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LIEN NGANH CO KHI - DONG LUC

Png dung phwong phap phan tir bién trén phan mém SimSolid
phan tich dao dong cua truc chinh may phay CNC

Application of the boundary element method on SimSolid software to
analyze the vibrations of the CNC milling machine spindle

Mac Van Giang*, Dwong Thi Ha, BPao Van Kién,
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Tém tat

Dao déng clia cum truc chinh &nh hwéng dang ké dén do chinh xac va chét lwgng gia cong ctia may phay CNC
Xmill - M900. Bai béo trinh bay co s& ly thuyét vé phwong phap phan t& bién (BEM) va (rng dung phwong phap
nay trén phan mém SimSolid dé xac dinh tan sb dao ddng riéng va dw bao bién dd dao dong khi xay ra hién
twong cong hudng. Ngoai ra, bai bao ciing phan tich tan sb va bién d6 clia dao déng cwdng blrc clia may phay
CNC Xmill - M900 trong diéu kién lam viéc tbi da cong suét, nham danh gia va tranh hién twong cong hwdng
trong qua trinh van hanh may.

Ttr khéa: Phuong phép phén ti bién; phuong phép phén tir hitu han; phan tich; tan sé; bién do; dao dong riéng;
dao dbng cudng birc; truc chinh; may phay CNC.

Abstract

The vibrations of the spindle assembly significantly impact the machining accuracy and quality of the Xmill - M900
CNC milling machine. Therefore, this paper presents the theoretical basis of the Boundary Element Method
(BEM) and its application in SimSolid software to determine natural vibration frequencies and predict vibration
amplitude under resonance conditions. Additionally, the paper analyzes the frequency and amplitude of forced
vibrations of the Xmill - M900 CNC milling machine under maximum power working conditions, to assess and
avoid resonance during the machine’s operation.

Keywords: Boundary Element Method (BEM); Finite Element Method (FEM); Analysis; Frequency; Amplitude;
Natural Vibration; Forced Vibration; Spindle; CNC Milling Machine.

1. DAT VAN PE

May phay CNC dong vai tro quan trong trong gia cong
co khi, cho phép san xuét cac chi tiét phirc tap voi do
chinh xac cao. Truc chinh la bé phan cbt 16i cla may
phay CNC, c6 chirc nang truyén chuyén déng quay
tr dong co servo dén dung cu cét. Do tinh chat cla
qua trinh gia cdng cét got, co thé xay ra dao dong tw
kich (chatter). Theo [1] dao ddng tw kich |a do cac dao
dong I&p lai va khéng dong b gitra cac lan tiép xtc
clia dung cu v&i phdi, dan dén cac rung dong co bién
do Ion va khong én dinh. Dao dong tw kich co thé dan
dén hién twong cdng hudng khi tan sb dao ddng cua
dao dong tw kich tiém can hodc trung véi tan sb dao
dong riéng (14 loai dao dong ctia mot hé théng xay ra
khi hé khéng bi tac dong bdi bat ky lwc bén ngoai nao).

Nguwoi phan bién: 1. TS. Nguyén Van Hinh
2. PGS. TS. Ng6 Hiru Manh

Diéu nay lam cho bién dd dao dong tang dot ngot, gay
ra cac dao déng manh hon nira, gay ra cac tac hai [1]:

D6 nham bé mat tang: Cac dao dong manh cta dao
doéng tw kich tao ra bé mat gia cong nhap nhé va khong
dat dd nhan can thiét, anh hwéng dén dd nham bé mét
chi tiét gia cong Hinh 1.

Hinh 1. D6 nhém bé mét khi xay ra dao déng tw kich

Giam tudi tho cla dung cu cat: Dao dong khong 6n
dinh khién dung cu cét chiu lwc va dap lién tuc, lam
mon hodc gay dung cu nhanh chéng, dan dén chi phi
thay thé cao.
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NGHIEN CUU KHOA HOC

Tiéng 6n I6n: Dao doéng tw kich tao ra tiéng 6n co tan
s6 cao, anh hwdng xau dén moi trwdng lam viéc va
strc khée clia nguwdi van hanh.

Hw hédng may moéc: Dao déng manh gay ra cac Ilwc
khéng déu Ién cac bd phan ciia may, lam héng héc va
giam doé bén clia may phay CNC.

Hiéu suét gia cong gidm: Dao dong tw kich budc phai
giam téc do cat hodc thay déi thong sb dé tranh hién
twong nay, lam cham qua trinh gia cong va gidm nang
suéat san xuét.

