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XAY DUNG PHUONG TRINH QUAN HE GIPA CAC THONG SO
GIA CONG VO1 DO NHAM BE MAT KHI GIA CONG BANH RANG
CON RANG THANG TREN MAY PHAY CNC 3 TRUC

BUILDING A CORRELATION EQUATION BETWEEN MACHINING PARAMETERS
WITH SURFACE ROUGHNESS WHEN MACHINING THE STRAIGHT BEVEL
GEAR ON 3-AXIS CNC MILLING MACHINE

Nguyén Hong Linh
Khoa Co khi va Bong luc, Truong Dai hoc Dién luc

TOM TAT

Trong nghién civu nay, phirong phdp thwe nghiém dwoc sir dung dé xdy dung phirong trinh
quan hé gitka cdc thong sé cong nghé (toc do quay truc chinh, vin toc tién dao va chiéu sau cdt
doc) véi dd nhdam bé mdt khi gia cong banh rang cén rang thang Z18mS5 trén mdy phay CNC 3 truc.
Phuwong phdp ma trdn triec giao dwoc dp dung dé thiét ké bang ma trdn thwe nghiém Taguchi L32 va
mé hinh ddp vmg bé mdt (RSM) dwoc sir dung dé xday dung phwong trinh quan hé. Tir phwong trinh
twong minh da thu dwoc, cdc théng sé cong nghé dwoc lira chon phit hop khi gia céng banh rdng

con rang thang trén may phay CNC 3 truc cé thé.
Tir khéa: T6i wu héa; PG nham bé mat; Banh rdang con rang thang.
ABSTRACT

In this paper, an experimental method was used to build the correlation equation between
technology parameters (spindle speed, feed, deep of cut) with surface roughness when machining the
straight bevel gears Z18m5 on a 3 axis CNC milling machine. The orthogonal matrix method was
applied to design the Taguchi L32 experimental matrix table and the response surface methodology
(RSM) was used to build the correlation equation. From the obtained explicit equation, the
technological parameters were predicted appropriately when machining the straight bevel gear on

3-axis CNC milling machine.

Keywords: Optimization, Surface roughness, Straight bevel gear.
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1. PAT VAN PE

Ngay nay, v6i su phat trién manh mé
ctia cong nghé gia cong k§ thuat s6 da cho phép
chung ta c6 thé gia cong nhiéu bé mit phtic tap
trén cac may phay CNC. St dung may phay
CNC dé gia cong cac bé mat banh ring con
rang thfmg c6 thé han ché su phu thudc vao
dung cu cit ring, may gia cong rang chuyén
dung,... cia cac phuong phap gia cong rang
truyén théng [1+3]. Tuy nhién, phuong phap
gia cong banh ring con ring thang trén may
phay CNC dang ton tai mot s6 nhugc diém nhu
kho kiém soat chat luong bé mit gia cong va
thoi gian gia cong 16n. Bé xu 1y van dé trén,
ching ta can thiét 1ap duoc ché d6 gia cong hop
1y cho may phay CNC.

2.CO SO LY THUYET

2.1. Phwong phap gia cong banh riang trén
may phay CNC

Theo tiéu chuidn DIN 8589-3 thi quy
trinh ché tao banh ring trén may CNC vé co
ban 1a twong dwong véi tong hop cua hai quy
trinh [4]:

>  Ché tao khuén miu: Tuong dong vé vat
lidu, d6 cimg, cap chinh xé4c gia cong.

> Ché tao canh quat: Tuong dong vé hinh
dang hinh hoc.
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Hinh 1. Quy trinh gia cong banh rang trén may
phay CNC
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2.2. Thiét bi, dung cu va doi twong gia cong

Trong nghién clru nay, may gia cong
duoc st dung dé thuc hién cho tat ca cac thi
nghiém la may phay CNC 3 truc SUPER
TORNADO HCMC-11000 cua hang Harford,
tai Cong ty C6 phan Co khi Hong Linh. Thiét bi
do d6 nham bé mat 1a may Surftest SJ-301 cua
hang Mitutoyo, tai phong do ludong truc thudc
Cong ty Z117 - B6 Qudc phong. Ddi tuong gia
cong 1a by banh rang con rang thang Z18 —Z18
m5 vat licu thép C45, dung cu gia cong 1a dao
phay R2 GSBNH202003506 cua hang NACHI
Nhat Ban.

Hinh 2. May gia céng va mdy do dé nham bé mdt.
2.3. Thiét ké thi nghi¢ém

Véi ché do gia cong (hudng chéo
profile, chiéu sau cat khong doi, ché do cat
thuan) va khuyén céo ctia cac nha san xuit may
phay va dung cu cat, mién nghién ctru va cip
d6 thuc nghiém cua cac thong sd cong nghé

duoc lya chon nhu trong bang 1.
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Bdng 1. Cdc yéu té dau vao.

