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KHAO SAT DAO PONG CUA TRUC DAO PHAY CAU KHI GIA CONG

Nguyén Tuén Kiét, Lé Khdnh Dién
Khoa Cd khi, trudng Pai hoc Bich Khoa - Pai hoc Quéc Gia TP. HCM
(Bai nhdn ngay 08 thdng 02 ndm 2002, hoan chinh sita chita ngay 29 thdng 4 nam 2002)

TOM TAT: Bai bdo nhém khdo sdt dao djng tu do cia truc dao phay ngén trong méi truong
lién tuc vé han bdc tu do vdi muc dich xdc dinh tdn s& riéng nhdm trdnh céng hudng va ndng
cao chdt luong gia céng co.

I. Pit van dé:

Céc muc dich cla bai todn khdo s4t dong luc hoc bao gdm:

- Xdc dinh cdc nguyén nhén sinh ra chuyén dong.

- Quan hé gitta luc va chuyén vi.

- Dao ddng clia hé thdng mdy, truc dao va phdi.

Trong pham vi chuyén dé nay, ta chi nghién citu vé dao dong tu do ciia dung cu cit, xéc
dinh tdn s6 riéng nhim trinh cdng hudng cho hé thdng, ning cao chit lugng khi gia
cong. -

11. M6 hinh khdo sét:

Dao v tryc chinh clia da phin cdc mdy CNC cé dang truc didng (mdy 3 truc) hay
xién (mdy 5 truc). D€ phit hgp véi mo hinh cdt va thuin tién cho viéc thi nghiém tai xudng
v68i mdy phay CNC Portbridge hién c6, ta chon mé hinh truc phay ditng vdi dao cau ding gia
cong tinh hay gia cdng céc chi ti€t phifc tap nhu trén hinh 1 trang sau:

Truc dao c6 th& chia 1am 5 doan nhu sau:

a/- Pdu dao 12 hinh ban cdu, c6 bdn kinh R, goi Z 12 s6 riing.

b/- Thian dao hinh truy.

c/- Mit bich dudi va phan kep thay dao.

d/- Phén chudi cone: &n cone Morse vdi 18 truc chinh, ta chi xét phin console ctia
truc dao. '

T4t ci cdc phdn trén déu console, va ‘phin thin mdy dudc xem nhu 13 cing vitng
tuyé&t doi thi mé hinh dao va truc chinh ¢6 dang nhu mgt ddm console thing ding, c6 ngam
c6 dinh & diu trén, goi:

A(x) 1a ti€t dién cda dao tai vi tri x trong hé truc Ox c6 chiéu duong hudng xudng nhu
hinh vé.

Trong khi gia cong truc dao chiu nén, uén va xodn. Ta xét theo [1] titng trudng hdp chiu \ng
sudt va k&t qua 13 cdng tdc dung clia cdc trudng hdp chiu lyc trén.
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III. Dao djng do nén doc truc dao:

A. Khao sdt:

Ta xem nhu truc, dao dang 1>m viéc trong mién din hdi vdi cdc gid tri sau:

- E: module dan hdi Young ciia vit ligu.

- A(x): Ti€t dién truc dao tai vj tri x. :

- Pva dP 1a ndi luc va bi€n thién ndi Ivctaivitrix.
- g gia toc trong trudng.

- F(x,t): ngoai luc tinh trén mo6t don vi chiéu dai, tdc dung tai vi tri x tai thdi diém t.

]

o: iing suit doc.

p: khdi luong riéng ciia dung cu
u: chuyén vi tai vi trf x.

Theo trang 150 [1] ta c6:.

NoilycP=cA =EA &
ox

Xét trén hinh 2 dudi day va dp dung dinh hidt Newton I1
2F=ma=mu” .

d’u
(P+dP)+ Fdx - p.Adx.g - P = p.A.dx.?
!

v dzu
dP + Fdx— p.Adx.g = p.Adx.——
dt
Trong dé gia téc dao ddng doca=u" = d*u/de®

Véi dP = %dx va P dudc tinh theo (1), ta c6 tif (2):

2
= i(}zftﬁ"—)dx + Fdv— p.Adx.g = p.Ade 2%
axl " o 5
2 F
=, Q[EAQ”—) L P A= pd s
AL dt
A ti€t dién truc dao 12 ham theo vi tri X nén

+A— |+ F-pAg=pd—7

E[?é u .  u) du
= 2
ox'ox o dt

(D

(2)

