CONG NGHE

NGHIEN C'U ANH HUGNG CUA CHE B0 CAT (S,t)
DEN DO NHAM SUON RANG KHI GIA CONG BANH RANG
CON CONG HE GLEASON BANG DAU DAO HOP KIM CUNG

STUDY ON INFLUENCE OF CUTTING PARAMETERS (S, t) ON SURFACE ROUGHNESS OF TOOTH FLANK
WHEN MACHINING GLEASON-CURVED TOOTHED TEETH USING CARBIDE-TIPPED TOOL

TOM TAT

BG truyén banh rang con cong cd nhiéu vu diém: lam viéc ém, hiéu suat cao,
kha ndng chiu tai trong lon... D& gia cong duoc banh rang cbn cong cd nhigu
phuong phap nhu st dung méy phay 5 truc CNC, gia cong trén may chuyén
dung,... Tuy nhién, gia cbng banh rang theo phueng phép bao hinh 1a phuong
phap cd nhiéu tu viét, dam béo do chinh xac, han ché sai s tich Iy, .. . D& dam bao
chét lugng bo truyén banh réng khi truyén chuyén dong thi viéc nng cao chét
lugng banh rang sau khi gia cong Ia hét siic can thiét [6]. Bai bao trinh bay két qua
nghién ciiu anh huding clia birde tién dao (S) va chigu sau cat (t) dén do nham bé
mét suon réng khi gia cng bénh rang cdin cong bang dau dao hop kim cing. Két
qua nghién cttu 13 co st cho cac nha cong nghé lra chon ché dd ¢t hop Iy nhém
nang cao cht lugng bé mat sudn rang khi gia cong banh rang con cong hé Gleason
trén méy phay banh rang cn cong ban tw dong 525 theo phuong phap bao hinh.

Tlrkhoa: Ché d6 cat, do nham, banh réing con réng cong.

ABSTRACT

Curved gear system has more advantages: silent operation, high
performance, high bearing capacity. There are some methods which were used
to cut as using 5 axis CNC, using nonstock machine, ect. In which, cutting by
generating method has more advances, high accuracy, reduced accumulated
discrepancy,... To get high stability in work of gear system that reason is nesseary
to process it with high accuracy. This paper presents a study on influence of feed
rate (S) and depth of cut (t) on surface roughness of tooth flank when machining
gleason - curved toothed teeth using carbide-tipped tool. The aims of this work
show choices for experts in their works when machining the gleason-curved
toothed teeth using 525 semi-automatic of machine.

Keywords: Cutting paramers, surface roughness, curved toothed teeth.
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1.DAT VAN BE
Ngay nay véi sy phat trién manh mé ctia nganh co khi
ché tao, v6i nhirng may méc ngay cang hién dai nén viéc
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ché tao céc chi tiét cling nhw cum chi tiét trong d6 c6 cac
loai banh rang yéu cau chinh xac cao. Viéc nang cao tudi
tho clia bd truyén banh rang dugc cac nha nghién ciu
cling nhu nha céng nghé dac biét quan tam. V&i muc tiéu
nang cao chat lvgng bd truyén banh rang thi viéc nang cao
chét lwvgng bé mat suon rang la hét sirc quan trong. Trong
cac loai bd truyén banh rang thi bd truyén banh rang con
cong duoc st dung nhiéu trong cdng nghiép hang khoéng,
tau thdy, may céng cu, may xay dung [4],... vi ching c6
nhiéu wu diém ndi trdi nhu hiéu suat lam viéc cao, kha nang
chiu tai 16n,... Viéc gia cong cac loai banh rang dugc cac
nha may san xudt co khi nghién ctru, 4p dung véi nhiéu
phuong phéap ché tao khac nhau nhu cit got kim loai trén
may coéng cu hay phuong phap ép dic bang khudn mau.
Pé dam bao dé chinh xac clia banh rang, thuong st dung
phwong phap cat got kim loai theo phrong phap bao hinh
trén may chuyén dung. Chat lvgng b truyén banh rang khi
lam viéc phu thudc vao chat lvong cla mdi banh rang sau
khi ché tao, dac biét la 6 nham swon rang clia banh rang,
day la mot trong nhirng yéu td quan trong gitp bd truyén
banh rang lam viéc ém, gidam mai mon swon rang, nang cao
tudi bén va tang tudi tho[5].