Dao déng tw kich chd yéu phu thudc vao tan sé goc
quay cua truc chinh, d clirng virng clia hé théng cong
nghé gdém may, dung cu cat, dd ga va luc cét. Pay la
cac yéu té quan trong nhat anh huédng dén sy 6n dinh
va kha nang xuét hién dao dong va hién twong cong
hwéng trong qua trinh gia cong. Thuc té véi may phay
CNC d6 cirng vitng da dwoc nha san xuat dam bao,
do d6 trong pham vi bai bao nay khéng xét dén do
clrng vibng ctia hé théng cong nghé dan téi két qua mo
phdéng c6 gia tri gan dang.

Cac nghién clru vé dao dong clia cum truc chinh may
CNC da dwoc tién hanh tlr nhirng nam 1970. Ban dau,
cac phwong phap phan tich don gian dwa trén cac mé
hinh tuyén tinh dwoc st dung dé danh gia dao dong.
Sw phét trién ctia phwong phap phan t&r hiru han (FEM)
vao nhirng ndm 1980 d& mang lai mot bwdc tién 16n
trong viéc mo phdéng va phan tich dao déng ctia cac hé
théng co khi phirc tap [2]. FEM cho phép mé hinh héa
chi tiét cAu truc clia cum truc chinh, tuy nhién, phuong
phap nay thwong doi héi lwgng tai nguyén tinh toan
l&n, dac biét la dbi véi cac bai toan cé hinh dang phirc
tap, nhiéu chi tiét [3].

Phwong phap phan tt bién (BEM) néi I&én nhw mét giai
phap thay thé hiéu qua cho FEM trong viéc gii quyét
cac bai toan dao dong. BEM chi yéu cau roi rac hoa
bién cGa mién tinh toan, gitip gidm dang ké sb luvong
nat va phan tir so véi phwong phap FEM, tir d6 giam
thoi gian tinh toan va tai nguyén may tinh [4].

Nbi bat trong cac nghién ciru lién quan [1] da nghién
clru vé dao dong tu kich trong qué trinh phay, nghién
clru nguyén nhan, phwong phap dy doan, ky thuat
phat hién va phwong phap kiém soat rung déng cla
dao déng tw kich trong qua trinh phay, xac dinh vai tro
cla cac dac tinh déng nhw gidm chan, dé léch tdm cua
dung cu cét véi truc chinh, déng thoi thdo luan vé dw
doan do 6n dinh dao dong tw kich bang cach str dung
biéu db gi¢i han én dinh dong (SLD).

Cac nghién clvu trén da dwa ra két luan vé nhirng tién
bd trong mé hinh héa may tinh, cdm bién va co céu
chap hanh da cho phép dy doan dao dong tw kich
chinh xac hon va cac phuong phap phat hién theo thoi
gian thwc. Cac phwong phap kiém soat thu dong va
cht ddng ciing dwoc danh gia, bao gdm bo giam chan
thu déng va kiém soat rung déng chi dong théng qua
cdm bién va co ciu chdp hanh, 1am ndi bat hiéu qua ctia

chung trong viéc cai thién dé én dinh gia cong va chét
lwong bé mat. Cac dé xuat nghién civu trong twong lai
bao gébm nang cao dd chinh xac phat hién, kham pha
cac co ché phay vi md va nang cao hé théng kiém soat
dao dong tw kich dé &ng dung trong thuc tién.

Mac du phwong phap phan tir bién (BEM) da dwoc
&ng dung trong nhiéu linh vuc, viéc 4p dung BEM vao
phan tich dao déng ctia cum truc chinh may CNC van
con han ché. Nghién clru nay tap trung vao viéc phat
trién mot md hinh BEM dé phan tich tan s6 va bién do
dao dong riéng, dao déng cwdng blrc cla truc chinh
may phay CNC Xmill - M90O0 trong diéu kién lam viéc
véi cong suat va sb vong quay I&n nhét trong pham vi
str dung ctiia may cho phép.

