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Trong sb céac loai dung cu gia cong banh réng, dao phay 1an réng (DPLR) la dung cu cat dac
dung, gia céng dat nang suét cao, co tinh van ndng rong. Mat trwédc DPLR |a mat xoan vit
Acsimet vudng (MXVAV). Mat nay dwgc chon lam mat trwwdc cdla DPLR vi nd dam bao thong
s hop ly ctia 2 lwdi c4t bén va chiéu cao profin u dung cu thay dbi rat nhd, sau nhirng 1an
mai s&c lai. Mai chinh xac mat trwdc 1a nguyén cong rat co ban, quan trong anh hwéng
quyét dinh t&i d6 chinh xac ctia DPLR va banh rang gia céng. T trwdc dén nay theo nhiéu
tai liéu, sau khi khi mai lai mat trwéc dao phay 1&n réng van cho phép ton tai do 16i trén mét
trwdc (Ar) va van chap nhan cé sai s6 nén khi gia cong cé anh huwéng dén profin cia banh
rang sau khi gia cong. Bai bao gidi thiéu phwong phap tinh toan va xay dwng mé hinh céng
nghé& nhdm mai chinh xac mét truéc MXVAV clia dao phay |&n réng.

Bé& mét xoan vit, dao phay I&n rang, mai mat trwdc dao phay lan réng, gia cong banh réng...

Among various types of gear machining tools, gear hob is a useful cutting tool, with high
productivity and wide versatility. The front face of gear hob is the square Archimedes screw
face. It is chosen as the front face of the gear hob because it ensures reasonable
parameters of the two side cutting blades and the tool profile height changes very little, after
re-sharpening. Precise grinding of the front face is a very basic and important operation that
decisively affects the accuracy of the gear hob and machined gears. Up to now, according to
many documents, after re-grinding the front surface of the gear hob, the convexity on the
front surface (Ar) is still allowed to exist and errors are still accepted, so when machining it is
affected. to the propin of the gear after machining. This article introduces the calculation
method and builds the technology model to accurately grind the front face of the square
Archimedes screw face of the gear hob.

Screw surface, gear hob, grinding the front surface of gear hob, gear machining...

1. GIOI THIEU

Trong s6 cac loai dung cu cét riang, dao phay
lan rang (DPLR) 1a dung cu cit dic dung, gia
cong dat ning suat cao, 6 tinh van niang rong.
Mat truéc DPLR va ho dao phay lan (DPLR)
cua Viét Nam va cua nhiéu nudc cong nghiép
la mat xoan vit Acsimet vuéng (MXVAV). Do
mat nay dugc chon lam mat trudce cua (DPLR)

vi n6 dam bao théng s hop Iy cua 2 ludi cit
bén va chiéu cao profin dung cu thay doi rat
nho, sau nhitng lan mai sic lai.

Trai qua thoi gian dai, khoa hoc va cong nghé
nudc ta chua cé giai phap mai chinh xac mat
x0dn vit nay. C6 rat nhiéu tai liéu da gioi thiéu
[5] mat trudc cta DPLR sau khi dugc mai lai
da bi cat lem, c6 ton tai do 16i Ar trén mat
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trudc. Viéc nghién ciu mai chinh xac mat
X03n vit nay 1 yéu cau can thiét.

2. NOI DUNG

Mai chinh xac mat truéc DPLR la nguyén
cong rit co ban, quan trong anh hudng quyét
dinh t61 @6 chinh xac cia DPLR va banh rang.
C6 rat nhiéu tai liéu da gii thieu mat trudc
cia DPLR sau khi dugc mai lai da bi cat lem,
co ton tai do 10i Ar trén mat trudc, xem sy tdn
tai do 10i Ar nhu mét su tat nhién, xem tri sé
khong thé loai bo dugc. Tri s Ar cho
phép, ghi trong cac tiéu chuan Viét Nam
16TCVN384-85 va Lién X0 roct 9324-80E
Ién t6i hang chuc um. Mat xoan vit 1a mat kha
phtc tap nhung nganh co khi lai sir dung rat
nhiéu. Vi vay viéc xay dung ly thuyét tao hinh
dung, giai phap cong nghé thich hop dé ché
tao chinh xac cac mat xoan vit nay la rat can
thiét.
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2.1. Nguyén nhan gay sai s6

Hinh 1. Pwéng vit khai trién géc nghiéng khéac nhau
We; O; O

» M3t x0én vit c6 buéc 1a Sk.

