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PHUONG PHAP PHAN TiCH PONG LU'C HOC KET CAU MAY
CONG cU

METHOD OF DYNAMIC ANALYSIC FOR STRUCTURE
OF MACHINE TOOLS

Pham Tuyét Mai', TS. Bui Tudn Anh?
'Khoa Ky thudt - Cong nghé¢, Truong Dai hoc Hung Vuong
2Vién Co khi, Truong Dai hoc Bach khoa Ha Noi

TOM TAT

Pac trung cua qua trinh gia cong bao gom dé chinh xac, nang suat, dé nham bé mt phu
thudc vao dac tinh dong luc hoc cua két cau may cong cu. Viéc phan tich dong luc hoc may cong cu
dé danh gia anh hwong ciia no dén chat heong ciia qua trinh gia cong, dy doan va ngan chan dwoc
cdc sur 6 bat ngo. Tir do nang cao kha nang lam viéc on dinh cua may, dam bdao nang sudt va chat
liwong gia cong. Bai viét nay trinh bay nghién ciru sir dyng phwong phdp phan tir hitu han (FEM) va
phan mém Catia V5-6R2014 dé danh gia va phan tich dong luc hoc két cau may phay CNC Festo
trong cdc diéu kién ddt tai trong itrng voi cdc ché do gia con g khac nhau. Két qua nghién ciru chi ra
danh huong cia dong liec hoc két cau may t6i chdt lwong gia cong, tir do ¢o thé duwa ra cdc diéu kién
gia cong phit hop tuwong ting véi cac yéu cau dé ra.

Tir khéa: Phirong phap phan tir hiru han (FEM); Déng luc hoc, mdy céng cu, phan mém
Catia V5-6R2014.

ABSTRACT

Characteristics of a machining process including the accuracy, the productivity, and the
surface roughness depend on the dynamic characteristics of machine tool structures. Dynamics
analysis of machine tools helping us to evaluate the effect of machine-tool to the machining quality,
predict and prevent the unexpected failure. Thus, it increases the ability of operation stability of
machine, and warrants the productivity and machining quality. This paper uses the finite element
method (FEM) and the Catia V5-6R2014 software to evaluate and analyze the dynamics structure
of CNC Festo milling machine with different load conditions corresponding to different machining
modes. Researching results show the influence of dvnamics structure of machine on the machining
quality to provide appropriate machining conditions corresponding to the requirements.

Keywords: The finite element method (FEM), dynamics, machine-tool, Catia V5-6R2014
software. &
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1. DAT VAN PE

May cong cu la loai may co ban va cin
thiét nhat trong cac phan xudng san xuét cia
cic nganh coéng nghiép chinh yéu nhu nganh
hang khéng vii try, khuén miu, méay tr dong
va san xuit linh hoat... D& san xuét cic san
phém c6 hiéu sut cao chi phi thép, cac nha
thiét ké may cong cu phai lién tuc cai thién
d6 chinh xéc trong gia cong va ning suat may
cong cu véi muc tiéu cudi cing 13 hiéu suit
sin pham. Hiéu suit san phdm cta may cong
cu phy thudc rit 16n vao d6 cing tinh va dic
tinh dong luc hoc. Viéc phan tich déng luc hoc
két cAu may cong cu gitip ngudi thiét ké co thé
cai tién va t6i wru hod két ciu may, dam bao kha
ning lam viéc én dinh ciia may, tir d6 co thé
dua ra cac diéu kién gia céng phu hop tuong
g véi cac yéu cau d ra. P& nguoi thibt ké
c6 thé nhanh chong danh gia trang thai két cAu
may khi thuc hien cac nhiém vu g1a cong, danh
gia cac yéu t6 anh hudng t6i chat luong gla
cong, du doan va ngin chin duoc cac su cd bit
ngd, thi rat cin sir dung cac phuong phap phén
tich va cac phan mém chuyen nghiép. Viéc
phan tich déng luc hoc ket cau may cong cu
s€ giup dua ra cac thong sb cong nghe hop 1y
véi mot ket céu may cu thé, gop phén dam bao
nang suét va chét lwong gia cong trén may.

