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MOQT SO VAN PE VE HOT LUNG DAO PHAY LAN RANG
GIA CONG RANG BANH TRU RANG THAN KHAI

Phan Vin Nghi', Nguyén Thai Binh', Cao Thanh Long®*
YTriong Pai hoc Kj thudt Cong nghiép — BH Thai Nguyén
?Ban Khoa hoc Cong nghé & Méi triweong — PH Thdi Nguyén

TOM TAT

Bai bao nay trinh bay mot sb van dé ly thuyét va thuc té dé ché tao mat sau rang dao phay lan truc
vit ding dé gia cong rang banh ring try riang than khai. Cac phwong trinh chuyén dong tao hinh
duong cong hét lung dugc xay dung va md ta két qua theo phuwong phép giai tich. Cac van dé dong
luc hoc xay ra khi thuc hién qua trinh hét lung duoc tinh todn dua trén cac dinh luat Newton va
dinh luat bao toan dong lugng. Két qua cho thay: Viéc sir dung duong cong hét lung Archimede s&
dam bao tinh k§ thuat va tinh kinh té tinh kinh té hon so véi str dung dwong cong logarit, ¢d thé st
dung may tién hét lung chuyén ding hoic may tién CNC dé thuc hién qué trinh hét lung nay mot
cach dé dang.

Tu khéa: Qua trinh hot lung, dao phay lan rang, dwong cong hdt lung logarit, dwong cong hot
lung Archimede, may tién hot lung, may tién CNC.
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SOME ISSUES FOR THE RELIEVED CLEARANCE SURFACES OF THE HOB
TEETH USED FOR MACHINING INVOLUTE CYLINDRICAL GEARS
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ABSTRACT

This paper presents theoretical and practical issues for cutting the relieved clearance surfaces of
the hob teeth used for machining involute cylindrical gears. Equations of motion shaping the
relieved curve are constructed and described the results by analytical method. The dynamics
problems that occur when carrying out the relieved process are calculated based on Newton's laws
and the law of momentum conservation. The results show that the use of the Archimede curve will
ensure technical and economic feasibility for this process. It is possible to use a specialized turning
machine or a CNC lathe to carry out the process very simple.
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1. Pat van dé

Dao phay lan rang truc vit (sau day ki hiéu
DF- Hinh 1) dwoc sir dung rong rdi dé gia
cong banh rang theo phuong phép bao hinh.
Cit bao hinh bién dang ring 1a phuwong phap
ché tao banh rang chinh xac vi né 13p lai qua
trinh an khép gitra truc vit véi banh rang [1].
DF cho phép san xuat tit ca cac loai béanh
ring, bao gdm ca banh ring c6n va chua thé
bi thay thé trong tuong lai gan, dac biét khi
can phai ché tao banh ring hinh tru co do
chinh xac cao [2].

Hinh 1. So' d6 cdt rang bang dao phay lan rang
truc vit [2]

Hinh 2. Céc bé mat DF: T - Mdt vit khai thaiy; Rs
- Mat trudc; Cs — Mat sau va mat bén; CE — Luoi
cat [2]

Bé mat khoi thay T cua DF 1a mot bé mat
X04n vit. Rang dao dwgc hinh thanh tir mat
trudc Rs, mat sau tai dinh T va hai mat bén
Cs (xem Hinh 2). Dé tao ra ludi cat chinh la
duong thing, mat truée DF thudng cé dang
bé mat xoan vit tryc giao: (1) Bé mat vit
Archimede (7, = 0°) va (2) bé mat vit xoan
dc convolute (v, < 0° va v, > 0°). O day: v, la
goc trudc trén ludi cit tai dinh ring dao. Dé

dam bao d6 chinh xac khi ché tao ciing nhu
khi mai lai, mat trudc dang (1) dugc stir dung
v6i da s6 DF [2,3,4].