3)

Phudng trinh dao ddng ty do cia truc dao (ngoai luc doc truc F =0)

. - 3

oxox | axt) 2
2(1 04 u ) d'u
CAi T taal™ 2t

dox'on o)

Trong d6 ¢ = F = hiing s6.
P

4)
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Cé4c phudng trinh (3), (4) 1a cdc nhudng trinh béc 2 theo 2 bi€n ddc 14p 1a vi tri x va
thdi gian t. V1 bic cao nhdt clia cdc phuong trinh trén 1a 2 nén ta cin xdc dinh 2 diéu kién
bién va 2 diéu kién ban ddu dé tim 13 gidi ciia chuyén vi u(x,t).

Piéu kién dau lict=0:
Chuyén vi u(x,0) =0
Vin tdc @(x,0)= 0
ot
Piéu kién bién tai x = 0 tai ngam d6 cing vifng cao nén:
Chuyén vi u(0,t) =0
< Ou
Vién toc x 0,n=0
B. Gidi phuong trinh:
Phuong trinh (4) c6 thé gidi bing phuong phdp bi&€n s6 phén ly, dat U(x) va T(t) 1a 2

ham don bién, dat:
u(x,t) = Ux).T(t)

Ta c¢6 cédc vi phan:

2 2
u_pou  Fu_poU
ox ox ox ox

2 2
w_por o du o
ot ot o . ot

Thay thé céc vi phan trén vao (4) ta c6:
2 2
cl{-l—.%.TQL—]+Ta U]=Ud U+g

2 2
A ox Ox ox dt

c(1a40U 8\ 14T
Uld oax ox &t
N&u xem gia t&c trong trudng g khong ddng k€ dé bai todn dugce don gidn hon thi:
2
1 84 8U &° 2
c(Lotou, 20) 14T
U\A ox ox ox T dt

g
il 2 + (5)
5 dt ur

(6)

Theo [1] thi (6) 12 phudng trinh vi phin ctia 2 bién phén ly doc 14p x va t va c6 thé dit :

- £5-=a="hiing s6
Ao ) T e
Técix thanh 2 hé phudng trinh:
2(1 a4 U azu)
2

Qz_{l o4 8U a’u]zld’:r
U

=q 7N

< ®)
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0°U 1243V aU_ ©
ox* A ox ax  c?

Xét cdc phan cdn va chudi (doan a, b) trén hinh 1 c6 ti€t dién A = hing s& nén %:j- =0,

dong thdi theo (1) thi hiing s8 a ludn ludn 4m nén dit a= -0 ta c6:
o’U oU ,

axz + c—z =0 (10)
'Nghiém t8ng quét cia phudng trinh vi phan (10) ¢6 dang

U(x) = (C, c0s(“™) + C, sin(Z))(C, cos(ar) + C, sin(@r)) (1)
C C

9=

Véi céc di€u kién bién U(0) = 0 tai d4u ngdm, ta xdc dinh dudc hiing s8 C; =0
‘UD)=0 do ddu dao khong c6 chuyén vi khi khong chiu luc trong dao dong tu do nén

ik sin(ﬁl) =0,
: c

Vi U(x) 1a nghiém tng quit nén C, khong thé triét tieu do dé:
o.l/c =k, k 12 s6 nguyén duong k = 1, 2, 3 ... Viy © 12 mot day tin s6 theo k goi 12 day
tin s0 riéng hay tin s6 dic trung o riéng.

Khi k=1tacé tin s6 riéng cd s3 :

Vay thn s6 dic tning @, = 12 tin 6 rieng co 53 0, = JE
Yol

Theo [2] thi:

-Module dan hdi ciia v4t liéu dao 1a thép hdp kim khodng E = 2,2.10° N/cm? =
2,2.10"" N/m?*

-Khdi lugng riéng dung cu thép p = 7,8 Kg/dm® = 7,8.10° Kg/m’.

-Chiéu dai phén try ciia dao cidu ®201a 1= 156 mm.
Khi d6 tan s3 cd s& clia phdn than try dao trong dao dong doc la:

=i
o =% [E o g -BI6 (22000 o rad
I\p 0156 | 7.8.10 s

IV Dao dong xoéin truc dao:

A. Khdo sit:

Ta xem nhu tryc, dao dang lam viéc trong mién dan hdi véi cdc gis tri sau:

- G: module trugt ciia vat liéu.

