (xem cong thirc (2.7)), nén:
2u dx h
dp h Vv
S VALY S 2.34
T dx(y 2) 1y (2.34)
Trén bé mat truc thi y = 0, nén ta co:
dp h v
T(O) :_d_)F:E_i_/uﬁl (235)
Thay gia tri caa % (xem cdng thure (2.1)) vao (2.35), ta duoc:
v(i,h=h
T0) :—,uﬁ(3 ” i +1j. (2.36)
Luc ma sét trén dai tiép xdc phan td 1
d v(,h—h \d
dF, =‘z'(0)‘§d¢)| :yE(B . +1j§|d(p.
Mait khac:
v:%; h =g(1+ xcosp); h =g(1+ 2 Cosg.);0 =wd, nén:
dF, :,ua)ﬂ 3;((COS¢—COS¢m)+1 do |
v 2 1+ ycose 1+ ycose
Luc ma sét toan phan sé la:
F _3uo ‘T;((c03¢—005g20m)d +1‘]2 dp |_
2y |, (1+ycosp) 3,1+ xcose
_ pedl - (2.37)

W



o :§‘T;((003go—c05q)m)d +1T do
" 25 (1+ ycosp) 2,1+ ycosp
F =4y (2.38)
W

Pai lugng khéng thi nguyén &r goi 12 hé sé can quay cua lép dau ddi voi
ngdng truc. Pai lwgng @+ con goi la dac tinh khdng thir nguyén cua luc ma sat.
Gi4 tri cua dai luong nay chi c6 thé xac dinh chinh xac ddi véi 6 dai vo han,
nghia 13 dau khéng chay ra hai dau 6. Déi véi 6 ¢6 chiéu dai hitu han, gi tri @
xéac dinh bang tich phan gan dung cac phuong trinh vi phan thuy dong luc doi
véi dong ba chiéu cua chat long boi tron. Tuy theo mirc d6 chinh x&c cua
phuong phap gan dung, tuy theo cac gidi han bién cua I6p dau va tuy theo su
danh gia anh huong cua ving khong tai, nguoi ta thu duoc nhiing gia trj rat khac
nhau cua @&x.

Hé s6 ma sat xac dinh theo cong thuc:

F
AL P e (2.39)

T AT e

@ - hé s6 kha ning tai cia 6 (xem cong thuc (2.33).

Tir (2.39) ta c: =P (2.40)
v O

F
b} r * A A A 2 A 2 /( f ~ A A 2
Vi cac dai lugng @1 va & la ham ctaa y nén ty so — ciing la ham cua y.
7

Quan hé nay trinh bay trén hinh 2.4, dung dé tra hé sé ma sat f khi biét trugc ¥.

£
12 /'dL'=O’4
W Y o6
< 0.8
8 N 4 1,0
6 [~ // 1,2
s~ 7 15
4 \\\/ // l\
P g
5 \\Qﬁﬂ ~
f——] === ———]
0 ] i z
04 05 0,6 0,7 0,8 0.9

Hinh 2.4. Quan hé giira hé s6 ma sat twong déi va dé léch tAm twong ddi cia 6



Cong suat mat méat do ma sat trong viing chiu tai sé 1a:

P, = fFv. (2.41)

Cong suat mat mét toan phan cua 6 s& Ién hon coéng suat mat mat do ma
s&t trong ving chiu tai mot chat vi ¢6 thém cong suat mat mat do ma séat & ving
khong chiu tai.

Néu trong (2.37) coi y = 0 thi ta c6 biéu thirc don gian dé xac dinh F:

P2

F =4l T, (242)
2 '// (%]
Péi vai 6 c6 ngdng truc duoc 6m toan phan ¢, = 0, @, = 2, thi
F, = FHdd (2.43)
W

Tir day ta thu dugc cong thic Petrov dé xac dinh hé s6 ma sat:

f =2 (2.44)
P

Cong thic Petrov ding tinh gan dang hé sé ma séat khi y ~ 0, ngdng truc
dugc 6m toan phan va | >>d.

2.3.3. Xac dinh lwgng chat béi tron tiéu thu

0,12 ] -, _.=1i-=-.<
0,11 -0 4

0,10 |_ el 0,6‘,—.%,_?
0,09 =05

0,08 e R .
0,07 7 A A 10 N
006 2¥ A 4 L2

005 A——L—1 LS

o,03 =

03 04 05 06 07 08 X
Hinh 2.5. Quan hé giira hé sé tiéu thu chat bdi tron va dd léch tim twong ddi cia 6
Vi dong dau lién tuc, nén luong dau qua khe hg bat ky h bang lugng dau

chay qua khe h¢ hy, (tai hy, cé 3—5 =0):

~Yidy = ng' | (2.45)

h hy, h
Q= [v(hy)dy =[v=r
0 0

m



Thay cac gia tri: v:d7w; h, =g(1+;(c03(pm);5:;ud vao (4.154), ta
duoc:

Q:“Z%ij = quold?, (2.46)

q - hé s6 tiéu thu chét boi tron, phu thudc vao y, xac dinh theo d thi hinh
2.5.

2.3.4. Xac dinh nhiét d¢ cua lop boi tron

Trong qua trinh 1am viéc, do ma sat nén 6 bi ndng lén. Néu nhiét do qué
cao, 46 nhét cua dau sé bi giam nhiéu, anh huong 16n dén kha nang tai cua o.
Muc dich cua tinh toan nhiét 1a xac dinh nhiét d6 caa I6p boi tron khi lam viéc,
qua d6 c6 thé kiém tra dugc tri s6 do nhét ctia dau xem chon di thich hop chua.
Mt khéc, néu nhiét d6 sinh ra qué nhiéu phai tim bién phéap 1am mat 6.

Tinh toan nhiét dya trén nguyén Iy can bang gitra nhiét sinh ra va nhiét
thoat di:

Q=0 +Q,, (2.47)

Q — nhiét lugng sinh ra trong mot don vi thoi gian;

Q1 va Q, - nhiét lugng thodt theo dau va nhiét lugng thoat qua than 6 va
truc ra moéi truong Xung quanh trong mot don vi thoi gian.

Nhiét luong sinh ra trong 6 (kW) trong mot giay

Q = F.vf /1000, (2.48)

F, — luc tac dung Ién 6, N; v — van toc vong caa ngdng truc m/s; f — hé sb
ma sat, tra theo ty s6 f/w qua d thi trén hinh 2.3.

Nhiét luong (KW) thoét ra theo dau chay qua 6 trong mot gidy

Q, =C)QAt, (2.49)

C — nhiét dung riéng cua dau, C = 1,7 = 2,1 kJ/(kg°C);

y — khéi luong riéng cua dau, y ~ 850 + 900 kg/m?;

At — hiéu nhiét d6 dau ra va dau vao At = ty, - tuo;



Q — luu lugng dau chay qua 6, m®/s, tra theo do thi trén hinh 2.4 (theo tri
s6 do léch tam tuong ddi va ty sb I/d im duoc dai luong q = O/(wwld?), tir d6
tinh duoc Q, lwu ¥ 1a | va d tinh bang m).

Nhiét lwogng thoat qua than 6 va truc trong mot gidy:

Q, =k dIAt + k, AAt, (2.50)

ki — hé sb toa nhiét qua than 6 va truc, KW/(m2.°C), k, = 0,04 + 0,08;

d va | — duong kinh va chiéu dai 6, m; A — dién tich thoat nhiét qua than 6,
c6 thé lay gan dung A ~ 25d°.

Thay cac gia tri Q, @, va Q, vao phuong trinh can bang nhiét (2.47), ta
duoc:

At=t, —t, = Rt (2.51)
1000(C)Q + k.2l +k A)

Khi chon d6 nhét 4 cua dau phai gia thiét trude nhiét ¢o 1am viéc t cua 0.
Nhiét d6 t la nhiét @6 trung binh

gt tla g AL (2.52)
2 2

Nhiét ¢6 dau ¢ cira ra

t. =t +At<[t] (2.53)

[t] — nhiét do téi han cua dau.

Thong thudng ty = 35 + 45 °C va t,, = 80 + 100 °C tly theo loai dau.

Néu nhiét d6 trung binh caa dau tinh theo cong thuc (2.52) chénh léch
nhiéu so vai nhiét do t chon trudc, can phai gia thiét lai tri sé t, xac dinh lai x va
tinh lai.

2.3.5. Phwong phap tinh toan 6 trwot d& thiy dong

2.3.5.1. Cac dang héng va chi tiéu tinh toan

Trong 6 truot cO thé xay ra cac dang hong sau day:

Mon: ngdng truc va 16t 6 bi mon khi trong 6 khong hinh thanh dugc 16p
dau boi tron, ngan cach cac bé mat 1am viéc. Bi véi cac 6 dugce tinh toan dam

bao boi tron ma sat udt, mon ciling xay ra khi dong mé may, vi ldc nay van toc



chua du 16n dé tao thanh 16p boi tron thuy dong. Néu trong dau c6 1an nhiéu bui
mai, 16t 6 va ngdng truc cang bi mon nhanh.

Dinh: Hién tuong dinh xay ra thuong do &p suat va nhiét d6 cuc b trong
dau qué 16n, 16p dau bdi tron khong hinh thanh duoc, khién ngdng truc va 16t 6
tiép xuc truc tiép voi nhau.

MGi ré: 16p bé mat 16t 6 khi chiu tai trong mach dong 16n c6 thé hong vi
mai rd, vi du, 16t 6 trong cac co cu pittdng, cAc may chiu va dap va rung dong...

Ngoai ra, d6i véi cac 6 cd khe ha nho, bién dang nhiét co thé gay ra ket
ngdng truc va lam hong 6.

Dé tranh cac dang hong trén, tot nhat 1a cho 6 trugt 1am viéc véi ché do
bdi tron ma sat udt. Vi vdy tinh todn boi tron ma sat w6t 1a tinh todn co ban doi
Véi 6 truot.

Tuy nhién, khong phai bao gio ciling co6 thé tao dugc diéu kién dé 6 truot
lam viéc voi ché d6 ma sat wét, ma nhiéu khi 6 truot phai 1am viéc véi ché do
bdi tron ma sat nira w6t hodc nira khd (ngay ca ddi véi 6 trugt duoc bdi tron ma
sat u6t, khi mé may hoic ding may van tam thoi bi ma st nira uét). Do do
trong thuc té con ding phuong phap tinh qui udc 6 truot theo &p suat qui uéc [p]
cho phép va tich sé gitra 4p suat va van téc [pv] cho phép 6 truot ¢ thé lam viéc
khi bi ma sat nira w6t hoac nira kho.