M@ hinh cong nghé thich hop nhét cho
viéc phan tich dong luc hoc két ciu 14 mé hinh
phén tich phan tir hitu han (FEA). FEA c6 kha
ning mo ta cac cu trac 3D mdt cach chi tiét
va dy doan céc dic tinh tinh, ddng luc hoc cta
md hinh duéi tic dung cta luc [4]. D& dam bao
dugc do chinh xac cia md hinh va danh gia
dugc dac tmh lam viéc ciia may ma khéng thuc
nghlem ta cin kiém tra cac thir nghiém cén
thiét dé co cac thong sb dang tin cay cho mét
md phong. FEA md phong déc tinh clia cd may
cong cu bang cach st dung két qua cuia mé
hinh d c6. Béc tinh ciia may duoc du doan tir
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viéc md phong s€ dugc st dung cho qua trinh
thiét k&, chinh stra hay t61 vu hdéa dé dap ing
dugce yéu cau thiét ke.

Pi c6 nhidu cong trinh nghién ciru trén
thé gioi thuc hién viéc phén tich dong luc hoc
két cAu may coéng cu. Tac gia B. Malleswara
Swami & K.Sunil Ratna Kumar [1] da sir dung
phén mém Catia d& m6 hinh héa va phan tich
dong luc hoc cho may phay CNC dang nam, dé
danh gi4 dic tinh dong luc hoc cia may khi ché
tao méy bang céc vat liéu khac nhau. Dehong
huo & Kai cheng [2] ciling di sir dung FEM
dé phén tich dong luc hoc va so sanh su cing
vimg khi ¢6 tin sb riéng va cac ché d6 rung
dong tuong tng clia hai két cdu may c6 khung
khép kin va khung ho. Ji ingxing Qi et al. [3] sir
dung phuong FEM két hop phén mém ProE5.0
va Ansys Workbench dé mé hinh héa va phan
tich dong luc hoc cho may Taper DK 7725, 6ng
chi ra ring phai ting d6 cimg hodc thay d6i cAu
trac cia may DK7725 dé giam su bién dang
dudi téc dung cua ngoai luc. Hareesha [5] tién
hanh phan tich dong luc hoc cho truc chinh
may phay CNC BT-30, dong thoi sir dung phin
mém ANSYS dé mé phong va phén tich mé
hinh don gian hoéa cua truc chinh. Nguyén N.
T. [6] cling da xay dung mo hinh toan hoc FEA
dé xac dinh lyc can cit, du doan lyc cét, cong
sudt cit, mémen xoén, dao dong va chét lugng
bé miit khi gia cong cat got kim loai bang may
phay CNC.

2. KET CAU MAY TONG THE VA KET
CAU TUONG PUONG

May cong cu dai dién dugce dua vao
phén tich & day 1a may phay CNC Festo thudc
dang méy phay 2.5D, gia cong cac bién dang
khac nhau trong mit phang XY véi chiéu sau
gia cong dugc chon trudc. Kich thude ban may
x4p xi 700 x 500 mm theo hai phuong X va'Y
(Hinh 1). Céc truc chay dao dugc dan dong boi
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cac dong co bude doc 1dp. M6 hinh may duoc
xdy dung trén phan mém Catia V5-6R2014,
bao gdm 145 chi tiét lap ghép: Ban may, khung
may, cac truc dan hudng, gia gd may va may
khoan, cac 6 d&, 6 chin, bulong...

