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Tém tit:

Nghién citu dé xudt quy trinh thiét ké so bé va kiém chitng sé bé giam chan khoi lwong diéu chinh (TMD)
dang vong dong truc, cé tich hop trong bau kep BT40-ER32, nham han ché rung déng t kich khi phay CNC.
Truc rong dong nhat dwge sir dung lam mé hinh chudn dé doi chiéu giira 1y thuyét dam Euler-Bernoulli, mé
phong phan tir hitu han ANSYS va mé hinh dong lwe hoc MATLAB. Tan sé uén bdc nhat theo 1y thuyét dat
249.69 Hz, trong khi ANSYS cho két quad la 241.89 Hz, twong ung sai léch 3,12%, sai léch hoi tu ludi nho
hon 0,02%. Mode muc tiéu duoc quy doi vé hé mét bic tw do twong dwong voi khoi luwong 0.6463 kg va do
cing 1.4930x 105 N/m, TMD c6 khoi luong 0.0162 kg, do cimg 41128.78 N/m va hé sé can 5.895 N-s/m. Mé6
hinh hai bdc tir do cho thdy dinh ham ddp g chuyén vi giam 57,3%, d¢ 1om cye tiéu cia phan thiee am giam
74,2% va gioi han 6n dinh chudn héa tang 3.88 lan. Két qua tao co so cho viéc toi wu héa, mé phong va ché
tao thir nghiém TMD tich hop trong bau kep.

T khéa: bé giam chin khoi lwong, rung dong tw kich, bau kep dao, ham tan s, phay CNC.

Preliminary design and numerical verification of a coaxial tuned mass damper
integrated into a tool holder for CNC milling chatter mitigation

Abstract:

This study presents the preliminary design and numerical verification of a coaxial ring-type tuned mass
damper (TMD) integrated into a BT40-ER32 tool holder to mitigate chatter in CNC milling. A uniform hollow
shaft was used to validate Euler-Bernoulli beam theory against ANSYS finite element analysis and MATLAB
dynamic simulation. The first bending frequency was 249.69 Hz analytically and 241.89 Hz numerically,
corresponding to a 3.12% deviation, while mesh-convergence variation remained below 0.02%. The target
mode was reduced to an equivalent single-degree-of-freedom system, and the designed TMD had a mass of
0.0162 kg, stiffness of 41,128.78 N/m, and damping coefficient of 5.895 N-s/m. The model predicted a 57.3%
reduction in peak receptance and a 3.88-fold increase in normalized stability limit.

Keywords: tuned mass damper, chatter vibration, tool holder, frequency response function, CNC milling
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1. Pit van dé

Trong phay CNC, rung dong tu kich tai sinh 1am suy giam chét luvong bé mat, ting tai trong dong, rut
ngan tudi tho dao va gi6i han niang suat gia cong. Hién twong nay phat sinh do vét luon séng gitra cac lugt
cit lam chiéu day phoi bién thién va bién do rung tang nhanh. Vi vay, dédc tinh dong luc hoc ctia cum truc
chinh-bau kep-dao va ham dép tng tan sb tai diu dao (FRF) 1a co s& quan trong dé du doan mién cit on
dinh (Altintas & Budak, 1995; Budak et al., 2006). Bo giam chan khéi lwong diéu chinh (TMD) la giai
phap thu dong c6 két ciu don gian, chi phi thap va thuan loi cho viéc tich hop vao hé thong gia cong. D6i
v6i rung dong tu kich, muc tiéu thiét ké khong chi 1a giam dinh |G| ma con phai dua cuc tiéu phéan thuc
am Re[G] tién gan vé 0, do dai lugng nay lién hé truc tiép voi chidu sau cét t6i han (Yang et al., 2010).

Céc nghién ctru trude chu yéu tap trung vao dung cu phay c¢6 dd manh 16n. Viéc tich hop TMD vong
ddng truc trong bau kep BT40-ER32 van can duoc nghién ctru dudi cac rang budc vé khong gian b tri,
chiéu day thanh, d6 cing ubn va can bang khdi luong khi quay (Ma, Yu, et al., 2021). Nghién ctru nay
dé xuat quy trinh thiét ké so bo va kiém chimg sé6 TMD vong ddng truc tich hop trong bau kep BT40-
ER32. M6 hinh truc rdng chuan duoc dung dé ddi chiéu giita 1y thuyét dam Euler-Bernoulli, ANSYS va
MATLAB. Dang u6n chi phdi dugc quy déi thanh hé twong dwong dé xac dinh cac thong s6 TMD. Hiéu
qua giam rung duoc danh gia thong qua dinh |GJ, cuc tiéu Re[G] va hé sé 6n dinh chudn hoa, 1am co so
cho t6i wu hoa hinh hoc va kiém ching thuc nghiém tiép theo.