2.CO'SO'LY THUYET PHUWONG PHAP PHAN TU BIEN

Phwong phap phan ti bién (BEM) 1a mét phwong phap
sb hiéu qua dé giai cac bai toan véi mién khong gian
v6 han hoac bién phtrc tap. Nguyén ly co ban ctia BEM
la chuyén d6i phwong trinh vi phan diéu khién bai toan
thanh phwong trinh tich phan trén bién. Diéu nay cho
phép gidm sb chiéu cla bai toan, tlr d6 giam thiéu nd
Iwc tinh toan. Theo [5], phwong trinh co ban cia BEM
cho bai toan dan hoi tuyén tinh tinh cé dang:

c()u(x) + [ TeY)u(y)dr(y) = I Upoy)t(y)dr(y) (1)
Trong do:

c(x): Hé sb tw do tai vi tri x;

u(x): Chuyén vj tai diém x;

t(x): Lwc b& mat tai diém x;

U(x,y), T(x,y): Ma tran &nh hwéng ctia chuyén vi va luc;
I": Bién cha mién khao sat.

Theo [6], dé gidi bai toan gia tri bién cho (1) s& dung
phwong phap Ritz-Galerkin gidi bai toan gia tri bién
cho phwong trinh vi phan Elliptic tuyén tinh dwéi dang:
L(u)=f (2)
Trong do:

L: La toan t& vi phan tuyén tinh;

U: La nghiém can tim;

f: La ham da cho.

Xap xi béqg phuong phap Ritz-Galerkin: Phuong phap
nay tim kieém nghiém xap xi u thuéc khéng gian con v,
clia khéng gian Sobolev H'(Q) (thwdng la khdng gian
Sobolev bac 1) sao cho théa man [6]:

[, L(uN)vdx = ] _fvdx v&i moi veV,, (3)
Trong khéng gian Sobolev, phuwong trinh (3) twong
dwong v&i viéc tim u sao cho: a(u,v) = L(v) v&i moi
VeV, [6], trong do:

a(u,v) = [, Vu. Vvdx + [ uvdx (4)

(4) c6 dang song tuyén tinh.
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L(v) = |, fvdx (5)
(5) 1a ham tuyén tinh.

Diéu kién can va du dé mot phwong phap xap xi phan
t& hiru han 1a mot xap xi bén ngoai [6], dwoc dinh
nghia nhw sau:

<d,yU>=0 (6)
Trong do:

<, >-La cap déi ngau trong khong gian ham dwoc xac
dinh trén bién gilra cac phan ti;

0 - La toan t&r dao ham riéng;

y - L& todn t vét (trace operator), trich xuat gia tri clia
mot ham trén bién ctia mién;

U - La ma tran xap xi nghiém dwoc xac dinh bén trong
phan tl;

Diéu kién trén cé thé dwoc mé rong thanh tich trong
cac khdng gian ham khac:

(9,yU)=0 (7)
Trong do:

g - La cac ham duoc xac dinh trén bién gitra cac phan
tlr, con goi la cac ham bién;

(,) - La tich trong trong khéng gian ham thich hop.
Cac ham bién nay sinh ra cac bac ty do bién (boundary
degrees of freedom - BDOF), dwgc dinh nghia la tich
phéan cta cac ham bién voi cac ham co s& phan tir
hiru han trén bién cla phan t& [6]:

BDOF = JFgk yudr; k=1,2,...,N (8)
Trong do:

I - La bién cha phan tl hiru han;

g, - La cac ham dwgc xac dinh trén bién cua phan tr
hiru han.

Céc bac tw do bién khong co y nghia vat ly truc tiép,
chung dai dién cho cac ham xé’p xi tir khéng giap phén
tl hiru han twong thich khi s6 lwgng BDOF tién dén
vé cung. Cac BDOF chiu trach nhiém dam b‘éo cac
dieu kién lién tuc gilra cac phan tlr va cac dieu kién
bién can thiét. Trong qua trinh gii thich (rng, sb lvong
BDOF duwoc tw dong quan ly dé dap (rng cac tiéu chi
hoi tu.

Ngoai BDOF, cbn' co cac bac tw do n‘c}i bd (internal
DOF) duworc lién két voi thé tich cia phan t&r. Cac béc
tw do ndi bd duwgc xac dinh ty ddng khi xay dwng xap
xi nghiém bén trong mét phan t& hivru han.

Cudi ciing, ham x4p xi U [6] trén phan t& c6 dang:

U, = Za(U) p, + Z(IT gk yudr) pk (9)
Trong dé:

a, - La cac bac tw do ngi bd ctia phan te;

p, - La cac ham co s& cla cac bac tw do ndi bo;

IT gk yU dI - La cac bac tw do bién;

pk - La cac ham co s& clia cac bac tw do bién.

LIEN NGANH CO KHI - DONG LUC

Céc ham co s¢ p, va p, tao thanh mét khdng gian hiru
han chiéu P ctia cac ham x4&p xi ctia mot phan td hiru
han. D& dam bao sy hoi tu, khong gian P phai day da.

