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Nang cao dac tinh dong luc hoc
cua k€t cau may téc do cao

Nguyén Hiru Loc, Tran Vin Thiy

Tém tit—Chat lwong gia cong phu thugc rat
16m vao dic tinh dong luc hoc cia két ciu may.
Béi vi khi chju luc hodc rung dong 16n trong qua
trinh van hanh d cirng cia cia két cAu may c6
thé giam xudng. Do dé viéc nghién ctru ning cao
dac tinh dong lwe hoc ¢6 y nghia rit 16n dén sw
phat trién cia may gia cong, dic biét 1a dbi voi
cac may toc dd cao. Bal bao trinh bay viéc thiét
ké va phan tich két cAu may CNC (computer
numerical control) c6 két ciu dang gian véi tdc
dd quay lén nhit cia truc chinh dat trong
khoing (6.000+24.000) Vong/phut va twong ung

v6i tan s6 dao dong riéng cia két cau may lén
hon (100+400) Hz. Sir dung phin mém phan tich
ky thuat CAE (computer-aided engineering) dé
phan tich tin s6 dao dong riéng cho két ciu
may. Véi két qua dat dwoc thi két cAu may sé c6
dd cirng tét, kha niang chéng rung dong cao va
tranh hién twong cong hwéng nham dat dwogc
chit lwrgng bé mit gia cong tot nhit. Ngoai ra la
co sé' dé Iwa chon ché d9 cit phut hop cho qua
trinh gia cong nham ning cao d tin cdy, hi¢u
qua lam viéc ciia két cAu may va d chinh xac
ciia san phim gia cong

Tir khéa—Phén tich két ciu, phén tich dao dpng,
tan so dao dong riéng

1 GIOI THIEU

Méy CNC (computer numerical control) cao
toc 1a may diéu khién sd hién dai, toc do
truc chinh khoang 8.000 vong/phit c6 thé 1a diém
khéi dau cho gia cong cao tde. Trong thuc té tbe do
cao nhét cho gia cong cao tdc trén cac may CNC
ngay cang ting, lén dén trén 40.000 vong/phut. Dbi
v6i may gia cong gd CNC cao tdc, toc do truc
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chinh phé bién trong khoang (6.000+24.000)
vong/phat. Bé dat duoc toc do truc chinh nhu vay
doi hoi may phai c6 két cdu cting viing cao va kha
nang chdng rung dong tot.

Pic biét ddi véi cac may CNC cao tde co két cau
dang gian, cu trac hinh hoc dang gian cia may
CNC duoc thiét ké chu yéu dé gia cong cac san
pham c6 chiéu dai twong ddi 16n. Tuy nhién do
clg cua két cau may giam dudi tac dong cua tai
trong ning trong qua trinh gia cong lam cho rung
d6ng va bién dang co thé vuot qua gia tri cho phép.
Céc nha nghién ciru da cd gang thiét ké cau truc
may CNC cé d6 cing phi hop dé giam rung dong
va tang tinh 6n dinh trong sudt qua trinh gia cong
[1]. Nhitng han ché trong qua trinh thiét ké va ché
tao may di tao ra nhitng kho khan nhat dinh trong
viéc dat duoc san phém ¢ chat lugng cao. Thong
thuong tan sd ty nhién dau tién cua két ciu may
dang gian hiém khi cao hon 100 Hz, twong tng véi
téc do truc chinh khoang 6.000 vong/phit [2, 3].
May c6 tan sd tw nhién dudi 150 Hz khong thé gia
cong duoc cac san pham cod chat lugng cao. Do d6
dé c6 may CNC cho cac hoat dong gia cong tdc do
cao doi hoi phai thiét ké két cAu may c6 do 6n dinh
vé rung dong. Nghia 1a két cdu may phai thoa méan
cung mot Iuc ca hai chi tiéu 1a d6 cing tinh va do
cung dong.

