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Hién nay nganh che tao may ¢ nude ta van sty dung cac dong may cong cu do Lién
X6 san suét nira cudi thé ki 20, voi dédc diém 1a chic chén, 6n dinh, gia cong cat got
dam bao d6 chinh x4c can thiét. Tuy nhién cac may nay thuong s dung & thuy
dong cho tryc chinh. bac diém cua bdi tron thuy dong la quy dao tdm truc thay doi
phu thude vao toc do va tai trong tac dung diéu nay gay kho khan cho viéc 6n dinh
va nang cao chat luong chi tiét gia cong tinh theo yéu cau cia cong nghiép hién
nay. Mat khéc, theo thoi gian sir dung nén kha nang tai cling nhu d6 6n dinh tam
truc, rung dong truc chinh cac may nay chat luong gia cong khong con duge nhu
ban dau, do d6 phuong 4 an nang cap cum 6 thuy tinh cho cum 6 thuy dong trén truc
chinh may cong cu 1a can thiét dé 6n dinh tAm truc chinh trong qua trinh gia cong
qua d6 nang cao do chinh xac gia cong. Vi vdy, can nghién ctru, lya chon dwoc bd
thong sb thuy tinh cho cum 6 trong d6 chwong trinh tinh toan duwa trén tmg dung
Matlab s€ la cong cu hitu ich cho vi€c lya chon dugc thong sb phu hop véi trinh d6
gia cong 6.
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Currently, the machine-building industry in our country still uses Soviet-made
machine tools produced in the latter half of the 20th century, with characteristics
such as steadiness, stablity and precise machining. However, these machines
usually use hydraulic drives for the spindle. The characteristic of hydraulic
lubrication is that the center of gravity varies depending on the speed and load
acting. This makes it difficult to stabilize and improve the quality of the machined
parts required by the industry today. On the other hand, over long-time usage, the
load capacity as well as the stability of center of the shaft and the vibration of the
main axis of these machines is no longer in pristine condition, thus it is necessary to
upgrade the hydrostatic bearing cluster for hydrodynamic clusters on the spinder of
machine tool in order to stabilize the center axis of the workpiece, thereby
improving manufacturing precision.Consequently, it is mandatory to study and
select the appropriate hydrostatic parameters for the cluster in which the calculation
program based on the Matlab application will be a useful tool for selecting
parameters suitable for the level manufacture hydrostatic bearings.
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1. GIOI THIEU

Cum 6 thuy tinh tng dupg cho truc chinh may cong cu da duoc dé cap dén tur nhiing ndm
70 cua the ki trudce va dugc thé hién trong bang phap minh sang ché nhu hinh 1.

16

Hinh 1. Sang ché 6 thuy tinh truc chinh 3659911 nam 1972 [1]

Trong phat minh sang ché nay: Truc chinh 2 duoc hd trg 1a hudng tam va hudng truc trong
vo 1 béng hai bé mat truot hinh nén 3 trong vong bi thuy tinh. Gitra cac bé mit truot chiu luc 3,
trong tAm 4 ciia truc chinh c¢6 dudng kinh 16n nhét c6 thé dé ting do cung va do cing cua truc
chinh. Thanh trugt hinh ndn mang cic bé mit 3 ciia truc chinh 2 phan con lai trén cac hop mang
hinh c6n tuong tGng. Mdi phan doan 5 duoc cung cdp v6i mot tai diu 6 dugc cung cap voi dau
dudi ap luc thong 16 7 tir mot ngudn thuy lyc. Ap suét trong cac tai dau boi tron la 40 dén 120
atm.ga, tuy thudc vao kich thuée cta 6 dg. Cac phan doan hop 6 6 d& cua 6 truc chinh phia truée
duogc kep bang ndp 8 trong vo 1 va tao thanh 6 d& cb dinh. Cac phan doan hop 6 d& cia 6 d& truc
sau dugc dat trong mot vong 9 c¢6 kha nang dich chuyen truc trong vo may 1.

