TAP CHI KHOA HOC VA CONG NGHE - SO 32 - TRUONG BPAI HOC PHAM VAN BONG

ANH HUONG LUC SIET MOI GHEP BULONG PEN TAN SO
DAO PONG RIENG CUA PAU TRUC CHINH MAY CNC ROUTER

Tran Van Thiy'!
TOM TAT

Moi ghép buléng la logi ghép cé thé thdo dwoc va dwoc sit dung rdt phé bién trong

két cau mday CNC router. Bdc tinh déng lrc hoc ciia moi ghép buldng anh hwdng rdt I6n
dén dac tinh dong lyc hoc cua toan bo két cau may. Bai bao nay trinh bay anh huong lyc
siét moi ghép buléng dén tan sé dao dong riéng cia dau truc chinh mdy CNC router.
Phurong phép phan tir hitu han dwoc sir dung dé phan tich tan sé dao dong riéng va dap
itng diéu hoa cho dau truc chinh mday CNC router véi céng cu la phan mém phan tich ky
thudt CAE (Computer-Aided Engineering). Trong mé hinh phdn tich cé tinh dén d¢ cimg
tiép xiic, giam chan va liwc siét moi ghép buldng. Két qud phdn tich dap img diéu hoa chi
ra rang khi tang liec siét méi ghép bulong dén gia tri cho phép thi tan sé dao déng riéng
ciia dau truc chinh theo hai hwéng X va Y tang twong vmg. Nghia la dé cimg viing ciia

két cau than mdy tang.
Tir khéa: Méi ghép ren, luc siét, dao dong riéng, may CNC router.
1. Tong quan

Trong nganh cong nghiép dd ndi that hién dai, may CNC router dugc st dung rong
rdi, vi ddp img dugc yéu cu chét lwong ngay cang cao clia san pham va tinh linh hoat
clia quy trinh san xuét. Chét lugng va do chinh xac gia cong ctia may CNC router ¢6 than
méy duge ché tao tir két ciu han hoic két cdu bulong khong nhitng phuy thudc rat 16n vao
chét lugng va d¢ chinh xéc cta cac by phan ciu thanh may ma con phu thudc vao céc
moi ghép va chi tiét truyén dong trong may nhu mbi ghép bu long (bolts), mbi ghép han
(welds), duong dan hudng (linear guides), bo truyén vitme bi (ball screw) [1, 2]... Cac
nghién ctru chi ra rang khoang 60% tong do ctimg viing va khoang 90% tong d6 giam xoc
ctia két cAu may bat ngudn tir cac mbi ghép va cac chi tiét truyén dong [3]. Viéc nghién
ctru dac tinh dong lyc hoc cua mbi ghép anh hudng dén dic tinh dong luc hoc cua toan
bd may CNC router 14 rt quan trong. Cac nghién ctru vé mdi ghép chu yéu tap trung vao
mo hinh dong luc hoc ctuia mbi ghép, nhan dang dac diém mdi ghép va dac tinh dong luc
hoc ctia toan bd két cdu may CNC router dua trén mdi ghép [4-10].

Lin va cong su [11] da thuc hién moé phong phan tir hitu han va thi nghiém rung
dong cho thiy rang khop truot dan hudng tuyén tinh 13 yéu t6 chinh anh hudng dén cac
dac tinh dong luc hoc cua h¢ gian va dau truc chinh. Véi viéc tang luc siét cua khép dan
huéng tuyén tinh, cac dac tinh dong luc hoc cua h¢ truc chinh-gian c6 thé duoc cai thién.
Wu va cong su [12] d3 gidi thiéu 1y thuyét tiép xtGc Hertzian va ap dung do ctng phap
tuyén cho cac phan tir tiép xuc trong mé hinh phan ttr hitu han tong thé dé nghién ctru cac
dic tinh dong luc hoc cta cac thanh dan hudng tuyén tinh bi anh huong boi tai trong. pé
du doan dac tinh dong luc hoc cua toan bd may cong cu ¢ giai doan thiét ké, Zhang va
cong su [13] da thiét 1ap mot mo hinh vé toan bd két cAu may bao gém cac phan tir nhu
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dam, cot va cac mdi ghép. Dua trén cac thong sd co ban cua cac mbi ghép, thiét 1ap cac
phuong trinh déng luc hoc ctia toan bo két cdu may bang phwong phap tong hop.