Sau khi xac dinh sw hoi tu cta khéng gian P [6] tién
hanh phan tich tAn s6 dao déng, xuét phat tw (10).

MT —-[KL.T=0
Trong doé:

(10)

M - La khéi lvong;

K - La d6 clrng clia hé;

T - La chuyén vi.

Nghiém ctda (10) co6 dang (11):
(K — 02 M)d = 0

T= dsin(wt)

Trong dé:

@ - La bién d6 dao dong;

o - La tan sé goc;

t - Thoi diém tinh toan.

Mébi quan hé gitra tan sé goc va tan sb dao ddong dwoc
trinh bay theo (12).

f, = wl2n (12)
Tinh nang tach r&i hinh hoc: DAy la tinh nang cbt 16i
clia phwong phap phan ti bién, cac déi twong trong
bai toan phan tich dwoc tach roi thanh cac khéi hinh
hoc cé sy twong tac véi nhau theo nhirng bai toan cu
thé, diéu dé cho phép xt ly cac cum lap rap da quy
mo, md phéng cac dac tinh trang thai trong toan bd
qua trinh mot cach dé dang bang céach loai bé yéu cau
vé chia lwdi, 16i chia lwdi, sai s6 do mé hinh héa, mé
phéng cuc bd. Phwong phap phan t& bién con nang
cao hiéu suét tinh toan, phan tich, gidam chi phi cho cau
hinh may tinh va twong tw nhw phwong phap phan to
hiru han, phwong phap phan t& bién cé thé thuc hién
dwoc trén nhiéu dang bai toan khac nhau nhu cac bai
toan vé phan tich két cdu, dong luc hoc, cac bai toan
vé dong chay, phan tich tinh 6n dinh, dao déng.

3. U'NG DUNG PHAN MEM SIMSOLD PHAN TiCH
DAO DONG CUA TRUC CHINH MAY PHAY CNC
XMILL - M900

3.1. Thong sé co ban ciia may phay CNC Xmill -
M900 [7]

Kich thwéc ban lam viéc: 900x400 mm.

Hanh trinh truc X/Y/Z: 800/400/500 mm.

Tbc do truc chinh: n = 10.000 vong/phut.

Co6ng suat ddng co truc chinh: P = 7,5 kW.

Tbc d6 dich chuyén nhanh: F = 36 m/phuit.

D6 chinh xac vi tri tdm truc chinh: A = £0,005 mm.

Hinh anh truc chinh may phay CNC Xmill-M900 dwoc
biéu dién trén Hinh 2.
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Hinh 2. Hinh anh truc chinh may phay
CNC Xmill-M900

3.2. Lwa chon cac diéu kién bién

Theo [8], cac bwdc tién hanh phan tich tan s6 dao dong
riéng dwoc thwe hién véi cac diéu kién bién nhuw sau:
Lwa chon mé hinh 3D dé phan tich tdn sé dao déng
riéng: Co 7 thanh phan (Modal) anh hwéng tryc tiép
dén do6 cirng virng va tan sé dao déng cda truc chinh
la truc chinh, bau kep dung cu cét, 3 6 d&, khung d&,
dao cat. Cac thanh phan khac nhw déng co, bo truyén
dai rang, hé théng lam mat va hé théng bai tron khéng
dwa vao mod hinh phan tich do it &nh hwdng dé cirng
virng va tan s6 dao déng cua truc chinh. Mé hinh phan
tich tan s6 dao déng dworc trinh bay trén Hinh 3.

Hinh 3. M6 hinh 3D cum truc chinh may phay
CNC Xmill-M900 trong phan tich dao déng

Lwa chon cac diéu kién bién vé lyc ngoai lwc tac dung
Ién truc chinh:

Theo [7], may phay CNC Xmill-M900 st dung bau
dao BT-40 do d6 dwong kinh dao Ién nhét 1ap duoc la
d =18 mm = 0,018 m. Do lyc tac dung t&r dung cu cét
lén phdi can bang véi lwc tac dung tr phoi 1én dung
cu cat do dé tinh toan cac lwc tac dung tir théng sb co
ban clia may.

Cong suét cat I6n nhat cta may:

P.=Pxn (12)
Trong dé:

n 1a hiéu suét ctia bo truyén dai rang n = 96%.