Hién nay 6 thuy tinh da dugc ing dung rong rai trong truc chinh cac may gia cong tinh, cac
dong may CNC. Cum 6 thity tinh 1am viéc dya vao ap sudt ddu bén ngoai du dé nang truc va dam
bao bo1i tron udt hoan toan gitra tryc va bac.Hai phuong thirc cap dau: cap dau véi ap suat khong
d6i va cap dau voi luu luong khong doi.

Phuong thuc cap dau voi luu lwong khong do6i yéu cau phai dam bao cac dong cdp dau
nhur nhau nén ¢é yéu cau cao vé dleu khién thuy luc va két cau phuc tap nén it dung.

Hinh 2 trinh bay nguyén 1y cap dau cho 6 vdi ap suat khong doi. Bom dau tao ra ap sut
cap dau ps dua dau qua van tiét luu di vao trong budng diu tao ra ap sudt tinh. Theo gia thiét thi
tryc chinh c¢6 quay hay khong bé mit cia truc chinh va 6 luén duge phan tach ra va ma sat giita
chiung 1a ma sat u6t hoan toan.

Trén thyc té hién nay, 6 thiy tinh khong chi tich hop cho hé théng cum truc chinh ctia may
cong cu ma nd con duoc ap dung cho truc chinh cta tuabin phat dién, may nghién xi ming va
trong ca hé thong chay dao trén may diéu khién s6 nhim ting do cimg viing, do tin cay, kha ning
tai, d6 6n dinh, dic biét 1a kha ning dap tit dao dong, chéng rung ctia cac hé théng chay dao.

Nghién ctru ciing cho thiy 6 thity tinh c6 Kha ning chiu tai 16n, ¢ thé dat toi 20.000 tan.
Trong mdt sd trudng hop nhit dinh co thé sir dung nude lam chét boi tron cho 6 thuy tinh gop
phan bao vé mdi trudng va dam bao phép trién bén viing [3,4].
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Budng 4p suit 1 Van tiét luu
Buéug ap suit 4

van di_éu Khién
ap suat

Hinh 2. So d nguyén 1y 1am viéccta cum 6 thay tinh [2]

2. XAY DUNG CHUONG TRINH TINH TOAN CAC THONG SO THUY TINH CO BAN
2.1. Cac thong s co ban ciia 6 thity tinh [2]

‘ Ap §udt trong 6 thity tinh:Tinh toan ap sudt dwa trén mo hinh 1a mot 6 thuy tinh gdom 4 tai
dau, co toc do quay co ban. dau trong 6 c6 d nhdt cao, chay tang, bo qua dong chay xody va
néu khodng céch a gitta ti voi mép 0 la nho, co thé coi gradien ap suat doc truc 6 khong doi. Do
do, c6 thé xem ném dau trong 60 lién tuc voi chiéu dai =D, chiéu day h.

Hinh 3. Phén b ap sue‘it' trong 6 thuy tinh
a- phén b6 ap suét trén mét cat ngang khi 6 chiu tai;
b- Phén bo sép suat trén mat cat ngang khi 6 khong chiu tai

O chua chiu tai: ap suét trong céc tui ddu1,2,3.4 phan bd theo phuong truc va theo chu vi
6 c6 gia tri gibng nhau(hinh 3).

Khi 6 chiu tai (tai trong co duong tac dung tring voi phuong truc ddi xing cia cac tai
dau s6 1 va s6 3, 4p suat trong cac ti dau thay doi va cé gia tri khac nhau Vi vi tri cac thi dau
ctia 6 duoc khai trién theo chu vi trén hinh 4 - Ap sut trong tai sd 1 ¢ gia tri I6n nhit, dp suat
trong tai s6 3 c6 gia tri nho nhat. C6 thé giai thich diéu nay 1a do anh hudng cua trong luong
truc gay ra.
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p3 p4 Pl

Hinh 4. Phan b ap suét theo chu vi va chléu truc 6 [2]
a) Khai trién 6 theo chu vi;b) Phén b6 4 ap suat theo chu vi
¢) Phéan b6 4p suét theo chiéu truc 0;

Gia tri ap suét trong tai dau:
=1 = 1
(1+K—2h3) M

Ap suét trong céac ti 1a nghiém ctia hé phuong trinh tuyén tinh (1) dwoc suy ra tir phuong
trinh Raynol

pi(f +- +mg ) - —pmg 1 = 151 )