= GOc nghiéng ¢ duong kinh trung binh 13 o.
Khi diéu chinh d4 dé mat coén lam viéc tiép
tuyén véi mat xodn vit, can phai xoay truc da
di mét gbc » tng véi goc o cua duong kinh
trung binh cua dao 12 tiép tuyén véi mit con
cua da.

= Cac duong vit khac khong thé tiép tuyén
Vi mit con cia da ma lai cit mat con cua da,
do d6 qua trinh mai s& cit lem vao mit trudc
gay ra hién tuong 16i mat truéc khi mai sic
[5].

= Mai chinh x4c mat truéc la nguyén cong
rat co ban, quan trong, anh huong quyét dinh
t6i d6 chinh xac ciia dao phay lan rang va chat
luong banh rang.

Hinh 2. Hién twong cat lem khi mai mat trwéc [2]

Hinh 3. Mat xo&n vit Acsimet

2.2. Gi¢i thiéu phwong phap nghién cwru

M3t xodn vit 1a mat khd phic tap nhung
nganh co khi lai st dung rat nhiéu. Vi vay
viéc xay dung ly thuyét tao hinh dtng dan,
giai phap cong nghé thich hop dé ché tao
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chinh xéac cac mat xodn vit nay 1a rat can thiét.
Dé dap (ng yéu cau trén can nghién cau ky ly
thuyét va cong nghé bé mat nay. Noi dung cua
phuong phéap nay nhu sau:

2.2.1. Dung phwong phép gidi tich téng
quét
= Bwéc 1. Thanh 1ap chuyén dong tuong ddi
gitta chi tiét va dung cu theo qui luat cho
trudc.

= Buwdc 2. Tim ho mit chi tiét khi cho chi tiét
chuyén dong quanh dung cu theo mot qui luat
cho truéc.

» Budc 3. Tim mat bao cua ho mat chi tiét
mat khai thay.

= Buéc 4. Tim giao tuyén cia mat bao va
mit phang chta truc dung cu s& duoc profin
dung cu.

Noi chung theo cach nay thuong rat dai, phirc
tap. Nhiéu bai toan rat khd rat gon nén kho
két luan c6 dugc hay khong mot mat bao cua
ho chi tiét da cho.

2.2.2. Phwong phép tinh truc tiép, khong
can tim phwong trinh mat khéi thay

Tir trudce toi nay, trong ly thuyét gia cong tao
hinh nhiém vu tim mat khai thuy (mat bao) la
bat buoc. Nhung trong bai bao nay dung con
duong tat 1a tinh truc tiép profin dung cu ma
khéng can tim mat khai thuy.

2.3. Giai quyét bai toan
Nhiém vu tim

= [t nhat mot mat dinh hinh tron xoay tiép
xUc vai mat MXVAV.

= Mo rong: c¢d v s6 mat gia cong duoc
MXVAV.

2.3.1. Tim dwoéng tao hinh (dwong tiép xuc)

Ly thuyét tao hinh mat xoan vit bang bé mat
khoi thuy dang tron xoay 1a ly thuyét gia cong
bao hinh khéng tam tich, theo d6 mdi diém
lan luot cua profin chi tiét duoc tao hinh chi
bang mot diém cua profin dung cu.

Hinh 4. Mat trwéc dao phay lan ring bi cat lem, c6 dd 16i sau khi mai sac lai

Pé xay dung ly thuyét gia cong bao hinh
khdng co tam tich that co ban, chinh xac dé ap
dung, ta dua vao nhitng co s¢ hinh hoc sau
day:

1. Tai mot diém bat ki ¢ bé mat tron xoay

lubn c6 mot phéap tuyén va mot mat phang tiép
tuyén. Moi phap tuyén cua mit tron xoay déu
cit truc caa no.

