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TOM TAT

Trong néi dung bai bdo nay, trinh by cdc nghién ciru vé téi wu hdp giam toc hai cdp truc
vit — banh rdng tru véi truc vit nam dwéi theo phwong phdp phdn phoi ti sé truyén dwa theo diéu
kién dam bao dé bén déu tiép xiic cia cdc b truyén, diéu kién béi tron va thé tich nhé nhat. Két
qua nghién ciru biéu dién dang bang, do thi, cong thirc hodc phwong trinh hoi qui. Tir cdc két qua
nay, cé thé chon ti sé truyén hop 1y trong qud trinh thiét ké dam bdo khd nang lam viéc cao nhat va

it tiéu hao vt liéu nhat.
Tir khéa: Hop giam toc; Truc vit; Banh rang; Ti s6 truyén; Hai cdp.
ABSTRACT

This paper discusses the optimization design in the two stage worm - gear reducer for the
worm gear in the below position, with a focus on speed ratio, based on the conditions of equal
contact stress, oil-immersed lubrication, and minimum volume. Tables, graphs, calculations and
regresion equations are used to present research findings. Therefore, a reasonable speed ratio can
be chosen throughout the design process to achieve the best operating capacity while consuming

the minimum material mass.
Keywords: Reducers, Worm Gear; Speed Ratio; Two Stage.
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1. GIOI THIEU

Hién nay, da c6 mot ) nghién ctru trén
thé gidi vé toi uu tryc vit. Nhu cau vé hop giam
tdc (HGT) nho gon, hi¢u qua va dang tin cay
ngay cang ting, budc nha thiét ké phai sir dung
phuong phép thiét ké t6i wu. Mot s6 nghién ctru
dua ra cac két qua vé tdi uu cac gia tri théng sd
hinh hoc [1,2], ting gi4 tri hiéu suat [3], giam
ton that cong suat [4], giam thé tich va giam
tiéng 6n [5], tuy nhién sir dung nhiing cong
thirc cii va chua diy du. Viéc t6i wu hoa thiét ké
ctia bd truyén tryc vit rat phirc tap va tén nhidu
thoi gian, vi bai toan da dang s6 muc tiéu, bién
thiét ké, cac rang budc, cong thuc thyc nghié¢m,
céc biéu dd va bang biéu khac nhau.

Phén bb ti sé truyén va chon kich thudc
truc vit, banh vit d¢ tinh toan thiét ké véi muc
tiéu két cau hop 1y HGT truc vit - Banh ring
v6i truc vit ndm dudi. Viéc phan phdi ti sb
truyén trong HGT hai cép truc vit — banh ring
c6 y nghia quyét dinh dén kich thudc khuon
khd, khéi lugng, do bén cling nhu gia thanh cua
san pham. Hién nay, viéc phan phéi ti sb truyén
trong HGT hai cdp tryc vit - banh rang chi yéu
du’(rc thue hién theo d6 thi. Dua theo cac thong
s6 chon trude va ti s6 truyen chung u, cua hop,
tra d6 thi Hinh 1 dé tlm ti s6 truyén u, cua cap
nhanh, tir d6 tmh ti s6 truyén u,, cua bo truyén
béanh ring tru cAp cham theo cong thrcu, =u ..
u,,. Ngoai ra, trong tai liéu [6] HGT b,a’mh rang
- tryc vit ti sO truyén cdp banh rang cap nhanh
nén chon trong khoang u = u, = 1,0+3,15.
Trong HGT tryc vit - banh rang ti so truyén cap
banh ring chon tuong tu, nhung trong mot sb
truong hop c6 thé chon u =u, =3.Co thé sir
dung cong thirc sau dé chon ti s6 truyén cdp
banh rang tru u, = (0,03+0,06).u.

l
i

Hinh 1. HGT 2 cdp truc vit - banh rdang véi truc vit
nam dudi

2. CO SO TiNH TOAN PHAN BO TI SO
TRUYEN TOI UU

2.1. Co s6 Iy thuyét

DPéi véi cac bd truyén truc vit, banh
rang duoc boi tron tot thi tinh ton thiét ké theo
d6 bén tiép xtic. Bai toan phan phdi ti s truyén
HGT tryc vit banh rdng dam bao do bén déu
tiép xuc va diéu kién bdi tron duoc phat biéu
nhu sau:

Tim cac ti s0 truyén cac cap:

Usy (1)

Vi cac rang budc:
- Diéu kién boi tron HGT.

- Céc thong sb theo gia tri tiéu chuén:
Ti s truyén, chiéu rong vanh rang, hé s6 chiéu
rong vanh rang, hé ) duong kinh banh rang...
- Rang budc thé tich, khdi lugng nho nhét.
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Ngoai ra, tuy vao muc ti€u bai toan ma
c6 thé co6 nhiéu rang budc khac nhau.