P =7,5x0,96 = 7,2 =7.200 W (13)

M6 men xoan trén truc chinh:
T, = 30.P/(n.n) (14)

Thay sé P = 7.200 W, n = 10.000 vong/phut vao (14)
duwoc T_=6,879 N.m

Luc cat chinh trén dao cét F_.

F.=2T/d=2.6,879/0,018 =764 N (15)
Theo [9], Iwc doc truc tac dung Ién dao:
F.=K,xF_=(0,4+0,6)F, (16)
Chon F_=458 N

Luc tién dao tac dung I&n dao:

F=KxF =(0,2+04)F, (17)

Chon F,= 306 N

Phwong va chiéu cla céac luc tac dung dwoc trinh bay
trén Hinh 4.

So db dé&t lwc tac dung lén truc chinh:
Tc

T

\\|/

/I\

y |z

T
Fal Fe X

Hinh 5. So’ dé luc tac dung Ién truc chinh

Gan vat liéu: Vat liéu cho cac chi tiét trong mé hinh,
theo [9], vat liéu ché tao truc chinh 1a thép 4140 (theo
tiéu chuén AISI) c6 cac dac tinh dwoc trinh bay trén
Hinh 6.

Pats  Material Library My Materials
= + m
Material E Nu Density Yield Stress A

a
4140 steel used formaking spindes ~ 2000s5MPa 0230  8000e6ka/mm3  6.150e2MPa  1730e5/K 162022 W/mm™K)

Hinh 6. Théng s6 déc trung cta méc thép 4140
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3.3. Phan tich tan sé giao dong cta truc chinh may
phay CNC Xmill-M900 bang phwong phap phan
ter bién

3.3.1. Tan sé dao déng riéng

Theo [10], khi tinh toan tan sb dao ddng riéng cac diéu
kién bién str dung gém: M6 hinh 3D ctia cum truc chinh
may phay CNC Xmill-M900, vat liéu ché tao, khéng st
dung diéu kién bién vé& ngoai lwc tac dung. Trén phan
mém SimSolid thwe hién cac bwdc nhw sau:

Thiét 1ap cac théng sb cho phan tich modal, khi dé
phan mém sé& tim kiém 7 modal dao déng cia mé hinh
Hinh 7.

% Modal setup pd

Options
(®) Mumber of modes to find

D Freguency span

Mumber of modes to find
7

? [ o

A

Hinh 7. Thiét I4p cac théng s6 cho phéan tich modal

Thiét 1ap ché do phan tich cho toan bd mé hinh gém 7
modal dwgc trinh bay trén Hinh 8.

48 Solution settings >

1 | Global ~

S Global =
Max number| cisbal + local ns 3%

- Custom
Groups

Group 1: 134 parts, relative volume 100 %

Resetall Create 7 Delete

Hinh 8. Thiét Iap ché dé phan tich

Thiét 1ap lién két tw dong gitra cac modal Hinh 9 va
tao mot bac tw do cho moé hinh Hinh 10, bac tw do cla
mé hinh twong rng vé&i chuyén déng quay tron cla
truc chinh.

Hinh 9. Lwa chon tao lién két

LIEN NGANH CO KHI - DONG LUC

4 Immovable *

Immovable 1

Apply to:
® ﬁFace

Edge

Spat

Create new spot
Vertex

Ny Face 46, Cabegote_1 |
|

Hinh 10. Thiét Iap bac tw do cho mé hinh

Sau khi thiét lap cac diéu kién bién va chon phuwong
phap tinh toan tan sb dao déng riéng dwa trén chi tiéu
dod clrng va (rng suét, quéa trinh md phéng duwoc tién
hanh va két qua phan tich dwoc thu thap. Tan sé dao
déng riéng 16n nhat duoc xac dinh ty déng & modal s6 7
(vitrimat day cta dao), co giatrilaf, _ =2841,5Hz. Tan
sb dao dong rieng nhd nhat duwoc xac dinh ty dong &
modal sb 1 (vi tri khung d&), c6 gia tri la fm = 358,98 Hz
Hinh 11.

n £ 13836-07 [men] Ma 1.00008+00 men]

Hinh 11. Két qua phén tich tan sé va bién do
cla dao dong riéng

Khi phan tich tan sé dao doéng riéng trén phan mém
trén phan mém SimSolid déng thdi cling dw bao bién
do dao déng cong huéng (@), trén Hinh 11 cho két
qua dy bao bién do dao déng cong hudng I&n nhét tai
vi tri ¢ tan s6 dao dong riéng Ion nhétla @, =1,0 mm,
bién d6 dao déng cong hudng nhé nhét tai vi tri cé tan
s6 dao doéng riéng nhé nhatla & =6,1893.107 mm.