- J(x): la moment cuc truc dao tai vi tri x.

- Mva dM 1a moment xon ngi luc va bi€n thién moment néi luc tai vj tri x .
- g gia tdc trong trudng.

- m(x,t) 12 moment ngoai lyc tdc dung tai vi trf x iai thoi diém t.

p: Khdi luong riéng ciia dung cu.

- 0: chuyén vi xodn tai vi tri x.

Theo [1] ta c6:

20

Moment xo0dn ndi luc M = GJ(x) (12)
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Xét trén hinh 2 duéi day va 4p dung moment cho chuyén dong quay

M = Jo”
129
(M +dM)+mdx—M =1, dx 2
dt
29 _
dM + max = I,.ax. 9% i
dt
Trong d6 gia t6c dao dong xodn 0" = d’0/d¢®
Véi dM = %dx va M dugc tinh theo (1), ta ¢6 tir (2):
ﬁi(GJ(x)gQ dix + mdx = I,.de. 22
ox o gt
ai(GJ(x)Q—Jm 22
ox it
J(x) 1a moment cuc truc dao 1a ham theo vi trf x nén
2 2
g & o J‘L‘;1 +m=1,49 (14)
ax ox dr

Phuong trinh dao dng tu do cilia truc dao (ngoai luc doc truc F=0)

LTI
o ax A .
2(1 aJ 80 a’e}_dz_e

& {retsy |53

Trong d6 ¢ = F-—- hiing s6.
P

Cdc phuong trinh (14), (15) 12 cdc phudng trinh bic 2 theo 2 bi€n ddc 14p 12 vi tri x va
thdi gian t. Vi bdc cao nhdt cla cdc phuong trinh trén 12 2 nén ta cin xcic dinh 2 diéu kién
bién va 2 diéu kién ban ddu d€ tim 13i gidi cia chuyén vi 0(x,t).

Piéu kién ddu lic t = 0:
Chuyén vi 8(x,0) =0

. 00
Vantoc —(x,0)=0
an tbc at(x)

(15)

Diéu kién bién tai x = 0 tai ngam do cing vitng cao nén
Chuyén vi 0(0,t)=0

. 00
Véin toc —(0,£)=0
. Py 0,1
B. Gidi phuong trinh:
Phuong trinh (15) ¢6 thé gidi bang phuong phdp bi€n s6 phan ly, dat @ (x) va T(t) 1a

2 ham don bién, dit:
0 (x,t) = D (x).T(t)

Trang 91



Science & Technology Development, Vol. 5, No. 7&8-2002

. Tac6 cdc vi phan:

oé oD 8% 0’d

5 T v aa by
Ox Ox Ox ox
90 _ o0 76 _ o OT
o é# 't or

Thay thé cdc vi phén trén vao (4) ta c6:

2
LYo 20 (i
J ox ox ox? dt

2 2
CLy s do) 147
J @ 8x ax T dt

(16)

Theo [1] thi (16) 12 phudng trinh vi phédn clia 2 bién phan ly d6c 14p x va t nén ta c6 thé
dat: :

2 2 2
c_ l.g.aﬁ-ra?}:ld{ =a = hiing s6
Q\J ax x &' ) T g4
Téch thanh 2 hé phudng trinh: :
2 2 ) :
_C__ i_@l_,@ﬁ_‘f L2 : (17)
J o B ox
ldT (18)
T 4
1 oJ 00 ') ad
1= | ==+ |- =0
: )S(Jax o 6x2) &
2
v 109J o> a®_, (19)

ox’ J ox ox o
Xét cdc phdn cdn va chudi (doan a, b) trén hinh 1 ¢6 ti€t dién trdn, J = hiing s6 nén

;ﬁ =0, ddng thdi theo [1] thi hiing s6 a ludn ludén 4m nén dita = 0%, ta c6:
X

2 2
L (20)
Cc

19)=

Nghiém tdng quét clia phudng trinh vi phan (20) c6 dang
D(x) =C, cos( )+ C; sm(—-—) (21)

Vdi céc diéu kn_an bién ®(0) = 0 d4u ngam, ta xdc dinh dugc hiing s6 C; =0
®(1) = 0 (ddu dao khong chuyén vi khi khéng chiu lyc trong dao dong tu do) nén