Phan tich dong lyc hoc da tro thanh ky thuét
chinh trong viéc xac dinh, cai tién va tbi wu hoa cac
dic tinh dong luc hoc cua két cdu may. Nhiéu nha
nghién ctru da tap trung vao phan tich dac tinh dong
hoc cta két cAu may cong cu trong gia cong kim
loai [4-7]. Trong cac nghién ctru trén, chit luong
gia cong phu thudc vao dac tinh dong hoc cua két
cdu may trong qui trinh van hanh ctia may. Dic
tinh dong hoc cua két ciu may da dwoc nghién ciru
rong rai dé thiét ké va t6i wu hoa hidu qua cac may
cong cu dé nang cao chat lugng gia cong. Mo
phong dac tinh gia cong da dugc nghién ctu dua
vao ky thuit phan tich dao dong riéng cac may
cong cu [8]. Mot quy trinh co6 hé thdng dugc dé
xuét dé du doan cac dic tinh dong hoc cua toan bd
cAu tric ciia may cong cu [9]. Nhiéu ky thuat khac
nhau dé xac dinh céac dic tinh dong hoc cua két cau
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may da dugc trinh bay. Cac phuong phéap dac trung
tiéu biéu dé phan tich dong hoc két cau may la
phuong phap phéan tich phan tar hitu han (FEM)
[10-13] va phén tich thyc nghiém [14, 15].

Nghién ctru nay trinh bay viéc thiét k& va phan
tich may CNC c6 két cdu dang gian vai tbe d6 quay
16n nhat coa truc chinh dat trong khoang
(6.000+24.000) vong/phut va tuong tng véi tan sb
dao dong riéng cua két cdu may lon hon
(100+400) Hz nham nang cao d¢ cung cho két cu
may, ting kha ning chng rung dong khi may lam
viée ¢ tbc do cao va tranh hién tugng cong huong
dé dat dugc chat lugng bé mit gia cong tot nhat.

2 XAY DUNG MO HINH TiNH LEDs

bé nang cao dac tinh dong luc hoc cua két céu
may tdc do cao, du tién phai xdy dung duoc mod
hinh 3D cua két may sau d6 st dung phwong phép
ph?ln tr hiru han dé phén tich déc tinh dong lyc hoc
nhu tin sé dao dong riéng, mode dao dong,
harmonic... va dua ra giai phap dé hiéu chinh hop
1y cac thong sb nay.

2.1Xdy dung mé hinh 3D két cdu may

Dua vao céc yéu cau ky thuat dé xay dung cac y
tuong vé phuong 4n két cAdu may nhu hinh dang
hinh hoc, vat liéu, co ciu truyén dong, dan hudng,
6 lan, 6 truot... Sau d6 st dung phuong phap téng
hop va phan tich 1y thuyét nhiam so sanh, danh gia
va lya chon dugc phuwong an phu hop nhit cho két
cAu may. St dung cic phan mém CAD (computer
aided design) dé thiét ké va xay dung mé hinh 3D
cho két cau may.

2.2 Phan tich dao ddng riéng cia két cau may

Xét md hinh may CNC dang gian téng quat nhu
hinh 1.

—

>_
£

K& HC

K=h+hh+k+hk
C=CI+C:+C3+C'4

(©

Hinh 1. M6 hinh thyc té két cAu may CNC dang gian (a),
MO hinh vat ly (b) va M6 hinh vat 1y thu gon (c)

Dap tng vé dic tinh dong Iuc hoc cua két cau
méay duoc danh gid bang k¥ thuat phan tich dao
dong riéng. Trong qué trinh phan tich dao ddng
riéng, tinh chét vat liéu cia mo hinh, phan tir chia
ludi, didu kién bién... nhu 1a phan tich tinh. Phan
tich dao dong riéng khong phu thudc vao diéu kién
tai trong, do d6 khong can dat tai vao mo hinh.
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Theo hinh 1.c, m6 hinh dong hoc cta két cdu
may dugc biéu dién theo cong thirc sau:
M {x}+ C{x}+ K{x}=0 )

Trong d6 giam chén rat nho nén trong phan tich
dao dong riéng c6 thé bo qua [16]. Cong thirc trén
viét lai nhu sau:

M X5+ Kix;=0
rkl-0 I

Trong d6: M la khoi lugng cua ket cau, K 1a ma
tran d¢ cung cua ket cau.

Khi xét dén anh hudng cua ung suat ban dau 1é€n
két ciu, thi ma trin d§ clirng cia mo hinh dong hoc
s€ thay doi. Cong thirc md hinh ddng hoc trd thanh:

M {%; f+(K +A)x f=0 ©)
(—a;izM +K+A){(pi}=0 @

Trong d6: A 1a ma tran d6 cung cia két cau khi
chiu tng suit ban dau, o, va ¢; 1 tan sb goc va
dang dao dong twong mg v6i mot tan sé dao dong
riéng nhét dinh.