2. Co s& 1y thuyét va phwong phap nghién ciru

2.1. Co s Iy thuyét
Cum bau kep va dao cit co thé duoc quy d6i thanh hé mot bac tu do. M6 hinh dam cong-xo6n chiu lyc
tap trung tai dau ty do d6 cung tinh dau mut duge xac dinh boi:
__F _ 3E
ktip B 5 - L3 (1)
Cong thire (1) cho thdy, chidu dai nhé L anh hudng theo lily thira ba. trong khi mé men quén tinh tiét

dién I phu thudc manh vao dudng kinh.Viéc tao hdc TMD phai dong thoi thoéa méin yéu cau khong gian
cho khéi luong va yéu cau duy tri d6 ctng udn ciia bau kep, dap ung chuyén vi tai dau dao 1a ty sé giita
chuyén vi phirc va lyc kich thich trong mién tan sb:
X(w) 1
G, () = = . )
F(w) km @’ +ic @

Dai lugng |G(®)| phan anh d6 nhay dao dong cuia hé, trong khi Re[G(m)] lién quan truc tiép dén didu

kién mét 6n dinh tai sinh:
a, = - 1 3)
fim 2K u Re[G(w )]
Mo hinh hai bac tu do ciia hé chinh TMD, khi duoc tich hop hé chuyén thanh mé hinh hai bac ty do.
Vi x, va xd 1an lugt 12 chuyén vi ctia hé chinh va khéi luong TMD, phuong trinh chuyén dong :

ms‘x& + CS‘X','S + ksxv + Cq (xx - xd) + kx (x.v - xd) = F(t) (4)

myXq + cq (Xg— %) + kg (xq—x,) =0 (5)

3 tham s6 thiét ké chinh ciia TMD gdm ti s6 khoi lugng p, ti s6 tAn s6 p va hé sé can tuong dbi C.
m ®

= pe k= me] e, =26, Vk,m,) (©)

RCSA dugc xem 1a co s phuong phap luan va huéng mé rong cho mé hinh day du truc chinh - bau
kep - dao cit. Nghién ctru hién tai. mode chi phéi duoc quy ddi vé hé mot bac tu do tuong duong dé thiét
ké so bo TMD.
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2.2. Mé hinh va gid thuyét nghién ciru

Nghién ctru khao sat 2 céu hinh: cum bau kep - dao cat khong c6 TMD va cum bau kep - dao cit co
TMD vong dong truc bd tri trong than bau kep. Mot dau truc réng duoc gan lién két ngam dé dai dién ving
ga vao truc chinh, tai dinh dao dat luc diéu hoa IN theo truc x. Dai tin s khao sat 1a 10-500 Hz. 3 mirc
luéi 8 mm, 5 mm va 3 mm dugc khéo sat dé kiém tra hoi tu.

Hinh 1. Céiu hinh bau kep - dao cit

S I Al ™ -
1 N . I,n PHAY NGOX|
— | ‘ |
| il | | sarearan

—] 1) 1‘ " o LN

| ‘ 7’7 | }h—k 1 _QC%::
- e \\\_:_///
e V2V == AN
(a) khong TMD (b) TMD vong dong truc

2.3. Phwong phdp nghién ciru
Quy trinh nghién ctru gdm 4 giai doan: X4y dung mé hinh ng rdng chuan dé kiém tra 1y thuyét, diéu
kién bién, hoi tu lu6i va nhan dang dao dong muc tiéu. Xac dinh md, kd va cd cia TMD tir tan sé mode
nguy hiém. Mo rong sang bau kep BT40-ER32 va thiét ké hoc TMD dong truc. So sanh hé c6 va khong c6
TMD qua ham tan s6 va hé sd 6n dinh cit.
Bang 1. Thong s6 mé hinh tiéu chuén éng réng

Théng s6 Ky hiéu Gia tri Don vi
Chiéu dai 6ng réng L 360 mm
BPuwong kinh ngoai D, 40 mm
BPuwéng kinh trong Di 20 Mm
M dun dan hoi E 210 GPa
Khéi lwgng riéng P 7.850 kg/m?
Hé sb Poisson v 0.30 -
Hé sb can modal G 0.02 -
Vat liéu structal steel