1 _+P2(f1 =t (91 ~92))-p @=ﬁps$ 2)
Dyt +p3(f1 +ﬂy z))—iﬁp JI

Trong do:

p1, pz (= pa), P - 4p sudt trong cac thii dau:
B == ty sO 4p suat danh nghia ti ddu véi ap suat bom.
m= M- hé sb hinh dang 6
Db
fi =1-2(2, 1% —1, 932) 0,589

4

fr =1+2(0, 4287
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fs =1+42(2, 1% +1, 9372+0,589 )
_(1-,2
91 = (1 X 2)

92 = <1 +\/_;%)3

Lueu lwong danh nghia ciia mét tii dau trong 6 thiy tinh:

3

aC3K,
Q=" 3)

_im
Q" 6a 4 (4)

Thyc chét, 4p suit & cac tai khac nhau nhu da dugc chi ra nén luu luong & cac tai thay doi
khac voi gid tri danh nghia, nhung luu lugng tong cua dau qua 6khong doi va dugc xac dinh
theo:

Q:EP B (4_w) (5)

6ua LS 1-8 ps
Kha ndng tdi cia 6 Thity tinh xdc dinh theo cong thirc:
P=2v2D(L-a)(p: —p3) (6)
Khi tinh toan thiét ké co thé sir dung cong thirc gan dung (v6i do chinh xac du cho cac tinh
toan k¥ thuat):
P = ps.Fua.Cp(%.K) (7)
Voi:
Ps - &p suat bom cap; i ] .
Fpq - dién tich hi€u dung cta 0, voi 6 c6 4-6 tui dau thi:

Fpg ~ 0,5D° (8)

 Cp (1K) - ham $6 phy thudc y va hinh dang 6. Néu d¢ léch tim twong doi % < 0,4 thi c6
the 1ay:

Cp=1,5% )]

Thay vao ta dugc:
e 2
P= l,SzD Ps (10)

Céng sudt tiéu hao trong é thiyy tinh:
Khi 6 thuy tinh hoat dong cong suat ti€éu hao bao gom:
Cong suat tiéu hoa do bom cap N,;:

N, = 0,365.”3#“3 kW (11)

Cong suat tiéu hao do ma sat cua dau tai vung tiép giap cau noi gilra cac buong dau theo
chiéu truc N¢;:
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=0,17.10°u,D*% X 3600’kw (12)
Céng suét tiéu hao do ma sat cua dau tai ving tiép giap mép 6 Ne,:
2
=0,34.10"paD’>- X 3600’kw (13)

Céng sudt tiéu hao do ma sat trong budng dau Nes:

1Hn?D(A+E) 429
o =0,136.10"2—2° 229
2t(145) 360

kW (14)
Vi N rt nho nén cé thé bo qua => Cong suit tiéu hao do ma sat:

2p4
Ne = Net +Neo = 0,072,107 42 kw (15)

Cong suat tiéu hao chung cho toan bo 6 thuy tinh:

N, = N+N—0365ps +00721016“"AD (16)

Trong cac cong thirc trén:
- d6 nhot dong luc cua dau boi tron;
n- s6 vong quay trong 1 phat cua 0;
D- duong kinh danh nghia cua 6, (mm);
z- s6 tai dau trong 6;
t- chidu sdu tai dau, (mm);
20 - gbc chin cung bé rong tui dau (°);
0,- goc chian cung khoang cach b giita hai ti dau ké nhau (°).
A - 36 hé hudng kinh cua 6, (mm).
Véi gia thiét chidu day 16p boi tron trong 6 thiy tinh khong d6i, nén:
h = % mm
P cieng vitng ciia mang dau trong 6 thiy tinh:

] =
2.2. Xay dung chwong trinh tinh toan cic thong s6 thity tinh véi phin mém Matlab

1, 5P

, kgf/um (17)

Cung voi sy phat trién ctia cong nghé thong tin, cac bai toan k¥ thuat cé thé duoc tinh toan
md phong dé dang, phuc vu dic lyc viéc tinh toan thiét ké thlet bi. Tuy nhién, dé - gial quyét cac
bai toan phu:c tap voi glao dién ngu:(n dung tryc quan, ta can c6 cac phan mém hd trg manh mg
viéc thiét ké giao dién didu khién (GUI). C6 thé ké dén cac ngon ngir 1ap trinh thong dung nhu
Visual Studio, Matlab...

