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Dao dong ciia hé thong khoan 15 sau 1a mét hién tuong twong ddi
phirc tap va anh huong 16n dén chét lugng 16 sau khi khoan. Bai bao
khao sat dao dong cua hé thong khoan 16 sau khi khoan nong sing véi
duong kinh d = 22mm bang phuong phap Gun drilling. Bai toan dao
dong riéng va dao dong udn ciia miii khoan véi cac chiéu sau khoan
khac nhau dugc khao sit bang cach sir dung phin mém ANSYS
Workbench. Cac két qua nghién ciru c6 thé ap dung cho viéc thiét ké
ché tao thiét bi khoan nong sung tai Viét Nam.

Abstract
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The vibration of the deep hole drilling system is a complex
phenomenon and affects the hole quality after drilling. This paper
investigated vibration of the system while drilling the gun barrel with
diameter of 22 mm by Gun drilling method. The natural and bending
vibration of the drill at different drilling depths were studied using
ANSYS Workbench. The results could be applied to design and
manufacture gun barrel drilling equipments in Vietnam.
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1. GIOI THIEU

Khoan 15 sau 13 mot phuwong phap gia cong cac 16 ¢o ty 1é giira chiéu dai L va dudng kinh d
tuong ddi 16n, thudng L/d = 10 =+ 100. Cong nghé khoan 15 siu dwoc ting dung rong rai trong
nhiéu linh vuc cong nghi¢p nhu dong tau, hang khong vii try, khuén mau, dau khi... Dac biét 1a
trong linh vuc quéan sy thi cong nghé khoan 16 sau duoc mg dung rong rii trong ché tao nong
sting phao - mdt trong nhitng chi tiét quan trong nhét trong cong nghé san xuét vii khi.

Céc phuong phap khoan 16 sau phd bién hién dang sir dung trén thé gidi gom: phuwong
phap khoan nong sung Gun drilling, phuong phap khoan BTA (Boring and Trepannning
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Association) hay STS (Single Tube System) va phuong phép khoan Ejector (hinh 1). Sy nhau
chi yéu gitra cac phuong phap khoan 16 sdu 1a cach cdp dung dich cit va cach thoat phoi. Do dic
diém va nguyén 1y nén cac phuong phap BTA va Ejector phu hop voi viée gia cong cac 16 ¢co
duong kinh 16n, yéu cau vé chét lugng bé mit cao va thuong duoc sir dung d6i véi viée gia cong
nhiing nguyén cong cudi ctia cac san pham co6 gia thanh phdi dat nhu 16 nong cac loai phao, 16
truc nén khi, 16 truc canh turbine...
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a) Phuong phap Gun drilling b) Phuong phap BTA ¢) Phuong phap Ejector

Hinh 1. C4c phuong phap khoan 16 sau [1]

Nong stung thudc loai cac 16 sau c6 duong kinh nho. Viéc gia cong cac 16 nong sﬁng chu
yéu s dung phuong phap Gun drilling, trong d6 dung dich cit duoc bom vio ving gia cong
thong qua 16 nho nim trong miii khoan, phoi va dung dich cit dugc chuyén ra ngoai théng qua
ranh chit V trén than dao. Do dac diém than mii khoan c6 dudng kinh nhé va chiéu dai 16n, nén
hé théng dan khoan nong sing rat dé xay ra dao dong khi khoan. Cac nghién ciru trong [2] da
chirng té rang d6 léch tdm khi khoan anh huéng hudng 16n dén do thang cia 16 khoan. Vi vay
cling v6i cac hién tuong loe tai phan dau 15 khi khoan [3, 4] thi dao dong cua hé thong khoan
cling s€ lam gidm chét luong bé mat va do chinh xac hinh hoc cua 16 khoan.

Trong bai béo nay, cac tac gia sé tap trung nghién ctru dao dong cua ctia hé thong khoan 15
sau bang phwong phap Gun drilling véi 4 truc khoan khi khoan ndng sung c¢6 dudng kinh khoan
d = 22mm va chiéu dai khoan L = 1830 mm bang phan mém ANSYS Workbench.

2. MO HINH KHAO SAT MUI KHOAN NONG SUNG

2.1. M6 hinh miii khoan nong sing

Céu tao chung cua miii khoan nong sung gdm 2 phan: phan than miii khoan va phan kep
chat (hinh 24). B¢ phuc vu cho bai toan khao sat dao dong miii khoan nong sing, mé hinh 3D va
mo hinh phan tr hitu han ndong sting dugc xay dung nhu trén hinh 25.

0.000 0.030 0.060 (rei)
1
0.015 0.045

a) Miii khoan nong sung [2] b) M6 hinh PTHH miii khoan

Hinh 2. M6 hinh miii khoan nong sung

Pé dam bao do ctng vimng cia than miii khoan va dan hudng can khoan, trong hé thong
khoan nong sung st dung bac din huéng miii khoan va hé théng cac luy net dan hudng cin
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khoan. Bac dan hudng can khoan dit tai dau miii khoan. Can ctr vao dudng kinh 16 khoan va

diéu kién khoan, sb lugng cac luy net dugc chon 4 va dugc b tri cach nhau mot khoang la 555
mm nhu trén hinh 3.