3. Két qua va thao luin
3.1. Két qua
Bang 2. Két qua tinh tay ciia mé hinh tiéu chuin

Dai lwong Biéu thirc Gia tri

Dién tich tiét dién A=n(D,* — D?)/4 9.42478%107* m?
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M6 men quan tinh uén I = n(D.* — Di*)/64 1.17810x1077 m*
M& men quan tinh cuc J =n(D,* — D*)/32 2.35619x107 m*
Khéi lwong toan bo m = pAL 2.66344 kg
Poé cirng dau mat kip = 3EI/L? 1.59079x10° N/m
b6 vbng véi 1 N & = F/kup 0.000628617 mm
Khéi lwong twong dwong mode 1 meq = 0.2427m 0.646343 kg
Tan sb Euler-Bernoulli fi=22/2xL?) [ (EV(pA)) 2, = 1,875104 249.6869 Hz

Tén sb riéng so bo cua dao dong udn thir nhat 1a 249.7 Hz. Két qua phan tir hitu han tai ludi 5 mm la
241.89 Hz, chénh léch khoang 3,12%. Sai s6 nay hop 1y & giai doan kiém ching vi mé hinh dam sir dung
tiét dién va diéu kién ngam 1y tuong, trong khi mé hinh phan tir hitu han giit ddc trung hinh hoc ba chiéu

va phan bd khdi luong chi tiét hon.
Hinh 2. M hinh tiéu chuin 1 béc

(a) ong rong (b) c6 TMD
Bang 3. Két qua kiém tra hi tu luéi cia mé hinh tiéu chuin

Kich thwéc phan tor Sénat | S6phantyr | Tan s6 mode 1 Sai léch so vé&i lwéi 3 mm
8 mm 5.488 1.080 241.87 Hz 0.008%
5mm 17.746 3.312 241.89 Hz 0.016%
3 mm 79.204 16.800 241.85 Hz Méc tham chiéu

Tan s6 dao dong myc tiéu gan nhu khong thay doi khi tinh chinh ludi, v6i sai 1éch nho hon 0,02%. Luéi
5 mm dugc chon cho cac budce tiép theo vi giam dang ke chi phi tinh toan so vdi luwdi 3 mm nhung van du
min d€ mo ta hinh hoc va gitt d6 6n dinh cua tan so riéng.
3.2. Pic trung modal va lwa chon mode nguy hiém
Bang 4. Cac dao dong diu ciia md hinh éng réng khong TMD

Mode Tan s6 (Hz) Dang dao déng Y nghia déi v&i FRF ngang
1 241.89 Uébn bac 1 theo X Mode muc tiéu; bién d6 dau dao l1&n
2 241.89 Uén bac 1 theo Y Mode muc tiéu theo phwong Y
3 1424.5 Uén bac 2 theo X Ngoai dai 10-500 Hz
4 1424.5 Ubn bac 2 theo Y Ngoai dai 10-500 Hz
5 2173.9 Xoan quanh truc Khoéng chi phéi chuyén vi ngang
6 3513.4 Kéo nén doc truc Khoéng anh hwéng FRF theo phuong X
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Hinh 3. So sanh FRF ciia bai hién tai so voi (Altintas & Budak, 1995; Budak et al., 2006)

13 X107 So sanh Ham Dap (ng Tan sé

==: Ham dap (ng tin s (FRF) thyc nghiém ti bai bao [1]
Binh cla bai béo: 250 Hz s=== Ham dap (mg tén s& (FRF) tir nghién clu nady / ANSYS

10 n

‘inh cGa nghién cliu ndy: 245 Hz
|

6

Bién do (m/N)

100 200 300 400 500
Tén s (H2)

Hinh 4. M6 hinh tiéu chudn mé phéng cdc béc uon trong ANSYS

Mode 1 va mode 2 tao thanh cip mode udn ngang suy bién tai 241.89 Hz. Pay 1a cip mode c6 tan sb
thap nhat va c6 chuyén vi khac khong tai dau dao.
3.3. Danh gia FRF so by

Bing 5. Bo tham s6 TMD ciia mé hinh tiéu chuin

Théng s6 Ky hiéu Gia tri DPon vi
Khéi lwgng twong dwong hé chinh ms 0.646 kg
Ti s6 khéi lwong u 0.025 -
Khéi lwong TMD md 0.0162 kg
Ti s6 tn s6 B 1.05 -
Hé sb can TMD ¢ 0.1143 -
Do cirng TMD kd 41128.78 N/m
Hé s6 can TMD cd 5.89 N-s/m
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T bd tham sb trén, tan sd riéng khong can ctia hé 2 bac tu do dugc tach thanh khoang 232.30 Hz va
272.64 Hz. Mode cong huéng ban dau cua hé chinh duge phan bd lai thanh 2 mode lién két.