Viéc tao mat sau rang dao thuong duoc thuc
hién & cac nguyén céng hot lung vai duong
cong hét lung c6 thé la: Puong xoin
logarithm, dudng Xoin Archimede, duong
tron hoic duong thang [3, 4]. Mat hot lung 1a
bé mit thuc dé tao ra goc sau co tri s ludn
duong [5] trén rang dao. Nguyén cong hot
lung dugc thuc hién trudc khi nhiét luyén
(bang dung cu cat) va sau nhiét luyén (bang
d4a mai). Pham vi bai b4do nay chi tap trung
trinh bay qua trinh hot lung DF bang dung cu
Cit v6i cac ndi dung nhur sau:

- Muc dich va phuong trinh duong cong hat
lung logarithm;

- Phuong trinh duong cong hét lung
Archimede;

- Qua trinh dong hoc va dong huc hoc khi haot
lung theo hai duong xoén néu trén.

2. Muc dich va phuong trinh dwdong cong
hét lung logarithm

2.1 Muc dich

Viéc hét lung phai dam bao: (a) Tao ra géc
sau co tri so khong doi sau nhing 1an mai lai
dao bi mon va phul hop véi qué trinh cit; (b) tao
ra ludi cit co do chinh xac nam trong mién
dung sai cho phép cua dao; (c) hinh dang ludi
cit khong thay d6i hodc thay ddi trong pham vi
cho phép sau nhirng lan mai lai.

D& thay, vé mit ly thuyét, ludi cit CE la giao
cua ba bé mat T, Rs, and Cs. Viéc dam bao
yéu cau (b) va (c) la cuc ky quan trong ddi
v6i dao mai ciing nhu khi mai sic lai dao bj
mon. Do chinh x&c vé& hinh dang hinh hoc cua
CE s& duoc quyét dinh boi do chinh xéac hinh
hoc bé mat T, Rs va Cs. Phan tiép theo cua
bai béo chi dé cap khia canh hinh hoc cua bé
mat Cs. Vé mat hinh hoc, Cs trén DF dat
dugc do qua trinh hét lung rang dao.

2.2 Phwong trinh dwong cong hdt lung
logarithm
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DPé dam bao yéu cau (a), gin vao tdm DF hé
toa 36 doc cuc nhu Hinh 3:

M- goc gitra ban kinh véc to p vai duong
thang tiép tuyén S- S véi dudng cong hét
lung tai dinh A.

aa - goc sau la goc gitra duong thiang vudng goc
v6i ban kinh p W-W va duong thang S- S.

w S

+0 u
2n

ol

N—/
D
=~

[%2]

/

Hinh 3. So d6 xdc dinh phwong trinh dwong cong

hét lung logarithm [3,4]
Phuong trinh tong quat cua dudng cong hot
lung c6 dang: p = f(6) @

Trong (1): O - tham sb goc quay & tim, p -
ban kinh quay.

Theo giai tich co: tanp=§ 2
i = 9Q° -1 _1a

Via+pu=90 —>tanoc—tanu— > 26 3

Khi o = const hay tana = const = ¢, s€ ¢o:

1. 4d 1

;*£=c<—>;*dp=c*d9 (@)

Lay tich phan hai vé (4): Inp=c*0+C  (5)
(C = const).
+ Xéac dinh C: Khi 6 = 0°; p = R (R - ban kinh
vong tron dinh dao), thay vao (5) cé:

InR=C (6)
Thay (6) vao (5) co:

Inp=c¢.0 +InR = InR.e% (7)
B0 logarithm hai vé (7), co:

p=R.e? 8)

Nhu vay: Phuong trinh (1) thod man diéu kién
o = const cd dang (8). Day la phuong trinh
clia dudng xodn logarithm trong toa do cuc.
Theo [3, 4], cac may tién hét lung truyén
thong khong str dung duong nay, vi:
+ Ung v6i mot dao phay hét lung phai c6 mot
cam hét lung (p phu thude ca 0 va R) didu
nay khong thé chap nhan vé tinh kinh té.
+ Phuong trinh (8) la phuong trinh ham md,
do @6 dé ché tao duong cong nay may phai co
mot gia toc nao d6, didu nay khong phu hop
v6i cac may hdt lung truyén thong.
+ Tuy nhién, v&i cac may tién hodc may mai
CNC, viéc lap trinh dé tao ra chuyén dong hot
lung theo ham mii 1a didu hoan toan cé thé.
Thuec tién, trong nganh ché tao DF, nguoi ta
¢6 can sir dung dudng cong logarithm theo
phuong trinh (8) hay khong 1a mdt cau héi s€
duoc tra 101 trong phan 4 ctia bai bao nay.
3. Phwong trinh dwong cong hét lung
archimede
3.1 Puwong cong hat lung Archimede
D& thidy: Phuong trinh duong xoan
Archimede trong toa do cuc c6 dang:
p=a.o €)]
Trong (9):
- a — Hé s dic tinh caa duong xoan. Theo
S o :
[5]: a = —; S - Bud6c cua duong xoan
27