Luc siét ban dau cta buldng 1a mot thong sb van hanh rit quan trong ctia may CNC
router. Cac nghién ctru chi ra ring lyuc siét ban dau c6 anh huéng 16n dén d6 cimg va do
giam chén cta cac mdi ghép may CNC router [4, 8, 13-15]. Luc ban dau cua 6 lin truc
chinh ciia may CNC da dugc thao luan rong rai trong cac nghién ctru khac [15-17]. Cac
thiét bi diéu khién tai ban dau thay d6i cho 6 lan truc chinh di dugc dé xuat dua trén luc
ly tam va luc dién tir [18, 19]. Ddi voi toan bd cau tric may c6 6 lan, thanh dan hudng,
vitme bi va mdi ghép buldng thi diéu quan trong 1a phai phan tich mbi quan hé giira luc
siét trén mdi ghép va do cimg viing cua dau truc chinh. Lam r& mdi quan hé nay sé& hiru
ich trong viéc sir dung luc siét hop 1y.

Bai bao ndy nham muc dich nghién ctru anh huong cia luc siét mbi ghép bulong
dén tan s6 dao dong riéng hay d6 cting viing cua dau truc chinh may CNC router. i v6i
diéu nay, bai bio dé xuat mo hinh phan tich phan tir hitu han (FEM-Finite Element
Method) ciia may CNC router v&i sy tich hgp ctia md hinh héa mdi ghép buléng. Vi
FEM, d¢ cung viing cta dau truc chinh dudi céac luc siét khac nhau duoc du doan.

2. Co s6 ly thuyét

Mdi ghép bulong tong quat bao gdm phan tir A, phan tir B, bulong va dai 6¢ dugc
mo phong nhu Hinh 1.
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Hinh 1. M6 phéng méi ghép bulong

Theo 1y thuyét khép vit dé siét bulong véi luc siét doc truc V (Hinh 2) thi can phai
tao momen siét Ty, dugc xac dinh theo cong thirc (1):

T, =T, +T. (1)

Trong d6: T, 1a mémen lyc ma sat trén bé mat tiép xuc cua dai 6c, 7, 1a mémen
luc tac dung trén ren.
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Hinh 2. Diéu kién tdi ciia moi ghép buléng [20]
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T,s va T, dugc tinh theo cong thirc (2) va (3):

_ V([ Do+dy

T, =0.5Vd, tan(y + p') 3)

Trong d6: d, 1a duong kinh 13 lip buldng, D, 1a duong kinh ngoai mit tya cia dai
bc, f1a hé s6 ma sat giira dai 6¢ va chi tiét ghép.

Thay cac biéu thirc xac dinh 7, va T, vio cong thirc (1) ta co:

2

T, =0.5Vd, H D°2; 4o J f +tan(y + p’)} 4)

Trong do: d> 1a duong kinh trung binh cua ren, y géc nang ren vit, p’gdc ma sat trén
mat ren.

D61 véi moi moi ghép bulong, moi quan h¢ gitra luc si€t trude V' va md men siét
trude Ty dugce xac dinh nhu sau:

T, =107 KVd Q)

Trong d6: d 1a duong kinh danh nghia cua bulong; K 1a hé s6 siét chat phu thudc
vao vat liéu, kich thudc, ma sat bé mit, ren buldng.

K= % = 0.5(%){(%7%}‘ + tan(y/ + p')} (6)

2

® JOURNAL OF SCIENCE AND TECHNOLOGY ® 17



TAP CHI KHOA HOC VA CONG NGHE - SO 32 - TRUGNG BAI HOC PHAM VAN PONG

Ap luc cia mdi ghép buldng duge mé ta nhu cong thuc (7).

pe 2T,

Dtan(;/+p’)+ 2f3 Dg —dg

Trong dé: A4 1a dién tich mdi ghép bu 16ng, D 1a duong kinh danh nghia cua dai dc.
Néu mdi ghép co6 N buldng va gia st luc siét cia mdi buléng 13 bang nhau [20], ap
lwc ctia mdi ghép buldng duoc tinh theo Cong thic (8):
27,

D} -d; (8)
Dtan(y + p')+2 020, 14N
{ (7 ) f3Dg—dg }

P=

Do clng vimg va do giam chdn cia mdi ghép c6 thé dugce tinh toan tir ham cua
tham sb twong duong trén mot don vi theo cong thirc (9) va (10):

K, = [[ k(P.5. 1, Rixay ©)

G = [[e(P.s. 1. R)ixay (10)

Trong d6: P, S, f1an luot 1a ap sut tac dung 1én mdi ghép buldng, dién tich bé mit
moi ghép va tan sudt tai. R 1a hé sb lién quan dén dic tinh cua vat liéu va phuong phap
gia cong bé mit.