Téng thé may CNC Festo ¢6 s6 luong
chi tiét 16n, khi ldp ghép sé luong lién két rt
nhiéu bao gdm lién két cac mat phang hay cac
mat cau; lién két ¢é dinh hodc lién két truot,
quay; trong d6 ¢6 mét lugng 16n cac moi ghép
bu l6ng; gay kho khan cho viée phan tich dong
luc hoc toan bd may trén phin mém. Viéc md
hinh dwuoc su truot hay chuyén dong tuong dbi
gitta cac bo phan may véi nhau la rit kho, yéu
cdu cau hinh may tinh cao. Khi thuc hién phan
tich dong luc hoc két cau toan bd may phay
CNC Festo, phﬁn mém sé& thuc hién phan tich
cho tit ca cac bo phin may thong qua céc nat
ludi, phan tich cho cac lién két va phan tich
cho tat ca cac mdi ldp buléng. Piéu nay lam
thoi gian tinh toan kéo dai, ydu cau ciu hinh
may tinh cao va khong can thiét vi néu trigt
tiéu tan sd rung thi cdc mbi ghép buldng ludn
dam bao bén. Néu luc va moémen dit vao dao
phay lén gay ra mg suat vuot qua gidi han dan
hoi cua vat liéu ché tao dao thi dao sé& bi pha
huy trude khi lue va moémen co tic dong 1én
két chu téng thé cua may. Vi vay, dé viéc phan
tich dong luc hoc két cdu may CNC Festo c6
két qua rd rang hon, tic gia da thuc hién don
gian hoa mo hinh may phay CNC Festo thanh
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mo hinh tuong dwong trén phin mém Catia
V5-6R2014 dé& dam bao thé hién dugc day
du cac lién két can thiét, han ché t6i da su
phtic tap do sd luong chi tiét gay ra. Trén két
cdu may tuong duong tac gia cé thé thay thé
viéc chia lugi tu dong thanh chia ludi thu
cong cho tung part, ludi duge chia sé min
hon hd tro viéc phan tich két cau duoc dé
dang, thoi gian tinh toan cua phé‘m mém duoc
rat ngan (hinh 2).

Hinh 2. Két cau may phay CNC Festo
tirong dirong

Nhu vdy, voi may tuong duong nay ta
chi con cac bo phan két cdu 1a: Cum dé may
duoc ¢b dinh vi tri; cum khung (than) may di
chuyén theo truc Y so v6i ban may; cum truc
thang dimg di chuyén theo truc X so voi khung
mdy thong qua lién két ma sat 1an va cum gia
g4 may va dao phay di chuyén theo truc Z so
voi cum thing dung. Téc gia thuc hién lién
két cac bé mat chuyén déng véi nhau (chuyén
dong cia dao, cum truc Z va ban may) b%mg
cac General Analysis Connection. Vit li¢u ctia
may phay CNC Festo la nhom, vét liéu ctua dao
phay la thép gid.

3. PHUONG PHAP PHAN TiCH PONG
LUC HQC KET CAU MAY

3.1. M6 hinh déng luc hoc tong quat

Viée phan tich dong luc hoc két cau

may dya trén mo hinh dong hoc ciia mot héF
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théng rung, mot mo hinh todn hoc co thé phat
trién dé hoan thanh phuong thirc phan tich.
Quyét dinh cho phuong thirc phan tich chinh
la m6 hinh toan hoc. P06 chinh xac cua mé hinh
bi tac dong truc tiép boi két qua phan tich. M6
hinh déng luc hoc téng quat 1a mot md hinh
nhiéu bac tu do nhu sau [5]:

) o] {20} + LK) () =[50} 6.1

Trong do:

[M]: Ma tran tong khéi luong;

[C], [K]: Ma trdn giam chin tuong
duong va ma trian do cing;

X(t), F(t): Chuyén vi va ngoai luc;

X, X, X: 1a cac bien lan luot la gia toc,

van toc va chuyén vi.

M6 hinh nay duoc giai gan dung bing
phuong phap phan tir hitu han duoc tich hop
trong moi truong Analysis & Simulation, Gen-
erative Structural Analysis ctia phan mém Ca-
tia nhd céc diéu kién bién dugc dit kem khi
lién két cac bo phan may voi nhau.

3.2. Céc thong sb tinh toin

Dé tién hanh phéan tich dong luc hoc
cho két ciu, tac gia da thuc hién tinh toan luc
dat vao mo hinh va cac ché do gia cong khéc
nhau dé so sanh, duoc chi ra trén Bang I:

Bang 1. Cac thong so luc va ché do cat

Chiéu | Puing Chiéu | Sévong | Luwgng | Lueccit | S6ring | Luccit | Luccit | Momen
rong kinh dao | sfu phay | quay cta | chay dao theo dao theo truc | theo truc xoiin
phay B | phay D t (mm) dao rang Sz truc z, Z x, P_(N) y M,
(mm) (mm) n (vg/ph) (mm/ Pz (ring) P_(N) (N.m)
ring) (N) '
8 8 3 15000 0,08 888,43 2 444,22 310,95 35,537
8 8 3,5 15000 0,07 921,39 2 460,7 322,49 36,856
8 8 4 15000 0,065 979,82 2 489,91 342,94 39,193
8 8 4,5 15000 0.06 1023,55 2 511,77 358,24 40,942
8 8 5 15000 0,055 1052,57 2 526,28 3684 42,103
8 8 5,5 15000 0,05 1066,71 2 533,35 373,35 42,668

3.3. Phan tich

D¢ thuc hién phan tich bang phuong phip phan tu hitu han, tic gia thuc hién chia ludi cho
tAt ca céc bo phan két cau cua may phay CNC Festo, dugc thé hién nhu Hinh 3.

