HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018
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Trong cac may cong cu no6i chung va may CNC noi riéng, rung dong duogc coi la
mot théng s quan trong dé danh gia tinh trang cia may trong sudt thoi gian hoat
dong, nhung hién nay chua co ti€u chuén dé danh gia tinh trang hoat dong cua
cum 0 truc chinh thong qua khao sat rung dong. Dya trén két cau, chirc nang cia
cum 6 tryc chinh, phan tich qua trinh mon cta cum 6 tryc chinh; dp dung céc tiéu
chuan kiém tra hinh hoc truc chinh; tiéu chuén do va phan tich rung dong trén
mdy cong cuy; bai bao nay nghién ciru, xay dung va tich hop h¢ thong thiét bi dé
danh gia chat lugng lam viéc ctia cum 6 truc chinh may tién CNC trén co s6 phan
tich rung dong theo ti€u chi mon tong hop. Tién hanh thir nghiém hé thong thiét bi
dé dénh gia chat luong lam viéc ctia cum 6 truc chinh thong qua céac thong sb dic
trung ciia rung dong do dugc. Cac két qua thir nghiém hé thong thiét bi cho thay
qua trinh thir nghiém dé xac dinh dugc moi quan hé twong quan gitra luong mon
tong cong doc truc cla cum 6 truc chinh . mdy cong cu CNC (phan anh chit lugng
1a viéc ctia cum 6 tryc chinh) va thong s6 dic trung RMS khi phan tich két qua do
rung dong ciia cum 0 truc chinh.
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Generally, characteristic of spindle - vibration is considered as an important
parameter to evaluate condition of the machine during operation, However, there is
currently no standard to evaluate the performance of the spindle bearing cluster via
vibration. Based on the structure, function of the spindle, analysis of the wear; the
spindle geometry testing standards; standard measurement and analysis vibration on
machine tools; This paper investigates, builds and integrates the equipment system
to assess the quality of the CNC lathe spindle on the basis of vibration analysis
according to the synthetic wear criteria. Carry out a test of the equipment system to
evaluate the performance of spindle bearing through the vibration characteristics.
The test equipment system results show that the testing process has determined the
correlation between the total axial wear of the CNC machine tool spindle and RMS
when analyzing vibration test results of spindle bearing.
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1. GIOI THIEU

Cum tryc chinh 13 mdt bd phan quan trong, 13 bd phan chip hanh trong xich dong ciia may
cong cu CNC. Viéc danh gia tinh trang hoat dong cta cym tryc chinh may cong cu ¢ vai tro rat
quan trong vi no quyét dinh d¢ chinh xac ctia may va gitip chu dong trong viéc lap ké hoach bao
dudng, stra chita, ting do an toan van hanh cua thiét bi. Cac yéu cau ky thuat co ban d6i Vo1 cum
truc chinh 1a d§ chinh xac chuyen dong quay, d6 cimg virng, kha ning chdng rung, tudi tho va
kha ning van hanh ém. Két cau ciia mot cum truc chinh may CNC thuong bao gom: truc, bd
phan ga (dao hoac phoi), hé thng din dong, cac 6 lan, bé d va hé thong lam mat, bdi tron.

Rung dong xuét hién trong qua trinh vén hanh cua may cong cu thuong phan anh rat nhay
va chinh x4c dbi voi su thay dbi tinh trang hoat dong. Cac tin hiéu rung dong dugc dung dé danh
gia tinh trang hoat dong may cong cu néi chung va cum 6 truc chinh noi riéng rat thuan loi.

Bai b4o nay trinh bay két qua nghién ctru xdy dung va tich hop hé thong thiét bi danh gia
chit Iuong truc chinh thong qua dic trung rung dong trén co sé xac dinh lugng mon tong hop
ctia cum 6 truc chinh. Hé thdng thiét bi cho phép khao sat duoc mbi quan hé giita cac thong sb
dac trung cua tin hi€u dao dong do duoc va chat luong lam vi€c cuia cum tryc chinh ma cu thé 1a
luong mon cum 6 truc chinh may cong cu CNC.