3. Mo phéng tinh toin

C6 bdn loai mbi ghép va chi tiét truyén dong dugc st dung rat pho bién trong két
cdu may CNC router. Cac mdi ghép va chi tiét truyén dong trong may nhu mdi ghép
buldng, mdi ghép han, duong din hudng, bo truyén vitme bi. Dé thiét 1ap FEM chinh xac
clia toan bo may CNC router thi d¢ cimg viing va d giam chén ciia khép dugc xem xét.
Bai bdo nay chu yéu tap trung vao viéc xac dinh dac tinh dong luc hoc cua mbi ghép
buléng. Mdi ghép bulong 14 loai ghép c6 thé thdo dugc va duoc st dung trong két céu
méay CNC router nhu Hinh 3. Trong két cau nay, mdi cot dung lién két v6i con trugt bang
bbn buldong M8 va dam ngang lién két voi mdi cot dung bang tam buléong M6. Bulong
M8 va M6 duoc ché tao tir thép két cdu c6 modun dan hdi E = 2x10"" Pa, Khdi lugng
riéng p = 7830 kg/m’ va hé sb Poisson v = 0,32.
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Hinh 3. Két cdu mdy CNC router

3.1. Phan tich dao djng riéng
a. M6 hinh FE ciia két cdu than mdy

Phan mém phan tich k§ thuat ANSYS dugc sir dung dé phén tich dao dong riéng
cho két cau may CNC. Qua trinh thiét 1ap FEM cua két cau may CNC duogc thuc hién
nhu Hinh 4.

: H
d 5 i3
0.00 500.00 (mm) k
) v

a. Diéu kién bién. b. Mé hinh luédi két cau.
Hinh 4. M6 hinh FE cia két cau than mdy CNC router.
Vat liéu két cAu than may 1a thép c6 mo dun dan hoi E = 2,1.1011 Pa, khéi luong
riéng p = 7850 kg/m’ va hé sb Poisson v = 0,3 [20]. Cac loai mdi ghép chinh trong két

cdu may CNC: Mdi ghép bu 16ng, mdi ghép han, dudng dan hudng, bo truyén vitme bi,
truc va 6 do.

b. Phan tich dao dong riéng

Phan tich dao dong riéng dugc thuc hién dé xac dinh tan sb dao dong riéng va dang
dao dong. Theo d6, may CNC router c6 thé tranh lam viéc gan cac tdn sb ndy trong qua
trinh gia cong nham tranh hién twong cong hudng. Trong qué trinh phan tich dao dong
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riéng, phan tir chia ludi, diéu kién bién, tinh chét vat liéu ctia mé hinh ... nhu 1 phan tich
tinh.

Déi véi két cdu may CNC co két cu dang gian, do ctng vimng cua két cau may phu
thude vao vi tri cua cac by phan chuyén dong trén dam ngang. Do d6 khi vi tri ctia cac bo
phan chuyén dong thay ddi thi d6 cimg viing cua két cdu mdy thay doi va 1am cho tan sé
dao dong riéng cua két cdu may ciing thay d6i. Thuc hién phan tich dao dong riéng & 2 vi
tri khac nhau cta cum truc chinh trén dam ngang, mot vi tri sat bién va mot vi tri chinh
giita dam ngang. Ta thiy tin s dao dong riéng khi cum truc chinh nam gitta nho hon khi
cum truc chinh ndm mot bén, ¢o nghia 1a vi tri gitra cua u truc chinh 1a mét vi tri quan
trong, vi ly do d6 ma phan tich tiép theo chi thuc hién & vi tri nay.

Két qua phén tich dao dong riéng cho két ciu may duogc thé hién trong Hinh 5.

