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Nghién ctru d9 cirng virng va tudi tho, dd tin ciy ciia cum 6 truc chinh
may tién CNC Eclipse 300 khi tii ngoai thay doi
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Tém tat

D6 cuing viing ctia cum 6 truc chinh méy céng cu néi chung va may CNC néi riéng 13 chi tiéu quan trong dé
danh gia chét luong gia céng cua may. Tai dat trrée trong cum 6 truc chinh tao ra dé ciing viing ban déu.
Trong qua trinh lam viéc, dwéi tac ddng cua tai ngoai bao gém luc cat va tbec dé, cum 6 truc chinh bj mén
lam suy gidm d$ cing ving, dan t6i d6 chinh xéc gia céng gidm. Bai béo nay trinh bay két qué nghién ctru
sw thay déi do citng viing cum & truc chinh may tién CNC Eclipse 300, khi chiu ti ngoai thay déi, trong didu
kién phong thi nghiém. Trén co sé& méi quan hé gitra dé ciing viing, luong mon téng cong doc truc cta cum
4 truc chinh véi thoi gian lam viéc ciing nhuw gid tri d6 ctng vikng gi6i han cho phép con lai dé dw béo tudi
tho, dé tin cay, thoi diém diéu chinh tai dat trde nhdm duy tri d6 cing viing va do chinh xéc gia céng.

Keywords: Cum truc chinh, d crng vivng, may tién CNC, mon b 1an, tudi tho, do tin cay
Abstract

The stiffness of the spindle unit of machine tools in general and CNC machines in particular is an important
criterion to evaluate the quality of machining. The initial stiffness of the spindle unit is created by the pre-
load. During operating, the spindle unit is wear under the influence of external loads including cutting force
and speed. It reduces the stiffness of the spindle unit, as well as decreasing machining accuracy. This paper
presents the research results of the stiffness change of the Eclipse 300 CNC lathe spindle unit under
different external loads in laboratory conditions. Based on the relationship between the stiffness and the
amount of axial wear of the spindle unit according to the working time, as well as the permissible remaining
stiffness limit to predict the longevity, reliability and time of adjusting the pre-load to maintain the stiffness

and machining accuracy.
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1. Gié6i thiéu

May cong cu CNC c¢6 do cung vimg cta cum 6
truc chinh cao do d6 do chinh xac cua chi tiét gia
cong cao va on dinh. Vi dic trung tinh linh hoat cao
nén may CNC phu hop véi san xuét don chiéc va loat
nho, khi d6 tai ngoai tac dong 1én cum 6 truc chinh
lubn thay dbi. Trong qué trinh gia cong, cym ) tryc
chinh phai chiu tai ngoai bao gom luc cét got va toc
d6 quay. Cum 6 truc chinh may cong cu yéu cau dam
bao d6 chinh xac tir 1pm (mai, doa) dén 100 pm
(tién, phay) [1], vi vay, can phai c6 d6 cing ving ban
dau 1a yéu cau bit buc. Pong thoi du bao duge qui
luat suy giam do cliing viing theo thoi gian la yéu cau
quan trong. Xac dinh chu ky diéu chinh sirc cing ban
dau dé duy tri do ctimg ving cho cum 6 truc chinh
theo thoi gian lam viéc néi chung s€ khong phu hop
khi tai ngoai khong 6n dinh.
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Do ciing viing cia cum 6 truc chinh may tién
CNC phu thudc vao gia tri tai dat trudc va cach lya
chon céc két cdu khac nhau ciia cum 6 chiu tai chinh.
Dé duy tri va cai thién do chinh xé4c gia cong trén co
so d0 cung ving cua cym O truc chinh, Momir
Sarenac [2] d3 lwa chon két ciu t6i wu cho 6 lan cho
cum truc chinh tor d6 dam bao dugc dd cing viing
yéu cau cho cum truc chinh.