Khi thiét ké 6 truot, thuong theo két cAu hodc theo kinh nghiém, chon
trude duong kinh d va chiéu dai 6, vat liéu 16t 6, loai dau boi tron, khe hé trong
6 va kiéu lap, dd nham bé mat ngdng truc va 16t 6. Sau dé tién hanh tinh toan
kiém nghiém 6 theo phuong phap qui udc va theo diéu kién dam bao bbi tron
ma sat udt.

2.3.5.2. Tinh toan qui wéc & truwgt do ma sat nira wét

Tinh toan thuong 12 tinh toan kiém nghiém, vi duong kinh ngéng truc d
va chiéu dai 6 | dugc xéac dinh theo két cau, tuy theo duong kinh truc va ty sé toi

vu I/d cua loai 6 dang xét.



1) Tinh theo ap suat cho phép

Tinh toan theo &p suat cho phép thuong duoc thuc hién ddi véi cac 6 quay
cham, boi tron gian doan (ma st nira wot), nhim dam bao d6 bén cua 16t 6.

Khi ngdng truc va 16t 6 truc tiép x{c truc tiép vai nhau, tri s6 ap suat gita
cac bé mit tiép xuc dugc giai theo bai toan dan hdi vé& nén cua hai hinh tru tiép
xuc trong, c6 ban kinh gan bing nhau. Bé don gian, thudng qui wdc ap suét
trung binh tinh theo cong thtc:
_F

dl’

F, — tai trong huéng tam, N; d va | — duong kinh va chiéu dai 6, mm.

P, (2.54)

Ap suat sinh ra trong 6 khong dugc vuot qué tri so cho phép

Fr
P = dl <[p] (2.55)

Tri s6 ap suat cho phép ddi voi mot sé loai vat lidu duoc cho trong bang
2.2. Vi duong kinh ngdng truc, ciing 1a duong kinh 6, da biét trudc khi thiét ké
truc, nén cdng thic (2.55) thuong dung dé kiém nghiém. Tuy nhién, néu dinh

trudc ty s6 I/d = A, do d6 | = Ad, ¢6 thé tim duoc duong kinh

Fr
d> /m,mm. (2.56)

2) Tinh theo tich so giira ap suat va van téc trugt

Tinh toan theo tich sé gitta 4p suat va van toc truot thudng duoc tién hanh
khi van téc trung binh & ché d6 boi tron gii han, nham dam bao do bén cua lép
mang bam dinh va tinh ning bdi tron cua dau. Nhiing tinh chat nay vé co ban
phu thudc vao nhiét do ving lam viéc cua 6, duoc thiét lap twong tng Vai su
sinh nhiét va thoat nhiét. Tich sé gitra &p suat va van toc truot mot phan nao dic
trung cho sy sinh nhiét trong 6 (néu coi hé s6 ma sat khong ddi) va mai mon.

Piéu kién kiém nghiém

P,V < [pv] (2.57)

v —van tdc truot, chinh 1a van téc vong cua ngdng truc trong 6.



Thay p,, =ivév:—, ta co
Id 60.1000
Fn N m
r__<|pv —, 2.58
19100l [p ] mm? s (2.58)

n —tan sé quay cua ngdng truc.
2.3.5.3. Tinh toan 6 truet dé ma sat wét

O truot 1am viéc & ché do bdi tron ma sat w6t khi chiéu day ngin cach
ngdng truc va 16t 6 Ion hon tong dd cao trung binh cta cdc map md bé mat
ngdng truc va 16t 6. Do d6, dé dam bao 6 1am viéc & ché d6 boi tron ma sat wdt,
phai tinh toan sao cho chiéu day nho nhat cua 16p dau trong 6 hpi, thoa méan diéu
Kién

h., 2k(R,,+R,,), (2.59)

k — hé s6 an toan xét dén anh huong caa ché tao va lap ghép khdng chinh
xéc, bién dang dan hoi cua truc... thuong lay k ~ 2;

Rx VA R,, — dd cao trung binh caa cac map mé bé mat ngdng truc va 16t 6.

Véi tri sb tai trong F,, duong kinh d va tan sé quay n cua truc da biét
truedc, sau khi chon chiéu dai 1, do ho twong ddi y cua 6, do nhét 4 cua dau boi
tron va d6 nhan bé mit ngdng truc va 16t 6, can tinh hyin,, sau d6 kiém nghiém

diéu kién (2.59).
2
Pé xac dinh hmn, truéc hét phai tinh hé sé kha nang tai @, = Pn¥’
U®

(cdng thirc (2.33)), sau d6 theo bang 2.1 tra hé sb . Tur tri s6 cua do léch tam

tuong dbi y ta tim dugc hyi, theo cong thie (2.30).



Bang 2.2. Tri sé ap suit cho phép [p] va [pv] cia mét sb loai vat liéu 16t &

At lian 16 & v (mfs) [pvl,
Vit ligu 16t 0 < [p], MPa MPa
, 0,5 4 -
Gang xam CY36 1.0 5 .
Gang giam ma sat ARY-1 > 05 25
g g ABU2 |1 12 12
Dong thanh thiéc ]15p0¢>10- 10 15 15
bong thanh nhdm sit  BpAX9-4 | 4 15 12
Pang thau ;IKCSO'& 2 12 10
. b16 12 15 10
Babit 56 5 c 5
’ grafit 9 4 i
Gom kim loai dong ,

’ grafitsat |2 55 -
Chatﬁdeo poliamit - AK-7 4 15 15
capron
Go’ep (boi tron bang 1 10 i
nudC)

Cao su (bdi tron bang

. - 2..6 -

nuoC)

Bang 2.3. P9 nhét dong luc cia mot so loai dau

N Do nhét dong lue p (cP) & nhiét do °C
‘ Khoi lugng
TT Loai dau | riéng y cua dau

§20°C, g/em®

30 40 | 50 | 60 | 70 | 80 | 90

1 Dau 0,87 8,2 58 | 45 | 35 | 28 - -
vEloxit

2 Dau cong 0,80 25 | 165|118 | 85 | 63 | 48 | -
nghiép 12

3 Dau cong 0,80 41 26 17 13 | 92 | 69 |51
nghiép 20

4 Dau cong 0,89 75 40 | 26 | 185 | 13 | 94 | 71
nghiép 30

5 Dau cong 0,89 118 70 | 40 | 23 | 19 | 135 | 9,3
nghiép 45

Do ho twong ddi y c6 anh huong 16n dén tri s6 &p suat ma 6 cd thé chiu
duogc, nghia 1a anh huong I6n dén kha nang tai caa 6. w cang nho thi p cang 16n,

nhung doi hoi do chinh xé&c ché tao va lap ghép cao, truc phai cang.



C6 thé lay w theo cc trj s6 sau:

khi d <100 mm, y = 0,003 + 0,001,

khi d = 100 + 500 mm, w = 0,002 + 0,001;

khi d =500 + 1000 mm, y = 0,0015 + 0,0003;

hoac tinh theo cong thirc kinh nghiém:

w =08.10"°v"%, (2.60)

v — van tdc vong cia ngdng truc, m/s.
2.3.5.4. Trinh ty tinh toan 6 truwot d& thity dong

1) Trinh tw tinh toan

Khi tinh toan 6 truot, thuong cho trudc tai trong F, tac dung 1én 6, tan s6
quay n va duong kinh d cua ngdng truc, nhiét d6 dau ¢ cira vao (nhiét 6 moi
trudng xung quanh). Can xac dinh chiéu dai | cua 6, do ha tuyét ddi J, loai dau
bdi tron (@6 nhot) va kiém tra vé nhiét (cling c6 khi cho trude | va loai dau boi
tron).

Trinh tu tinh to&n 6 truot ma sat w6t thuy dong nhu sau:

a) Kiém nghiém diéu Kién béi tron ma sdt wot:

- Pinh ty s I/d, thuong lay I/d = 0,6 + 1. Tinh chiéu dai | cua 6 va kiém
tra &p suat qui udc (céng thic 2.55);

- Tinh d6 hé tuong dbi so bd sy, tinh d6 ho tuyét ddi so bd dg = wepd.
Dua theo dy, theo bang 2.4, chon kiéu lap c6 do hé trung binh & gan Vi 4, nhat.
Déi véi cac truc c6 duong kinh d < 250 mm, nén chon theo cac kiéu lap long
tiéu chuan nhu:

H7 H7 H8 H8 H8 H8 H8 H8 H9

e8 f7 e8 f7' f8' d9' €9’ f9' d9 "
- Tinh chinh xac lai d6 ho duong kinh twong ddi y = dd. Cac thong so
nham cua cac bé mit (dwoc tién tinh hoic mai) c6 thé lay R, = 3,2 + 6,3 um; R,

=1,6 = 3,2 um hoic R, = 0,8 + 1,6 um, tiy theo cap d6 nham;



- Chon loai dau béi tron, nhiét d6 1am viéc trung binh t va 6 nhdt dong
luc i cua dau. Po nhot u o thé tra bang 2.3, tly theo loai dau va nhiét do 1am
Viéc;

- Tinh hé sb kha ning tai @ theo cong thirc (2.33), sau d6 theo bang 2.1
xéac dinh do léch tam twong ddi y. Tir d6 tinh toan d6 day nhé nhat caa lép dau
boi tron hy,in theo cong thic (2.30);

- Kiém nghiém hp, theo cdng thuc (2.59);

b) Xdc dinh cdng sudt mat mat do ma sét theo cong thc

¢) Xdc dinh lwong dau tiéu thu theo cong thic

d) Tinh toan é vé nhiét.