2.2. Phuong phap phén phéi ti s6 truyén

DPdi v6i bd truyén truc vit cép nhanh:
Theo [7], khoang céach truc ctia bd truyén truc:

o[ Ef(ER) B g
" Z log]l) (q/zp)

Trong d6, q — Hé sb duong kinh truc vit;
z, - Sb rang banh vit; a — Khoang cach tryc
cua bd truyén truc vit - banh vit; T, — Momen
xodn trén truc banh vit (Nm); K, — H¢ s6 tai
trong khi tinh strc bén tiép xtic; [o,]— Ung suat
tiép xuc cho phép banh vit.

Tur (2) c6 thé xac dinh momen xoan:

3
[T,]= 1 _ P! . (q/z)loh, I (3)
5400°\1+gq/z, K,,

Thay q,, =%dw2(l+q/zz)Vél0 (3), ta co:

dz3 [Gﬂz]z (4)

T =
[7.] 8.5400%u, tany K,

V6i d, = mz, 1a duong kinh vong lan
truc vit va banh vit; u , 1a ti so truyén cta bo
truyén truc vit — banh vit va y 1a goéc nang ren

q Uuyq

Pbi véi bo truyén banh ring tru cip
cham, tng suat tiép xuc [7]:

2T, 10°.K,, (uy, +1
0'H3=ZMZHZ€\/ 10Ky (i, )s o] ()

ub d2

w34

Trong d6: Z, — He sO co tinh cta vt
li¢u banh rang; Z, — H¢ s6 hinh dang bé mat
tiép xuc; Z —Hg¢ 5O xet dén sy trang khép cua
rang; T, — "Mémen xofn trén truc banh dan;
bw Chleu rong vanh rang banh rang try; d
— Duong kinh vong lan banh dan va u, lati so
truyén cip banh ring.

Tu (5) thay d, = u,,d, co thé xac dinh
moémen xoan cho phep

‘//ba34d [O-H3]
[ 3]——2 K (6)

w3434

Véi K, —g/z 10°-(2,,Z,2,)° 1a hé s6
duong kinh banh rang theo do bén tiép xuc, K,
= 657 rang thang va K ,= 680 rang nghiéng.

Dé dam bao do bén déu [T,]= [T ], nén
tr (4) va (6), voi u ,=u/u,, u, la ti sd truyén
chung cua hdp, ta co:

u;, =4-5400° - tanyd‘; W”";“ Lo, ] Ky u - (7)
d K [ H2] H3

Cong thue (6) phu thude vao:

- Vat liéu [o,,], [o,,]-

- Hé s chiéu rong vanh ring cip banh
rang vy, .., hé s6 K.
A . d, _d
-Quanhéd,vad;: —*+>-2+4,.
2 2
Dé dam bao diéu kién boi tron ngam
dau va thé tich nho nhat, ta duoc:

\/4 5400° - tan;/l//[?;“ {GM} ];Hz u
> d HZ H3

Uy 2

2 §/4'54002 -tan y Vra2s [Gm]z K>,
Kd [O—HZ] KH3

utany

=
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3.KET QUA NGHIEN CUU VA UNG DUNG
3.1. Két qua nghién ciru

B truyén truc vit: Chon goéc nang
ren vit so b (<30% y = 10° va 28° vat liéu
lam banh vit nhom 2, dong thanh khong
thiéc va déng thau, van toc truot <5mVs,
[04,]=(276+300)—25v, = 200MPa

He sO tai trong tinhk, =K K, =11
v6i hé sb tai trong dong K, =1,1 [7] (VO’l cap
chinh x4c 7, van toc truot v, 3 7,5m/s) va hé so
tap trung tai trong K,;=~1.

Pbi voi bd truyén banh rang try: Chon
vat liéu thép C45, thuong hoa hodc toi cai thi¢n
HB=300, o, =2HB+70=670MPa, chon
s0 b [043]=0,9-04, = 603MPa

Chon K, = Ky~ = 1,01 theo[7] Chon
vi tri banh rang nam d01 xting céac 6 truc nén,
theo [7] chon trong day tiéu chuan V,.34=0,315;

Vo= 04 W, 5, =0,5.

Két qua tinh toan trinh bay nhu Bang
lva Bang 2.

Bdng 1. Két qua ti s6 truyén cdp banh rang try khiy = 10°

Ring thing Réng nghiéng
E v,.,=0315 | vy =04 V=05 |y ,=0315 | vy =04 W= 05
50 3,50 4,06 4,70 4,27 5,03 5,94
56 3,44 3,95 4,53 4,14 4,82 5,61
63 3,39 3,87 4,41 4,05 4,67 5,38
71 3,37 3,83 4,32 3,99 4,56 5,21
80 3,37 3,80 4,27 3,96 4,50 5,10
90 3,39 3,80 4,25 3,95 4,46 5,03
100 3,41 3,81 4,25 3,96 4,45 4,99
110 3,44 3,83 4,26 3,98 4,46 4,98
125 3,48 3,87 4,29 4,02 4,48 4,99
140 3,54 3,92 4,33 4,06 4,52 5,01
160 3,61 3,99 4,40 4,13 4,59 5,07
180 3,68 4,07 4,47 4,20 4,65 5,13
200 3,76 4,14 4,54 4,28 4,73 5,20
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Bdng 2. Két qua ti s6 truyén cdp banh rang try khiy = 28°