2.CO SO LY THUYET/PHUONG PHAP NGHIEN CUU
2.1. Két ciu co ban truc chinh may céng cu CNC

Cum truc chinh déng vai trdo quan trong trong viéc ddm bdo do chinh xac va hi¢u suit cua
may cong cu. D9 tin cdy cia cum truc chinh anh hudng dén toan bd hi€u qua san xuét va tinh 6n
dinh cua thiét bi. V& mat k¥ thuat, truc chinh may céng cu co chirc ning quan trong: truyén
chuyen dong quay chinh xéc den cong cu (vi du khoan, phay va mai) hoac phoi (vi du: tién) va
truyén ning luong dén vung cét dé loai bo vat lidu [1]. ‘Trong qua trinh gia cong truc chinh phai
chiu tai do cat got va nhiét phat sinh do ma sat trong 6 lan. Lyc va mé men cit bao gdbm dang
tinh va dong, thong qua hé thong dung cu (d6 ga dung cu va dung cu) tic dung dén cac vong bi
truc chinh. Thong thudng, trén cac may cong cy, cum truc chinh phai lam viéc & tbc do quay o
tdc do cao (dén 20.000 vong/phut) va dam bao do chinh x4c yéu cau tir lum (vi du mai, doa) dén
100 um (vi duy: tién, phay) [2].

Hinh 1. Cac phuong phap dan dong truc chinh
a-Dan dong bang bo truyén dai; b-Dan dong tryc tiép; c-Dan dong bang bo banh rang; d- Dan dong tich hop

Cum truc chinh méy cong cu CNC bao gdm cac thanh phan co ban 1a: bd phan ga, truc, cac
6 d, hé thong dan dong, hé thong lam mat. C6 mot 5O loai hé thong dan dong khac nhau, vé co
ban n6 bao gom dong co dan dong truc tlep hoac glan tlep (hinh 1) [1]. Phan 16n may cong cu
no6i chung va may CNC noi riéng st dung dan dong gian tiép voi dudng truyen gom dong co, bd
truyén dong (banh ring; dai hay khop ndi) va truc chinh nhu hinh 1.a. V& két cdu cum 6 truc



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

chinh thong thuong co cum b chiju lyc chinh
(cum 6 phia trudc), co thé diéu chinh d6 doi
ban ddu va cum 6 d& (6 phia sau) dé phong
ngira gidn nd nhiét theo chiéu truc [3].

Bﬁng cach do do dao dau trude truc
chinh theo phuong hudng kinh va doc tryc,
ta s€ danh gid dugc do chinh xac chuyén
dong quay (hinh 2). Hién nay, da c6 nhiéu
nghién ctru vé danh gia chét luong cum truc
chinh may cong cu thong qua kiém tra hinh
hoc va di xdy dung duoc tiéu chuan quy
dinh vé kiém tra hinh hoc ctia may cong cu
CNC [4,5], nhiéu hang ché tao ra cic hé
thong thiét bi hoan chinh nhim danh gia
chét luong cum truc chinh may CNC thong
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Hinh 2. Phuong phap kiém tra do ddo mdt dau va do

dao hudng kinh va dich chuyén doc truc cua truc chinh

may cong cu (theo TCVN 7681-1-2013)

a- Kiém tra 46 dao huéng kinh, b- Kiém tra lugng dich

qua cac phép do sai 1éch hinh hoc nhu trén hinh 3.

chuyén doc truc; ¢ - kiém tra d6 dao doc truc

b)

Sai 1éch |
theo \
truc Z l.

- Sai 1éch theo truc X,Y

Hinh 3. Thiét bi danh gia d6 chat lugng lam viéc may cong cu CNC théng qua kiém tra hinh hoc
cta cum truc chinh Spindle Error Analyzer (hang LION)
a-Thiét bi; b-So do do

Tri Prakosa va céc tac gid da
thuc hi€n nghién ctru anh hudng cia
cac yéu td nhu tai trude, khoang
cach 6, sb luong d,... toi do cung
cta truc chinh may cong cu va dé
xuét cac giai phap thiét ké dé t6i uu
héa d§ cing vitng truc chinh [6].

Trong nghién ctru nay, so d6 do do
cing cua truc chinh may cong cu
duoc thé hién trén hinh 4. Luc
huéng kinh dugc tac dung vao cum
truc chinh bang xylanh khi nén va
d6 léch duoc do bé“mg déng hd so.