Béing 2.4. Tri s6 d§ hé trung binh ciia cac lip ghép thwong ding
cho ngdng truc va 16t 6 pm

T Khoang kich thugc | H7 | H7 | H8 | H8 | H8 | HS H8 H8 | H9
danh nghia e8 | f7 | e8 | f7 | f8 | d9 9 9 | a9

1 1+3 26 | 16 | 28 | 18 | 20 | 395 | 335 | 255 | 45

2 3+6 35 |22 13| 25 | 28| 54 44 34 | 60

3 6+ 10 435 | 28 | 47 | 315 | 35 | 69 54 42 | 76

4 10 + 18 545 | 34 | 59 | 385 | 43 | 85 67 51 | 93

5 18+ 30 67 | 41 | 73 | 47 | 53 |1075]| 825 | 62,5 | 117

6 30 +40 82 | 50 |8 | 57 | 64 |130,5]|1005| 755 | 142

7 40 + 50 82 | 50 | 89 | 57 | 64 |130,5]|1005| 755 | 142

8 50 + 65 98 | 60 |106| 68 | 76 | 160 | 120 | 90 |174

9 65+ 80 98 | 60 |106| 68 | 76 | 160 | 120 | 90 |174

10 80 + 100 116,5| 71 | 126 | 80,5 | 90 | 190,5 | 142,5 | 106,5 | 207
11 100 + 120 116,5| 71 | 126 | 80,5 | 90 | 190,5 | 142,5 | 106,5 | 207
12 120 + 140 136,5 | 83 | 148 | 94,5 | 106 | 226,5 | 166,5 | 124,5 | 245
13 140 + 160 136,5 | 83 | 148 | 94,5 | 106 | 226,5 | 166,5 | 124,5 | 245
14 160 + 180 136,5 | 83 | 148 | 94,5 | 106 | 226,5 | 166,5 | 124,5 | 245
15 180 + 200 159 | 96 | 172 | 109 |122|263,5| 1935|1435 | 285
16 200 + 225 159 | 96 | 172 | 109 | 122 |263,5| 1935|1435 | 285
17 225 + 250 159 | 96 | 172 | 109 | 122 |263,5| 1935|1435 | 285
18 250 + 280 176,5 | 108 | 191 | 122,5 | 137 | 295,5 | 215,5 | 161,5 | 320
19 280 + 315 176,5 | 108 | 191 | 122,5 | 137 | 295,5 | 215,5 | 161,5 | 320
20 315+ 355 198 | 119|214 | 135 | 151 |324,5|239,5|176,5 | 350
21 355 + 400 198 | 119|214 | 135 | 151 |324,5)|239,5|176,5 | 350
22 400 + 450 244 | 131|261 | 148 |165| 356 | 215 | 194 | 385
23 450 + 500 244 | 131|261 | 148 |165| 356 | 215 | 194 |385




Chuong 3
XAY DUNG CHUONG TRINH TiNH TOAN
O TRUOQT PO THUY PONG

3.1. Gigi thiéu vé ngbn ngir 1ap trinh Delhi

Delphi & ngdn ngit lap trinh hudng dbi twong (Object-Oriented
Programming) bac cao, c¢6 trinh bién dich hoan hao, hd trg manh céc kiéu dir
lieu c6 cau tric, dya trén nén tang 1a ngdn ngir 1ap trinh Borland Pascal. Ngay
nay, Delphi duoc phét trién thanh méi trudng tng dung tic thoi RAD (Rapid
Application Development). Tir nhitng c¢éng cu cia RAD c6 thé lap trinh (ng
dung vé co so dir lieu (Database), lap trinh mang va Internet
(Networking/Internet), 1ap trinh Multimedia (Animation, sound), lap trinh d6
hoa (Graphic), 1ap trinh trd choi (Game)... trén nén Windows. [2, 3].

Véi cau tric logic, chit ché, Delphi rat phi hop st dung dé xay dung céc
chuong trinh tinh toan, giai quyét cac van dé k¥ thuat.

Pé xay dung chuong trinh tinh toan trong Delphi, chi can chon cac doi
twong phu hop voi muc dich tinh toan, dat chdng 1&n biéu mau (Form) va viét
maé 1&énh cho chdng. Sau khi chay chuong trinh, nguoi sir dung twong tac véi cac

d6i tuwong da duoc lap trinh dé thuc hién viéc tinh toéan.
3.2. Xay dwng Chwong trinh

Chuong trinh Tinh toan 6 trwot @& thily déng duoc xay dung theo trinh
ty tinh todn da trinh bay trong chuong 2. Luu d6 thuat giai caa Chuong trinh
duoc trinh bay trén hinh 3.1.

Cac so lidu tinh toan khdng nhap maot lGc ngay tir dau ma dugc nhap theo
trinh tu tinh todn, nhu vay ngudi st dung c6 thé theo dai va hiéu duoc qua trinh
tinh toan. Piéu nay dic biét quan trong khi st dung chuong trinh trong cong tac
giang day va hoc tap.
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Hinh 3.1. Lwu d6 thuat giai ciia Chwong trinh

Néu céc diéu kién kiém nghiém qui udc vé &p suat p va tich s pv khdng
thoa méan thi c6 thé chon lai vat liéu 16t 6, do dé ting duoc cac tri s6 cho phép
[p] va [pv] hoac chon lai (ting) ty sb 1/d, do d6 giam duoc tri s6 p va pv.

Néu diéu kién vé chiéu day nho nhat cia mang dau khéng thoa man thi c6
thé chon lai két cau 6 (ty s 1/d), cac théng sé dong hoc cua 6 (tan sé quay) va
cac thong sb cua dau (do nhét).

Néu céc diéu kién kiém nghiém vé nhiét khéng théa méan thi can chon lai
nhiét d6 so bd tg, nhiét do dau vao cua dau va tinh toan kiém nghiém lai.

Chuong trinh Tinh toan 6 trugt d& boi tron thuy dong gébm hai biéu mau
(Form) twong g vai hai don vi (Unit) caa du an (Project).

Giao dién cua chuong trinh dugc trinh bay trén hinh 3.2 va 3.3. Trén hinh

3.2 la giao dién cua Form1 va trén hinh 3.3 la giao dién cua Form2.
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Chon dir liéu ban ddu

Nhap Fr [2pp00  Nh&p n fgqp
Nhépd (120

|lid = 0.8;

-]

|E)dng thanh nhém 4t 94 ve<= 4 m:j

]

|Nhiet do lam viec cia diu la 50 do cj

|D&u céng nahigp 30

Cac Iua chon

" Sang Form2 |

Tinh todn chiéu day nhé nhat cua IGp bdi tron
" Tinh |‘P5b " Chon l&p ghép| & Kigm nghiém theo p| " Kim nghiém theo tich pv|
" Tinh |*i>|= " Tra bang tim|;¢ Nhap Rz1(3.2 Nhap Rz2 6.3

Nnap [shI2 o Tinh h_min va kiém nghigm Sh|

S6 véng quay cia § n = 900, va/ph; ~
Buing kinh ngdng truc d = 120, mm;

Ty s gita chigu dai va dudng kinh ngdng truc: 0.8;

Chigu dai ngéng truc | = 96, mm;

W&t ligu cda 16t § 1&: Béng thanh nhém a4t 9-4

ap sust cho phép cia 16t § 1&: 15, MPa:;

tri 58 cho phép cida tich sd pv: 20, MPa.mis;

Loai diu dugc chon l&: D&u céng nghiép 30;

Khdi lugng riégng Gama: 0.89,0/cm_3;

Nhigt @0 lam viéc sd bd clia ddu duoc chon 1a: 50, d6 C;

B6 nhat dong Iuc cla diu 13 Muy = 26, cP;

B hd tudng ddi sd bd 0.001234;

B8 hd =0 b 38 chon 1Ep ahép 1a: 148.08, micromet;

Lé&p ahép dudc chon 1a: HB/ed;

B6 hd trung binh ciia IAp ghép (dd hd duwing kinh) Delta = 142.5, micromet;
B0 hd tudng ddi chinh xac 13 Pxi= 0.001183;

ap sust p = 1.736, MPa;

Thaa man diéu kign p;

Tich =6 pv = 9.817, MPa.m/s;

Thaa man digu Kign pv;

Hé sd kha na&ng tai Phi= 0.9138;

B0 1&ch tam tuong ddi tra bang dugc 13 Khi = 0.583;

Chigu day nhd nhat cda I6p dau 12 h_min = 29.711, micromet;
Chigu cao m&p mé bé mat ngdng truc Rz1 = 3.2, micromet;
Chigu cao m&p mo b& mat 16t § Rz2 = 6.3, micromet;

Tac gia: PG3. T3, Bdo Ngoc Bién j_-L Exit

Trreng Bai hoe Hang héi Vit Nam

H& =6 an todn cho phép v& chigu day nhd nh&t cla 16p ddu 13 Sh_ChoPhep = 2;

Hinh 3.2. Giao dién Forml ciia Chwong trinh

Forml gom ba nhom cac ddi twong (GroupBox): Lua chon cac dir liéu
ban dau; Tinh toan chiéu day nho nhat caa 16p boi tron va Céac lua chon (diéu
khién).

Trong nhém Lwa chen cac di liéu ban dau, can nhap tai trong hudng
tam tac dung 1én 6 F,, tan sb quay cua 6 n, duong kinh d cua ngdng truc, chon
chiéu dai twong d6i cua 6 1/d, chon vat liéu 16t 6, chon loai dau bdi tron 6 va cudi
cung 1a nhiét d6 1am viéc so bo cta 6. Céac dir liéu nay duoc dua vao chuong
trinh nho cac O van ban (EditBox) va nhd cac danh sach x6 (ComboBox). Cac
dir liéu ban dau nay dung dé tinh toan chiéu day nho nhat caa 16p boi tron, tinh
cOng suat mat mat do ma sat va tinh lwong dau tiéu thy trong 6. Cac noi dung
tinh toan nay duoc phan b trén ca hai Form cua chwong trinh.

Trong nhém Tinh todn chiéu day nhé nhdt cia lép béi trom, can tinh hé
s6 d6 ho hudng kinh twong dbi e, tir d6 tinh do ho tuyét ddi & dé chon lap
ghép. Dua theo & va duong kinh danh nghia d, chon lip ghép sao cho c6 do ho
trung binh 8y, gan nhat véi 8. Tir 8y, két hop vai d6 nhét dong luc p (chon theo
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nhiét do 1am viéc cua dau) va van toc goc cua ngdng truc, tinh duoc hé sb kha
nang tai ®r. Dua theo @ va ty s6 I/d, tra bang tim dugc do léch tim twong d6i y,
tir 6 tinh dwoc chiéu day nho nhat caa 16p dau hy, va cudi cting kiém nghiém
hé s6 an toan vé chiéu day nho nhat cua I6p dau. Bong thoi, trong nhém ddi
tugng nay ciing thuc hién viéc tinh toan kiém nghiém 6 theo ap suat qui uéc p
va tich gitta 4p suat vai van téc truot pv. Tat ca cac noi dung tinh toan trong
nhom d6i twong nay déu duoc thyc hién bang cac O vin ban (EditBox) va cac
nGt nhan (Button). Trong nhiing noi dung trén day, viéc tra bang va noi suy dé
tim d6 ho twong ddi y dwoc thuc hién ty dong gilp cho viéc tinh toan trg nén
nhanh chong chinh xac, tranh dugc nhitng nham 13n sai s6t do viéc tra bang thu
cong mang lai.

Trong nhém Céc lwa chen, ngudi dung co6 thé ghi lai két qua tinh toan,
chuyén sang Fom2 hoic thoat khoi chuong trinh. Cac noi dung nay c6 thé thuc
hién bang cac d6i twong nat nhan (Button).