Archimede.
- 0: Goc quay (rad).
Phuong trinh duong xodn Archimede qua
dinh rang dao c6 dang:

p=R- i -0 (10)

27

Khi tién, duong xoin Archimede dugc tao bai
su phdi hop cua hai chuyén dong quay déu
(theo truc DF can hét lung) va tinh tién déu
(ctia dao tién hét lung).
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Hinh 4. Quy dao chuyén dgng cat khi ti¢n 3 vong
360 ° cua mgt xoan oc Archimede [6]

Theo (3) va (10), cé:
1d 1S
tano= —- b =_= >
p do p 27
DAu (-) chi ham nghich bién, vé& gia tri:
tana = 1.5 (11)
p 2

+ Xdc dinh sai s6 géc sau khi DF c6 lwong

hot lung K:

D2 thdy, budc cua dudng xoan Archimede:
S=K.Z (12)

Trong (12):

- K- Luqn’g hét lung cta dao (lwgng ndng cua

duong xoan tng véi 1 rang dao);

- Z - s6 rang cuia dao phay.

Thay (12) vao (11) co:

K.Z
tano = —— (13)
p.2T
Tir cdng thuc (13), d& thay:
- K= ? tana (14)

Theo [2, 3, 4], v6i DF ¢6 m6é dun m = 10 thi
R =80 mm; Z=16 va a = 10° tir (14) s& co:
K=55 mm.

- Khi p = R (ban kinh vong dinh rang dao, tac
Ia dao tién bat dau qua trinh hét lung tai diém

M trén Hinh 5) c6: tanay = 5 - (15)

- Khi p = R - k (k — lugng hét lung ung vei
diém N trén Hinh 5, diém ket thdc qua trinh
hot lung trén dinh rang dao) co:

KZ
2m(R-k)

(16)

tanay =

1

odly/

Hinh 5. So d@6 qua trinh hét lung DF: Mat | —vi
tri bat a"du cua dao tién hot lung; mat 1l — dgo hot
lung tiep XUc VSi dinh rang DF; mat 111 — ket thic

qua trinh hét lung chdn rang,; mat IV — vj tri ket
thiic lwong virot qua. Cac goc: A — Goc hdt lung;

C — Goc lui dao hédt lung; € — GOc giira hai rang
DF; ¢, — Géc an t6i; ¢, — Goc vuot qua; 9 — Géc

ranh rang DF; u — Goc vat lung rang DF [3]
- L4y (15) chia cho (16) c¢:
tomom — -2 (17)
tanay R
Véi truong hop cu thé DF néu & trén, lay k =
0,5*K hay k = 2,75mm. Suy ra: tana, =
0,965625 * tana,. Tuc la géc sau co6 gia tri
tang khoang 20’ tir mat trude dén vi tri két
thic qud trinh hot lung (diém N). Mat khac,
theo [3, 4], dé dam bao suc bén ring dao nén
rang dao chi dugc mai lai nén bé rong cung
~ 1/2 MN. Do d6, sai sb goc sau s& giam con
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khoang 10°, tirc 1a gan 1,7 %. Khi nay c6 thé
Coiay = ay.

Do d6, hinh dang ring dao it thay d6i khi do
chinh xac goc trude da duoc dam bao boi qua
trinh mai sac hay mai lai. Vi vay, trong nganh
ché tao dung cu cit st dung dudng xoin
Archimede 1a duong cong hot lung thuc té.