Mat khac, Tri Prakosa et al. [3] da di sau nghién
clru vé cach dat tai trude, khoang cach o s6 luong 6
nhim ting d6 cing viing cia cum 6 truc chinh.
Holroyd et al. [4] d& nghién ctru va lya chon phuong
an tich hgp cac cum 6 lan dé xéac dinh mbi quan hé
gitta d¢ cirng virng va rung dong cua cum truc chinh.
Rastegari. A et al. [5] dad xac dinh nguyén nhan suy
giam d¢ cimg ving 1a do mon cum 6 truc chinh trong
diéu kién chiu tai ngoai, bao gé)m 4 vung, hoan toan
phu hop véi quy ludt mon chung [6,7] nhu trén
Hinh 1.

Giai doan chay ra (I), tbc d6 mon giam déan téi
gia tri on dinh.
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Giai doan mon 6n dinh (1D): ‘téc d6 mon co gia
tri khong d6i. Tuoi tho chu yeu nam trong giai doan
nay.

Giai doan mon khdc liét (IIT): C6 thé chia thanh
hai vung:

Vung lan can sau diém7Te: Khoang chuyen t1ep
rét ngan, cac hién twong hu hong cuc bo bat dau xuat
hién. Pbi v6i cum 6 truc chinh rung dong bat dau co
d6t bién, cac chi tiét nhu con lan, ca trong, ca ngoai
hay vong cach bit dau xuit hién cac hu hong cuc bo.
Tdc d6 mon bat dau tang.

Vung mon khoc ligt, T> T, max: Téc d6 mon ting
vot, can dung may va thay the Pbi véi cum truc
chinh, néu khong thay thé cum 6 truc chinh s& dan toi
pha huy.
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Hinh 1. Quan hé lugng mon U theo thoi gian ¢ hay
quang duong ma sat L

Nhu vay, dé duy tri do chinh x4c gia cong lau
dai can phai x4c dinh cac thoi diém diéu chinh duy tri
sirc cang ban diu trong giai doan mon 6n dinh cua
cum vong bi truc chinh, khi chua xuét hién giai doan
III n6i trén. Khi chuyén sang giai doan III thi cum o
truc chinh khong thé phuc hoi do cimg viing ban dau
duoc nita, bé mat ma sat bt dau hu hong.
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Hinh 2. Quan hé d¢ ciig vitng J theo thoi gian ¢ hay
quang duong ma sat L

Bai bao nay trinh bay két qua nghién ctru mbi
quan hé gitta d§ ciing viing, mon doc truc cia cum o
truc chinh may tién CNC Eclipse 300 theo thoi gian
nham khing dinh gia thiét trén Hinh 2. Tir 46, xéc
dinh cac thong sé can thiét cho bai toan tinh tudi tho
va d6 tin cay theo d¢ cimg vimg khi tai ngoai thay doi
trong diéu kién phong thi nghiém. Két qua ciing lam
co so cho viéce tinh toan tudi tho theo do cimg viing
khi c6 boi tron
2. Phuong phap tinh tudi tho theo d§ cing virng
cum 6 truc chinh

Tir qui ludt mon chung trén hinh 1 va [5], c6 thé
gia thiét qui luat thay d6i do ctmg viing J theo thoi
gian hoac quang dudng ma sat nhu trén Hinh 2, trong
diéu kién mon binh thudng ciing gom ba giai doan:
Giai doan chay ra, tbc do giam do cung viing giam
dan; Giai doan 6n dinh, tbc do giam do cung viing
khong thay d6i ; Giai doan do cimg vimg suy giam
nhanh, toc d6 giam d¢ cimg viing ting vot.

Trén co s& quan hé ciia mon va tudi tho, do tin

céy [7], dua ra dugc quan hé gilra d6 ciing ving J va
tudi tho, do tin cay nhu trén Hinh 3.