%270% 555 | 55 | 55 | s
I I I I I

Hinh 3. So dd bd tri cac luy net tai vi tri chudn bi khoan

|

2.2. M6 hinh dfng lwc hoc miii khoan nong siing

Trong qué trinh lam vi€c, mii khoan 16 sau chiu tac dung cua céac luc cit R nhu trén
hinh 4. Lyc cat R gom cac lyc thanh phan: luc doc F,, luc huéng kinh F, va lyc tiép tuyén F.
Luc doc F, dugc xac dinh theo cong thirc [5]:

F,=k10.C,d"S"k, (1)

trong do: k 1a sb tryc khoan (k = 4), d 1a duong kinh 16 khoan (mm), S 1a luong chay dao
(mm/vong), cac hé s6 C,, g, v, k, dugc tra theo [5].

Hinh 4. Lyc cit tac dung 1én miii khoan theo phwong phap Gun drilling

Luc tiép tuyén F duoc xac dinh theo:
F=M,ld, (2)
v6i Moy 14 md men xodn (Nm), dy 1a khoang céch tur diém dat luc cit dén truc mii khoan

(dp = d/4). Theo [5], md men xo4n tac dung 1én hé thong khoan gdm 4 truc khoan duogc xac dinh
theo cong thirc:

M,, =k10.C,,.d*.S" k, 3)

trong d6 cac hé s6 Cy, 4, ¥, kpy dugc tra theo [5]. V61 vat lidu gia cong la thép cac bon hodc thép
hop kim c6 gioi han bén 750 MPa dén 1100 MPa, vat li¢u ludi cat 1a thép gié hodc hgp kim
cung thi Cyy = 0,0345; ¢ =2; y=0,8; ks = 1. Theo [1], khi khoan nong sung véi duong kinh miii
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khoan la ®22 thi S = 0,03+0,1mm/vong. Chon S = 0,1 mm/vong, moé men x0dn tac dung 1én 4
truc khoan la:

M,, =4.10.0,0345.22%.0,1°.1=105,8 (Nm) (4)

. Do d6 md men xodn M, tac dung 1én mdt truc khoan 1a My = M»y/4 va lyc tiép tuyén F;
bang:
M, M, 1058
‘d, 4d 455107

= 4809 (N) ()

Ngoai ra, miii khoan con chiu tac dung cua lyc ma sat Fus c6 chi€u ngugc véi chicu
chuyén dong cua ludi cat [5]:

s = S F, (6)

voif 1a hé s6 ma sat. Trén thuc té luc huéng kinh F, thuong nhé hon dang ké so voi lue doc truc
F, va luc tiép tuyén F.. Luc hudng kinh F, thuong dugc xét dén khi tinh todn goc doc va do bén
cua gid do ludi cat. Vi vy trong nghién ctru nay s€ khong xét dén tac dung cua luc Fy va Fps.

3. KHAO SAT DAO PONG CUA MUI KHOAN NONG SUNG
3.1. Khdo sat bai toan dao dfng riéng

Khao sat bai toan dao dong riéng ciia hé théng khoan 15 sau cho phép xac dinh dugc cac
tan s6 dao dong riéng va dang dao dong riéng ciia than miii khoan. Véi so do cua hé théng khoan
& vi tri bt dau khoan trén hinh 3. Trong muc ndy s& khao sat bai toan dao dong riéng ctia hé
thdng tai cac chiéu sdu khoan L khac nhau:

- Khi chuan bj khoan: L =0,

- Khi khoan mdi xong: L = 60 mm,

- Khi khoan 6n dinh mot doan: L = 900 mm,

- Khi chuén bi vao giai doan két thic L = 1720 mm,

- Khi két thiic khoan: Z = 1830 mm.

Két qua tinh todn cac tan sb riéng cua than miii khoan st dung mé dun Modal Analysis
trong ANSYS Workbench duoc thé hién trén bang 1. Cac két qua nay chimg to rang khi chiéu
sau khoan cang 16n thi tan sé dao dong riéng cua hé cang nho. Picu nay 1 do khi chiéu sau
khoan tang thi khoang cach tir dau miii khoan dén vi tri gbi d& thir nhat s€ tang, diéu nay lam cho
d6 cimg ving cua h¢ thong ciing giam. Cac két qua nay cling cho thay tan s6 dao dong riéng nho
nhét 1a khoang 19,702 Hz. . Tuy nhién, qua trinh khoan 10 sau thi tdc do cua truc chinh khoang
n =700 vong/phut. Nén néu gia s cac thanh phan lyc cat thay ddi tudn hoan véi tin s6 bang
dung tbc d6 quay ctia truc chinh, tirc khoang 11,67 Hz thi hién tuong cong hudong khong xay ra
khi khoan. Diéu nay chimg t6 viéc bd tri mo hinh hé thong khoan 1a hop 1y va khi khoan s& tranh
xay ra cong huoéng, mot trong nhitng nguyén nhan gy ra cac sai so hinh dang va giam chat
luong 16 sau sau gia cong.