Ring thing Réng nghiéng
. W,.5.=0,315 W, .5,=0,4 V,.3=055 V,.3=0,315 V,.3=054 W, .5=0,5
50 3,58 3,96 4,37 4,10 4,56 5,04
56 3,64 4,03 4,43 4,16 4,62 5,09
63 3,72 4,10 4,51 4,24 4,69 5,16
71 3,81 4,19 4,59 4,33 4,78 5,25
80 3,90 4,29 4,69 4,43 4,88 5,35
90 4,00 4,39 4,80 4,53 4,99 5,46
100 4,10 4,50 4,91 4,64 5,09 5,57
110 4,19 4,59 5,01 4,73 5,20 5,68
125 4,32 4,73 5,15 4,88 5,35 5,83
140 4,45 4,86 5,29 5,01 5,49 5,98
160 4,60 5,03 5,47 5,18 5,67 6,17
180 4,75 5,18 5,63 5,34 5,83 6,34
200 4,88 5,33 5,79 5,49 5,99 6,51

Xay dyng do thi nhu Hinh 2, biéu hién
moi quan hé giita ti s6 truyén u, vati sd truyén
cap banh ‘réng tru cég cham u,, dé}m bao diéu
kién d6 bén déu va thé tich nho nhat.
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a) HG Ttruc vit - banh rang tru rdng thang
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b) HGT truc vit - banh rang tru rang nghiéng
Hinh 2. Phdn phoi ti so truyen khi y = 28°

3.2. Phan tich két qua bing Minitab

Phan tich két qua trén Minitab thu dugc
su phu thudc cua ti s6 truyén nhé nhat cua cap

&
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banh rang u,, va ti sO truyén chung cia HGT u, dudi dang phuong trinh hoi quy bac hai v6i kiém tra
thiéu an khép ta thu dugc nhu cac Bang 3 va Bang 4.

Bdng 3. Phuwong trinh hoi quy y = 10°

HGT L Phwong trinh hdi quy
0315 4,066 - 0,01888u + 0,000158u2 - 0,000000u>
Truc vit —bdnh ring 0.4 5,040 - 0,03103u + 0,000239u? - 0,000001u’
tru rang thang

0,5 6,206 - 0,04662u + 0,000345u2 - 0,000001u°

0315 5,392 - 0,03529u + 0,000268u? - 0000001

Tryc vit —banh rang 0,4 6,850 - 0,05594u + 0,000408u? - 0,000001u°

tru rang nghiéng

0,5 8,685 - 0,08349u + 0,000594u? - 0,000001u°

Bdng 4: Phuwong trinh héi quy y = 28°

HGT v, Phuong trinh hoi quy
0315 2,980 +0,01283 u - 0,000017w2
Trye vit =banhrang | 4 3,366 +0,01271 u - 0,000014 w2
tru rang thang

0,5 3,786 + 0,01230 u - 0,000011 w2

0315 3,504 + 0,01265 u - 0,000014 2

Truc vit —binh ring 0,4 3,974 +0,01229 u - 0,000011 w2

tru rang nghiéng

0,5 4,492 +0,01138 u - 0,000006 12
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3. KET LUAN

Bai bao di thiét 1ap duoc cong thire giai
tich dé phan phéi ti s6 truyén trong HGT hai cap
truc vit - banh riang cho trudng hop tryc vit nim
dudi - banh ring try ring thang va nghiéng két
hop ba muc ti€u: Dam bao do bén déu, boi tron
ngdm dau cho bo truyén va thé tich nho nhat.
Cong thuce (8) khong nhiing cho phép xac dinh
nhanh chong va chinh xéc ti s6 truyén clia cac
cép u,,, u,, theo ti s0 truyen chung u, , ma con tao
diéu kién thuan loi dé 1ap trinh ty dong t1nh toan
thiét ké. Bai bao da xdy dung diy ti sd truyen
t6i thiéu cua HGT truc vit - banh rang va do thi
dé tra ti sd truyén tmg voi mdi hé sb chidu rong
vanh ring. Str dung phin mém Minitab dé thu
dugc phuong trinh héi quy tmg v6i mdi hé sb
chiéu rong vanh ring tuong tmg. Két qua cua bai
bao c¢6 thé dung dé 1am co so khoa hoc trong viéc
phan phdi ti s truyén cho cac loai hop giam tdc
khac va dung lam tai li¢u tham khao khi nghién
ctru, cling nhu giang day va hoc tap, phuc vu cho
san xuét va dao tao.Trong tuong lai c6 thé két
hop thém cac tiéu chi lién quan dén hidu suat dé
mo rong bai toan tdi wru. Ngoai ra, ta con c6 thé
mo rong phuong phap tinh nay dé ap dung cho
cac HGT khac nhau.
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