400,00 froe) I<:
ai—

() (e) ®
Hinh 5. Phdn tich tan sé dao dong riéng

Phan tich dao dong riéng dugc thuc hién dé dyu doéan cac dic tinh dong luc hoc cua
két cAu may bao gém tan s dao dong riéng va dang dao dong. Dua vao tan sé dao dong
riéng, may CNC router c6 thé tranh lam viéc & tan sé cong huong (hay tan s6 dao dong
riéng) trong qua trinh gia cong. Cac dang dao dong biéu thi do rung cua toan bo may, phu
thudc vao su kich thich va su dich chuyén twong di giira cac thanh phan khac nhau va
dang dao dong cho thay cac bo phan may kém cimg vimg. Tap trung vao céac tan sd dudi
500 Hz, cac dang dao dong co ban cia mady CNC router dugc nghién ctru dugc mo ta
trong Hinh 5. Nhu mé ta trong Hinh 5a, ddu may c6 chuyén dong quay quanh truc X &
tan s ty nhién dau tién 12 200,71 Hz. Dam ngang va diu mdy c6 chuyén dong lic lu
trong mit phang YZ & tan s6 294,44 Hz nhu thé hién trong Hinh 5b. Ct ¢6 rung dong
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ubn trong mit phang XZ & tan sd 352,83 Hz nhu thé hién trong Hinh 5c. Dam ngang c6
rung dong udn trong mat phing XZ & tan sd 433,88 Hz nhu thé hién trong Hinh 5d.
Thanh ngang va dau may quay quanh truc X voi tan sé 610,88 Hz nhu thé hién trong
Hinh 5e. Pau may quay quanh truc Z véi tan s6 696,91 Hz nhu thé hién trong Hinh 5f.

3.2. Anh huéng cia lue siét bulong

Phén tich dap tng diéu hoa duogc thyc hién dé xac dinh bién do dao dong cua dau
truc chinh may CNC nhu Hinh 6. Trong do, tan s luc kich thich tring véi tan s6 ctia
dong co truc chinh va bién do cua luc kich dong chinh 1a cac thanh phﬁn cua luc cét va
voi ché do cat cuc dai: n = 6000 vg/ph, t = 2,5 mm va s = 0,5 mm/rang tinh dugc luc tai
dau truc chinh huéng X va Y: Fy = Fy=390 N, huéng truc Z: Fz=215 N.

| Fiter:  Mame -
|E| Project
= (&8 Model (A4, B4)

e}

- Al Geometry
B2 Coordinate Systems
- B Connections
E

oo Modal (AS)
b TS Pre-Stress (Mone)

w721 Analysis Settings
B, Fixed Support

3] Solution (A6)
¥ Solution Information
Bl Total Deformation
3 Total Deformation 2
3 Total Deformation 3
3 Total Deformation 4
A8l Total Deformation 5
A3 Total Deformation &
=-,{7] Harmonic Response (B5)
T=P Pre-Stress/Modal (None)

L
=
Hid
[i]

Analysis Settings 2 4@ EngineeringData + 4————M 2 & Engineering Data -~ .
. 1, Ei‘:(f;SUDDO"t 3 | @ Geometry W 4 ® 3 i} Geometry 4
5 5,,..,.5.,,.(55) 4| @ model o g4 @ Model - 4

- ¥1 solution Information 5 | @@ setup v . 5 @ setup o

"% ::'E“"'E"q' Response X 6 | G5 Solution v 4 6 |§E Solution " a

> requency Response ¥

#% Frequency Response Z 7 | @ Results a4 7 @@ Results o

Modal Harmanic Response

Hinh 6. Phdn tich déap vmg diéu hoa

Diéu kién bién: Dé phan tich két cdu may, diéu kién bién nhu Hinh 7. Trong d6
chan dé cua két ciu may lién két v6i nén may 1a lién két ngam. Thanh phan lyc cat F,, F, by
F, va M, dugc dit & dau truc chinh.

L Fixed Support

o0 _WM:| *
a. Lién két ngam b.Piem dat luc

Hinh 7. Diéu kién bién

Két qua phan tich cho truong hop luc siét bu 16ng Fj, = 5 kN nhu d6 thi Hinh 8.
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b. Phuong Y
Hinh 8. Phdn tich harmonic két cau may voi lyc siét 5 kN.

Bang 1. Két qua phan tich dap ing diéu hoa

Bién d¢ dao dong cia

STT | Lucsiét, kv | d4u tryc chinh, mm
Uxmax Uymax

1 5,0 0,357 0,416
2 5,5 0,305 0,363
3 6,0 0,261 0,324
4 6,5 0,217 0,271
5 7,0 0,182 0,246
6 7,5 0,133 0,197
7 8,0 0,115 0,169
8 8,5 0,074 0,132
? 9.0 0,053 0.115
10 9,5 0,036 0,092
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Tur dd thi Hinh 8, x4c dinh duge gia tri chuyén vi ctia dau truc chinh tuong Ung voi
luc siét 5 AN: tymae = 0,357 MM VA 15, = 0,416 mm. Phan tich dap g diéu hoa twong
tu cho cac gia tri luc siét bulong khac nhau, ta thu duogc két qua chuyén vi ctia dau truc
chinh theo cac luc siét khac nhau nhu Bang 1.