Form2 ciing gdm ba nhom cac d6i twong: Tinh toan cong sudt mét mat
va lwong dau tiéu the, Tinh nhiér dé dau va nhom CAc lwa chen.

Dé tinh toan cong suit mat mat do ma sat, trudc tién can dya theo do
léch tam tuong dbi y, tra d6 thi tim ty s6 fAy, tir d6 tinh duoc hé sb ma sat f va
cong suat mat mat do ma sat. Bé tinh lwong dau tiéu thu trong mot gidy Q, can
dua theo dua theo do léch tim tuong ddi y, tra do thi tim hé sé mat mat g, tur
d6 tinh luong dau Q. Céc noi dung tinh toan nay duoc thuc hién nho cac O
vin ban (EditBox) va cac NGt nhan (Button).

Pé tinh toan nhiét @6 lam viéc va nhiét do dau ra cua dau, can tinh do
chénh léch nhiét do At, két hop véi nhiét do dau vao cua dau. Nhiét do 1am
viéc t cua dau duoc kiém tra bang cach so sanh véi nhiét do ty, chon ban dau.
Néu chénh léch 16n (trén 10°C) thi can chon lai tg, va tinh toén lai vi khi nhiét
d6 chénh nhiéu thi tri s do nhdt khong con nhu ban dau nira. Nhiét do dau ra
duoc so sanh véi nhiét dd dau ra cho phép cua dau. Néu khong thoa man, can

diéu chinh nhiét do dau vao cua dau.
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Cong sust mat mat do ma sat 1&a P = 0.328, kKW;

MNhap G |2 Nhap kt [0.06 H& =6 tiéu thu déu 1a g = 0.075;

Lugng dau tigu thu trong 1 gidy 13 Q = 1.1609E-005, m_3/s;

Mh&pt_vao |40 Chénh léch nhiét dd Delta_t = 7.3814, 6 C;
ap 1
Nhigt do lam vigéc cla dau t = 43.691, 6 C;
 Tinh ‘At o Tinht ‘ Thoda man diéu kigén vé nhigt do 1am vieéc coa dau;

Nhigt o d5u ra ciia dau t_ma = 47.381, do C;
Thoa man diéu kién vé nhiét d6 ddu ra cda dau;
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' Vé Form1| [ o Ghiketgua |

Téc g PGS TS DioNgooBien =
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Hinh 3.3. Giao dién Form2 cia Chwong trinh

Nhém dbi twong Cac lua chon, cho phép ghi lai két qua tinh toan, quay vé
Form1 hoac thoat khoi chuong trinh.

Chuong trinh (trén ca hai Form) duoc thuc hién lan luot tir trén xuéng
dudi, tir trai qua phai. Sau mdi lan twong tac voi cac déi tuong, két qua tinh toan
tuong tmg duoc hién thi trong ving vin ban (Memo) trén mdi Form. Két qua
nay ciing duoc ghi lai tu dong dudi dang file van ban, sau khi nhan nat Ghi két
qua.

3.3. Vi du sir dung Chwong trinh

Vi du. Tinh toan 6 trugt d& bdi tron thity dong véi cac sb lieu sau: Tai
trong hudng tam tac dung 1én 6 F, = 20000 N; Puong kinh ngéng truc d = 120
mm, ty sb gitta chiéu dai 6 va ngdng truc 2 = I/d = 0,8; Tan s quay cua ngdng
truc n = 900 vg/ph; Vit liéu 16t 6 1a dong thanh nhém sat BpAYK9-4; Chat boi
tron 1a dau céng nghiép 30, c6 nhiét d6 1am viéc 1a 50 °C; Coi chém dau choén

nira cung tron; Ngdng truc va I6t 6 dugc gia cong véi cac thdng sb nham bé mat



la R,y = 3,2 um va R, = 6,3 um. Hé sb an toan cho phép vé chiéu day nho nhat
cua 16p dau 1a [S,] = 2. Nhiét dung riéng caa dau bdi tron C = 2 kJ/(kg’C); hé
s6 toa nhiét qua than 6 va truc k, = 0,06 kW(mZ2.°C).

3.3.1. Tinh toan bang Chwong trinh

Str dung Chuong trinh da xay dung dé tinh, két qua do Chuong trinh ghi
lai nhu sau:

1) Tinh chiéu day nhé nhat cia lép béi tron

- Céc thong sé ban dau duogc chon 1a:

+ Luc hudng tam tac dung 1én 6: F, = 20000, N;

+ Tan s6 quay cua truc: n = 900, vg/ph;

+ Puong kinh ngdng truc: d = 120, mm;

+ Ty sd gitta chiéu dai va duong kinh ngéng truc:l/d = 0.8;

+ Chiéu dai ngéng truc: | = 96, mm;

- Van téc vong caa ngdng truc: v = 5.655, m/s;

- Vit liéu cua 16t 6: Bong thanh nhdm sét 9-4;

- Ap suat cho phép cua 16t 6: [p] = 15, MPa;

- Tri s6 cho phép cua tich sé pv: [pv] = 20, MPa.m/s;

- Loai dau duoc chon la: Dau céng nghiép 30;

- Khéi lwong riéng cua dau 1a y = 0.89,g/cm®;

- Nhiét do l1am viéc so bd cua dau la:ty, = 50, °C;

- D6 nhét dong luc caa dau: p = 26, cP;

- Do ho hudng kinh twong ddi so bo: yg = 0.001234;

- B ho hudng kinh so bo dé chon lap ghép 1a: § = 148.08, pm;

- Lap ghép duoc chon la: H8/e9;

- Bo ho trung binh cua lap ghép: &y = 142.5, pm;

- D6 ho hudng kinh tinh chinh xac lai 1a: yw = 0.001188;

- Ap suat 1am viéc: p = 1.736, Mpa. Thoa mén diéu kién vé ap suat cho

pheép;



- Tri s caa tich pv: pv = 9.817, MPa.m/s. Thoa man diéu kién vé tri sb
cho phép cua tich pv;

- Hé s6 kha ning tai: @ = 0.918;

- Do léch tim twong ddi tra bang duogc 1a: y = 0.583;

- Chiéu day nho nhat cua l6p boi tron: hpin = 29.711, pm;

- Chiéu cao map mé bé mat ngdng truc: Ry = 3.2, pm;

- Chiéu cao map mo bé mat 16t 6: R, = 6.3, um;

- Hé s6 an toan cho phép vé chiéu day nho nhat caa 16p boi tron:[hg] = 2;

- Hé s6 an toan vé chiéu day nho nhat cua Iép béi tron tinh dugc la Sy, =
3.127. Thoa man diéu kién hé sé an toan vé chiéu day cua lép boi tron.

2) Tinh cong suat mat mat va lwong dau tiéu thu

- Hé sb ma sat trong 6 1a: f = 0.0029;

- Cong suat mat mat do ma sat: P; = 0.328, kW;

- Hé s6 tiéu thy dau la: g = 0.075;

- Lwong dau tiéu thu trong mot gidy 1a: Q = 1.1609.10°, m*/s;

- Chénh Iéch nhiét d6 gitra dau ra va dau vao caa o: A, = 7.3814 °C;

- Nhiét d6 lam viéc cta dau 1a: t = 43.691 °C. Thoa mén diéu kién vé nhiét
d6 lam viéc caa dau;

- Nhiét do dau ra cua dau 1a; t, = 47.381 °C. Thoa mén diéu kién vé nhiét
do dau ra cua dau.

3.3.2. Tinh toan bang phwong phap tha cong

1) Tinh chiéu day nhé nhat cia lép bdi tron

a) Tinh chen cac thong sé ban ddu

- Chon vat ligu 16t 6:

Dé chon vat liéu 16t 6, trudc hét can tinh tri s6 van téc vong caa ngdng
truc theo cong thtc:

mdn  3.142.120.900

V= = =5,655,m/s.
60.1000 60.1000




Dua theo tri sb v tinh duoc, tra bang 2.2, chon vat liéu 16t 6 1a Bng thanh
nhdm sat 9-4, c6 tri s6 v 16n nhat 1a 10 m/s, ap suat cho phép [p] = 15 MPa, tri
sb cho phép cua tich sé [pv] = 15 MPa;

- Chon ty s gitra chiéu dai ngdng truc va duong kinh I/d = 0,8, tir d6 tinh
duogc chiéu dai ngéng truc | = (I/d).d = 0,8.120 = 96 mm;

- Tinh d6 ho twong dbi so bo theo cong thic:

ysp = 0,8.10°v** = 0.8.10°.5,655* = 0,001234, tir d6 tinh dwoc d6 ho so
bo diing dé chon lap ghép 1 8¢, = yg,.d = 0,001234.120 = 148,08 pm.

Dua theo dudng kinh ngdng truc d (coi 1a duong kinh danh nghia cuaa lap
ghép) va do ho so bo 3, tra bang 2.4 dé chon lap ghép c6 tri s6 d6 ha trung
binh gan nhat véi &g, Lap ghép duoc chon 1a ®120H8/e9, c6 do ha trung binh
cua lap ghép 13 & = 0,1425 mm. T d6 hé trung binh & cua lip ghép da chon,
tinh chinh x&c lai ¢ hé twong d6i:

_0 _01425 1 5011g8:
d_ 120

- Chon loai dau:

Gia thiét nhiét do 1am viéc so bo cua dau l1a ty, = 50°C, theo bang 2.2 chon
loai dau la Dau cdng nghiép 30, c6 khdi lwong riéng & 20 °C 1a y = 0,89 g/cm®
va c6 do nhét dong luc p =26 cP = 0,026 Ns/m”.

b) Kiém nghiém vé ap sudt p va tich sé pv

- Tinh &p suét p:

F. 20000

r

Id  96.120
- Kiém nghiém diéu kién vé tich sé pv:

F.n  20000.900
191001  19100.96

Nhu vay ca 2 diéu kién vé ap suit p va tich sb pv duoc thoa man.

=1,736 MPa <15 MPa=[ p];

=9,817 <15MPa=[pv]

¢) Kiém nghiém vé diéu Kién béi tron ma sdt wot

- Tinh hé s6 kha nang tai O:



() JES pl,//2 _1’736(01001188)2106 )
F

= =0,918;
uo  0,026.(3,142.900/30)

- Dua theo hé s kha nang tai @ va ty s6 1/d dd chon, noi suy theo bang
2.1 dé tim do léch tam tuong dbi y = 0,583;
- Tinh chiéu day nho nhat cua Iop dau bdi tron:

h. = g(l— )= % (1-0,583) = 29,711, um;

- Chon d¢ nham cuia ngdng truc 1a R,; = 3,2 pum, cta 16t 6 R, = 6,3 pm;

- Chon hé s an toan cho phép vé chiéu day nho nhat cta I6p dau bdi tron
[Sn] = 2;

- Tinh kiém nghiém hé sé an toan vé chiéu day nhé nhat caa l6p dau boi
tron:

he 29,711

mn

S = =
" R,+R,, 32+63

Nhu vay diéu kién boi tron ma sat u6t duoc thoa man.