@ Tai

Hinh 4.

<
bo léch

So d6 va thiét bi do do cung truc chinh may cong cu

cua Tri Prakosa va céc tac gia

Trong qua trinh lam viéc ctia may cong cu, thong sé ki thuat quan trong nhat chinh 1a do
cing virng cua cum truc chinh. Tuy nhién, hi¢n nay céc dir li¢u va phuong phap, quy trinh kiem
tra d cirng virng cia cum truc chinh may cong cu CNC chua dugc cong bo.
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2.2. K¥ thuat do va phin tich rung dong trong giam sat tinh trang ky thuit cum truc chinh

Viée phan tich dao dong dé danh gia tinh trang hoat dong cua thiét bi da dat dugc nhiéu
thanh tyu, nhiéu phuong phap va giai phap dwoc ap dung rong rai trong giam sat chit lugng,
chan doan cac chi tiét quay (6 lan, banh ring,...). ‘

Phuong phép danh gia thong qua rung dong c6 cac dic diém [7]:

- Banh gia dua trén co s¢ do dao dong tai vi tri khong quay.

- Péanh gia dugc tién hanh khi thiét bi dang hoat dong.

- Thyc hién d6i véi thiét bi cu thé, két qua phén tich chi cho biét trang thai chinh thiét bi do.
- Péanh gia c6 thé duoc tién hanh lién tuc hodc dinh ky.

Céc dai lugng do duoc trong tin hidu rung dong thay ddi rat nhanh, trong khi d6 tinh trang
thiét bi thay d6i theo ngay, tuan, hay thang; vi vAy phai tach dugc cac thong s6 chan doan tir tin
hi€u do dugc nhd cac cong cu phén tich tin hi€u hién dai. Cac thong s6 chan doan nay thuong
duogc biéu dién dudi dang mot gia tri (bang sd) va thay d6i cham tuong mg voi trang thai ky
thuat cua thiét bi [7].

Tiéu chudn ISO 10816 [8] dé cap tdi viéc danh gia rung dong cuia may quay thong qua cac
két qua do rung dong tai cac bo phan khong quay, ap dung cho cac may cong suat trén 15kW va
tdc d6 tir 120 dén 15000 vong/phut. Mirc rung dong cia thiét bj voi dugc chia lam 4 ving A, B,
C va D ung véi tinh trang lam viéc khac nhau cua thiét bi véi cong suét va ché do do khac nhau.

Phuong phap do, loai cam bién, quy trinh k§ thuat do rung dong, va phuong phap phan tich
tin hiéu rung dong trong may da dugc dé cap dén trong nhiéu tai liu [1,7,8].

Tuy nhién, viéc nghién ctru mbi quan hé giita cac thong sb dic trung cua rung dong va chat
lugng 1am viéc ctia cum 6 truc chinh may cong cu noi chung va may cong cu CNC ndi riéng, it
duogc nghién ctru ma cha yéu tap trung nghién ctru cic cum vong bi don 1¢; ¢ Viét Nam chua c6
tiéu chudn hodc quy trinh danh gia chat lugng lam viéc ciia cum tryc chinh may céng cu CNC
dwa vao cac thong s dic trung ciia rung dong.

2.3. So' d6 thi nghi¢m
Trén co so 4p dung cic khuyén nghi vé phép do rung dong cum truc chinh may theo ISO

10816, va phép do hinh hoc trén truc chinh may tién theo TCVN 7681-1-2013; cau trac cua h¢
thong thiét bi thuc nghiém dugc bd tri nhur hinh 5.

Truc chinh
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asi luu lugng
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Ngudn khi
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Bién tan

Hinh 5. So db hé théng thiét bi thuc nghiém
T° -cam bién nhiét do; da, or- do dich chuyén doc truc va do dich chuyén hudng kinh cua truc chinh;
Fa, Fr- tai doc tryc va tai hudng kinh.
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Véi muc tidu xac dinh dugc mdi quan hé giita cac thong s dic trung cua rung dong
cum 6 truc chinh trong Umg v6i lugng mon téng cong theo dac trung dong luc hoc la tai
trong, toc do quay, dé dam bao thiét bi do rung dong phan anh dung tinh trang hoat dong cua
cum O truc chinh, hé théng thi nghiém duogc tich hgp truc tiép trén cum truc chinh may ti¢n
CNC Eclipse 300.