Matlab véi vu diém c6 thé thiét ké giao dién truc quan, co thé giup nguoi su dung nhanh
chong lya chon dugc b thong s tinh toan phii hop dé thict 1ap chwong trinh tinh toan noi trén.

Ap dung xay dung chuong trinh mé _phong tinh toan 6 thuy tinh: trong bai bao nay tac gia
viét chuong trinh cho mdt loai may cu the la may mai tron ngoai 3K12. Cac may cong cu khac
khi can thay thé tinh toan cic thong s thiry tinh co thé viét chuong trinh twong tu dua trén
nhiing diéu kién cu thé ciia cum truc chinh may dang hoat dong.

Thong s6 dau vio: bao gdm cac thong sO xac dinh trudc phi hop véi didu kién lam viéc
cua may. Trong truong hop nay co thé bao gom: Puong kinh ngdng truc, chiéu rong 6, chidu dai
budng dau, do nhét cia dau, khe hé twong ddi va toe dd quay cua truc chinh.
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B caculator_tstt ol ®

File Edit View Inset Tools | Desktop | Window Help

TINH THONG SO THUY TINH CO BAN

Thong so thuy tinh — s0 do buong dau theo mat cat ngang
Duong kinh truc D(mm) 1

Toc do quay cua truc n(vg/ph) 08

Chieurong o B (mm)

0.6
Chieu dai buong dau b1(mm)

Khe ho tuong doi 04
Do nhot cua dau boi tron 0.2
(mpa.s)
Ket qua 0
0 02 04 06 0.8 1

Chieu day mang dau nho nhat
hmin (micromet)

: ; Bieu do Phan bo ap suat theo chieu truc o
Do lech tam tuong doi Epsilon

Ap suat cap cho buog dau pz
(N/mm?2) 1

Kha nang tai cua o P (N)
Luu luong tong cong Q (cm3/s) 0.5

Do cung mang dau J(kg/um)

Cong suat tieu hao N (W) 0 02 04 0.6 038 1

[ Calculator ’ Reset ‘ ’ close ‘

Hinh 5. Giao dién chuong trinh mé phong tinh toan cac thong so thity tinh co ban

Thong s6 tinh toan: Hién thi két qua tinh toan. Trong chuong trinh nay, cac két qua tinh
toan va biéu d6 phan bd ap suat trén chidu dai 6 d& thuy tinh dugc dua ra (hinh 5).
- Chiéu day mang dau nhé nhat hmin (pm)
- B9 1éch tam tuong ddie
- Ap suét cap dau pz (N/mm?)
- Kha nang tai P (N)
- Luu luong tong cong Q (cm’/s)
- P6 cling mang dau J (kg/pum)
- Cong suét tiéu hao N (W)
Sau khi xay dyung giao dién, tién hanh viét chuong trinh (hinh 6).
Cudi cing 1a chay chuong trinh, kiém tra 13i va stra lai. Chuong trinh gitp ngudi thiét ké,
ché tao co thé Iwra chon bd thong s phii hop véi yéu cau lam viée cua 6 bang cach thay doi thong
s6 du vao dua trén diéu kién 1am viéc cua may, diéu kién ché tao.

3. KET QUA VA THAO LUAN

Chuong trinh mé phong, tinh toan cac thong s thiy tinh co ban chay 6n dinh. Két qua
dugc mb phong trong 2 truong hop thir nghiém véi cac didu kién cong nghé gia cong khac nhau
va kha thi trong diéu kién gia cong & Viét Nam nhu sau:

Truong hop 1( hinh 7): Bo thong sé dau vao

e Duong kinh ¢6 tryc: 70 mm
Téc d6 quay cua truc: 3000 vg/ph
Chiéu dai budng dau: 28 mm
Chiéu rong 6: 56 mm
Khe ho tuong dbi: 3e-4
D6 nhét dau bodi tron: 3.5mpa.s
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Hinh 6. Viét code chuong trinh md phong tinh toan