2. Tai mot diém bat ki cia mat xoin vit
Acsimet, bao gio ciing c6 mot phap tuyén va
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mat phang tiép tuyén.

3. MXVAV c6 théng s xoin vit p = const va
mit tron xoay chi tiép xdc véi nhau tai diém
ma hai vecto phap cta hai mat nay trung
nhau.

2.3.2. Chon hétoa dé, vi tri khao sat da mai
DPLR

Hé toa do thuan oxyz vudng goc, DPLR da
mai duoc biéu didn & hinh 5. Truc 0z = truc
dao, truc ox di qua mat truéc. DPLR c6
duong kinh ngoai, trung binh, chan 1a: D¢, D,
Di goc xoan trén Dy 1a . P4 mai co profin
dinh hinh, duong kinh 16n Dg¢. Truc da thudc
mit phang oxy, cét truc ox & toa do x = W,
hop vai truc ox mot goc 6°. Chon vi tri khao
sat nay la dé van hanh hon so voéi [7], [8], [9]
(vi khéng can quay cac duong sinh caa hinh
con phy).

2.3.3. Phwong trinh MXXVAV

Tur hinh 4 ta viét duoc phuong trinh

X =tcose
Y =tsin ¢ 1)
Z=pyp

O day: ¢ - goc quay cua duong sinh A, tinh
bang d6 hoac radian;

t — toa d6 dai cia mot diém chay trén duong
sinh A, tinh theo mm;

p =const théng sé xoan vit caa mat xoin vit
nay.

2.3.4. Phap tuyén véi MXVAV

Phuong trinh:

N=N,xN, 2)
Voi:

N;,N, : hai vecto phap tuyén véi 2 ludi

duong t va ¢, cd cac thanh phan toa do

0 0, . 0
N, = (2 =cosg;—L =sing;—2 =0
= ¢ =sing; == =0)

t t t (3)
0 .0 0
N =(=%=-tsing,—L =tcosp;—~ = p)
’ a(ﬂ a(ﬂ a(ﬂ
Thay (3) vao (2) va don gian ta co:
N = psingi—pcose.j+t, 4)

Tir (4) thay rd MXVAV la mat xoin vit khong

kha trién.

Tur day, phuong trinh duong thang phap tuyén

véi mit trude di qua diém Mo c6 dang:

X—tcosp y-tsing z-pg (5)
p.sing  — pcose t

O day: 11 = psing; mi= —pcose; n1 = t 1a cosin
chi phuong cua (5) va ox, oy, oz.

2.3.5. Phwong trinh truc da mai

X=X, _ y Z (6)

Phuong trinh : -2 ==
cosd singd O

O day: 12 = cos0; my = sind; n2= 0 la cosin chi
phuong cua (6) va ox, ot, 0z

2.3.6. Diéu kién giao nhau cda phéap tuyén
va truc da mai

Piéu kién khoang céch & gitra (5) va (6)
bang 0.

Xu =X Yu =Y Zy — %
= I m, n,
S = Iz m, n, _ A (7)
o m L B
LY m n 4 n 1
Iz m, m, n, n, Iz

Thay céc tri s6 vao biéu thac (7) mudn co
d=0tachoA=0.
tcosp—w..tsing...pp
A=|psing..—pcose..t |=0 (8)
Cos@...siné...0

Sau khi tinh ta dugc: A= at> + bt +c=0
O déy cac hé s6: a =sin (¢ - 0); b = W. sing;
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¢ =p? ¢. cos(¢p - 0). Pat A = b? - 4ac
Piéukign A>0

Nghiém chung la: t = —-W.sing + VA
2.sin(p —6)

Nghiém thich hop: t=—W-sin@+JA gy
2.sin(p—6)

(Qua kiém nghiém tri sé +~/A cho két qua
phil hop véi mién tao hinh). Tri s6 —/A cho
tri s6 d6i dién véi dinh con mai, khdng phu
hop. Biém Mo, ¢ c6 toa do o, t thoa man (9) la
diém duoc tao hinh.