Hé théng thtr nghiém lam viéc trong diéu kién khong co chét boi tron tai cum 6 truc chinh
chiu Iyc chinh (cum 6 phia trudc) nham giam thoi gian thyc nghiém trong qua trinh mon tuyén
tinh. Tuy nhién, d& dam bao diéu kién 1am viéc binh thuong cua 6 lin can khéng ché nhiét do
lam viéc nhé hon 70°C (theo quy dinh cta nha san xuat) [9,10]. Viéc duy tri nhiét do lam viéc
ctia cu 6 tryc chinh nho hon 70°C dwoc thuc hién bang hé thong lam mét khi nén. Cac voi phun
khi nén dugc bd tri thdi vao xung quanh 6. Trén hé thong c¢é lap cam bién nhiét do (dugc gin ap
vao ca ngoai ctia 6 1an) dé diéu khién dong khi lam mat phu hop.

Trong qué trinh gia cong trén may tién CNC, truc chinh chiu cac Iuc cat hudng kinh va luc
doc truc. Do vay, trong hé thong thiét bi thi nghiém nay, thay thé cho luc cat, str dung 02 xy lanh
pit tong khi nén theo phuong doc truc va phuong huéng kinh. Cac xy lanh pit tong dwoc lap van
diéu ap dé diéu chinh 4p suat tuong g vai luc cét tinh ton.

So v6i phuong an tao luc bang 16 xo0, hé thong nay c6 uu diém 1a Iyc tic dung 1én cum truc
chinh khong thay d6i khi lugng mon cua cum 6 truc chinh tang 1€n theo thoi gian thir nghiém.

D6i v6i may cong cy, cum 6 truc chinh phai dugc tao mot ung luc nhat dinh nhim dam
bao d6 cung ving cua 6 truc chinh may cong cu theo yéu cau cta nha san xudt, gia tri lyc dat
trudc phu thude vao loai 6 va ¢ 6 va so dd lap 6. Trong hé théng thi nghiém nay, ing véi cip 6
lan 7210 ciia hang NSK lip theo kiéu lung ddi lung va tai trong trung binh. Xac dinh duoc gia tri
clia tai truée theo phuong doc truc twong tng c6 lugng dich chuyén doc truc ciia 6 lan khi dit tai
trude 14 8,= 6um [11]. Luu ¥ gié tri 8, ciing chinh 14 lwong mon tdng cong theo phwong doc truc
cho phép cia cum 6.

2.4. Quy trinh téng quat thue hién thir nghiém

Quy trinh thir nghiém thyc hién theo cic budc nhu so dd trén hinh 6, két qua cua phép do
lwong dich chuyén dwoc nhip vao may tinh; két qua phép do rung dong dugc Iuu giit trong thiét
bi do CMX-A44 va chuyén sang may tinh dé phén tich va tinh toan gia tri dic trung theo phin
mém Mycrolog Analysis and Reporting ctia hing SKF duogc cai dit san.

Chay khéng tai, Chay khong tai,

ay Véi At tai So sanh gia
2 Dét Preload D3t tai Fa, Fr dé] do dao dong Ch ay‘may Vo do dao dong Dat ai Fa, ,Fr’ tri dichg
Bat . ; A e Ui téc d6 n trong P do lugng dich P
! (3=6um) theo |-= dodd dich f~=hudng kinh, dao|—e ihdi gian 120 —=huéng kinh, daoj—s{ huvén his chuyén doc
dau dlng veu oA . < N ) . ) chuyén huéng
Gng yéu cau | |chuyén ban dau| |dong doc truc o ohit, i Fa, Fr dong doc truc 9 kinh va doc truc truc v

t6c do n t6c do n [5]=6m,

I

Thu thap dif liéu vé lugng mon va rung dong, phan tich dit liéu trén may tinh, tim ra cac thong s6 déc
trung clia rung dong, méi quan hé giira rung dong va lugng mon ting cong

Hinh 6. So db quy trinh thyc hién phép do va thu thap dir lidu

Trong do, s6 lidu lugng mon téng hop theo phuong doc truc cta cum d truc chinh duge xéc
dinh nhu sau: ‘
- Xac dinh chuan kiém tra do theo phuong doc truc khi luc tdc dong doc truc bang khong.
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- Tac dong tai so bd F, = 250N (bdng gid tri tai trudc Fereioaa).
- Xac dinh chuyén dich doc truc.