Két qua nhan duoc:
e Chiéu ddy mang dau nho nhat hmin (pm): 5
Do 1éch tim tuong ddi € : 0,523
e Ap suit cip dau pz (N/mm®): 6,67
e Khé ning tai P (N): 12857
e Luu luong téng cong Q (cm’/s): 0,00018

n caculator_tstt = =

File Edit View Insert Tools Desktop Window Help ~

TINH THONG SO THUY TINH CO BAN

— Thong so thuy tinh so do buong dau theo mat cat ngang
Duong kinh truc D(mm) 70
Toc do quay cua truc n(vg/ph) 3000
Chieurong o B (mm) 56
Chieu dai buong dau b1(mm) 28
Khe ho tuong doi 3e-4
Do nhot cua dau boi tron 35
(mpa.s) '
— Ket qua

Chieu day mang dau nho nhat 5
hmin (micromet)

Do lech tam tuong doi Epsilon 0.52381

— Bieu do Phan bo ap suat theo chieutruco——M

Ap suat cap cho buog dau pz
(N/mm2) 6.6772 10

Kha nang tai cua o P (N) 12853.6217 %
Luu luong tong cong Q (cm3/s) 0.0001815 Zw‘ | sy S G i e
=
Do cung mang dau J(kg/um) 142.4782 =y
0 ; 1 ¢ : 5
. 0 10 20 30 40 50 60
Cong suat tieu hao N (W) 0.056571 chieu rong ofmm]
Calculator l | Reset 1 l close ’

Hinh 7. M6 phong tinh théng sb thuy tinh co ban cho TH1

e DO clng mang dau J (kg/um): 142,57
e (Cong suat tiéu hao N (W): 0,056
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Truong hop 2 (hinh 8):Bo thong s6 dau vao
Puong kinh ¢6 truc: 70 mm

°
e Toc do quay cua truc: 3000 vg/ph
e Chicu dai buong dau: 28 mm
e Chicu rong 6: 56 mm
e Khe hé tuong doi: 4e-4
e Do nhot dau boi tron: 3,5mpa.s
u caculator_tstt = 23
File Edit View Insert Tools Desktop Window Help N
TINH THONG SO THUY TINH CO BAN
-Thong so thuy tinh — s0 do buong dau theo mat cat ngang
Duong kinh truc D(mm) 70
Toc do quay cua truc n(vg/ph) 3000
Chieurongo B (mm) 56
Chieu dai buong dau b1(mm) 28
Khe ho tuong doi 4e-4
Do nhot cua dau boi tron 35
(mpa.s) .
Ket qua

Chieu day mang dau nho nhat 5
hmin (micromet)

Do lech tam tuong doi Epsilon 0.64286

— Bieu do Phan bo ap suat theo chieu truc o

Ap suat cap cho buog dau pz
(N/mm2) 7.4868 10

Kha nang tai cua o P (N) 17687.6436

Luu luong tong cong Q (cm3/s) (0. 00029473

ap suat[N/mm2]
o

Do cung mang dau J(kg/um) 179 1233

0 10 20 30 40 50 60
chieu rong o[mm]

Cong suat tieu hao N (W) 0.071121

’ Calculator ‘ { Reset w ’ close

Hinh 8. M6 phong tinh thong s6 thiy tinh co ban cho TH2

Két qua nhan duoc:
e Chiéu diy mang dau nho nhit hmin (pm): 5
Do 1éch tam tuong ddi ¢ : 0,64
Ap suét cap dau pz (N/mm?): 7,48
Kha nang tai P (N): 17693
Luu lugng téng cong Q (cm’/s): 0,00029
Do climg mang dau J (kg/pm): 179,23
Cong suat tiéu hao N (W): 0,071

Thao luin:

Chuwong trinh di duogc st dung dé tinh toan mo phong cho cac trudng hop khac nhau vé gia
tri khe ho twong d6i ndm trong dung sai cho phép khi ché tao. Két qua tinh toan mé phong cho
thiy: Thay d6i cua khe ho twong ddi trong pham vi dung sai ché tao din dén cac thong s thiy
tinh ddc trung cling thay dbi dang ké, dac biét 1a do ciing cua mang dau. Nhu vay, dé nang cao
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hiéu qua bdi tron thuy tinh, can phai quan tim dén gia tri khe ho thyc té sau khi gia cong co ¢d
truc va bac (ndm trong dung sai ché tao cho phép) va phai tinh toan kiém tra lai cac thong sd
thuy tinh dac trung.