2.3.7. Phwong trinh dwong tao hinh

Puong tao hinh 12 tap hop cac diém duoc tao
hinh, 12 sy t6 hop cuaa (1) va (9)

¢ ~wsin 0 +A

2sin(p—06)
X =t.cos¢
y=tsing
Z=p.@

(10)

Mién liy nghiém tham sb t: Ri <t < Re.
Tham sé ¢ lién hé vai t theo (9).
2.3.8. Kétluan 1

Tim dugc duong tao hinh (10) la co that, la
dich thir nhét cua bai toan.

2.4. Xac dinh proéfin da mai

Puong tao hinh (10) viét trong hé toa do oxyz
gan véi DPLR. Pé xac dinh toa do profin da
mai, bang phép chuyén hé toa do hai lan, ta
chuyén céc toa do X, y, z ciia duong tao hinh
(10) tir hé oxyz sang hé toa do 01x1yizi tiép
dén sang hé 02x2y222 €0 truc yaz2 = truc da mai,
nhu hinh (4) biéu thtc tinh nhu sau:

X, 0 0 1] X
y,|=|-siné@ cosd O |x|y
Z —cosfd -—sin@ 0] |z

1

Va:

1 0 0 0

X, ] X,
0 1 0 Fsing

= X

% 0 0 1 Fcoso ™

Z2 1
0 0 0 1

Khai trién ta dwoc
X, =Py
y, =t.sin(p—0) +w.sin@
z, =—tcos(¢p—6)+wcosé

(11)

Muc tiéu cua dé tai 1a profin da mai, ¢ day ta
lai gap bai todn can phai chon lya. C6 hai
phuong phép tim préfin dac trung.

2.4.1. Phuong phdp téng quét truyén théng

* Bwéc 1: Cho duong tao hinh (11) duong
cong khéng gian trong hé 02X2y2z> quay tron
quanh truc 02z; s€ tao ra mat dinh hinh tron
xoay cua da mai - 1a mat khai thuiy.

= Budéc 2: Cat mat khoi thuy bang mat phang
chira truc 02Z; giao tuyén 1a profin dic trung
cua da mai. Nhan xét phuong phap nay khong
ngan gon.

2.4.2. Phwong phép suy dién truec tiép

C6 thé suy didn nhu sau: duong tao hinh (11)

thuoc mat dinh hinh tron xoay, c6 toa do z»
don diéu, mdi toa do z2 c6 mot cap Xz, Y2 hay

mot s6 ban kinh R =./(X* +y?) xéc dinh.
Néu biéu dién quan hé R = f(zz) 1én mat
phiang, mot truc 1 R, truc kia 1a z duong
cong R = f(z2) chinh 1a profin dac trung cua
mit tron xoay (hinh 5) hé phuong trinh biéu
dién:

{zz = f(t,) = -tcos(p—t)+wcosd

R=0(%,Y,) =X + Yz

Giatrit, ¢ lay theo (10),

(12)

X2, Y2 lay theo (11).

Két luan 2: Tim duoc profin da mai (12) ma
khong can tim mat khoi thay.
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3. ’NG DUNG

3.1. Tinh toan ly thuyét

3.1.1. Sé liéu ban dau, cho trwéc (mm)

a - Dao phay lan rang [2]

Mo6dun m=5, D¢=95,9, Dx=81,902, Di=70,9
g6c xoin trén Dy; o= 30°30' chiéu cao h=2,5;
m=12. Budc x04n cuia mit truge:

T = nDwcotgw = 4206,862.

Théng sb xoan vit cua mat trudce:

p =T/ 2n = 669,543

b - ba mai c6 dang con ¢ dinh:

D¢=150, goc profin B=15° gdéc con & dinh
9 =75°

C - Vi tri ga dat ban du: dinh d4 mai tiép xdc
Vi mat trudc ¢ diém |1, thip hon diém chan
rang F mot khoang:

FI =4-5W=10,5D;i - (4 +5) + R4/sin6 ~ 108.
3.1.2. Tinh cu thé

Dung phuong phép tinh theo cach loai dan, ta
nhanh chong tim duoc mién toa do M(q,t)
theo biéu thuc (10) c6 goc ¢ tir (-1°14' dén
—1932"). Ban kinh t liy rong hon cho hop Iy va
an toan, tir 30,900 dén 51,654 twong ung Voi
ban kinh DPLR tir Ri = 35,45 dén Re = 47,95,
Két qua tinh toa d6 duong tao hinh (10),
profin d¢a mai (12) duoc ghi trong bang 1. Két
qua rat phi hop. Biéu d6 profin da mai xem
(hinh 6).

