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TOM TAT

Trong gia céng chudt ranh xodn cia cdc chi tiét dang 16 sdu, bién dang xodn dan héi ciia
cdn dao chudt la nguyén nhan chinh gdy sai léch hinh hoc va bwée xodn ciia ranh. Bai bdo nay trinh
bay qud trinh mé phong sé bang phwong phdp phan tir hitu han (FEM) nham danh gid iing sudt va
bién dang xodn ciia can dao chudt trong triwong hop chudt ranh thuc té. Két qua cho thdy, bién dang
xodn dan hoi tich lily trén chiéu dai lom c6 thé gdy ra sai s6 vé bude xodn va goc xodn ciia ranh.
Nghién curu nay lam co so cho viéc tinh toan lya chon ché dg cong nghé, lua chon vat liéu va kich

thuée can dao t6i wu vé mat ky thuat va kinh té.
T khéa: Chuot ranh xodn; Bién dang xodn; Cdn dao chudt; Lo séu.
ABSTRACT

In the helical broaching of deep-hole workpieces, elastic torsional deformation of the
broaching tool holder is the primary cause of geometric deviations and helix pitch errors in the
groove. This paper presents a numerical simulation using the finite element method (FEM) to
evaluate the torsional stress and deformation of the broaching tool holder under actual broaching
conditions. The results show that accumulated elastic torsional deformation over a substantial
length can induce errors in the helix pitch and helix angle of the groove. This study serves as a basis
for determining appropriate machining parameters, selecting suitable materials, and optimizing

the tool holder dimensions for both technical and economic efficiency.

Keywords: Helical groove broaching,; Torsional deformation; Broach arbor; Deep-hole

machining.
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1. TONG QUAN

Rinh xoén trong 16 sau 13 mot trong
nhirng dic trung hinh hoc quan trong cua nhiéu
chi tiét trong cong nghiép co khi chinh xéc, ddc
biét 14 trong linh vyc san xuit qubc phong. Cac
phuong phap gia cong pho bién gom rén co 13i,
chubt rinh va gia cong bang dién hoa. Trong sb
d6, chudt ranh xodn dugc danh gia 1a phuong
phap c6 ning suét cao, lyc cat 6n dinh va chat
luong bé mit tét [3].

D¢ chinh x4c hinh hoc va do on dinh
clia budc xodn trén toan chiéu dai 1a yéu cau
cbt 16 trong gia cong 16 sau. Ozturk va cong
su [1] da phan tich bién dang cua truc dung cu
trong gia cong 16 sau va dé xuat mo hinh dy
bao sai I¢ch, trong d6 do cung X0dn cua truc 1a
thong sd quyét dinh. V.Mautner va cong su [2]
da tién hanh mo phong FEM so sanh bién dang
va d¢ vong cua can dao tién co tiét dién chir
nhat va da giac, st dung phan mém ANSYS,
két qua cho thay can dao kiéu CAPTO c6 do
vong nho hon dang ké. Kountanya va cong su
[4] da nghién ctru 4&nh huong cia d) cung dung
cu dén luc cat va chat lugng bé mit trong gia
cong cit got, chi ra rang bién dang dan hoi cua
dung cu 13 ngudn sai s6 hinh hoc khong thé bo
qua.

Tuy nhién, anh huong cua bién dang
xo0an dan hdi cua can dao chudt dén sai léch
budc xodn trong gia cong 16 sau c6 ty 1& L/D
16n van can duoc nghién ctru va dénh gia dinh
luong. Do d6, nghién clru nay tap trung phan
tich dinh lugng hién tugng trén thong qua viéc
nghién ctru va mé phdng mot truong hop thuc
té cua qua trinh chubt mot chi tiét 15 su voi
thong sb va cong nghé cu thé dé thdy rd anh
huong cia hién tugng xodn can dao dén sai
léch hinh hoc cta ranh va sai 1éch budc xoén.