G, —1(\/0 F + 6,2V + o p
Jo
Gu —W‘Gﬂ2+0f.t2
P(T)
Jn=Jo - '}’.t
[J]
Jmin| ______________________ T
=1 - P(T) a=1-P(T) =0,5
0 TP(T) Tm L (t)

Hinh 3. Su phu thudc d6 ctiing viing J theo thoi gian va d6 tin cay
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Do cling vitng cum tryc chinh J thay df}i theo
thoi gian (t) thira nhan tuan theo quy luét tuyén tinh
va duogc the hién bang phuong trinh sau:

In=Jo- Yt (1)

trong do:

Ju- DO climg viing trung binh cum 6 truc chinh
theo thoi gian,

J, — PO clng ving ban dau cta cum 6 truc
chinh,

#m — Tbc @0 suy giam trung binh cia do clng
viing

Téc do giam trung binh do cimg viing theo thoi
gian c6 thé tinh theo phuong trinh twong ty toc do
mon [7]:

7/m = k.] 'Pm 'I/:'n - 7/m = k'Pm 'nm (2)

trong do:
P, — Tai trong trung binh,
V,n — Van tbc trung binh
nm — Tc 6 quay trung binh,
ki va k 1a cac hé s6 co thé xac dinh tir cac két
qua thyc nghiém.

Trong diéu ki¢n 1am vigc binh thuong c6 thé
xem tai trong va toc do 1a hai bién ngau nhién c6 do
léch chuan la 0,(N) va oq(vg/ph). Nhu véy, toc do
suy giam do cung ving y ciing la bién ngiu nhién
tuan theo luat s6 16n, phan phdi chuan c6 ky vong y,,

va sai 1éch tiéu chuan ¢, v6i véi ham mét do £{y) duogc
tinh theo cong thic [7]:

1 [y-7,T
S = exXpy - 3)
o,N2rx 20}2
trong do:
= ‘/D(kpn) = k\/of,of + oﬁnf, + O'jpi 4)
J
=m 5
Y'n =7 (%)
T - tudi tho du kién.
D- Phuong sai
Sai léch tiéu chuén cua J, dugce tinh:
o, 2.10'30+0'§T2 (6)

P() 14 xé4c suit 1am viéc khong hong ciia cum 6 truc
chinh theo d¢ ctiing viing J, tmg véi chu ky lam vigce
c6 thoi gian 7 = T. Xéc suét lam viéc khong hong ciia
cum tryc chinh tinh theo d¢ cing viing J tuong ung
bang dién tich nam dudi dudong cong mat d xac suat
cta J: f{J) va nam trong khoang /J] <J <J, (Hinh 3)

Xac suat 1am viéc P(z) — dic trung cho kha ning
lam viéc lién tuc, dugc tinh thong qua toan tir Laplace
[7] nhu sau:
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r-[J]

2 2mn2
o, +o,T

P(t)=0,5+¢ / (7)

Trong d6:
@ - Toan tu Laplace;
T - Tudi tho du kién;
- Sai l&ch tiéu chuén ctia do ctng viing ban dau;

oy - Sai léch tiéu chuan toc d6 suy giam do cing
viing;
[J] — D0 cung vitng con lai cho phép.

Tuy thudc vao d¢ tin cay, dbdi sb cua ham
Laplace (Ua) co6 gia tri khac nhau. Phuong trinh tuoi
tho trén co s do cing viing theo d6 tin cay sé la:

U,(Jou, +o,7°) =1y, T~[J] ®)

Phuong trinh (8) v& nguyén tic ¢6 hai nghiém T;
va T, tuy nhién do tin cdy 50% la nho nhit do d6
nghiém cta phuong trinh nay phai nam trong khoang
0 < T < T, Tubi tho trung binh T,, ciia cum & truc
chinh khi ¢6 d¢ cling vitng con lai [J] cho phép sé
duogc xéc dinh theo cong thirc:

J,=[J
-l ©)
7))1
3. H¢ thong thiét bi thi nghiém

Dua trén nguyén tic phép do do cimg vimg va
do luong mon téng cong xéac dinh tudi tho truc chinh
may tién theo (ISO 13041 - 1:2004) [8] xay dung so
d6 hé thong thiét bi thi nghiém dugc trinh bay nhu
trén Hinh 4. Hé thng thiét bi thi nghiém duogc b tri
truc tiép trén cum truc chinh may tién CNC Elipse
300. Trong hé thdng nay, sir dung 02 xy-lanh pit tong
khi nén theo phuong doc truc va phuong hudng kinh
dugc diéu chinh ap suét tuong ung vdi lyc cét tinh
toan. Bé giam thoi gian, thyc nghiém dugc tién hanh
trong diéu kién khong co chét boi tron. Cum 6 truc
chinh dugce dam bao lam viéc trong didu kién 6n dinh,
nhiét do 1am viéc dugc duy tri nho hon 60 °C bing hé
thong lam mat khi nén [9,10]. Cac cam bién nhiét do
gdn 4p vao ca ngodi cua 6 lan dé didu khién dong khi
lam mét phu hop. Po dich chuyén huéng kinh va
lugng mon doc truc sir dung dong hd so Mitutoyo
1/1000, pham vi do: 0 - 0,14 mm; D¢ chia:
0,001 mm.