Bang 1. Céc tan s6 dao dong riéng than miii khoan

Cic tan sb dao
dong riéng (Hz)

1 264,12 297,99 66,166 22,002 19,702
2 298,01 331,24 93,853 31,393 28,127

L=0 L =60 mm L =900 mm L =1720 mm L =1830 mm
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3 331,32 3314 181,86 181,86 54,261
4 370,35 416,48 257,55 86,408 77,43
5 416,59 462,82 297,92 118,62 106,24
6 462,98 463,16 329 169,01 151,48

Bing viéc giai cac bai toan dao dong riéng ciing cho phép tim dwoc cac dang dao dong
riéng cua than mii khoan. Dang dao dong riéng thir nhat ing v6i L = 900mm va L = 1830mm
the hién trén hinh 6.

M 000 450,00 300,00 {rmm)
225.00 675.00

a) L =900mm

OV 0.00 450,00 900,00 (mm)
___—

225.00 675.00
b) L = 1830mm
Hinh 5. Dang dao dong riéng thtr nhét img véi L = 900mm va L = 1830mm

3.2. Khdo sat dao dong cudng birc

Trong cac thanh phan lyc cit tac dung 1én miii khoan, do lyc phap tuyen F; nhé hon dang
ké so voi Iyc tiép tuyén F va luc doc F,. Pong thoi, dao dong ubn cia dau mii khoan gay ra do
léch tAm cua mili khoan va mot trong nhitng nguyén nhin giy ra sai s6 hinh hoc cta 16 sau khi
khoan. Dao dong udn ciia diu miii khoan cha yéu do luc F; gy ra. Nén trong muc ndy s& chi xét
dao dong cua ddu mili khoan dudi tac dung cua luc tiép tuyén F. Gia st truc chinh quay véi toc
d6 n =700 vong/phut thi Irc Fy s& c6 phuong, chidu thay dbi voi chu ky tng véi toc do quay cia
truc chinh. Do dé ¢6 thé phan tich luc tiép tuyén F, dugc phan tich thanh:
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F=F +F, (7)
VoL Iy = Fr.co8(73,31) va F, = F.sin(73,3t).

Str dung phan mém ANSYS Workbench véi mo dun Transient Structural s& nhan dugc
chuyén vi ciia dau miii khoan theo cac phuong x va y nhu trén hinh 6.

————L=60mm e L=900mm = - -=L=1830mm ———L=60mm e L=900mm = = =L=1830mm
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Thei gian (s) Thei gian (s)
a) Chuyén vi theo phuong x b) Chuyén vi theo phuong y
Hinh 6. Chuyén vi ciia diu mili khoan tng véi L =900mm va L = 1830mm

Chuyén vi 16n nhit theo cac phuong x va y cua diém dau mili khoan twong tmg chiéu dai
khoan 60mm, 900mm va 1830mm duoc thé hién trén bang 2. Cac két qua nay ching t6 khi chiéu
dai khoan cang 16n thi dao dong cua miii khoan cang 16n. So sanh véi tai liéu khuyén céo cta
hing Sandvik [1] khi khoan véi chiéu dai 900 mm thi do 1éch tdm cho phép trong trudng hop
miii khoan quay, phdi ding yén 1 khoang 0,776mm. So sanh véi bang 2 cho thiy dao dong ctia
miii khoan van nam trong giéi han cho phép.

Bang 2. Chuyén vi 16n nhit dau miii khoan

Chi i boan L (o o T i Sl im okl
60 0,174 0,0897
900 0,306 0,128
1830 0,410 0,159

4. KET LUAN

Bai bdo da xay dung mo hinh dong lyc hoc cua hé¢ théng khoan 15 sau, xac dinh cac luc tac
dung 1én dau miii khoan. Khao sat bai toan dao dong riéng cta hé thong khoan 16 siu chimg to
rang khi tbc d6 quay cua truc chinh dudi 700 vong/phut thi khong xay ra hién twong cong hudng.
Khi chi xét dén tac dung cia Iyc tiép tuyén, s dung phan mém ANSYS Workbench da cac dinh
duoc dao dong udn ctia dau miii khoan theo cac phuong x va y. Két qua ciing cho théy d6i véi he
thong khoan nong sung voi duong kinh nong d = 22mm dang xét thi dao dong cua diém dau mii
khoan ciling nam trong cac gidi han cho phép. Cac két qua cua bai toan khao sat co thé dugc sir
dung cho bai toan thiét ké hé thong khoan 16 sau ciing nhu danh gia anh hudng cua do climg cia
hé thong cong nghé dén chét lwong ctia 16 sau khi khoan bang phuwong phap Gun drilling.
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