2. KHAO SAT XOAN CUA CAN DAO
CHUOT

2.1. Théong s6 cong nghé chudt

Hinh 1 mb ta so d6 phan tich luc cit va
thong s6 cong ngh¢ cua qué trinh chudt ranh:

- Puong kinh 16: D = 105 mmy;

- Chiéu dai 13 ¢6 ranh: L = 2.400 mm;

- Budc xoan: 1:20 — p = 2.100 mm/vong;

- Vat li¢u phoi: 30CrNiMo8, da qua toi va ram;
- Vit liéu can dao: 40CrMo4;

- Buong kinh can dao: ®56/®43 mm.

2.2. Xac dinh M6 men tac dong Ién can dao

Luc cét té)ng trén dao P dugc xac dinh
theo cong thuec:

P = kc.f: kc.ac.bc.n

Trong do:

k., =6.400 N/mm? - Lyc cit don vi cua
thép 30CrNiMo8 da qua nhiét luyén [3]; a =
0,04 mm - Chiéu day 16p cit; b, = 5,35 mm -
Chiéu rong hiéu dung; n =18 - Tong so ludi cat
dong thoi.

P =0,04.5,35.18.6400 = 24.652 N

Céc luc thanh phan theo phuong phap
tuyén va tiép tuyén:

Q=P cosavaK =P sina

Trong d6, o 12 gbc nang cua ranh xoan:
D
o = arctan (—]
p
a = arctan(0,15708) = 8°55'6"
Q =24.652.cos(8°55'6") = 24.354 N.
t. =24.652.sin(8°55'6") = 3.821 N.
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Hinh 1. Phén tich lyc cdt trén dao chudt

Gia thiét rang dia dao gan cb dinh lén
than dao va toan bo luc cat tiép tuyén phan
bb déu trén timg ludi dao thi mé men xodn do
phan lyc cét tiép tuyén K tac dong 1én can dao
duoc tinh nhu sau:

T=hxKxr=1,35x%3.821 x0,0525 N.m
T=270 N.m

Trong d6: h=1,3-1,4 - H¢ s6 ké dén ma
sat dan hudng, sai s6 ché tao dao va rung dong
(lay h = 1,35); r = D/2 = 52,5 mm - Ban kinh
dao dia.

2.3. M hinh hinh hoc va diéu kién bién

Céan dao duwoc mo hinh héa 1a éng tru
rong tiét dién tron, vét liéu 40CrMo4 voi E =
210.000 MPa, v = 0,3, G = 80.000 MPa. Mat
cit ngang can dao ®56/043 mm dugc trinh
bay trén Hinh 2, m6 men quan tinh: J = 7.(56* -
43%)/32 = 629.800 mm*.

bicu kién bién: Can dao chudt mét dau

dugc ngam chat vao u dao, khi chudt u dao vira
tinh tién vira quay theo ty 18 budc xodn, dau
kia ldp dau chudt di chuyén tu do trong 15, éng
duogc ga c¢6 dinh trén ga kep.

#43

HEE

Hinh 2. M@t cdt ngang can dao chudt

Pau gin u dao - ngam clng.
Pau tu do - chiu m6 men xoan T =270
N.m phan bd déu trén mdt cat.

2.4. Chia lwéi phan tir va kiém tra hgi tu
Phan mém st dung: ZW3D (module

Simulation, phan tir khoi bac hai, tich phan rut

gon). B¢ kiém tra hoi tu ludi, bon muc kich

thudc phan tir duoc so sanh (Bang 1).

Bang 1. Kiém tra héi tu Zu*o"iphdn tu

pf%:flht;h(l;?;) T (MPa) | u_ (mm)
7 3,12 0,044
6 3,00 0,044
5 3,02 0,044
4 3,28 0,044

Két qua Bang 1 cho thiy khi giam kich
thudc phan tir tir 6 mm xudng 5 mm, su thay
ddi cua T .. vau  nhohon 1%, xc nhan ludi 5
mm da dat hoi tu. Do d0, kich thudc ludi 5 mm
dugc lya chon cho cac budc tinh toan tiép theo.
Hinh 3 minh hoa ludi phén tir d4 chon.
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Hinh 3. Ludi phan tir ciia can dao chuot
3. KET QUA VA THAO LUAN