Piém 1. Xo=p.p = 669,543.(- 0,0215217)
=-14,412 (mm).

Y= t.sin(p-0)+W.sind=30,9.sin(-1,2333 -75)
+108.5in75° =74,308 (mm).

R =./(~14,412)° + 74,308 = 75,692 (mm).

Z> = -t. cos(op- 0) ~W.cos6 = 20,599 (mm).

Diém 2: X2 = p.¢ = 669,543.(- 0,0221075) =
-14,802 (mm).

Y o=t.sin(¢p-0)+W.sinf=
30,9.sin(-1,2667-75)+108.sin75°=73,020
(mm).

R =./(~14,802) + 73,0207 = 74,505 (mm).

Z> = -t. cos(¢-0)-W.cos6 = 20,303 (mm).
Diém 3: X, = p.gp = 669,543. (-0,0226893)
=-15,191 (mm).

Y2 = t.sin(p-0)+W. sin0 = 30,9.sin(-1,3-75) +
108.sin75° = 71,659 (mm).

R =./(-151912 + 71,659° = 73,251 (mm).

Z > = —t. cos(p-0)-W.cos6 = 19,990 (mm).
Diém 4: X, = p.p = 669,543. (-0,0232711)
=-15,581 (mm).

Y2 =t. sin(p-0) +W.sind = 30,9.sin(-1,33-75)
+108.sin75 = 70,205 (mm).

R =./(~15,581)2 + 70,205 = 771,913 (mm).

Z> = -t. cos(¢-0)-W.cosb = 19,657 (mm).
Diém 5: X, = p.¢ = 669,543. 0,0238528) =
-15,970 (mm).

Y 2=t.sin(p-0)+W.sin6=30,9.sin(-1,367-75) +
108.sin75 = 68,631 (mm) .

R =./(~15,970)° + 68,6312 = 70,465 (mm).

Z> = —t. cos(¢p-0)-W.cos6 = 19,296 (mm).
DPiém 6: X2 = p.o = 669,543. (-0,0244346) =
-16,360 (mm).

Y2 = t. sin(p-0) +W. sin6 = 30,9.sin(-1,4-75)
+ 108.sin75 =66,898 (mm).

R =./(~16,360) + 66,898 = 68,869 (mm).

Z> = —t. cos(¢p-0)-W.cos6 = 18,898 (mm).

Diém7: X2 = p.¢ = 669,543.(-0,0250164) =
-16,750 mm).

Y2 =t. sin(p-0) +W.sin6 = 30,9.sin(-1,433-
75)+108.sin75 = 64,942 (mm)
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R= \/ (-16,750% +64,942° = 67,067 (mm).

Z> = -t. cos(p-0)-W.cos6 = 18,450 (mm).
Diém 8: X2 = p.o = 669,543. (-0,0255982) =
-17,139 (mm).

Y2=t.sin(¢p-0)+W.sin6=30,9.sin(-1,1,466-75)
+108.5in75=62,642 (mm).

R =./(-17,139)% + 62,6422 = 64,944 (mm).

Z> = —t. cos(p-0)-W.cosO = 17,920 (mm).
DPiém 9: Xz = p.¢ = 669,543, (-0,0261799) =
-17,529 (mm).

Y2 = tsin(p-6) + W.sin® = 30,9.sin(-1,5-75)
+108.sin75 =59,684 (mm).

R= \/(—17,529)2 +59,684° = 62,205 (mm).

Z> = -t. cos(p-0)- W.coso = 117,236 (mm).
Diém 10: X, = p.p = 669,543. (-0,0267617) =
-17,198 (mm).