Tt cong thire (4), tan so dao dong riéng:

1 [K+A

f=—
27 M

®)

Theo cong thirc (5) thi tin s6 dao dong riéng phu
thudc vao khéi lwong M va d6 cung K cua két cau.
Nhu vay dé diéu chinh tan sb dao dong riéng cia
két cAu may thi can thay dbi khdi lwong M, kich
thude tiét dién ngang cia phan tir két cu, vat lidu
ctia phan tir két cdu va hinh dang cuia hé két cau.

Tén s6 dao dong riéng va dang dao dong c6 thé
dugc tinh bang phuwong phéap phan tir hiru han.

2.3 Phan tich diéu hoa (harmonic)

Phén tich harmonic tir cac két qua cua phan tich
dao ddng riéng nhdm tinh toan dap tmg cua két cdu
trong mot dai tan sb nhadt dinh. Cac dap tmng
harmonic duoc dé cap & day 1a cac dap Gmg cua két
cAu khi két cAu bi rung dong dudi tac dung cua luc
harmonic. M6 hinh dong hoc cua két ciu chiu luc
harmonic:

M )+l + K b = {F) ©
_Trong giép }'thg harmonic, luc kich thich s€ thay
dd6i theo tan s6 gdc o va gia tri cia bién d6 Fmax:
{F} = {Foe sin(ot + o )} @)
Dap ting cua két cau phu thudc vio tan sd goc o
va gia tri cua bién do A2:

0= 1Ay sin (ot + 9, )} (8)

XZi

{F)

Ti s6 tuong dbi cho thdy cac dic tinh dong

hoc cua két cau.

Quy trinh d4nh gia va hiéu chinh thiét ké cho két
céu dang gian duoc minh hoa trong hinh 2.

Thiét ké va mé hinh hoa

(_Hiéuchinh Je——  Dinh gid két qui__Jm—{ Phan tich dong hoc )

| Phaén tich finh '

NO Kiém chimg
két qua

YES

CKét thucy

Hinh 2. Quy trinh d4nh gia va hiéu chinh thiét ké

3 MO PHONG TiNH TOAN
Nghién ctru ndy chon may phay gb CNC c6 két
cau dang gian véi toc do quay l6n nhat cua truc
chinh dat dén 12000 vong/phut va tan so dao dong
riéng cua két cau may trén 200Hz.

3.1 M6 hinh két cdu may phay gé CNC
Dbi voi may gia cong gd, cong thirc tinh cong
riéng cua qua trinh phay gé [17]:
Q=70,3-50,2S, +13,657 - 21,3h
+3,4h% + 21311 p + 0,0160015 p*
+5,3065,h-0,6752S, p—0,411hp
Trong d6: K la coéng riéng, Sz la lwgng chay dao
rang (0,645 mm < Sz < 1,935 mm), h la chiéu sau
cit (0,645 mm < h < 1,935 mm), p 1a d6 t0 cua dao
(4 pm < p <43 um)
Chon céc théng s6 Sz = 0,7 mm, h=3 mm, p =
40 um thay vao c6ng thuc trén ta cé:
Q=62,3 (J/cm?)

Trong khi do:
60000 N

Q=" —
bhnzs,

V6i N la cong suat cit, b 1a bé rong cat, h la
chiéu sau cét, n 1a sé vong quay truc chinh, z 1a sé
luGi dao, Sz 1a lugng chay dao rang

Suy ra

_ QbhnZs,
6000

Vay chon cong suat truc chinh AN = 1 KW

Sau khi thiét ké so bo, mé hinh thiét ké 3D cua
may phay gd CNC dugc minh hoa trong hinh 3.

=941 (W)
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Hinh 3. M6 hinh két ciu may phay g6 CNC

3.2 Phdn tich dao déng riéng ciia két cau may

Trong thiét ké két cAu may CNC c6 két cdu dang
gian, kho khan nhat 13 sy thay d6i vi tri cua cac bd
phan chuyén dong trén dam ngang. Cac b phan
chuyén dong nay lam thay d6i sy phan bd khdi
luong va do cung cua két cau may. Sy thay d6i nay
lam thay ddi dic tinh dong luc hoc cua két cau tai
céc vi tri khac nhau trén dam ngang. Do d6 tan sb
ty nhién cua két ciu may thay d6i khi vi tri cia cac
bd phan chuyén dong thay ddi. Viéc phan tich dao
dong riéng & cac vi tri khac nhau cua tryc chinh
trén didm ngang da duogc thyc hién dé xac dinh tin
s6 thap nhét nhu trong hinh 4.