=3127>2=[S, }.

3) Tinh cong suat mat mat do ma sat va lwong dau tiéu thu

- Dwa vao do léch tam tuong ddi da tinh dugc y = 0,583 va ty s6 1/d = 0,8
da chon, tra theo d thi & hinh 2.4, dé tim ty sb fiy = 2,4, tir d6 tinh duoc hé sb
ma sat f = 2,4.0,001188 = 0,0029;

- Cong suat mat mat do ma sat:

P, = fF.v=0,0029200005,655= 0,328kW,

- Dya vao d6 léch tam tuong ddi tinh duoc ¢ = 0,583 va ty s6 1/d = 0,8, tra
theo d6 thi ¢ hinh 2.5, dé tim ty s6 g = 0,075, tir d6 tinh duoc luu luong dau tiéu
thu trong mot giay:

Q = 0,075.0,001188.(3,142.900/30).0,096.0,120% = 1,16.10™° m/s;

- Tinh d6 chénh léch nhiét do:

F vf B 200005,655.0,0029 ~
1000(C/Q +k zdl)  1000(2.890.116.10° +0,06.3142.0,096.0,120)

=7,8314°C;




- Tinh nhiét d6 1am viéc thuc té cua dau:

t =40 + 7,8314/2 = 43,691 < 50°C = tg,

- Tinh nhiét @6 cua dau & cua ra;

t. = 40 + 7,8314 = 47,8314 < 80°C.

Nhu vay cac diéu kién vé nhiét do 1am viéc va nhiét d6 cira ra cua dau
dugc thoa man.

3.3.3. Panh gia két qua thu dwoc

So sanh két qua tinh toan bang Chuong trinh véi két qua tinh toan theo
phuong phap thu cong ta thay chiing hoan toan tring hop nhau. Biéu nay khang

dinh tinh chinh xac va tinh kha dung ctaa chuong trinh.



KET LUAN VA KHUYEN NGHI
Dé tai da hoan thanh duoc nhiém vu dit ra. Qua ndi dung da thuc hién cua

dé tai, cd thé dua ra duoc nhitng két luan va khuyén nghi sau:
1. Két luan

1.1. Trén co so ly thuyét boi tron va ma sat thuy dong, dé tai da dua ra
trinh tu tinh todn 4 truot d& thuy dong dé c6 thé 1ap trinh tinh toan tu dong bang
cac ngbn ngtt lap trinh hién dai.

1.2. Xay dung duoc Chuong trinh tinh todn 6 truot d& boi tron thuy dong.
Chuong trinh cho phép tu dong hda viéc tinh toan ciing nhu tra bang lay sé liéu
phuc vu cho tinh toan. Viéc tinh toan bang Chuong trinh rat nhanh chéng, chinh
xac, tiét kiem duoc thoi gian cong stre, dong thoi tranh dugc nhitng sai s6t nham
Ian khi tinh toan va tra bang thu cong, tranh duoc nhitng bat tién do phai mang
theo cac tai liéu tra ciru. Chuong trinh c6 giao dién than thién, dé sir dung va co
dung lugng nho (1.14 MB).

1.3. Trinh bay duoc vi du st dung Chuong trinh qua d6 khang dinh tinh
chinh xéc cua chuong trinh, dong thoi nhu mot ban huéng dan cu thé cho nguoi

st dung Chuong trinh.
2. Khuyén nghi

2.1. Chuong trinh c6 thé duoc sir dung trén thyc tién tinh toan 6 truot d&
boi tron hodc dung nhu mét giao cu phuc vu cdng tac giang day va hoc tap.

2.2. Dé tai co thé dung lam tai liéu tham khao cho cac can bo nghién cuu,
can bo giang day va sinh vién khi tiép can véi van dé vé tinh toan 6 truot d& boi

tron thuy dong.
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PHU LUC
MA LENH CUA CHUONG TRINH
unit TinhToanChieuDayNhoNhatCualLopBoiTron_U;
interface
uses

Windows, Messages, SysUtils, Variants, Classes,
Controls, Forms,

Dialogs, StdCtrls, Buttons, ExtCtrls;
type

TForm1 = class(TForm)
GroupBox1: TGroupBox;
GroupBox2: TGroupBox;
GroupBox3: TGroupBox;
BitBtn1: TBitBtn;
Image1: TImage;
Label1: TLabel;
Edit1: TEdit;
Label2: TLabel;
Label3: TLabel,
Edit2: TEdit;
Edit3: TEdit;
ComboBox1: TComboBox;
ComboBox2: TComboBox;
ComboBox3: TComboBox;
ComboBox4: TComboBox;
BitBtn2: TBitBtn;
BitBtn3: TBIitBtn;
Label4: TLabel;
Label5: TLabel,
BitBtn4: TBIitBtn;
BitBtn5: TBIitBtn;
BitBtn6: TBIitBtn;

Graphics,



BitBtn7: TBitBtn;

Label6: TLabel,

Label7: TLabel,

BitBtn8: TBitBtn;

Label8: TLabel,

Label9: TLabel,

Label10: TLabel;

Label11: TLabel;

BitBtn9: TBitBtn;

Edit4: TEdit;

Edit5: TEdit;

Edit6: TEdit;

Memo2: TMemo;

Memo3: TMemo;

Timer1: TTimer;

BitBtn10: TBitBtn;

Memo1: TMemo;

procedure FormCreate(Sender: TObject);

procedure FormPaint(Sender: TObject);

procedure BitBtn1Click(Sender: TObject);

procedure ComboBox1Change(Sender: TObject);

procedure ComboBox2Change(Sender: TObject);
( )
( )

procedure ComboBox3Change(Sender: TObject

procedure ComboBox4Change(Sender: TObject

procedure BitBtn2Click(Sender:
procedure BitBtn3Click(Sender:
procedure BitBtn4Click(Sender:
procedure BitBtn5Click(Sender:

procedure BitBtn6Click
procedure BitBtn7Click

procedure BitBtn8Click(Sender:
procedure BitBtn9Click(Sender:

(
(
(
(
(
(

Sender:
Sender:

TObject);
TObject);
TObject);
TODbject);
TODbject);
TODbject);
TODbject)

)

TODbject



procedure Timer1Timer(Sender: TObject);
procedure BitBtn10Click(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;
var
Form1: TForm1;

p_ChoPhep,pv_ChoPhep,Pxi_sb,v,
t sb,d,n,gama,S_sb,Fr,S_tb:Real;

VatLieuLotO,VatLieuLotO _ghi,loaiDau,loaidau_ghi:String;
myF:TextFile;
i,j:Integer; DKDN:array[1..24] of real;
DoHoTrungBinhCualLapGhep:array[1..23, 1..9] of real;
CaclLapGhepThuongDung:array[1..9] of String[20];

min,Delta,muy,Rz1,Rz2,Sh,Sh_ChoPhep,h_min,Q,f,Delta_t,C,kt,t,t _ra:re
al; LapGhepDuocChon:String[20];

Hieu:array[1..23,1..9] of real; DoNhotDongLuc:array[1..5, 1..8] of
real;

TySol_d: array[1..12] of real;
DoLechTamTuongDoi: array[1..14] of real;
HeSoKhaNangTai:array[1..14, 1..12] of real;

|_d,Phi,Khi,Pxi,p,pv,I,Phi_Giua_Phu1,Phi_Giua_Phu2,TrungGian,f _
TrungGian:Real; Phi_Giua:array[1..14,1..12] of real;

implementation

uses TinhToanCongSuatMatMatDoMaSatValLuongDauTieuThu;
{$R *.dfm}

procedure TForm1.FormCreate(Sender: TObject);

begin

Form1.clientheight:=544;

Form1.clientwidth:=800;



Memo1.Lines.Clear;

Memo1.Lines.Add('Tac gia: PGS. TS. Bao Ngoc Bién');
Memo1.Lines.Add('Trudng Dai hoc Hang hai Viét Nam');
end,;

procedure TForm1.FormPaint(Sender: TObject);

begin

{ve khung ngoai}

Canvas.Pen.Color:=cIBlue;

canvas.MoveTo(5,5);
canvas.LineTo(5,form1.ClientHeight-6);
canvas.LineTo(Form1.ClientWidth-6,form1.ClientHeight-6);
canvas.LineTo(Form1.ClientWidth-6,5);
canvas.LineTo(5,5);

{ve khung trong}

Canvas.Pen.Color:=clIRed;

canvas.MoveTo(8,8);
canvas.LineTo(8,form1.ClientHeight-9);
canvas.LineTo(Form1.ClientWidth-9,form1.ClientHeight-9);
canvas.LineTo(Form1.ClientWidth-9,8);
canvas.LineTo(8,8);

end,;

procedure TForm1.BitBtn1Click(Sender: TObject);

begin

form1.Close;

end,

procedure TForm1.ComboBox1Change(Sender: TObject);
begin

Memo2.Lines.Clear; Memo3.Lines.Clear;
Fr:=StrToFloat(Edit1.Text);

d:=StrToFloat(Edit3.Text); n:=StrToFloat(Edit2.Text);
case ComboBox1.ltemIndex of

0:begin



| d:=0.4;

end;
1:begin

| d:=0.6;
end ;
2:begin

| d:=0.8;
end;
3:begin

| d:=1.0;
end;
4:begin

| d:=1.2;
end;
5:begin

| d:=1.5;
end;
end;

I:=1_d*d; v:=Pi*d*n/60000; v:=Round(v*1000)/1000;
Memo2.lines.Add('Cac théng sé clia 6 dudc chon 1a:");

Memo2.lines.Add('Luc huéng tam tac dung lén & 1a Fr: '+
Edit1.text+', N;');

Memo2.lines.Add('S8 vong quay ctia & n = '+ Edit2.text+', vg/ph;");
Memo2.lines.Add('Budng kinh ngdng truc d = '+ Edit3.text+', mm;");

Memo?2.lines.Add('Ty sé gilta chiéu dai va dudng kinh ngdng truc:
'+ FloatToStrF(I_d,ffGeneral,9,3)+";');

Memo2.lines.Add('Chiéu dai ngong truc I =
'+FloatToStrF(l,ffgeneral,9,3)+', mm;");

Memo2.lines.Add('Van téc vong cla ngong truc v =
'+FloatToStrF(v,ffgeneral,9,3)+', m/s;'");