3.2 Mgt s6 phwong phdp co ban hot lung DF

\Y v
3 A4

}

ALY LA

VARR

A

."l

Hinh 6. Mét sé phwong phdp co ban dé thyc hién
qué trinh hét lung rang DF [2]
Pé thyc hién qua trinh hét lung can cac
chuyén dong sau (Hinh 6): Chuyén dong quay
déu cua DF vai van toc w,; chuyén dong tinh
tién khar hoi véi qui luat vao cham va déu véi
van téc Vre, khi Iui ra dao hét lung duoc
chuyén dong theo chiéu nguogc lai rat nhanh
(vi géc C << géc A, xem Hinh 5) va chuyén
dong tinh tién doc truc dao phay vai van téc
Vsc (phai co lién dong vai w, dé pha hop véi
buéec vit doc truc DF).
C6 04 phuong phap co ban dé hot lung rang
dao bang cit [2]:
+ Phuong phap I: Hot lung hudéng kinh hai
mat bén ranh rang va mat dinh rang DF;
+ Phuong phap II: Hot lung hudng kinh hai mat
bén cua cung mét ring va mat dinh rang DF;

+ Phuong phap III: Hét lung hudng kinh -
Xién tirng mat bén rang va mat dinh rang DF;
+ Phuong phap IV: H6t lung chiéu truc
teng mat bén cua cung mot rang va mat
dinh rang DF.

Trong d6, phuong phap I va II hay dugc st
dung nhat. Thém nita, tly thudc vao thong sé
DF (mé dun, s ring dao, duong kinh vong
dinh, do chinh xac), cac ky su cong nghé sé
quyét chon phwong phdp nao trong 04
phuong phap trén hoac chia tach thém céac
phuong phéap khac, ching han: Chia phuong
phap | (hoac II) thanh 03 budc riéng ré ( 2
budc cho hai mat bén va 1 budc cho hét lung
dinh rang).

4. Qua trinh dong hoc va dong luc hoc khi
hét lung
4.1 Khi
Archimede

Tur (10 va 12) c6:

+ Van tc chuyén dong va gia toc dao hdt lung:
KZ .

Vare = — o va agrc =0 (18)

hét Ilwng theo dwong xodn

+ Luc quan tinh tac dong 1én cum chay dao
huéng kinh vao tdm dung cu (dao hodc da
mai): F,=0 (19)
+ péng nang cua cum ga dao (da mai) tai thoi
dieém ket thuc qua trinh hét lung:

1
Ey = 2 m(VArc)2 5 m (- _)2 (20)
Hay:
Efl:#m*}’(’Z*Z2 (21)
Trong (21): m — Khéi luong ban dao huéng
kinh, gdbm ca khoi lugng dung cat va d6 ga
keém theo.
4.2 Khi hét lung theo dwong xodn logarithm
T (8) c6:
+ Van toc dao hét lung:

Viye =R*cx e (22)
+ Gia toc dao hét lung:
ape = R*c?x e (23)

+ Luc quan tinh tac dong Ién truc vit me chay
dao ngang khi thuc hién qué trinh hét lung:

Fch =m>* Arre (24)
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Thay (23) vao (24) co:

Fipc= m*Rx*c?x e (25)
+ Tur (22), dong nang cta dai mang dao (da mai):
E e = % m* R%xc? x 29 (26)
+ Hang s6 ¢: T (8) co:

Inc2
c=—® (27)

Thay gié tri cta ¢ trong cong thac (27) vao
(25) nhan duoc tri s6 luc quan tinh tac dong
Ién hé thong (va do do, dén vit me chay dao
ngang) cua may CNC:

In7° [
FLe = m* R* [%] * eln(R) hay

2
In(%)
2| 8)

Fue= m*p = [

Thay (27) vao (26) nhan dugc dong nang tai
thoi diém két thic qua trinh hét lung (vi tri
g véi mit cat 1V — Hinh 5):

In(7° P
Epre = %m* R? % [%] « e2® hay

2
Epe = % m * p2 * [lnéﬁ)]
Trong (28, 29):

m — Khéi lugng bd phan chuxén dong chay
dao ngang, gom ca dao (hoac gom da mai, do
ga va dong co dién quay da) hot lung, kg;

R — Ban kinh dinh dao, mét;

p - Ban kinh dinh dao trong qua trinh hot
lung, &ng véi goc A, Hinh 5, mét;

0 — G6c & thm chin cung hot lung, rad.