Két qua phan tich mdi quan hé cta chuyén vi ciia dau truc chinh theo cac luc siét
khac nhau trong Bang 1 duoc thé hién bang d6 thi nhu Hinh 9.
0.45 T T 3 T

o —%¥— Chuyen vi phuong X
—®— Chuyen vi phuong Y [T

NN
NN
.
O

o
N
(S}

o
N

d
/
/

o

o o

a -
/1
7 A

Chuyen vi dau truc chinh, mm

o

(9]

5.5 6 6.5 7 7.5 8 8.5 9 9.5
Luc xiet bulong, KN

Hinh 9. Chuyén vi dau truc chinh

Két qua tir @6 thi chi ra ring khi tang luc siét mbi ghép bu 16ng dén gia tri cho phép
thi bién do dao dong cua dau tryc chinh theo hai hudéng X va Y giam twong tmg. Nghia 1a
d6 cing viing cua két ciu than may tang. Nhu vay chon gia tri luc siét bulong phti hop s&
gdp phan nang cao do cung vimg ciia két cau than may. Do cung vimng thudng dugc sir
dung nhu mét chi sé dé danh gia cac dic tinh co hoc ciia két cdu may CNC router.

4. Két luan

Bai bao trinh bay anh huong luc siét mdi ghép buléng dén tan sé dao dong riéng
ctia du truc chinh ctia may CNC router. Phuong phéap FE duogc sir dung dé phan tich dao
dong riéng va dap ung diéu hoa cho két cdu may CNC véi cong cu 12 phan mém ANSYS
va voi vat lidu 1a thép co khéi lwong riéng p = 7850 kg/m’, modun dan hdi E = 2,1.10"
Pa va hé s6 Poisson v = 0,3. Trong md hinh c6 tinh dén d6 cimg tiép xuc, giam chan va
Ic siét mdi ghép bulong.

Phan tich dao dong riéng dugc thuc hién dé xé4c dinh tan sb dao dong riéng va dang
dao dong. Nhu mo ta trong Hinh 5a, ddu may c6 chuyén dong quay quanh truc X & tan sb
tu nhién dau tién 1a 200,71 Hz. Dam ngang va ddu may c6 chuyén dong lic lu trong mait
phing YZ & tan sb 294,44 Hz nhu thé hién trong Hinh 5b. Cot ¢6 rung dong udn trong
mit phang XZ & tan s6 352,83 Hz nhu thé hién trong Hinh 5c. Dam ngang c¢6 rung dong
udn trong mit phang XZ & tin s6 433,88 Hz nhu thé hién trong Hinh 5d. Thanh ngang va
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dau may quay quanh truc X véi tin s6 610,88 Hz nhu thé hién trong Hinh Se. Dau may
quay quanh truc Z véi tan s6 696,91 Hz nhu thé hién trong Hinh 5f.

Thuc hién phan tich anh hudng cua luc siét mbi ghép bulong dén tan s dao dong
riéng ctia dau truc chinh may CNC router. Két qua phan tich dap tng diéu hoa chi ra rang
luc siét mdi ghép buldng co tac dong dang ké dén tan sé dao dong riéng cua dau truc
chinh may CNC router. Két qua tir d6 thi cho thdy khi ting luc siét mbi ghép buldng dén
gia tri cho phép thi tan s6 dao dong riéng ctia dau truc chinh theo hai huéng X va Y ting
turong tmg. Nghia 1a d6 cimg vimg cua két cdu than mdy ting. Nhu vay chon gia tri luc
siét buléng phu hop s& gop phan ning cao do cung vitng cua két cdu than may. Do clng
viing thuong dugc sit dung nhu mot chi s6 dé danh gi4 cac dac tinh co hoc cta két cau
may CNC router.
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THE EFFECTS OF BOLT TIGHTENING FORCE ON SPINDLE NATURAL
VIBRATION FREQUENCY OF CNC ROUTER MACHINE

Tran Van Thuy'
ABSTRACT

Bolted joints are removable joints and are commonly used in CNC router machine
structures. The characteristics of bolted joints greatly affect the dynamic characteristics
of the entire machine structure. This paper presents the influence of bolted joint
tightening force on the natural vibration frequency of the spindle head of CNC router
machines. The finite element method is used to analyze the natural vibration frequency
and harmonic response for CNC machine structures with the tool of CAE engineering
analysis software. The model takes into account contact stiffness, damping and bolted
joint tightening force. The results of harmonic response analysis show that when the bolt
tightening force is increased to the allowable value, the natural vibration frequency of
the spindle head of CNC router machines in the two directions X and Y increases

accordingly. That means the stiffness of the machine structure increases.

Keywords: Bolted joints, tightening force, natural vibration frequency, CNC router
machines.
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