Memo3.lines.Add('Cac thong so cua o duoc chon la:");

Memo3.lines.Add('Luc huong tam tac dung len o la Fr. '+
Edit1.text+', N;');



Memo3.lines.Add('So vong quay cua o la n = '+ Edit2.text+',
vg/phy’);
Memo3.lines.Add('Duong kinh ngong truc d = '+ Edit3.text+', mm;’');

Memo3.lines.Add('Ty so giua chieu dai va duong kinh ngong truc
cua o I/d ="'+ FloatToStrF(l_d,ffGeneral,9,3)+";");

Memo3.lines.Add('Chieu dai ngong truc I =
"+FloatToStrF(l,ffgeneral,9,3)+', mm;");

Memo3d.lines.Add('Van toc vong <cua ngong truc v =
"+FloatToStrF(v,ffgeneral,9,3)+', m/s;");

end;
procedure TForm1.ComboBox2Change(Sender: TObject);
begin
case ComboBox2.ltemIndex of
0:begin
VatLieuLotO:='Gang xam 36"; VatLieuLotO_ghi:='Gang xam 36';
p_ChoPhep:=4;pv_ChoPhep:=2.5;
end,
1:begin
VatLieuLotO:='Gang xam 36'; VatLieuLotO_ghi:='"Gang xam 36';
p_ChoPhep:=2;pv_ChoPhep:=2.5;
end,;
2:begin

VatLieuLotO:='Gang giam ma séat 1'; VatLieuLotO_ghi:='"Gang giam
ma sat 1';

p_ChoPhep:=0.5;pv_ChoPhep:=2.5;
end;
3:begin

VatLieuLotO:='Gang gidm ma séat 2'; VatLieuLotO_ghi:='Gang giam
ma sat 2';

p_ChoPhep:=12;pv_ChoPhep:=12;
end,
4:begin



VatLieuLotO:='"Dong thanh thiéc 10-1"; VatLieuLotO_ghi:='Dong
thanh thiec 10-1";

p_ChoPhep:=15;pv_ChoPhep:=15;
end;
5:begin

VatLieuLotO:='Dong thanh nhém sat 9-4';VatLieuLotO ghi:='Dong
thanh nhom sat 9-4';

p_ChoPhep:=15;pv_ChoPhep:=20;
end;
6:begin
VatLieuLotO:='"Dong thau 8-3-3"; VatLieuLotO ghi:='"Dong thau 8-3-

p_ChoPhep:=12;pv_ChoPhep:=10;

end;

7:begin
VatLieulLotO:='Babit 16'; VatLieuLotO_ghi:='Babit 16";
p_ChoPhep:=15;pv_ChoPhep:=10;

end;

8:begin
VatLieulLotO:='Babit 6"; VatLieuLotO_ghi:='Babit 6';
p_ChoPhep:=5;pv_ChoPhep:=5;

end;

9:begin

VatLieuLotO:='Gém kim loai: grafitdéng'; VatLieuLotO_ghi:="Gom
kim loai: grafitdong';

p_ChoPhep:=4;pv_ChoPhep:=5;
end;
10:begin

VatLieuLotO:='Gém kim loai: grafitsat’; VatLieuLotO_ghi:="Gom
kim loai: grafitsat';

p_ChoPhep:=5.5;pv_ChoPhep:=5;
end;
11:begin



VatLieuLotO:='"Chat déo poliamit-capron'; VatLieuLotO ghi:='Chat
deo poliamit-capron’;

p_ChoPhep:=15;pv_ChoPhep:=15;

end;

12:begin

VatLieuLotO:='Gé ép"; VatLieuLotO ghi:='Go ep";
p_ChoPhep:=10;pv_ChoPhep:=15;

end;

13:begin

VatLieuLotO:='Cao su'; VatLieuLotO ghi:='Cao su’;
p_ChoPhep:=2;pv_ChoPhep:=15;

end;
end;
Memo2.lines.Add('Vat liéu cla 16t 6 1a: '+VatLieuLotO);

Memo2.lines.Add('ap sudt cho phép cla 16t 6 Ila:
+FloatToStrF(p_ChoPhep,ffgeneral,9,3)+', MPa;');

Memo2.lines.Add('tri s6 cho phép <cla tich s6 pv:
+FloatToStrF(pv_ChoPhep,ffgeneral,9,3)+', MPa.m/s;");

Memo3.lines.Add('Vat lieu cua lot o la:'+VatLieuLotO_ghi);

Memo3.lines.Add('Ap suat cho phep cua Ilot o la:
+FloatToStrF(p_ChoPhep,ffgeneral,9,3)+', MPa;');

Memo3.lines.Add("Tri so cho phep cua tich so pv:
+FloatToStrF(pv_ChoPhep,ffgeneral,9,3)+', MPa.m/s;");

end;
procedure TForm1.ComboBox3Change(Sender: TObject);

begin

Case ComboBox3.ltemIndex of

0:begin

LoaiDau:= 'Dau véloxit'; LoaiDau_ghi:= 'Dau veloxit';
Gama:=0.87;

end;

1:begin



12,

20"

30

45"

LoaiDau:= 'Dau céng nghiép 12'; LoaiDau_ghi:= 'Dau cong nghiep

Gama:=0.80;

end;

2:begin

LoaiDau:= 'Dau céng nghiép 20';LoaiDau_ghi:= 'Dau cong nghiep

Gama:=0.80;

end;

3:begin

LoaiDau:= 'Dau céng nghiép 30"; LoaiDau_ghi:= 'Dau cong nghiep

Gama:=0.89;

end;

4:begin

LoaiDau:= 'Dau céng nghiép 45'; LoaiDau_ghi:= 'Dau cong nghiep

Gama:=0.89;

end;

end;

Memo2.lines.Add('Loai dau dudc chon la: '+ LoaiDau +';");
Memo?2.lines.Add('"Khai luong riéng Gama: "+

FloatToStrF(Gama,ffgeneral,9,3) +',g/cm_3;");

Memo3.lines.Add('Loai dau duoc chon la: '+ LoaiDau_ghi +"");
Memo3.lines.Add('Khoi luong rieng "+

FloatToStrF(Gama,ffgeneral,9,3) +',g/cm_3;");

end,
procedure TForm1.ComboBox4Change(Sender: TObject);
begin
{Doc bang do nhot}
AssignFile(MyF,'BangOTruot\DoNhotDongLuc.txt');
Reset(MyF);
try



while not Eof (MyF) do
begin
=1,
begin
forj:=1to 5do
begin
ReadIn(MyF,DoNhotDongLucli,j]);
end;
end;
I:=2;
begin
forj:==1to 6 do
begin
ReadIn(MyF,DoNhotDongLucli,j]);
end,;
end;
fori:=3 to 5 do
begin
forj:=1to 7 do
begin
ReadIn(MyF,DoNhotDongLuc]i,j]);
end,
end;
end,
finally
closeFile(MyF);
end,
{Tra do nhot}

if ((ComboBox3.ltemIndex = 0) and (ComboBox4.ltemIindex = 5))
or

((ComboBox3.ltemindex = 0) and (ComboBox4.ltemindex = 6))
then



ShowMessage('Khong dung loai dau nay voi nhiet do da
chon!");

if ((ComboBox3.ltemindex = 1) and (ComboBox4.ltemindex = 6))
then

ShowMessage('Khong dung loai dau nay voi nhiet do da
chon!');

Forj:=0to 4 do
begin

if ((ComboBox3.ltemindex = 0) and (ComboBox4.ltemlIndex = j))
then

muy:= DoNhotDongLucl[i+1,j+1];
end;

Forj:=0to 5 do

begin

if ((ComboBox3.ltemindex = 1) and (ComboBox4.ltemlIndex = j))
then

muy:= DoNhotDongLuc[i+1,j+1];
end,

Fori:=2to 4 do

begin

Forj:=0to 6 do

begin

if ((ComboBox3.ltemindex = i) and (ComboBox4.ltemlndex = j))
then

muy:= DoNhotDonglLucl[i+1,j+1];
end;
end;
Case ComboBox4.ltemIndex of
0:begin
t sb:=30;
end;
1:begin
t sb:=40;



end;
2:begin

t sb:=50;
end;
3:begin

t sb:=60;
end;
4:begin

t sb:=70;
end;
5:begin

t sb:=80;
end;
6:begin

t sb:=90;
end;

end;

Memo2.lines.Add('Nhiét d6 lam viéc sd bd cla dau dudc chon Ia:
'+FloatToStrF(t_sb,ffgeneral,9,3)+', d6 C;'");

Memo2.Lines.Add(‘D6 nh6t ddong luc cla dau la Muy =
'+FloatToStrF(Muy,ffgeneral,9,3)+', cP;');

Memo3.lines.Add('Nhiet do lam viec cua dau chon so bo la:
"+FloatToStrF(t_sb,ffgeneral,9,3)+', do C;");

Memo3.Lines.Add('Do nhot dong Iluc cua dau la Muy =
"+FloatToStrF(Muy,ffgeneral,9,3)+', cP;');

end,
procedure TForm1.BitBtn2Click(Sender: TObject);
begin

Memo3.Lines.SaveToFile('KetQuaTinhToanOTruotDoBoiTronThuy
Dong/TinhChieuDayNhoNhatLopBoiTron.Text');

end;
procedure TForm1.BitBtn3Click(Sender: TObject);
begin



Pxi_sb:=0.8*0.001*exp(0.25*In(v));
Pxi_sb:=Round(Pxi_sb*1000000)/1000000);

S_sb:=Pxi_sb*d*1000; S_sb:=Round(S_sb*1000)/1000;

Memo2.lines.Add('Dd %) tuong doi so bd
"+FloatToStrF(Pxi_sb,ffgeneral,9,3)+";');

Memo2.lines.Add('Pé6 hd so bd dé chon 13p ghép Ila:
'+FloatToStrF(S_sb,ffgeneral,9,3)+', micromet;');

Memo3.lines.Add('Do ho tuong doi SO bo
"+FloatToStrF(Pxi_sb,ffgeneral,9,3)+";');