MGi quan hé gitta o nham bé mat (R,) va ché do cat
(V,S, t) la quan hé ham Gy thira cé dang [1]:

R,=C,. V2"t 1)

Trong dd: C, la hang s6; a, b, ¢ la cac s6 md. S dung
phuong phap thuc nghiém dé xac dinh hang s6 C, va cac
sémiia,b,c.
2. THUC NGHIEM
2.1. Thiét bi thuc nghiém va vat liéu gia cong

2.1.1. May gia céng va dung cu cat

- Sir dung may gia cong banh rang chuyén dung ban tw
dong, ky hiéu 525 (Lién X6 san xudt) gia cdng theo phuong
phap bao hinh (hinh 1).

- Dung cu cét[2]: Dao phay banh rang coén cong hé
Gleason gan manh hop kim cla hang Kyocera, ky hiéu
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TKY03130-PV60 (Nhat Ban san xudt), s6 rang dao Z = 16,
duwong kinh danh nghta ctia dao d, = 228,6 mm (hinh 2).
: g ;

Hinh 2. Dao phay banh ring con cong hé gleason gan manh hop kim Kyocera

2.1.2.Vétliéu giacong vadung dich tron ngudi

- Vat liéu gia cong la thép 20XM theo tiéu chuan roct
4543-71. Mac thép duoc xac dinh bang phuong phap
guang phé, thanh phan héa hoc thé hién trong bang 1.
Hinh vé banh rang gia cong dugc thé hién trén hinh 3 va
hinh anh phéi banh riang dung dé thuc nghiém duoc thé
hién trén hinh 4.

- Dung dich tron nguéi: Dau céng nghiép 32, lvu lvong
15 lit/pht va twdi trie ti€p.

064005
|
;
064+0.1
0660.1
0114944
01275405

N
N

21+0.05

35+0.05

Hinh 3. Hinh vé ché tao banh réng

Hinh 4. Phéi duing dé thuc nghiém
Bang 1. Thanh phan héa hoc clia vét liéu gia cong banh rdng

Méc Thanh phan héa hoc %
thép| ¢ | Si (Mn| Cr | Ni | Mo | Cu | S | P

20XM|0,2348 10,1930 0,682 10,9256 0,18260,2367 0,1546 | 0,0287 0,0265

2.1.3. Thi€tbido dd nham

- May do dd nham: Surfcom 1800D do Nhat Ban san
xudt, dau do s6 0102521 (hinh 5).

- Théng s6 do: Gia tri d6 nham R,, theo tiéu chuén ISO.

Hinh 5. My d6 nhém Surfcom 1800D

2.2. Phrvong phép thuc nghiém

Nghién ctu duoc thuc hién trén 5 thi nghiém, méi thi
nghiém thuc hién trén 03 mau voi téng s6 15 mau. Vat liéu
gia cdng banh rdng la thép 20XM duwgc x&c dinh thanh
phan héa hoc bang phwong phap quang phé. Si dung
phwvong phap quy hoach thyc nghiém binh phuong nhé
nhat, chon dang phuong trinh héi quy, x&c dinh théng s6
thi nghiém va tién hanh thyc nghiém. Phoi thi nghiém da
duoc gia cdng cac bé mat con lai d&m bao kich thuéc va do
chinh xac theo yéu cau. Tién hanh gia cdng chi tiét theo
phuvong phdp bao hinh trén may gia cong banh rdng
chuyén dung ban tu déng 525. Sau khi phay, chi tiét dwoc
lam sach, tién hanh do, kiém tra, danh gia do nham. Moi
méau do 10 ring bt ky, mdi rang dugc do & 3 vi tri roi ldy
gid tri trung binh. S& dung phan mém Matlab, Excel dé tinh
toan, vé do thi, xay dwng cong thiic xac dinh mdi quan hé
gilta cac théng s6 ché do cat (S, t) voi dd nham bé mit (R,)
swon rang banh rang sau khi gia cdng.
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2.3. Co s¢ danh gia so liéu thuc nghiém