Chuwong trinh tinh todn mo phong cac thong s6 6 thuy tinh bén canh viée phuc vu thiét ké
ty dong cing véi tra ciru cac sd liéu k§ thuat lwu trit lién quan, con d& dang va nhanh chong giup
nguoi thét ké, ché tao diéu chinh duoc cac thong sd thuy tinh dic trung sau khi gia cong phii hop
v6i diéu kién ché tao truc - bac.

Bén canh do, khi thiét ké c6 thé tdi uvu hoa kha nang tai cua b trén co s& khao sat su bién
thién ctia d6 nhét dau vao trong pham vi cho phép. Hodc khao sat kha ning tai toi uu cia 6 dong
thoi theo nhiéu thong so: Khe h¢ cua o, thong s6 hinh hoc cua buéng déu d6 nham bé mat, dau boi
tron. Tuy nhién, cic thong s trén déu rat kho diéu chinh khi di ché tao 6. Vi vay, viéc thay doi do
nhdt cia dau boi tron trong pham vi cho phép la phu:(mg an kha thi nhét trong diéu kién hién nay
va phin mém tinh toan mo phong gitip rit ngan thoi gian va ning cao do chinh xac cho qué trinh
diéu chinh sau gia cong co.

4. KET LUAN

Boi tron thuy tinh hién nay dang la xu thé trong ché tao may trén thé giéi va phu hop véi
cai tién nang cap cym 6 truc chinh thuy dong trén may cong cu truyen thong Viéc lya chon dugc
b thong so thuy tinh phu hop voi két cau da co cla ‘may la rat can thiét. Str dung phuong phap
va cong cu truyén thong véi cac cong thic tir (1) dén (17) hoan toan co6 thé tinh toan dugc bd
thong so thuy tinh dac trung, nhung viéc tinh todn s€ mét thoi gian, co thé sai sot khi phai tinh
lap nhiéu lan dé chon va diéu chinh duoc bd thong sb phu hop, thuan loi cho ché tao theo dicu
kién gia cong hién tai & Vi¢t Nam.

Nhom tac gia dd xdy dyng mdt chuong trinh tinh toan thiét ké va mo phong cum 6 thuy
tinh trén co s& phadn mém Matlab. Trong cac diéu kién gia cong ché tao thuc té 1a rat khac nhau,
da tinh toan thiét ké, Iwra chon va diéu chinhcac thong s thiy tinh cho truc chinh may cong cu
voi may dai dién 1a may mai 3k12. Cac két qua tinh toan va mo phongbd thong sO thay tinh, ddc
biét la kha nang tai va d6 cung virng cua tryc chinh da cho thay tam 6 On dinh va phu hop véi két
céu ctia cum tryc chinh. Déi véi cac may cong cu khac s& tién hanh qui trinh tuong tu trén co s&
cac két cu, kich thude hinh hoc va diéu kién 1am viéc cua cum truc chinh.

Vi vy, chuong trinh tinh toan thiét ké va mé phong cum 6 thuy tinh may cong cu sé:

- Thuan loi, nhanh va chinh xac cho khdo sat, nghién ctru, lya chon bg thong ) thuy tinh
dam bao 6n dinh tam truc chinh.

- Lam co s¢ tinh toan cho qua trinh thiét ké cai tién két cau va nang cép cum 6 thiy tinh
truc chinh may cong cutruyen thong dya trén cong nghé ché tao CNC hién dai.

- Gop phan vao viéc nang cao chit lugng gia cong, kéo dai tudi tho va ning cao do tin cay,
giam thiéu chi phi thiét bi.

LOI CAM ON

Nhom tac gia xin gui 161 cam on dén nhom thuc hién dé tai cip B2017-BKA-47 di cung
cap so liéu giap chung tdi hoan thanh bai béo nay.
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