Trong hé théng thi nghiém, may CNC
Elipse 300 ¢ cdp 6 lan 7210 ciia hing NSK lap theo
kiéu lung dbi lung va tai trong trung binh. Gia tri cua
tai dat trude 250N theo phuong doc truc tuong Ung
v6i luong dich chuyén doc truc cua 6 lan 13 6,=6 um
[11]. Thira nhan gia tri [&,]~5um ciing la lvong mon
téng cong doc truc 16n nhit cho phép cua cum 6 theo
ISO13041-1 [8]. So dd hé thong thiét bi thi nghiém
dugc thé hién trén Hinh 5.
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Hinh 5. Thiét bi thuc nghiém danh gia chét lugng cum truc chinh trén may tién CNC Eclipse 300

1- Xy-lanh tao lyc hudng kinh; 2- Xy-lanh tao Iyc doc truc; 3 —

Béng hd so; 4 — Cum truc chinh may tién CNC; 5 — B9 theo

ddi va khéng ché nhiét do; 6- Bo diéu khién tdc do truc chinh; 7- Pudng khi nén 1am mat.

Céc thong sb k¥ thuat co ban cta cac thi nghiém
duoc thé hién trén Bang 1. Thuc nghiém duoc tién
hanh theo céac thi nghiém c6 tai ngoai theo Bang 2.

O cac thi nghiém c6 tai ngoai (P,n) khac nhau,
tién hanh theo cac budc: Dt tai trude dé tao suc cang
ban dau cho 6 lan theo quy dinh cua nha san xuét, gia
tri cda tai dat trudc 1a Fpreioaa = 250N,
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Sau mdi khoang thoi gian 7 = 6 h, dimg may va thuc
hién phép do d6 cimg viing va do lwong mon tong
cong doc tryc. Mdi thi nghiém lip lai 3 lan dé dam
bao d¢ chinh xac phép do;

Po d6 cung vimg J(N/um): Xac dinh chuin
kiém tra do theo phuong hudng kinh; Tac dong luc
huéng kinh F,; Xac dinh dich chuyén huéng kinh tai
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vi tri do y (um); Po chuyén vi thyuc hién véi 20 diém
do theo chu vi; Tinh d9 cing viing J= F,/y (N/um)[2].

Po lugng mon téng cong doc truc 6 (um): Xac
dinh chuan do theo phuong doc truc; Tac dong luc
doc truc; Xac dinh chuyén dich doc truc 6 (um); Lap
lai 3 14n cac budc va lay gia tri trung binh.

Bang 1. Céc thong s6 k¥ thudt co ban cia thi nghiém

STT  Théng sb Gia tri
1 7210B cuia D=90 mm, d=50 mm,
NSK C; =60500 mm, a. =15

2 Tbc @6 quay,n 1800, 2000, 2200 vg/ph

3 Tai trong tuong 1310, 1915, 2520N
duong, P

4 Bo6i tron Khoéng boi tron

5 Budc thoi gian  6h

Khi nén dam bao
T<60°C

6 Lam mat

Bang 2. Thong s tai ngoai ctia cac thi nghiém

Thongsd | TN1 | TN2 | TN3 | TN4 | TNS
P(N) 1310 | 2520 | 1310 | 2520 | 1915
n(vg/ph) | 1800 | 1800 | 2200 | 2200 | 2000

3. Két qua va thio luin
3.1 Két qua thi nghiém

Két qua cua cac thi nghiém xac dinh do cing
viing ctia cum truc chinh theo phuong hudng kinh va
mon téng cong doc truc theo thoi gian trong cac thi
nghiém dugc thé hién trong Bang 3.