Hinh 5. P$ I6n va phén thwe ciia ham dip uwng chuyén vi khong va c6 TMD

in0eag

— e
==

o MO
i 1

Bang 6. Chi tiéu ham tin s6 tir mé hinh MATLAB hai bic tu do

Chi tiéu Khéng TMD C6 TMD Mtrc cai thién
Dinh |G| 16.748 pm/N 7.154 um/N 57.3%
Tan s6 tai dinh |G| 241.79 Hz 229.96 Hz -
Minimum Re[G] -8.208 ym/N -2.117 pm/N 74.2%
Tan s6 tai minimum Re[G] 246.68 Hz 244.80 Hz -
Ti s6 n dinh chuan héa R, 1.00 3.88 T&ng 3.88 1an

Hinh 5. Anh hwéng ciia ty sé tin so f dén dinh |G| va chi sé én dinh Rb

0 ] Za=0.10
= {4=10.1143

Peak |G| (um/N)
~

4.00 1

3.75 4

Chi s 8n dinh chudn héa R,

0.900 0925 0.950 0.975 1.000 1.025 1.050 1.075 1.100

Tis6tdn s B

0.900 0925 0.950 0.975 1.000 1025 1.050 1.075 1.100
Tis6 tdn s6 B

Bang 7. Két qua so sanh sb trong mién 0.90<p<1.10 va 0.02<(d<0.20

Cau hinh

B G

dinh |G|(um/N)

min Re[G](um/N)

Rb aIim

Khéng TMD

16.748

-8.208

1.00 0.100
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TMD tham chiéu 1.050 | 0.1143 7.154 2.117 3.88 0.388
Téi wu peak |G 0.971 0.099 4.601 -2.887 2.84 0.284
Téi wu min Re[G] 1.049 | 0.099 7.281 -2.007 4.09 0.409

Bang 8. Pi chiéu & mirc phwong phap va xu hwéng véi cac bai tham khio

Nghién ctru M Tiéu chi Két qua bao cao
Yang va cong sw 1.4% cwce tiéu Re[G] Gi¢i han 6n dinh tang 2.4 1an
Ma va cong sw 2.5% Re[G] va SLD alim: 0.10—0.46 mm
Nghién ctru hién tai 2.5% MATLAB 2 bac ty do Rb=3.88; t6i wu Re: 4.09

3.4. Théng so thiét két TMD

Bang 9. Bing thong sb thiét ké TMD

Théng s6 Ky hiéu Gia tri Pon vi
Chiéu dai bau kep L, 70 mm
Chiéu dai dau kep L, 45 mm
Pudng kinh ngoai vung b tri TMD Dn 50 mm
DPudng kinh than bau kep D, 46 mm
DPuwong kinh flange D¢ 63 mm
Chiéu day flange g 8 mm
DPuwong kinh I1&n cdn BT40 Degr40 44 .45 mm
Puwdng kinh nhé cén BT40 dgr40 255 mm
Chiéu dai phan coén L, 45 mm
Puong kinh 16 kep dao D10 Dhole 10.2 mm
Chiéu sau kep dao L 25 mm
Chiéu dai nhd dao L. 47 mm

Bang 10. Bang thong s6 thiét ké TMD

Momen quan tinh con lai Do Chiéu day thanh Panh gia
0.95 25.48 12.26 D6 cirng cao, thé tich TMD nhd
0.90 29.22 10.39 Do crng bn, khong gian TMD con nhd
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0.85 31.94 9.03 Do cirng va bd tri TMD da déu
0.80 34.10 8.00 D6 ctrng thanh va TMD tbi wu
0.75 35.92 7.04 TMD I&n hon nhwng thanh moéng di

4. Két luan

Nghién ctru da xay dung quy trinh thiét ké so bd TMD vong dong truc tich hop trong bau kep BT40-
ER32 dya trén mé hinh giai tich, ANSYS va MATLAB. Két qua cho thdy, TMD lam giam 57,3% dinh |G|,
giam 74,2% do 16n cyc tiéu Re[G] va nang hé s6 on dinh chuan héa 1én R,=4,09, cao hon mirc R,=2,84,
khi chi toi uu theo dinh dap tng |G|. Hoc TMD dugc lya chon véi duong kinh Do=34,134 mm va chiéu
day thanh con lai 7,933 mm, dong thoi duy tri khoang 80% mo6 men quan tinh ban dau cua bau kep. Cac
két qua nay khang dinh tinh kha thi ctia phuong 4an TMD ddng truc va tao co s& cho phan tich dép ting diéu
hoa day du, thi nghiém gd, cat thar nghiém va tdi wu hoa thiét ké trude khi ché tao thuc té m
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