5. Két qua va thao luan

5.1 Két qud

(1) Phuor}g trinh duwong cong hot lung theo
duong xoan logarithm dugc mo ta theo (8);

(29)

(2) Phuong trinh duong cong hédt lung theo
duong xoian Archimede dugc mé ta theo (10);
(3) Khi thuyc hién qua trinh hét lung theo
duong xoin Archimede, tri sé goc sau trén
mit dinh rang DF thay déi va duoc tinh theo
cong thuc (17);

(4) Luc quan tinh tac d{)ng vao cum ban mang
dung cu hét lung, ¢6 tri SO:

- Fac = 0 khi hét lung theo duong X04n
Archimede;

- FL.c.— Duoc tinh theo cong thire (28) khi hét
lung theo dwong xoan logarithm.

(5) bong nang phat sinh khi hot lung c6 gia tri:

- Epre thep cbng thuc (21) khi hét lung theo
duong xoan Archimede;

- Ep e the’o cbng thac (29) khi hét lung theo
duong xoan logarithm.

5.2 Thdo lugn

+ Co cau chay dao hudng kinh khdng chiu tac
dong cua luc quan tinh khi hét lung theo
duong xoian Archimede.

+ Co ciu nay s& chiu tac chiu tac dong cua
lyc quan tinh khi hét lung theo dudng xoan
logarithm. D6 I6n cua luc nay ti 1€ thuan véi
khdi luong co ciu (m), sb ring dao; ti 1&
nghich véi tri s6 hot lung (K) va duong kinh
ngoai cua DF.

+ Gia tri dong nang khi hét lung theo duong
xoan logarithm so véi khi hét lung theo
duong xoan Archimede cho mét DF c6 thong
so két cau giong nhau, khi nay sé la:

2

p
L

Ej, 2

— = -1 ., hay

Eprc 2 m*K?2+Z?

p

am?s pz*[ n(g)

Epre — 6 (30)

Egrc K272

Véi DF ¢c6 m =10: R = 80, Z = 16, K = 5,5,
gan ding ldy p =R —Kva 6 = =, (30) s
cé gia tri:

2
Bure - M ~ 138,5 (I2n)
Egrc K
No6i cach khac, dong ning khi két thic qua
trinh hét lung theo dudng xoin logarithm véi
DF vi du trong bai bao nay 16n gip hon 138,5
lan khi so voi hét lung theo dwdong xoén
Archimede. Theo dinh luat bao toan va
chuyén hoa niang luong: Toan bo dong ning
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nay s& chuyén hoa thanh ning luong gy ra
luc tac dong rat lon va gay ra chuyén dong co
ciu chay dao ngang khong theo tinh toan. Noi
dung véan dé nay s& duoc trinh bay trong noi
dung bai bao tiép theo cua nhom tac gia.

6. Két luan

1. Viéc thyuc hién qué trinh hot lung dao phay
lan ring theo theo dwong xoan logarithm vé
mat ly thuyét s& cho goc sau trén lung dao
phay khéng doi. Tuy nhién, quéa trinh nay
khong kha thi vé mat dong luc hoc khi thuc
hién trén cac may tién CNC do phat sinh dong
ning hot lung qua 16n néu so sanh vai dong
nang phat sinh khi hét lung theo duong cong
hét lung Archimede.

2. Quéa trinh hét lung theo duong xodn
Archimede c6 thé thuc hién trén cac may tién
hot lung chuyén dung c6 su dung cam hét
lung hodc trén cac may tién CNC khi biét gia
tri ban kinh vong dinh dao phay (R) va goc
sau can tao ra. Sau do, dua theo cac phuong
trinh (10, 11, 12) hoan toan thiét lap duoc
chuong trinh tién hét lung trén cac may/trung
tam tien CNC mot cach dé dang.

3. Can c6 nghién ctu tiép theo xac dinh su
chuyén héa dong niang khi thuc hién qué trinh
hot lung va tac dong cua hrc quén tinh (néu
c6) dén céc bo phan truyén chuyén dong chay
dao ngang cho dao ti¢n hot lung.

4. Van d& dong hoc tao hinh khi hét lung theo
duong xoin logarithm ciing can thiét duoc
nghién ctru thém va day di hon.
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