2.3.1. Xacdinh dang phuong trinh hoi quy thic nghiém

DPEé nghién clru moi quan hé gitra cac thong s6 ché do
cat va do nham bé mat swon rang khi cat banh rang con
cong hé gleason bang dau dao hop kim cttng, nhém téc gia
str dung phuong phap binh phuong nhé nhat (BPNN) véi
bién s6 k va dang ham hoi quy thuc nghiém:

y=ap+a X+ a, Xt ... FacX 2

2.3.2. S6 thi nghiém va théng s6 thi nghiém

* S0 thi nghiém:;

- M&i quan hé gitra cac théng s6 dau vao va dau ra dwgc
mo ta theo so do (hinh 6):

4
X1(s
Xa() Y(Ra)

v=constant
———

Hinh 6. So d0 mai quan hé gita thong s dau vao va dau ra
+ Céc bién dau vao x; diéu khién duoc:
X, Buwéc ti€n dao S (gidy/rang)
X,: Chigu sau cat t (mm)
+ Bién dau ra bj diéu khién:
y: D6 nhdm bé matR, (um)
+ Bién khong diéu khién duoc:
¢: Bién ngau nhién
- S6 thi nghiém duoc xac dinh [3] theo céng thirc: N = 2¢
Vi bién dau vao k = 2 ta c6 so thi nghiém chinh N = 2%=4,
dé nang cao dd chinh xac nhom tac gia thuc hién thém 1
thi nghiém & tam, tong s6 thi nghiemN =4+ 1=5,
*Théng s6 thi nghiém:
Can clr vao thong s6 ky thuat ctia may, vat liéu gia cong,
pham vi cho phép st dung cta dung cu cat, thong s6 ché
dd cat phuc vu nghién cru dwgc chon trong ving sau:

+Van téc cat V: 116 m/ph.
+ Buéc tién S; 40 - 50 giay/rang.
+ Chiéu sau cat t: 1,75- 2,25 mm.

M@&i quan hé gitta dd nham va ché dé cat thé hién qua
cong thire (1):

R,=C,\2sbte

Vi gia tri V= constant m6i quan hé dé dwgc biéu thi
bang cong thic:

R,=C,St° 3
Logarit co s6 e phwong trinh (1) ta dwoc:
In(R,) =In(C,) + a.In(S) + b.In(t) 4)
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baty =In(R,); a,=In(C,); a; = a; a, = b; x; = In(S); x, = In(t)
Taduge: y=ag+aX; +a%,

Mtc trén la x ta co:
Murc dudi la x@:

1) —

Xi() - II’]Xi max
d) _

X = I i

Mtc co so 1a x©:

1
Xi(O) :E(Inximax +INXimin )

Khoang bién thién1a p;ta c6: p, =%(lnximax —InXi)

Sau tinh toan, gia tri cAc ma héa théng so thi nghiém
dugc thé hién trong bang 2.
Bang 2. Gid tri cAc ma hda thong s6 thi nghiém

Cacyéutd X X
Mirc trén 3,91202 0,81093
Mc duwoi 3,68888 0,55961
Mirc co so 3,80666 0,69315

2.4. Két qua thuc nghiém

Sau khi phan tich thanh phan héa hoc vat liéu gia cong,
tao phai chi ti€t banh rang va tién hanh gia cong. Hinh anh
chi tiét sau khi gia cdng thé hién trong hinh 7.

Hinh 7. B4nh rang sau khi gia cng

Sau khi gia cong chi tiét dugc lam sach, do, ki€ém tra,
danh gia d6 nham mat swon rang cla banh rang. Két qua
do dé nham dugc thé hién trong bang 3.