Hinh 3. Chia luéi cho toan bé két cau may
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4. KET QUA VA THAO LUAN

Dit cac thong s trong Bang 1 1én mo hinh két cAu méay phay CNC Festo trong méi trudng
phan tich, thiét 1ap diéu kién bién tuong trng, tién hanh phan tich ta thu duoc céac ket qua duoce chi

ra trén Hinh 4.

Hinh 4. Két qua g suat va chuyén vi cua ket cau may tai ché do cat img véi t = Smm

Théng ké lai cac két qua sau khi phan tich theo 6 ché do cit khac nhau, tac gia thu duoc nhu
két qua trong cac Bang 2 va 3 va trén cac Hinh 5 va 6.

Bang 2. Gia tri img suat tiwong ung trong tung truong hop cua chieu sau phay, MPa

s A A
C"“’“ﬂ‘“‘l’;‘l‘l‘ phay, t=3 t=35 t=4 t=4,5 t=5 t=55
Ung suit Max 0 974 1040 1080 1110 1130
845 877 932 974 1000 1020
752 779 829 866 890 902
658 682 725 758 779 790
564 585 622 649 668 677
Gia tri ing suit 470 487 518 541 556 564
376 390 414 433 445 451
282 292 311 325 334 338
188 195 207 216 223 226
93,9 9,74 104 108 111 113
Ung sudt Min | 4,74E-16 | 7,88E-16 | 4,11E-16 | 1,09E-15 1,13E-15 7,73E-16

Céc két qua trén cho thay, khi gia cong,
toan bo két cAu may s& chiu mét gia tri img
suat khac nhau tai mdi diém. Gié tri nay tang
dan 1én khi luc va mémen gia cong tang Ién.
Tuy nhién, gia tri img suét nay chi 16n ¢ mii
dao phay va cac vung lan cén, con trén truc Z,
khung may va ban may c6 xuat hién tmg suat
nhung gia tri rat nho (chi tor 1,09E-15 MPa -
Bang 2). Chirg to may phay CNC Festo duoc
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thiét ké voi do bén can thiét dé gia cong cac
chi tiét bang thép v6i dao phay ngén bing
thép gio. Néu luc tang 1én nhiéu hodc trong
qué trinh 1am viéc xuét hién su cong huong
do rung dong, gay ra tmg suit [on qua gidi han
cho phép thi dao phay sé bi pha huy trude khi
gdy anh huong xau t6i két cau may. Bang 3
dudi day dua ra cic gia tri chuyén vi twong

g trong timg truong hop cua chiéu sau phay. €
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Bang 3. Gid tri chuyén vi tiwong ing trong timg trieong hop ciia chiéu sau phay, mm

Chiéu sau phay, | _ =35 =g t=4,5 t=5 t=5,5
mm
Chuyén vi Max 2,34 2,43 258 2.7 2,78 2,81
2,11 2,19 2,32 2,43 2,5 2,53
1,87 1,94 2,07 2,16 222 2,25
1,64 1,7 1,81 1,89 1,94 1,97
1,41 1,46 1,55 1,62 1,67 1,69
Chuyén vi 1,17 1,21 1,29 1,35 1,39 1,41
0,937 0,972 1,03 1,08 1,11 1,12
0,703 0,729 0,775 0,81 0,833 0,844
0,468 0,486 0,517 0,54 0,555 0,562
0,234 0,243 0,258 0,27 0,278 0,281
Chuyén vi Min 0 0 0 0 0 0
Do nhén dugc cac gia tri l:l’l:lg S}lflt nhu 18 -
trén ma tuong Ung tai cac vi tri két cdu sé& bi siu cit,
bién dang sai 1éch vi tri so v&i vi tri ban dau. O o
mili dao phay va céc ving lan cn tng suit lén =S
nén chuyén vi ciing 16n hon, con trén truc Z, E :::5
khung may va ban mdy c6 xuat hién Gng suat H mta
nhung gié trj rat nho, khé c6 thé quan sat duoc H
mi=3

trong thuc té hay do lwdong néu khong sir dung
phan mém mé phong.