Memo3.lines.Add('Do ho duong kinh so bo de chon lap ghep:
"+FloatToStrF(S_sb,ffgeneral,9,3)+', micromet;');

end;
procedure TForm1.BitBtn4Click(Sender: TObject);
begin
{Tra bang d}
AssignFile(MyF,'BangOTruot\DKDN.txt');
Reset(MyF);
try
while not Eof (MyF) do
begin
for j:=1to 24 do
begin
ReadIn(MyF,DKDNj]);
end;
end,
finally
closeFile(MyF);
end,
{Doc bang ky hieu lap ghep}
AssignFile(MyF,'BangOTruot\CacLapGhepThuongDung.txt');
Reset(MyF);
try
while not Eof (MyF) do



begin
forj:=1to 9 do
begin
ReadIn(MyF,CacLapGhepThuongDung]j]);
end;
end;
finally
closeFile(MyF);
end;
AssignFile(MyF,'BangOTruot\DoHoTrungBinhCualLapGhep.txt');
Reset(MyF);
try
while not Eof (MyF) do
begin
fori:=1to 23 do
begin
forj:=1t0 9 do
begin
ReadIln(MyF,DoHoTrungBinhCualLapGhepli,j]);
end;
end;
end;
finally
closeFile(MyF);
end,; {Noi suy tim lap ghep}
fori:=1to 23 do
begin
if ((d >DKDN[i]) and (d<= DKDN][i+1])) then
for j:=1to 9 do
begin
Hieuli,j]:= abs(s_sb - DoHoTrungBinhCualLapGhep]i,j]);
min:=Hieul[i,1];



if min >=Hieuli,2] then min:= Hieul[i,2];

if min >=Hieu[i,3] then min:= Hieuli,3];

if min >=Hieu[i,4] then min:= Hieuli,4];

if min >=Hieu[i,5] then min:= Hieuli,5];

if min >=Hieu[i,6] then min:= Hieuli,6];

if min >=Hieul[i,7] then min:= Hieuli,7];

if min >=Hieu[i,8] then min:= Hieul[i,8];

if min >=Hieuli,9] then min:= Hieul[i,9];

end;

forj:==1to9do

if abs(s_sb - DoHoTrungBinhCualLapGhep]i,j])= min then
begin

Delta:=DoHoTrungBinhCualLapGhep]i,j];
LapGhepDuocChon:= CacLapGhepThuongDung]j];

end,
end,;
Pxi:=Delta/(d*1000); TrungGian:=Pxi*1000000;
Pxi:=Round(TrungGian)/1000000;
Memo2.Lines.Add('Lap ghép dugc chon la:

+LapGhepDuocChon+';');

Memo2.Lines.Add("Pd hd trung binh clia 1ap ghép (36 hd dudng
kinh) Delta = '+FloatToStrF(Delta,ffgeneral,9,3)+', micromet;');

Memo2.Lines.Add('Pé hd tuong ddi chinh xac la Pxi =
"+FloatToStrF(Pxi,ffgeneral,9,3)+";');

Memo3.Lines.Add('Lap ghep duoc chon la: '+LapGhepDuocChon);

Memo3.Lines.Add('Do ho trung binh cua lap ghep (do ho duong
kinh) Delta = '+FloatToStrF(Delta,ffgeneral,9,3)+', micromet;');

Memo3.Lines.Add('Do ho tuong doi chinh xac la Pxi =
'+FloatToStrF(Pxi,ffgeneral,9,3)+";');

end;

procedure TForm1.BitBtn5Click(Sender: TObject);
begin

p:=Fr/(I*d);p:=Round(p*1000)/1000;



Memo2.lines.add('ap suat p
MPa’);

Memo3.lines.add('Ap suat p
MPa;");

if (p <= p_ChoPhep) then begin

"+FloatToStrF (p,figeneral,9,3)+',

'+FloatToStrF(p,ffgeneral,9,3)+',

memo2.Lines.Add('Théa man diéu kién p;");
memo3.Lines.Add("Thoa man dieu kien p;'); end else
begin

if p > p_ChoPhep then

begin

showMessage('Khong thoa man dieu kien p');
memo2.Lines.Add('Khéng théda man diéu kién p;');
memo3.Lines.Add('‘Khéng thoa man dieu kien p;');
end;

end,;

end,;

procedure TForm1.BitBtn6Click(Sender: TObject);
begin

pv:=p*v; pv:=Round(pv*1000)/1000;
“+FloatToStrF(pv,ffgeneral,9,3)+',

Memo2.lines.add('Tich s& pv
MPa.m/s;');

Memo3.lines.add('Tich so pv
MPa.m/s;');

if (pv<=pv_ChoPhep) then begin

"+FloatToStrF(pv,ffgeneral,9,3)+',

memo2.Lines.Add('Théa man diéu kién pv;");
memo3.Lines.Add("Thoa man dieu kien pv;'); end else
begin

if pv >pv_ChoPhep then

begin

memo2.Lines.Add('Khoéng thda mén diéu kién pv;');
memo3.Lines.Add('Khong thoa man dieu kien pv;');
ShowMessage('Khong thoa man dieu kien pVv');

end;



end;

end;

procedure TForm1.BitBtn7Click(Sender: TObject);
begin
Phi:=p*1000000*sqr(Pxi)/(26*0.001*Pi*980/30);
Phi:=Round(Phi*1000)/1000;

Memo2.Lines.add(Hé s6 kha nang tai Phi
FloatToStrF(Phi,ffgeneral,9,3)+";");

Memo3.Lines.add(He so kha nang tai Phi
FloatToStrF(Phi,ffgeneral,9,3)+";");

end;

procedure TForm1.BitBtn8Click(Sender: TObject);

begin

{Tra bang ty so I/d}
AssignFile(MyF,'BangOTruot\TySol_d.txt');
Reset(MyF);
try
while not Eof (MyF) do
begin
forj:=1to 12 do
begin
ReadIn(MyF,TySol_d[j]);
end;
end,
finally
closeFile(MyF);
end,

{Doc bang Do lech tam tuong doi}
AssignFile(MyF,'BangOTruot\DoLechTamTuongDoi.txt");
Reset(MyF);
try
while not Eof (MyF) do



begin
fori:=11to 14 do
begin

ReadIn(MyF,DoLechTamTuongDoi[i]);

end;

end,

finally

closeFile(MyF);

end;

{Doc bang HeSoKhaNangTai}
AssignFile(MyF,'BangOTruot\HeSoKhaNangTai.txt');
Reset(MyF);
try
while not Eof (MyF) do
begin

fori:=1to 14 do
begin
forj:=1to 12 do
begin
Readln(MyF,HeSoKhaNangTail[i,j]);
end,;
end;
end,
finally
closeFile(MyF);
end,
{Noi suy}

if _d < 0.3 then ShowMessage('Ty so I/d qua nho!); if | d > 1.5
then ShowMessage('Ty so I/d qua lon!");

forj:=1to 11 do
if (I_d>=TySol_d][j]) and (I_d <= TySol_d[j+1])then
fori:=1to 14 do



begin

Phi_Giuali,jl:=(I_d-TySol_d[j])*(HeSoKhaNangTai[i,j+1]-
HeSoKhaNangTai[i,j])/(TySol_d[j+1]-TySol_d]j])+HeSoKhaNangTai[i,j;

end;
forj:=1to 12 do
begin

if (L.d>= TySol _d[j])
Phi_Giua_Phu1:= Phi_Giua[1,j];

if (I_d>= TySol_d[j])
Phi_Giua_Phu2:= Phi_Giua[14,j];

end;

and (L.d <

TySol_d[j+1])then

and (IL.d <

TySol_d[j+1])then

if (Phi< Phi_Giua_Phu1) then ShowMessage('He so kha nang tai

qua nho!");

if (Phi> Phi_Giua_Phu2)then ShowMessage('He so kha nang tai

qua lon!');
fori:=1to 13 do
forj:=1to 12 do
begin

if (Phi>=Phi_Giua[i,j]) and (Phi<Phi_Giua[i+1,j]) then

begin

Khi:=(Phi - Phi_Giuali,j])*(DoLechTamTuongDoi[i+1]-
DoLechTamTuongDoi[i])/(Phi_Giuali+1,j]-Phi_Giuali,j])+

DolLechTamTuongDoi[i];

Khi:=Round(Khi*1000)/1000;

end;
end;

Memo2.Lines.add('Do léch tdm tuong doi tra bang dugc 1a Khi =

"+FloatToStrF(Khi,ffgeneral,9,3)+";');

Memo3.Lines.add('Do lech tam tuong doi tra bang duoc la Khi =

"+FloatToStrF(Khi,ffgeneral,9,3)+";'");

end;

procedure TForm1.BitBtn9Click(Sender: TObject);

begin

h_min:=0.5*Delta*(1-Khi); h_min:=Round(h_min*1000)/1000;



Memo2.Lines.Add('Chiéu day nho nhat cda I6p dau 1a h_min
"+FloatToStrF(h_min, ffGeneral,9,3)+', micromet;');

Memo3.Lines.Add('Chieu day nho nhat cua lop dau la h_min
"+FloatToStrF(h_min, ffGeneral,9,3)+', micromet;');

Rz1:=StrToFloat(Edit4.Text);
Rz2:=StrToFloat(Edit5.Text);Sh_ChoPhep:=StrToFloat(Edit6.Text);

Sh:=h_min/(Rz1+Rz2); Sh:=Round(Sh*1000)/1000:

Memo2.Lines.Add('Chiéu cao map md bé mat ngdng truc Rz1
'+FloatToStrF(Rz1, ffGeneral,9,3)+', micromet;');

Memo2.Lines.Add('Chiéu cao mdp mé bé mat 16t 6§ Rz2
"+FloatToStrF(Rz2, ffGeneral,9,3)+', micromet;');

Memo2.Lines.Add('Hé s6 an toan cho phép vé chiéu day nho nhéat
cla 16p dau 1a Sh _ChoPhep = ‘'+FloatToStrF(Sh_ChoPhep,
ffGeneral,9,3)+';");

Memo2.Lines.Add('Hé s& an toan vé chiéu day nho nhét clha 16p
dau |a Sh = '+FloatToStrF(Sh, ffGeneral,9,3)+";');

Memo3.Lines.Add('Chieu cao map mo be mat ngong truc Rz1
'+FloatToStrF(Rz1, ffGeneral,9,3)+', micromet;');

Memo3.Lines.Add('Chieu cao map mo be mat lot o Rz2 =
'+FloatToStrF(Rz2, ffGeneral,9,3)+', micromet;');

Memo3.Lines.Add('"He so an toan cho phep ve chieu day cua lop
boi tron Sh_ChoPhep = "+FloatToStrF(Sh_ChoPhep, ffGeneral,9,3)+";');

Memo3.Lines.Add('He so an toan ve chieu day cua lop boi tron Sh
= "+FloatToStrF(Sh, ffGeneral,9,3)+";');

if Sh >= Sh_ChoPhep then begin

Memo2.Lines.Add('Thda man diéu kién an toan vé chiéu day nho
nhat cta I16p boi tron;');

Memo3.Lines.Add('Thoa man dieu kien ve chieu day nho nhat cua
lop boi tron;"); end else

begin

Memo2.Lines.Add('Khong thda méan diéu kién vé chiéu day nhd
nhat clta I16p boi tron;');