Y 2=t.sin(p-0)+W.sin6
30,9.sin(-1,153-75)+108.sin75 =55,020 (mm)

R =./(~17,198)? +55,020° = 57,864 (mm)
Z> = —t. cos(p-0) — W cos6 = 16,146 (mm).

3.2. Cong nghé mai mat trwéc

1. Chudn bi ban dau:

a. Stra da theo duong toa dé ¢ hinh 6.

b. Tinh B = W.sin75° = 104,320 mm; A = 0,5
De + (W — 0,5 Rq c0s15°) sin15° = 57,153 mm
¢. Quay DPLR dé mat trugc 4p mat da.

2. Tién hanh mai:

Phan nay do k§ su va cong nhan thyc hién.
Luu y khi mai da bi mon profin da phu thuoc
vao Dg nén can diéu chinh A (khoang céch
truc) cho phu hop.

Oz, x2

AN

Hinh 5. M6 hinh mai méat trwéc xo0an vit cta dao

phay lan rang

Bang 1. Toa d6 dwong tao hinh trén mat trwérc
va profin dac trwng ctia da mai

Toa d§ dwdmg tao hinh trén mit trwrge Toa dp profin dic trumg ciia d4 mai
Diém (s o™ tmm | Z,mm | Yomm | Xp;mm | R,mm | 7z, mm
1 -1°14' | -0,0215257 | 30,900 | 14412 | 74,308 | 14,412 | 75,692 | 20,599
2 -1°16' | -0,0221075 | 32,221 | 14,802 | 73,020 | 14,802 | 74,505 | 20,303
3 -1°18' | -0,0226893 | 33,617 | 15,191 | 71,659 | 15,191 | 73,251 | 19,990
4 -1920' | -0,0232711 | 35,109 | 15,581 | 70,205 | 15,581 | 71913 | 19,657
5 -1922' | -0,0238528 [ 36,724 | 15970 | 68,631 | 15970 | 70465 | 19.296
6 -1%24' | -0,0244346 | 38,502 | 16,360 | 66,898 | 16,360 | 68,869 | 18,898
7 -1926' | -0,0250164 | 40,508 | 16,750 | 64,942 | 16,750 | 67,067 | 18,450
8 <1928 | -0,0255982 | 42868 | 17,139 | 62,642 | 17,139 | 64944 | 17,920
9 -1°30' | -0,0261799 [ 45904 | 17,529 | 59,684 | 17,529 | 62,205 | 17,236
10 -1°32' | -0,0267617 | 50,694 | 17,918 | 55,020 | 17,918 | 57,864 | 16,146

20,599 1
3
4
6 b
7
8
9
16,146 |19
57,864 75,692

Hinh 6. D thj propin dic trwng cua da mai
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4. THAO LUAN KET QUA

» Pa xay dung duoc duong tao hinh (10) la
c6 that, 1a dich thtr nhat cua bai toan.

= Tim duogc profin da mai (12) dé mai chinh
X4C mat trudc xoan vit cia dao phay lan rang,
ma khdng can tim mat khai thay.

» Kha nang mai chinh xdc MXVAV la hi¢n
thuc, kha thi, ta c6 céng thuc duong tao hinh
(10), profin dung cu (12) dé st dung.

= Cac cong thtc (10), (12) co tinh van nang
rong. Khi ¢ dao, da mai thay doi, profin da
mai ciing thay ddi theo (Vo sd).

5. KET LUAN

ba xay dung cong thic toan hoc (10), (12) va
x@y dung mé hinh mai chinh xac mat trudc
DPLR (hinh 5).

» Sau khi mai, kiém tra mat trude cling co
thé khong hudng qua tam. Diéu ndy do trinh
d6 ung dung, khdng phai do Iy thuyét.

= Két qua nghién ctu gép phan vao ky thuat
tao hinh cac bé mat phac tap trong co khi -
CTM.

= Cong nghé nay loai bo duoc hién tugng cat

lem va do 16i (Ar) trén mat trudc khi mai mat
trudéc DPLR.
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