Bang 3. Két qua thyc nghiém

L Bién ma hda o
Thi nghiém % % S(gidy/rang) | t(mm) | Ryu(Um)
1 -1 -1 40 1,75 1,803
2 +1 -1 50 1,75 2,930
3 -1 +1 40 2,25 2421
4 +1 | + 50 2,25 3317
5 0 0 45 2 2,640

2.4.1. Quy hoach sé liéu thic nghiém

Theo phuong phap BPNN ta c6 ham hoéi quy thuc
nghiém tong quat:

Y= ag+a; X+ a, Xt ..+ A X

Xac dinh a,a; a,... a,sao cho s dat gia tri nhd nhat:
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i=k .
= E[Yi -yl ®)
Céac gia tri a,, ay, a,,... a.la cac hé s6 twong tng clia ma
tran [A]:
8y
[A]=|a | VOi:[XIIAI=[V] (6)
a

- Ma tran thdng s6 dau vao [X] la logarit co s6 e cac gia
tri S, t dung trong thi nghiém.

- Ma tran théng s6 dau ra [Y] c6 cac hé s6 la logarit co s6
e Cac gia tri dd nham do duoc trén cac mau thi nghiém.

Nhan hai vé clia (6) véi ma tran chuyén vi X" clla ma tran
X IXTUIXLAT = [XT". [Y]

bat [M] = [X]". [X] ta co: [M]. [A] = [X]"[Y]

Gia st det(M) # 0 thi [M] la ma tran kha nghich, ta co:

[A] = MI.[X]".[Y] (7)

Logarit co s6 e cac gia tri S, t va R, ta duoc két qua trong
bang 4.

Bang 4. Két qua tinh logarit cac thong s6 thi nghiém

S t R InS) | In(t)
T, .0 ath In(R,
giayiang) | (m) | @) | x| x| M)
1 40 1,75 1,803 | 3,68888 | 0,55961 | 0,58945
2 50 1,75 2,930 | 3,91202 | 0555961 | 1,07500
3 40 2,25 2427 | 3,68888 | 0,81093 | 0,88666
4 50 2,25 3,317 | 391202 | 0,81093 | 1,19906
5 45 2 2,640 | 3,80666 | 0,69315 | 0,97078
Tl bang 4 va phuwong trinh hoi quy thuc nghiém (2) ta co:
1 Xy X X
[x]-|
1 an Xn2 Xnk
1 3,68888 0,55961 0,58945
1 3,91202 0,55961 107500
- X=|1 3,68888 0,81093| Y=|0,88666
1 3,91202 0,81093 1,19906
1 3,80666 0,69315 0,97078

Slr dung phan mém Excel dé tinh toan ta dwgc ma tran
[A]:
—6,43590
[A]=| 178956
0,83697
Tl d6 ta c6 cac hé sd clia phuong trinh héi quy thuc
nghiém:;
8,=-643590 —» C,= €439 =0,00160
a, = 1,78956; a,=0,83967

Vay phuong trinh hoi quy thuc nghiém la;

y = - 6,43590 + 1,78956Xx, + 0,83967X, 8)

Phuong trinh quan hé gitra do nham R, va cac thong sO
ché do cat;

Ra - 0,0016 81‘78956. t0‘8396 (9)

2.4.2. banh gia do tin cay ctia ham hoi quy thuc
nghiém

* Panh gia do tin cay

Do tin cay dwoc danh gia theo [3] cOng thirc:

2
r:@ (10)
oy
Trong do: iiy. ~Yito)
N-17
o) = Zy. -yiy

1
Vo y; - Iogarlt 0 s6 e gia tri d6 nham R, thuwc nghiém
do duocy; = In(Ry).

Yip - Qid tri trung binh logarit co s6 e d0 nham R, theo
thyc nghiém do duoc.
- logarit dd nham R, theo ham hoi quy thic nghiém.
N -s6 thi nghiém.
St dung phan mém Excel ta tinh dwoc két qua do tin cay:

10 1
02 =——S(y: -y, ¥ =——.0,21193=0,05298
y N_lg(m y|tb) 5_1

n v
_ L Sy 2=—1000769-0,00192
=17 9-1

Vay détincayrla

2 12
o, — O —
Ty 0,05298-0,00192 _ o,
o 0,05298
PO tincayr=96,4%
*Kiém dinh cac hé s6 a,
SHG)

- Xac dinh phuong sai dw S,: 3, =

N-k-1

Trong dé:

N - s6 thi nghiém (N =5).

k -s6 thong s6 can xac dinh (trlr a).