2.5. Thir nghi¢ém hé thong thiét bi ddi véi mot b
thong sb cu thé

Pé tién hanh thir nghiém thiét bi, cin clr vao cac
thong s6 k¥ thudt ciia may tién CNC Eclipse, cac thong
sO cua hé thong thiét bi va qua trinh thyc nghiém dugc
tinh toan, chon lya cu thé nhu sau:

- Thiét bi do rung dong Microlog CMX-A44 (hinh 7).

Céc thong sb cai dit:

+ Sensor type: Accell G m/s”

+ Sens (mV/m/s%): 100

+ Y-Axis units: Time

+ X-axis units: s

+ Detection: RMS Hinh 7. Thiét bi do va phan tich rung dong
+ Freq Range: 500Hz. CMX-A44 cta hing SKF
+ Samples: 4096

- Tai trong tac dong hudng kinh va doc truc trong qua trinh thi nghiém: Tai hudng kinh
trong qua trinh thi nghiém 1a 590N (twong dwong 4p suét qua van diéu ap 1a 1,9 bar); tai doc truc
14 250N (twong dwong ap suit qua van diéu ap 1a 0,9bar.

- Toc @6 tryc chinh: n = 2000 vong/phit

- Gi6i han nhiét d¢ lam viéc ctia cum 6 truc chinh: <60°C.

3. KET QUA VA THAO LUAN
3.1. Két qua ché tao h¢ thong thiét bi

L T (e -
e a\t a

Hinh 8. Thiét bi thuc nghiém danh gia chit luwgong cym truc chinh bﬁng khao sat rung dong
trén may tién CNC Eclipse 300
1- Xy lanh tao luc hudng kinh; 2- Xy lanh tao luc doc truc; 3- Pong hd so; 4- Cam bién do rung;
5- Cum tryc chinh may tién CNC; 6- B theo doi va khéng ché nhiét d¢; 7- Bo diéu khién tdc do truc chinh;
8- Thiét bi phan tich rung dong; 9- Pudng khi nén lam mat.

Tir cac phan tich va két cAu cy thé clia may tién CNC Eclipse 300, hé thong thiét bi BK-
CT-17 duogc thiet ke va ché tao hoan chinh dé danh gia chat lwgng lam viéc cia cum 0 truc chinh
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trén co s¢ phan tich rung dong cum o va luong mon téng cong doc truc truc chinh may cong cu
CNC nhu hinh 8. Trong nghién ctru nay, cac thir nghi€ém duoc thyc hién truc tiép trén ‘may tién
CNC thuong mai cta hing ALECOP (Tay Ban Nha), dat cic yéu cau ky thuat khi xuat xuong.
Thiét bi do rung ctia hang SKF va thiét bi do dich chuyén ctia hang Multitoyo da dugc thim dinh
chit luong. Quy trinh do dich chuyén theo TCVN 7681-1-2013 va do, phén tich rung dong dugc
thuc hi¢n ISO 10816.

3.2. Két qua thir nghi¢m hé thong thiét bi véi mgt bd thong s6 thi nghiém cu thé

Tir céc dit liu thu dwoc sau khi tién hanh thir nghiém, xéc dinh dugc d6 thi biéu dién mdi
quan hé gitra lrgng mon doc tryc téng cong cua cum 6 tryc chinh, gia tri RMS cua rung dong va
thoi gian. Trén hinh 9 1a két qua thir nghiém tham do thiét bi v6i bo thong s6 thir nghiém trong
muc 2.5.
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Hinh 9. B thi biéu dién luwgng mon téng hop doc truc ciia cum 6 lan va gia tri RMS
cua rung dong cum tryc chinh theo thoi gian

3.3. Thao luin két qua

Tir két qué thir nghiém thim do, nhan thdy h¢ thong thiét bi thi nghigm da thu dugc céc
thong tin vé gia tri vé d6 clng viing cua tryc chinh, luong mon tong hop theo phuong doc truc va
gia tri dac trung cua rung dong cum o truc chinh. Cac két qua thu dugc ddi voi cum 6 truc chinh
méi déu ndm trong giGi han cua nha san xuét quy dinh.