Cy sin(Qi) =0
c

Vi ®(x) 12 nghiém 6ng quat nén C; khdng thé triét tiéu do d6:

o.Vc =kn, voi k 12 s6 ngnyén duongk=1,2,3 ..
Viy o 12 mdt day tin s theo k goi 1 ddy tin s& riéng hay tdn s6 dic trung oy riéngk =1 ta
c6 tdn s6 riéng cd sd:
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£ : %4 . - % r |G
Tan s dic trung riéng @, = ' va tdn s0 riéng co 58 @, = 3

P

Theo [2] thi:
-Module trudt clia vt liéu dao 1 thép hgp kim khodng G=8,1.10“*N/cm?=8,1N/m>
-Kh&i lugng riéng p=7,8Kg/dm’=7,8.10°Kg/m>
-Chiéu dai phin tru ciia dao cdu ®20 13 1=156mm

Khi d6 tin s8 co s ciia phén than try dao trong dao dong xodn 1a:

o == g=w,=3'1416/ 81 06489724
I\ p 0,156 17.8.10 s

V. Dao dfng uén truc dao:

A. Khao sat:

Goi Q I Iyc cdt va M 12 moment ndi lyc ubn tai ti€t dién dang xét ta c6 theo [1] ;
Phuong trinh cn bing lyc ti€t dién phin t8 nhd:

2
~(Q+dO) + f(x,1).dx ~ Q = pd(x).dr. LY
dt

Phudng trinh cin bang moment: (M +dM) +(Q +dQ)dx + f (x,l).dx.%x- =M=0 (22)
Vi dM = %xﬁidx va dQ = —B-Q
Ta c6 thé viét gon lai thanh hé phudng trinh nhu sau:

2 s
=>%§c‘)*(x,t) + 100 = pA().de. T (1

dt
ﬁ%(x,f)—Q(x)ﬂi

o\ ’EJ
Du he¢ 9=——,d8t c= |— 25
ng quan hé Q0 = e oA (23)
Phuung trinh dao dng tu do cﬁa truc dao (ngoai luc doc truc F=0) 1a
2 2
-a—(h I(x) on J
A*x

FE (24)
Vi ti€l dién truc dao ¥ héng ddi ta c6:
EJ(x) 9{' 45-'?_(1 1) = f(x,1) (25)
PhIIdng ttiuh dao 11( 'ng w do clia truc nay:

2 ’-’ (x,)=0 (26)

Cic phu’dng trlnh (25), (26) la cdc phuong trinh bic 2 theo 2 bién doc lap 1a vitri x va
thdi gian t. V1 bic cao nh4t cla cdc phudng trinh trén 12 2 nén ta cin xdc dinh 2 diéu kién
bién va 2 diéu kién ban ddu dé tim 15i gidi clda w(x,t).
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Piéu kién ddu lic t=0:
Chuyén vi w(x, 0)=0

Van t6c 2—":’(:;,0) =0

Piéu kién bién tai x=0 phdn ngm vao 15 céne coi nhi ciing vitng tuyét ddi nén
Chuyén vi w(0,t)=0

Vién tdc aaL:,(O,t) =0

B. Gidi phuong trinh:

Phuong trinh (26) c6 thé gidi bing phuong phdp bi€n s& phan ly, nghiém tdng quat
cia phudng trinh vi phan (26) c¢6 dang

W (x) = C, cos fx + C, sin fix + C, cosh i + C, sinh fx (27

Phuong trinh (27) twdng d&i phifc tap hon cdc phuong trinh (11) cho dao dong nén doc
va phuong trinh (15) cho dao ddng xodn, cdc hiing s6 Cy, Cz, C3, C4, x4c dinh nhd céc diéu
kién bién. '

VI K&t luén: _

Khi tdng hop 3 tinh trang chiu nén, xodn va udn theo nguyén 1y cdng tdc dung, truc
s& c6 3 phudng trinh dao ddng riéng va mdt ddy tan s riéng rong cho cd 3 loai dao dong
nén xoin va udn. :
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INVESTIGATION OF VIBRATION OF SPHERAL END MILLING
| CUTTING TOOL IN MACHINING

Nguyen Tuan Kiet & Le Khanh Dien
University of Technology -- Viet Nam National University FiCMC

ABSTRACT: This paper investigates the vibration of spheral end milling cutting tool in
machining of continuous systems —system of infinite degrees of freedom to specify natural
frequency, the eigen value for performing the quality of machined surface.
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