. Cap do
TT Thong so Ky hiéu Pon vi
1 2 3 4
Chiéu sau cit doc ap mm 0,05 0,1 0,15 0,2
2 Van téc tién dao mm/phut 550 1100 | 1650 | 2200
Téc d6 quay truc chinh S Vong/phut | 6000 8000 10000 -
Dé han ché s6 luong thi nghiém trong B Fes:

khi van dam bao dugc mirc thong tin phan hoi
ma khong 1am mét tinh tong quan cua két qua,
tac gia su dung phuong phap quy hoach ma
tran tryc giao dé thiét ké thi nghiém. Khi do,
hang ctia ma tran dugc xéc dinh bdi cong thirc
(Trong d6: k 14 s bién dau vao):

ps EAD-(k+2) 45

) =10 (1)

Véin> 10, tac gia lya chon ma tran lam
thi nghiém la ma tran Taguchi L32 vé1 quan hé
cac bién nhu trén hinh 2 (Trong d6: X1 1a chiéu
sau cat doc, X2 1a van toc tién dao va X3 1a toc
do quay truc chinh).
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Hinh 3. Quan hé cac bién dau vao.

Tt mdi quan hé thyc nghiém da duogc
xay dung, tién hanh gia cong ¢ cac ché @6 duoc
thiét 1ap, do kiém do nham bé mat va thu duoc
ma tran thyc nghiém nhu trong bang 2 (Bé dam
bao do chinh xac cua két qua thtr nghiém, mdi
mat thir nghiém sé& dugc thuc hién 1ap lai ba lan
va ldy gid tri trung binh cta ba lan do).

Bdng 2. Ma tran thuc nghiém

Input Output Input Output
Counter ap F S Ra Counter ap F S Ra
(mm) | (mm/p) | (v/p) (mm) (mm) | (mm/p) | (v/p) (mm)
DOE 1 0,05 550 6000 0,39 DOE 17 0,05 2200 10000 0,52
DOE 2 0,10 1100 6000 0,82 DOE 18 0,10 1650 10000 0,97
DOE 3 0,15 1650 6000 1,68 DOE 19 0,15 1100 10000 0,92
DOE 4 0,20 2200 6000 2,71 DOE 20 0,20 550 10000 0,83
DOE 5 0,05 550 6000 0,31 DOE 21 0,05 2200 10000 0,53
DOE 6 0,10 1100 6000 0,85 DOE 22 0,10 1650 10000 0,88
DOE 7 0,15 1650 6000 1,91 DOE 23 0,15 1100 10000 0,85
DOE 8§ 0,20 2200 6000 2,88 DOE 24 0,20 550 10000 0,81
DOE 9 0,05 1100 8000 0,38 DOE 25 0,05 1650 6000 0,98
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DOE 10| 0,10 550 8000 0,46 | DOE26 | 0,10 2200 6000 1,47
DOE 11 0,15 2200 8000 1,89 | DOE27 | 0,15 550 6000 0,75
DOE 12 0,20 1650 8000 2,01 DOE 28 0,20 1100 6000 1,52
DOE 13 0,05 1100 8000 0,31 DOE 29 | 0,05 1650 6000 0,55
DOE 14 | 0,10 550 8000 0,42 | DOE30 | 0,10 2200 6000 1,38
DOE 15 0,15 2200 8000 2,11 DOE 31 0,15 550 6000 0,73
DOE 16 | 0,20 1650 8000 2,01 DOE32 | 0,20 1100 6000 1,55

3. XAY DUNG PHUONG TRINH HOI QUY

St dung phan mém SIMULIA ISIGHT [5] dé xir Iy dir liéu 32 diém thi nghiém trong bang
2 v&1 mo hinh dap ung bé mat bac 2, ta c6 phuong trinh quan hé gitra cac thong s6 cong nghé gia
cong (ap, F, S) vai do bong bé mat (Ra) nhu sau:

Ra = 0,7247 - 0,2055.X,+0,0002.X,-0,0001.X, +2,500.X7+5,6349.10* X
+3,6328.107.X7 +0,0052.X,.X,+0,0001.X,.X,-1.7218.10".X, X,

2

Do tin cay cua phuong trinh hoi quy (2) duoc kiém nghiém théng qua cac tiéu chi nhu trong

bang 3.
Bdng 3. Hé s6 déanh gid dg tin cdy mé hinh.
TT Théng s6 danh gia Gia tri cho phép | Chi sé phwong trinh Két qua
1 Sai sb tuyét ddi trung binh <02 0,04 Pat
2 Sai s6 cuc dai <0,3 0,15 Pat
3 Sai s6 can bac 2 trung binh <0,2 0,05 Pat
4 H¢ sb xac dinh >0,9 0,96 Dat

N

Ravs. X1 and X2

Hinh 4. P6 thi quan hé giita thong s6

Ny

I
LT

i

i

Favs. ¥1 and X3
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Str dung phuong trinh hdi quy (2) dé du
doan d6 nham bé mit & ché do ché do gia cong
(S =8500 v/p, F =700 mm/p va ap = 0.1 mm)
cho ta két qua Ra = 0.4664 um. Dé danh gia
dd tin cdy cua cua két qua, tic gia da tién hanh
gia cong thir theo bo thong sd da duoc goi ¥ va
thu dugc két qua thuc sai léch véi thong s6 tinh
toan 1a 4.66%. Sai s6 nay 1a sai s chap nhan
duoc.

4. KET LUAN

Vi két qua da dat dugc, chung ta co thé
khang dinh viéc gia cong banh ring con ring
thang trén may phay CNC 3 truc dé thay thé
cho cac phuong phép gia cong truyén thong 1a
kha thi. Ngoai ra, chung ta c6 thé sir dung két
qua nghién ciru dé dy doan d6 nham bé mat
hodc lya chon ché do gia cong khi gia cong
pht hop khi gia cong banh ring con ring thang
Z18m5 trén may phay CNC 3 truc. <
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