Mode | Frequency
[Hz]

1 119,7

2 153,43

3 186,28

4 361,61

S 405,89

6 452,78

Mode | Frequency
[Hz]

1 1, 144.41
2; 150.01
35 153,93
4, 156,12
5, 256,44
6. 402,32

(b)

Hinh 4. Phan tich dong hoc két cAu méy khi Truc chinh & vi tri
chinh gitta dam ngang (a) va Tryc chinh & modt bén cua dam

ngang (b)

Trén Hinh 4 minh hoa anh huong cta cac b
phan chuyén dong khi xac dinh tan s ty nhién cua
két cAu may. Tan sé ty nhién nho nhit khi truc
chinh ndm & vi tri giita ciia dAm ngang nhu hinh 4a
(truc X). C6 nghia 1a vi tri nay cda truc chinh la
mdt vi tri quan trong, vi Iy do d6 ma phan tich tiép
theo chi thuc hién & vi tri nay.

Vi thiét ké & trén, tan sb dao dong riéng nho
nhit cua két cdu 1a 119,76 Hz trong khi muc tiéu
dwa ra 1a tan s dao dong riéng phai 16n hon 200Hz.
Nghia 1a phai hiéu chinh thiét ké dé ting tan sé dao
dong riéng cho két cau may.

Sau

(b)

Trwec

Hinh 5. Hiéu chinh kich thuéc ddm ngang két cdu may (a) va
kich thude cot dimg (b)

Dé dat duoc tan sé dao dong riéng phii hop hay
noi cach khac 1a két cdu may phai du do cing vimng.
Cac kich thude tiét dién ngang cua két cdu may nhu
dim ngang, ¢t ding dugc hi€u chinh nhu hinh 5.
Qué trinh hiéu chinh thiét ké dé ting d6 cung cho
két cdu duoc thyuc hién lp lai nhidu 1an. Phén tich
tan s6 dao dong riéng cho thiét ké higu chinh cudi
cung nhu hinh 6.
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Mode | Frequency
[Hz]
1L 200,71
2 294,44
3, 352.83
4, 433.88
5 610.88
6, 696.91

Hinh 6. Phan tich dong hoc két cAu may sau khi hiéu chinh
thiét ké

Trong hinh 6, mode thir nhat dao dong xoin theo
truc X véi tan sb 200,71 Hz; Mode tht 2 dao dong
ubn theo phuong Y véi tan sb 294,44 Hz; Mode thir
3 dao dong tinh tién theo phuong X véi tin sb
352,83 Hz; Mode thir 4 dao dong ubn theo phuong
7 véi tan sb 433,88 Hz; Mode thir 5 dao dong udn
va Xodn trong mit phang YZ véi tan sé 610,88 Hz
va Mode thtr 6 dao dong xoén theo truc Z véi thn sb
696,91 Hz;

3.3 Phan tich harmonic

Phén tich diéu hoa nhim xac dinh dap ung cua
két cau chiju rung dong khi may dang van hanh
trong mién gia tri [0-12.000] vong/phdt. Trong
nghién ctru nay, truc chinh cia may phay gé CNC
¢6 toe do 12.000 vong/phit va cong suat 1,0 kW.
Do d6, tinh duge luc tai dau truc chinh hudéng X va
Y: Fx = Fy =200 N, huéng truc Z: Fz = 50 N. Tan
s6 luc kich thich trung voi tan sb cua dong co truc
chinh va bién d¢ cia luc kich dong chinh 1a cac
thanh phén cua lyc cit [5]

Phén tich dap ung diéu hoa cho két ciu may
dugc trinh bay trong hinh 7. Két qua chuyén vi 16n
nhit & dau tryc chinh trong mién téc d6 quay cua
truc chinh 1a 0,037 mm.

Trong qua trinh lam viéc may xay ra hién tuong
cong huong theo phuong X & tan sd thap nhat 1a
352,83 Hz tuong dwong tbc d6 cia dong co truc
chinh 1a 21169,8 vong/phat nhu hinh 7a, theo
phuong Y & tan so thap nhét 1a 200,71 Hz tuong
duong tdc dd cua dong co truc chinh 1a 12042,6
vong/phit nhu hinh 7b, theo phwong Z & tin sb
thap nhat 1a 200,71 Hz tuong dwong toc do cua dong
co tryuc chinh 1a 12042,6 vong/phtt nhu hinh 7c.