Cin ctr vao s6 liéu Bang 3 xay dung do thi bién
thién cta dg cimg vimg va lugng mon tong cong doc
truc ciia cum 6 truc chinh theo thoi gian véi cac diéu
kién tai ngoai khac nhau, nhu trén Hinh 6

Céc két qua thuc nghiém cho thdy do cing vimng
cua cum 6 truc chinh phu thude tuyén tinh vao thoi
gian trong giai doan lam viéc 6n dinh ¢ tit ca cac
diéu kién thi nghiém (Hinh 6g). Do do, viéc biéu dién
d6 thi nguyén tic ciia do climg viing theo thoi gian
trén hinh 2 1a pht hop va 14 co so cho tinh toan tudi
tho, d¢ tin cdy cho cum 6 truc chinh.

Thay d6i do cimg ving J va lugng mon tong
cong doc truc 6 cua cum 6 truc chinh theo thoi gian, 0
cac gia tri tai ngoai (P va n) khac nhau, 1a nguoc
chleu voi nhau (Hinh 4 a,b,c.d.e). Khi luong mon
tong cong tang tuyén tinh theo thoi gian lam viéc thi
d6 cung viing cling giam tuyén tinh, cho thiy nguyén
nhan chinh 1am gidm 36 cung viing cua truc chinh la
do mon cum 6 truc chinh.

Béng 3. B§ cling viing cﬁq cum truc chinh theo
phuong hudng kinh va mon tong cong doc truc trong
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céc diéu kién tai ngoai khac nhau theo cic bude thoi
gian

Thoi Giatri | TN1 | TN2 | TN3 | TN4 | TNS
gian do
6(h) | 8(um) 1 1 1 1 1
JN/um) | 352 | 359 | 362 | 348 | 347
12(h) | 8(um) 2 2 2 2 2
JN/um) | 315 | 327 | 332 | 314 | 340
18(h) | 8(um) 2 3 3 3 3
JN/um) | 301 | 310 | 280 | 282 | 308
24(h) | 8(um) 3 4 4 4 4
JN/um) | 292 | 289 | 265 | 248 | 276
30(h) | 8(um) 4 4 5 6 4
JN/um) | 246 | 248 | 216 | 199 | 267
36(h) | 8(um) 4 5 6 5
J(N/um) | 234 | 225 | 197 212
42(h) | &(um) 5 6 6
J(N/um) | 218 | 200 196
48(h) | 8(um) 6
J(N/pum) 192

Tai mdi ving tai ngoai cu thé (P va n) voi gia tri
gidi han d6 cing vitng cho phép con lai [J] cua cum &
truc chinh may cong cy, hoan toan xac dinh duoc gia
tri lugng mon tong cong doc truc & tuong tmg, day
cling c6 thé coi 1a lwong mon téng cong doc truc gisi
han cho phép [J] cia cum 6 truc chinh.

Két qua thuc nghiém cho thiy c6 thé xac dinh
thoi diém didu chinh ste cang ban dau cum 6 truc
chinh theo [J] hodc [8]. Thoi diém diéu chinh cum 6
truc chinh phai hoan toan nam trong ving d¢ ctng
vimng J hodc lugng mon & thay doi tuyén tinh theo
thoi gian thi méi co thé khoi phuc duge do cimg viing
ban dau.

Khi tai trong ngoai thay ddi (P va n) véi mot gia
tri gioi han d§ cung vitng cho phép [J] thi lugng mon
téng cong doc truc o co6 gid tri khac nhau, do d6 can
clr vao gia tri [8] dé chon thoi diém ¢ didu chinh cum
truc chinh, c6 do chinh xac chua cao. Mit khac viéc
xéc dinh lugng dich chuyén theo phuong doc truc cia
cum 6 tryc chinh do mon trong qua trinh lam viéc 1a
rat kho khan, kha phirc tap va chuén do ludong kho 6n
dinh trong thoi gian lam viéc dai, trong khi xac dinh
do cung viing cta cum tryc chinh theo phuong hudéng
kinh dé dang hon.