3.1. Phan bo ng suit

Hinh 4. Biéu @6 phan bé iing sudt Von-Mises

Két qua cho thdy tmg sut phan b6 dong
déu doc theo chiéu dai can dao va tap trung cuc
dai tai bé mat ngoai ¢ vung chuyén tiép tiét
dién. Ung suét tiép cuc dai tir két qua mo phong
T . .= 3,02 MPa, gia tri nay thap hon nhiéu so

vo1 gidi han chay cua thép 40CrMo4.
3.2. Bién dang xoin

Két qua md phong cho thay chuyén vi
tiép tuyén cuc dai tai dau tu do cta can dao
datu_ = 0,044 mm tai ban kinh ngoai R = 28
mm. Chuyén vi ting dan tuyén tinh theo chiéu
dai truc, pht hop v6i quy ludt xodn cia ng tru
dan hoi. Tur chuyén vi tiép tuyén nay, goc xoin
twong Umg dugc tinh: 0 = u_ /R= 0,044/28 ~
0,0015 (rad) ~ 0°5'9".

Hinh 5. Biéu d6 chuyén vi

3.3. Sai 1éch buérc rianh xoin

Sai léch budc xoan trong 1 budc xoan
do bién dang xoan dan hdi gdy ra dugc tinh
theo cong thire: Ap = px0/(2m) = 2.100x0,0015/
(2m) = 0,5 mm.

Nhu vay, trén toan bo chiéu dai 16 L
= 2.400 mm, sai léch budc xodn tich iy dat
khoang 0,57 mm.

Két qua phan tich cho thiy van dé khi
chudt ranh xodn cta 16 ¢ chiéu dai 16n, méc du
g suit, bién dang xoin kha nho, nhung tich
lity trong qua trinh chudt van c6 thé gy ra sai
sd hinh hoc trong timg 1an chudt, ddi véi qua
trinh chudt ranh, thudng s& c6 hang chuc luot
chubt tury theo chiéu sau rinh, cling nhu sb lan
phan d6 tiry thudc cong sudt thiét bi. Sai s tich
lity ¢6 thé gay ra hién tugng dang ring cua &
trén thanh ranh, sai 1éch vi tri ranh & dau ra, dé
kiém soat duoc sai léch budc xoan khong anh
huong dén chét luong san pham, ching ta co
thé c6 nhing lya chon cac giai phap diéu chinh
sau:

- Tang/giam lyc cit bang cach ting/
giam chiéu day cit, vi chiéu day cit anh huong
dén thiét ké ban kinh mili dao, néu ban kinh
mili dao nho hon chiéu day cit s& c6 hién tuong
truot, ting chiéu day cat hop 1y gitp cho kha
nang cit cua dao tot hon.
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- Tang/giam d6 ctng xo04n ciia can dao
béng cach lya chon vt liéu ché tao, két cAu can
dao, kich thudc can dao phu hop co thé giup
viée lap dit dao dé dang hon, khong gian chua
phoi rong hon, tang cuong kha ndng bom dung
dich vao vung gia cong va gidm chi phi gia
cong.

4. KET LUAN

Bai bao da trinh bay qua trinh mo6 phong
phén t0r hitu han vé trang thai chiu X04n clia can
dao chubt rinh xoén trong truong hop gia cong
thuc t& v6i chi tiét cu thé. Nghién ctru da chi
ra tac dong cua sai léch goc xodn tich liy bién
thién qua nhiéu lugt cit va phan d6 c6 thé anh
huong dén chét lugng cudi cling clia san pham.
Nghién ctru nay lam co s& cho viéc tinh toan
Iya chon vat lidu va kich thude can dao téi wu
vé ky thuat va kinh té, t6i uu hoa viéc lya chon
ché do cong ngh¢, va lam nén tang cho viéc
xay dung md hinh kiém soéat bién dang xoin
tu dong trong gia cong, dong thoi 1am co sé
dé tiép tuc nghién ctru cho cac nhiém vu tinh
toan chudt cac loai 18 siu co ty 1&¢ L/D khac
nhau ciing nhu céc loai ranh c6 budc xodn bién
doi. <
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