chmin
Theo [7] tan s6 dao ddng riéng cho phép cla truc chinh
may phay CNC hang Fanuc cho phép la[f] = 2.850 Hz,
vif, < [f]va co gia tri gan bang gia tri cta [ f ], do d6

may phay CNC Xmill - M900 c6 dé cirng virng cao.
3.3.2. Tan sé dao déng cwéng birc

Khi phan tich tAn sé dao dong cwéng blrc, cac budc
thwe hién va cac thiét 1ap chwong trinh phan tich twong
tw nhw khi phan tich tan sé dao dong riéng. Tuy nhién,
diém khéac biét la phan tich tAn sé dao dong cwéng
brc st dung diéu kién bién cé ngoai lwc tac dung voi
so dd dat lwe dwoc trinh bay trén Hinh 5. Két qua phan
tich tAn s6 dao déng cudng birc dwoc thé hién trén
Hinh 12.
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Min 30711808 [ren]

[ Max 54230602 frm]
|

L]
Hinh 12. Két qué phan tich tan sé va bién dé
dao ddng cubng birc
Tan s6 dao dong riéng I&6n nhat dwoc xac dinh ty dong
& vi tri mat day cta dao cé gia tri la f__ = 1704,88 Hz.
Tan sé dao déng riéng nhd nhat dwoc xac dinh tw déng
& vi tri khung d& co gia trila = 269,238 Hz.

Bién d6 cla dao dong cuwdng buc Ién nhat tai
vi tri c6 tan sb dao déng cuwdng birc I&n nhét la
®_ =5,432.102 mm, bién d6 dao dong cwdng birc nhod
nhét tai vi tri c6 tan s6 dao déng cwdng birc nhd nhat 1a
®_ =3,0111.10° mm.

Theo [7] bién d6 dao ddng riéng cho phép cia phan
dau dung cu céat |ap trén truc chinh may phay CNC
héng Fanuc cho phép la [®] = 0,06 mm,vi®__ < [®]do
do bién dd dao déng clia may phay CNC Xmill - M900
it gdy &nh hwéng t&i sai sb gia cong.

Nhan xét chung: Trong qua trinh gia céng quan tam t&i
dao déng tai vi tri mat day cta dao |ap trén truc chinh,
day la vi tri anh hwéng I&n nhét téi do chinh xac gia
cong, kétqua phantichf__ <f __ dé do, trén truc chinh
khoéng xay ra hién twong dao déng tw kich trong qua
trinh gia cdng trén may phay CNC Xmill - M900.

4. KET LUAN

Noi dung bai bao da tdng hop ly thuyét cta phwong
phap phan t& bién (BEM) - mét phwong phép tinh
toan hién dai va hiéu qua trong viéc giai quyét cac
bai toan dao dong cla hé théng co hoc phirc tap, dac
biét la trong phan tich truc chinh ctia may phay CNC.
Nghién ctru da &p dung BEM trén phan mém SimSolid
dé phan tich dao dong cua truc chinh may phay CNC
Xmill - M900 va thu dwoc nhirng két qua cé y nghta.

Két qua phan tich cho thay tan sb dao dong riéng cla
truc chinh dao déng tir 358,98 Hz dén 2841,5 Hz, v&i
bién dd cong hwdng 1&6n nhat dat 1,0 mm tai vi tri day
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dung cu cét, cho thdy khd néng xay ra cong hwéng
& nhitng ché d6 lam viéc nhat dinh. Trong khi do, tan
sb dao dong cwdng birc dao dong tir 269,238 Hz dén
1704,88 Hz, v&i bién d6 dao ddng cwdng birc I1&n nhat
la 5,432.102 mm. Céac théng sb nay giup danh gia nguy
co cdng hudng trong cac diéu kién lam viéc tdi da cla
may, tlr d6 dé xuét nhirng gi¢i han van hanh an toan
dé giam thiéu anh hwéng clia dao dong dén do chinh
xac va chét lwong gia cong.

Két qua nghién ctru nay la nén tdng cho céac cai tién
tiép theo trong quy trinh gia cong, hé tro tdi wu hoa
hiéu suét cia may CNC va tang cwong dd 6n dinh
cling nhw tudi tho cla thiét bi. Cac két qua cling mé
ra hudng nghién ctru méi vé (ng dung phwong phap
BEM trong phan tich déng luc hoc cla céac hé thdng
may cbng cu phtrc tap khac.
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