S*(A)= (IYI-IXLIAD[YI-IX]IA])

Dung phan mém Excel gidi cac bai toan ma tran ta tinh
duoc: S2(4) =0,00769

S?(A) _ 0,00769

N-k-1 5-2-1
- Xac dinh s ton taiclla cac hé s a;:
Céac hé sb a;ton tai [3] xac dinh theo cong thic:

Do do: S2,= =0,0038 = Sy, =0,0620

tinn| = 2 tang(N—K—1r)

8
SdLJ\/nTii
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Trong d6: m; 1a sd hang thi ii ctia ma tran M voi;
M]=[X]" [X]

297,6870  —76,29652  —10,81916

[M]™! = | —76,29652  20,07134  —0,01124
~10,81916 —0,01242 15,82065

Taco: [t2,|=6,0165; |t | = 6,4428; |2, | = 3,4049

- Tra bang phan b6 Student vGi ty,, (N-k-1; 1)
V6i do tin cay r = 96,4%; N-k-1 =5-2-1=2
Tra bang ta duoc:

thang(2 ; 95) = 2,3530 va tng(2 ; 97,5) = 3,1820
Dung phuong phép ndi suy ta tinh dugc:
thang(2 ; 96,4) = 2,8172

g
Sdu\/nTii

Do dé céc hé s6 a; thuce sy ton tai, phuong trinh hoi quy
thuc nghiém (8) ton tai, nén tén tai moi quan hé gita do
nham bé mit véi ché do cit nhu sau:

R =000160 81‘78956 t0‘8396

a ) : :

2.4.3. b6 thi quan hé gitta do nham va théng s6 ché do
cét

St dung phan mém Matlab v& do thi biéu dién mdi
guan hé gilra d6 nham R,v@i Svat (hinh 8).

Nhu vay: ‘titinh‘ - > tpang(N—K—L1) Voii=0+2

26

18
s 0 186

t

Hinh 8. D0 thi quan hé gilta R, véi Svat khi V = 116m/ph

Nhan xét: Phan tich d6 thi hinh 8 va coéng thic (9) cho
thay gia tri d6 nham ti & thuan véi butc tién (S) va chiéu
sAu cat (t); budc tién anh hudng nhigu hon dén do nham bé
mét R, so vai chiéu sau cét (t).
3.KET LUAN

- M&i quan hé toan hoc giita cac thong sd ché do cat
(S, t) v&i dd nham bé mat sudn rang cla banh rang con
cong hé gleason xac dinh béi cong thirc:

R =000160 81‘78956 t0‘8396

a ) : :
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- Xac dinh dwgc cac hé s6 cla phuwong trinh héi quy
thec nghiém véi do tin cay r =96,4%

- Khi gia cdng banh rang cén cong hé gleason trén may
phay banh rang 525, gia tri dd nham bé mat swon rang cla
banh rang ti 1& thuan voi budc tién va chiéu sau cat. Trong
do, buéc ti€n (S) anh hwdng nhiéu dén dé nham bé mat
swon rang cla banh rang sau khi gia cong, ti€p theo la
chiéu sau cat (t).

- Két qua nghién clru gitp nguoi can bd ky thuat tinh
toan, lva chon céc théng sé ché do cét hop ly, nang cao
nang sudt, chat lwvgng bé mat va do chinh xac gia cong khi
gia cdng banh rang cén cong hé gleason theo phuong
phap bao hinh.
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