7000 Chigu

o
sau cat,
mm

6000
|
|

5000
@ BL5S
£ ;

| 7. 4000 Bt=5
5 mt=4,5

[ 2 3000

| g Bi=4

| = 2000 B1=35

|

| 1000 ®1=3

\

! 0

|

1 2 3 4 5 6 7 8 9 10 11
Cac diém khéo sat

Hinh 5. Céc gid tri trng sudt
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1 2 3 4 5 6 7 8 9 10 1

Céc diem khdo sét

Hinh 6. Cdc gid tri chuyén vi

Cac két qua thu duoc ¢ trén 1a céc két
qua dugc tic gia tinh trong cac truong hop
chiéu siu cét cuc dai (hay luc va mémen cuc
dai) dé phan tich v& d bén va kha ning gia
cong 16n nhét cia may. Vi vay, céc gid tri tng
suat va chuyén vi 16n, khong phtt hop véi ché
do va trang thai gia cong thuc té. Pé kiém tra
lai trang thai dong luc hoc ctia may trong diéu
kién gia cong thong thuong, tic gia tién hanh
phén tich dong luc hoc két cdu may phay CNC
Festo véi diéu kién dat luc, moémen va ché do
cat nhu trong Bang 4.
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Bang 4. Gia tri luc va momen trong diéu kién gia cong thuee té

Chiéu Duong Chiéu Sb vong Luwong | Luec cit Lue ciit Luc cit | Momen
rong kinh dao | siu phay | quay ciia | chay dao theo | theo truc | theo truc xoin
phay B phay D t (mm) dao ring,Sz trucz, | x, Px (N) Y Mz
(mm) (mm) n (vg/ph) | (mm/ring) | Pz (N) Py (N) (N.m)
8 8 0,3 15000 0,06 99,69 49,847 34,893 3,9878

Két qua nhan duoc sau khi phén tich bang phan mém duoc théng ké trén Bang 5:

Bang 5. Gid tri itng suat va chuyén vi cua két cdu trong diéu kién gia cong thiee té (tir max dén min)

Ung suit, MPa

105

84,3

73,8

63,3

927

42,2 21,1 1,81E-14

Chuyén vi, mm

0,263

0,21

0,184

0,158

0,131

0,105 |0,0526 | 0,0263 0

Nhén thiy, (g sudt 16n nhét xuét hién
trén két céu la 105 MPa, trong khi tmg sudt
bén cua vt liéu ché tao la 750 MPa. biéu nay
¢o nghia la, dlem nguy hiém nhét trén két cau
khilam viée & diéu kién thong thudng (thuc té)
van luén dam bédo thira bén. Vi nhu'ng gid tri
nay, ta co the diéu chinh vi tri gia cong dé han
ché cho sai sé gia cong 1a nho nhit. Trong qua
trinh gia cong, lyc va che do gia cong khong
gdy ra tac dong xau cho két cau may phay CNC
Festo.

5. KET LUAN

Bai bio da dua ra per(mg phap phan
tich dong luc hoc cho két cau may cong cy, cu
thélada phén tich déng luc hoc két cau tong thé
cling nhu két cau don glan hoa cua may phay
CNC Festo bing viéc su dung phuong phap
phan tir hitu han va phdn mém chuyen dung
Catia. Tac gla da phan tich, danh gia dong luc
hoc cuia két cau may phay CNC Festo dudi tic
dung cua lyc, mémen va cac ché do cét khac
nhau; danh gia ve ung suit va chuyén vi trén
cac ihanh phan két céu may trong nhing diéu
kién gia cong cu the Két qua bai béo cling da
chi ra rang, két cau may phay CNC Festo dang
ciu truc la mét két ciu duogc thiét ke dam bao
d6 bén gia cong tuong ng v6i nhidu truong
hop theo yéu cau cong nghé. <
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