Céc két qua thuc nghiém ciing cho thiy tudi tho
ctia cum 6 truc chinh can ctr vao do ciing viing [J] s&
16n hon dén 12-15% so véi khi xac dinh theo luong
mon tong cong doc truc gidi han cho phép [J]
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g. Do thi sy suy giam J theo thoi gian trong didu
kién (P, n) thay doi

Hinh 6. a,b,c.d,e -Dd thi su phu thudc cua J va 6 cum 6 truc chinh theo thei gian t

3.2 Xdc dinh tudi tho va dé tin cdy ciia cum truc
chinh trén co so dp cung vitng

Tudi tho ky vong ciia cum 6 truc chinh trong

diéu kién thuc nghiém tai phong thi nghiém tinh theo
cong thuce (8).

it 37,88(h)

m

T

m
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trong do, toc do suy giam trung binh cua do cing
viing xac dinh tor thyc nghiém Hinh 6,
Y= 4,857 (N/um/h), Jp = 384 (N/um).

Khi d9 tin cay 1a 50%, 90%, 95%, 99%, 99,9%.
Pdi sb cia ham Laplace lan luot 1a U, = 0; 1,28;
1,64; 2,33; 3,09 thay cac gia tri vao phuong trinh (8)
va luu y gia tri T, gia tri tudi tho trong diéu kién thuc
nghiém tai phong thi nghiém dugc thé hién trong
Béng 4.
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Béng 4. Két qua tinh toan tudi tho theo xac suét lam
viéc khong hong P(t) trong dicu kién phong thi
nghiém

STT Do tin cay Uq Tudi tho
P(t) % T(h)
1 50 0 37,88
2 90 1,28 31,67
3 95 1,64 30.47
4 99 2.33 28,04
5 99,9 3,09 25,78

Nhu véy trong didu kién tai ngoai thay déi (P va
n) tudi tho cum 6 truc chinh may CNC xac dinh trén
co 80 do cung viing con phu thude vao viéc lya chon
xé4c xuat lam viéc khong hong. Tudi tho dai nhat ung
voi do tin cdy 50% va dd tin cay cang cao tudi tho
cang thap. Trong cac truong hop yéu cau do tin cay
cao thi tudi tho c6 thé giam gan 50% so véi tudi tho
trung binh.

4. Két luan

Két qua nghién ctu vé tudi tho, do tin cdy cua
cum b truc chinh may tién CNC Eclipse 300 trén co
s& d6 ctng vimg khi tai ngoai thay d6i da dwa ra mot
s6 két luan sau:

1. i dua ra mot phuwong phap xac dinh tudi tho va
d9 tin cdy cua cum truc chinh chiu tai ngau nhién
trén co so do cung vimg cho phép. Két qua
nghién ctru cho thy tudi tho ting 12-15% so véi
truong hop tinh theo chi tiéu mon tong cong doc
truc

2. Két qua thuc nghiém trong phong thi nghiém cho
thdy rang do ctng vimng va luong mon téng cong
doc truc ctiia cym truc chinh may tién CNC
Eclipse 300 phu thudc tuyén tinh vao thoi gian
lam viéc. Tuy nhién, d§ cung virng va lugng mon
téng cong doc truc cia cum truc chinh bién thién
nguoc chiéu nhau theo thoi gian.

3. So véi d6 tin cdy theo tiéu chuin ISO (90%) thi
tudi tho ciia cum truc chinh may tién CNC
Eclipse 300 giam 10% khi d¢ tin cay 1a 99% va
giam ~ 20% khi d0 tin cay la 99,9%. Nhu vay,
tudi tho giam 10 - 20% khi cym 6 truc chinh lam
viéc c6 yéu ciu d9 tin cay cao hon tiéu chuén.

4. Thoi diém t diéu chinh cum 8 truc chinh dé khoi
phuc strc cang ban dau phu thude vao do tin cay
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duoc lya chon. Can ¢ tiéu chuan ISO véi cum 6
truc chinh may tién CNC Eclipse 300 trong diéu
kién phong thi nghiém thi thoi diém diéu chinh
c6 t ~ 31h. Trong truong hop do tin cay cao hon
thi t s& nho hon nhu trong bang 4.
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