Frequancy (Hal

(©
Hinh 7. Phan tich harmonic két ciu may Phuong X (a), phuong
Y (b) va phuong Z (c)

3.4 Phan tich tinh

Cac gia tri bién dang ctia dam ngang dudi trong
luong cua dam va trong lugng phan cum chuyen
dong trén dim da duoc xac dinh. Két qua 1a thip va
khong anh huéng dén do chinh xac ciia may. Dé
kiém tra gia tri bién dang va ng sudt do luc cit,
cong suit truc chinh 1 kW va téc do truc chinh
12.000 vong/phit. Ung suit va bién dang 16n nhét
dugc xac dinh bang cach phan tich tinh. Két qua
phén tich dugc dua ra trong hinh 8.

Hinh 8 chi ra rang bién dang 16n nhét trén dau
truc chinh vai luc cuc dai 1a 0,013 mm so vdi muc
tiéu chinh xéc 12 0,05 mm la chip nhan duoc.
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(b)

Hinh 8. Két qua phan tich tinh Bién dang (a) va Ung suét (b)

4 KET LUAN

Bai bao trinh bay viéc thiét ké va phan tich may
CNC c6 két cau dang gian véi toe do quay 16n nhat
cua truc chinh dat trong khoang (6.000+24.000)
vong/pht va tuong Gmg voi tin sb dao dong riéng
ctia két cdu may 16n hon (100+400) Hz.

Dé diéu chinh tan s6 dao dong riéng cia két cau
may thi can thay d6i khdi lwong M, kich thudc tiét
dién ngang ctuia ph??m ttr két céu, vat liéu cua phf?m tor
két cdu va hinh dang cta hé két cau.

Véi ddi tugng nghién ctru 1a may phay gb CNC,
phan tich dao dong ri€ng dugc thyc hién cho két
ciu may duoc thiét ké so bo ban dau va chi dat
dugc gia tri tan s6 dao dong riéng & mode dau tién
la 119,76 Hz. Dé tranh hién tugng cong hudng thi
s6 vong quay cho phép 16n nhit cua truc chinh 1a
7.185,7 vong/phat. Bé toc do 16n nhat cua truc
chinh dat 12.000 vong/phtt tuong ung tan sb dao
dong riéng trén 200 Hz, phai thuc hi¢n hi¢u chinh
kich thuécva hinh dang ciia dim ngang, try ding
ctia két cdu may dé tang do cimg.

Sau khi hiéu chinh két ciu thi tin sé dao dong
riéng cua két cdu & mode dao dong dau tién la
200,71 Hz. Véi két qua nay, may s& tranh dugc
hién tugng cong hudng dao dong trong qua trinh
van hanh véi téc do quay 16n nhét ciia dong co truc
chinh dat dén 12.000 vong/pht.

Két qua phén tich Harmonic cho thay tong chuyén
vi cua két céu chiu rung dong khi may dang véin
hanh trong mién gia tri [0-12.000] Vong/phut la
0,037 mm. Két qua chuyén vi ndy nam trong gl(n
han cho phép. Nghla 1a d6 ctng va kha ning chdng
rung dong cua két ciu may phu hop, cho phep may
gia cong dat duoc chat luong bé mit gia cong tot nhat.
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Advances in the dynamic characteristics of
high-speed machine structure

Nguyen Huu Loc, Tran Van Thuy

Abstract—The quality of machining is
dependent on the machine’s dynamic behavior
throughout the operating process. Because of the
loads or vibration during operation, the rigidity
of the machine structure can be reduced.
Therefore, the study of advances in the dynamic
characteristics has great significance for the
development of machine tools, especially for
high-speed machines. This paper presents the
design and analysis of a rigid gantry structure
with a spindle speed in the range of (6.000 +
24.000)rpm, corresponding to the natural
frequency of the machine structure more than
(100 + 400)Hz. Use CAE (computer-aided

engineering) analysis software to analyze the
natural frequency of machine structure. The
research results show that the machine structure
will have good stiffness, high vibration
resistance and avoid resonance to achieve the
best machining surface. In addition, it is the
basis for selection of cutting mode suitable for
the machining process in order to improve the
reliability and efficiency of work of the machine
structure and the accuracy of the processed
products.

Keywords—Structural analysis, Vibration analysis,
Natural frequency.