Memo3.Lines.Add('Khong thoa man dieu kien ve chieu day nho
nhat cua lop boi tron;');

ShowMessage('Khong thoa man dieu kien ve chieu day nho nhat
cua lop boi tron!");



end;
end;
procedure TForm1.Timer1Timer(Sender: TObject);

begin
Form1.caption:="TU DONG HOA TINH TOAN O TRUOT DO BOI
TRON THUY DONG "+ TimeToStr(Now());

if GroupBox1.Font.color = cIBlack then
begin

GroupBox1.Font.color:= cINavy;
bitbtn1.font.color:=clRed;
bitbtn2.font.color:=clBlue;
BitBtn1.caption:="Exit',

end else

begin

GroupBox1.Font.color := cIBlack;
bitbtn1.font.color:=clBlue;
bitbtn2.font.color:=clRed;
BitBtn1.caption:='Close’;

end;

end;

procedure TForm1.BitBtn10Click(Sender: TObject);
begin

Form2.Show;

end;

end.



unit TinhToanCongSuatMatMatDoMaSatValLuongDauTieuThu;
interface
uses

Windows, Messages, SysUtils, Variants, Classes, Graphics,
Controls, Forms,

Dialogs, StdCtrls, Buttons, ExtCltrls;
type

TForm2 = class(TForm)
GroupBox1: TGroupBox;
Image1: TImage;
GroupBox2: TGroupBox;
Label9: TLabel;
Label10: TLabel;
Label11: TLabel;
Image2: TImage;
Image3: TImage;
BitBtn9: TBIitBtn;
Edit4: TEdit;
Edit5: TEdit;
Memo2: TMemo;
Memo3: TMemo;
BitBtn10: TBitBtn;
GroupBox3: TGroupBox;
Memo1: TMemo;
BitBtn1: TBIitBtn;
BitBtn2: TBitBtn;
BitBtn11: TBitBtn;
Timer1: TTimer;
GroupBox4: TGroupBox;
Label1: TLabel,
Edit1: TEdit;
Label6: TLabel,



Edit2: TEdit;
Label2: TLabel,
Edit3: TEdit;
BitBtn3: TBIitBtn;
Label5: TLabel,
Label7: TLabel,
BitBtn4: TBitBtn;
BitBtn5: TBitBtn;
procedure FormCreate(Sender: TObject);
procedure BitBtn1Click(Sender: TObject);
procedure Button1Click(Sender: TObject);
procedure BitBtn11Click(Sender: TObject);
procedure BitBtn9Click(Sender: TObject);
procedure BitBtn10Click(Sender: TObject);
procedure Timer1Timer(Sender: TObject);
procedure BitBtn3Click(Sender: TObject);
procedure BitBtn4Click(Sender: TObject);
procedure BitBtn5Click(Sender: TObject);
procedure FormPaint(Sender: TObject);
procedure BitBtn2Click(Sender: TObject);

private
{ Private declarations }

public
{ Public declarations }

end,

var
Form2: TForm2;

P_f,NhietDungRieng_C,HeSoToaNhiet_kt,Delta_t,t vao,t,t ra,
Delta_t1, Delta_t2:Real;

implementation
uses TinhToanChieuDayNhoNhatCualLopBoiTron_U;
{$R *.dfm}



procedure TForm2.FormCreate(Sender: TObject);

begin

Form2.clientheight:=544;

Form2.clientwidth:=800;

Memo1.Lines.Clear;

Memo1.Lines.Add('Tac gia: PGS. TS. Dao Ngoc Bién');
Memo1.Lines.Add('Truong Dai hoc Hang hai Viét Nam');
end;

procedure TForm2.BitBtn1Click(Sender: TObject);

begin

Memo1.Lines.Add('Pé hd tuong ddi chinh xac la Pxi =
"+FloatToStrF(Pxi,ffgeneral,9,3)+";'");

end;

procedure TForm2.Button1Click(Sender: TObject);

begin

form1.Show;

end,;

procedure TForm2.BitBtn11Click(Sender: TObject);

begin

form1.Show;

end,;

procedure TForm2.BitBtn9Click(Sender: TObject);

begin

f.= StrToFloat(Edit4.Text)*Pxi; f:=Round(f*10000)/10000;
P_f:=f*Fr*Pi*n*d/(60*1000*1000); P_f:=Round(P_f*10000)/10000;

Memoz2.Lines.Add('Hé s& ma sat trong 6 & f = "+FloatToStrF(f,
ffGeneral,7,3)+';");

Memo3.Lines.Add('He so ma sat trong o la f = "+FloatToStrF(f,
ffGeneral,7,3)+';");

Memo2.Lines.Add('Cong suadt mat mat do ma sat la P =
“+FloatToStrF(P_f, ffGeneral,7,3)+', KW;');



Memo3.Lines.Add('Cong suat mat mat do ma sat la P =
"+FloatToStrF(P_f, ffGeneral,7,3)+', KW;');

end;

procedure TForm2.BitBtn10Click(Sender: TObject);

begin
Q:=StrToFloat(Edit5.Text)*Pxi*(Pi*n/30)*I*sqr(d)*exp((-9)*In(10));
Q:=Round(Q*1000000000)/1000000000;

Memo2.Lines.Add(Hé s6 tiéu thy dau la q =
"“+FloatToStrF(StrToFloat(Edit5.Text), ffGeneral,9,3)+';');

Memo3.Lines.Add(He so tieu thu dau la q =
"“+FloatToStrF(StrToFloat(Edit5.Text), ffGeneral,9,3)+';');

Memo2.Lines.Add('Luogng dau tiéu thu trong 1 gidy la Q =
"+FloatToStrF(Q, ffGeneral,9,3)+', m_3/s;");

Memo3.Lines.Add('Luong dau tieeu thu trong 1 giay la Q
'+FloatToStrF(Q, ffGeneral,9,3)+', m_3/s;");

end;

procedure TForm2.Timer1Timer(Sender: TODbject);

begin
Form2.caption:="TU DONG HOA TINH TOAN O TRUOT DO BOI
TRON THUY DONG "+ TimeToStr(Now());

if GroupBox1.Font.color = cIBlack then
begin

GroupBox1.Font.color:= cINavy;
bitbtn1.font.color:=cIRed;
bitbtn2.font.color:=cIBlue;
BitBtn1.caption:="Exit’;

end else

begin

GroupBox1.Font.color := cIBlack;
bitbtn1.font.color:=clBlue;
bitbtn2.font.color:=cIRed;
BitBtn1.caption:='Close’;

end;



end;
procedure TForm2.BitBtn3Click(Sender: TObject);

begin

NhietDungRieng_C:= StrToFloat(Edit1.Text);
NhietDungRieng_C:=Round(NhietDungRieng_C*10000)/10000;

HeSoToaNhiet kt:= StrToFloat(Edit2. Text);

HeSoToaNhiet_kt:=Round(HeSoToaNhiet kt*10000)/10000;

Delta_t:=Fr*v*f/(1000*(NhietDungRieng_C*Gama*1000*Q+HeSoT
oaNhiet_kt*3.14*d*0.001*1*0.001+HeSoToaNhiet_kt*25*d*0.001*d*0.001
));

Delta_t:=Round(Delta_t*10000)/10000;

Memo2.Lines.Add('Chénh léch nhiét doé Delta_t
"+FloatToStrF(Delta_t, ffGeneral,5,3)+', d6 C;');

Memo3.Lines.Add('Chenh lech nhiet do Delta_t
'+FloatToStrF(Delta_t, ffGeneral,5,3)+', do C;');

end;

procedure TForm2.BitBtn4Click(Sender: TObject);

begin

t vao:= StrToFloat(Edit3.Text);t vao:=Round(t_vao*10000)/10000;
t:=t_vao+Delta_t/2; t:=Round(t*10000)/10000;

Memo2.Lines.Add('Nhiét dé lam viéc cla dau t = '+FloatToStrF(t,
ffGeneral,5,3)+', d6 C;');

Memo3.Lines.Add('Nhiet do lam viec cua dau t = "+FloatToStrF(t,
ffGeneral,5,3)+', do C;');

If abs(t-t_sb)<=10 then
begin

Memo2.Lines.Add('Thod man diéu kién vé nhiét do lam viéc cla
dau;");

Memo3.Lines.Add('Thoa man dieu kien ve dieu kien lam viec cua
dau;');

end else
begin

Memo2.Lines.Add('Khéng thoa mén diéu kién vé nhiét do lam viéc
cla dau;');



Memo3.Lines.Add('Khong thoa man dieu kien ve dieu kien lam viec
cua dau;');

end;

end;

procedure TForm2.BitBtn5Click(Sender: TObject);
begin

t ra:=t vao + Delta_t; t ra:=Round(t_ra*10000)/10000;

Memo2.Lines. Add('Nhiét d6 dau ra cla dau tra =
"+FloatToStrF(t_ra, ffGeneral,5,3)+', d6 C;');

Memo3.Lines.Add('Nhiet do dau ra cua dau tra =
"+FloatToStrF(t_ra, ffGeneral,5,3)+', do C;');

If t ra <=80 then
begin

Memo2.Lines.Add('Thod méan diéu kién vé nhiét d6 dau ra cula
dau;");

Memo3.Lines.Add('Thoa man dieu kien ve dieu kien dau ra cua
dau;');

end else

begin

Memo2.Lines.Add('Khéng thod man diéu kién vé nhiét d6 dau ra
clia dau;");

Memo3.Lines.Add('Khong thoa man dieu kien ve dieu kien dau ra
cua dau;');

end,

end,

procedure TForm2.FormPaint(Sender: TObject);

begin

{ve khung ngoai}

Canvas.Pen.Color:=clBlue;

canvas.MoveTo(5,5);

canvas.LineTo(5,form1.ClientHeight-6);

canvas.LineTo(Form1.ClientWidth-6,form1.ClientHeight-6);

canvas.LineTo(Form1.ClientWidth-6,5);



canvas.LineTo(5,5);

{ve khung trong}

Canvas.Pen.Color:=clRed;

canvas.MoveTo(8,8);
canvas.LineTo(8,form1.ClientHeight-9);
canvas.LineTo(Form1.ClientWidth-9,form1.ClientHeight-9);
canvas.LineTo(Form1.ClientWidth-9,8);
canvas.LineTo(8,8);

end;

procedure TForm2.BitBtn2Click(Sender: TObject);
begin

Memo3.Lines.SaveToFile('KetQuaTinhToanOTruotDoBoiTronThuy
Dong/TinhCongSuatMatMatValLuongDauBoiTron.Text');

end;
end.