Gia tri lwong mon tong hop doc truc cua truc chinh theo thoi gian hoat dong tuan theo quy
lut biéu dién lugng mon trong diéu kién binh thuong cua chi tiét may dang kinh dién [12], gom
2 giai doan trong qua trinh mon binh thuong:

Giai dogn 1: Giai doan ban dau (giai doan chay ra). Luong mon tong hop ciia 6 lan ting
nhanh nhim san phing cac nhip nhd ban dau do ché tao, do d6 gia tri do dao truc chinh ting
nhanh.

Giai doan 2: Giai doan 6n dinh (giai doan 1am viéc binh thudng). Luong mon cia 6 6n
dinh, tc d6 mon nho va tuyén tinh theo thoi gian, do d6 gia tri do dao truc chinh ting tuyén tinh
theo thoi gian.
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Véi gia tri lugng mon tong hop cho phép [8] = 6pum hoan toan xac dinh dugc tudi tho du
kién ctia cum 6 truc chinh may tién CNC Eclipse trong diéu kién thir nghiém.

Gia tri dac trung cua rung dong RMS cling c6 céc giai doan tuong ng véi cac giai doan
mon téng cong ctia cum 6 tryc chinh. Khi lugng mon téng cong doc truc, gia tri RMS ciia rung
dong cling tang. Xac dinh gia tri RMS cua rung dong khi luong mon tong cong dat dén [3] 1a rat
quan trong, day 14 tin hiéu cho biét can bao dudng, stra chira ma khong can thao may.

~ Nhu vay, cén cir vao lugng mon tong hop doc truc cua cum 6 truc chinh va gia tri RMS cé
thé xay dung dugc mdi quan hé giita cac thong sd nay cho cac loai cum truc chinh khac nhau.

4. KET LUAN

Heé thong thiét bi dap ung yéu cau vé khao sat chit lwong cum 6 truc chinh vé lwong mon
tong cong theo thoi gian. Cac dir liéu thu dugc cho phép tim ra mbi quan hé giita lugng mon
tdng cong va cac thong sd dic trung ctia rung dong cum 6 truc chinh & céc tai trong va thoi gian
khéc nhau.

Heé thong thiét bi thir nghiém cho két qua lugng mon tong hop theo phuwong doc truc ciia
cum 6 truc chinh may cong cu CNC tudn theo quy luat mon binh thudng cta cip ma sat trong
diéu kién thir nghiém, cho thay cac diéu kién, thong sd thiét bi va quy trinh do phu hop.

Heé thong thiét bi thir nghiém 14 hé thdng do tich cuc két ndi véi phan tir xir 1y tin higu va
xay dung dugc do thi biéu dién két qua do theo thoi gian thyec.

Tu giéi han luong mon tong hop theo phuwong doc truc [8] xac dinh duoc gia tri gidi han
RMS cu thé cho timg cum truc chinh may cong cu. Mit khac, két qua cta phép phén tich rung
dong ciing cho phép chung ta chin doan cac dang hong khac ctia cum 6 tryc chinh nhu hong ca
ngoai, ca trong hay hong con lan.

Day 1a céac ket quéa thir nghiém bude dau, cac dir liéu vé do cimg, d6 dich chuyén doc
tryc, rung dong modi quan hé ciia chiing téi do tin cdy, tudi tho ctia cum 6 truc chinh & cac tbe
d6 va tai trong khac nhau s& dugce xtr Iy & cac nghién ciru tiép theo va s& dua dén nhitng két
qué tong quat hon.

LOI CAM ON
Nhom tac gia xin chan thanh cam on cac Thay, Co trong B6 mon May va Ma sat, Vién Co

khi, Pai hoc Bach khoa Ha Noi dd hd trg va ¢ nhitng ¥ kién dong gbp quy gia trong thoi gian
thyc hién nghién ctru.

DANH MUC DANH PHAP/KY HIEU
RMS - Gia tri trung binh hi¢u dung ctia rung dong.
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