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NGHIEN CUU PHAN PHOI TY SO TRUYEN CUA HOP GIAM TOC
NHAM DAM BAO TIET DIEN NGANG CUA HOP LA NHO NHAT

THE DISTRIBUTION OF GEAR RATIO OF GEAR-BOXES TO GUARANTEE

THE MINIMAL CROSS SECTION OF THE BOX

TOM TAT

Bai bao trinh bay viéc phan phdi ty s6 truyén cho hp gidm toc banh rang tru
hai cdp nham dam béo tiét dién ngang cla than hdp la nho nhat. Dua trén viéc
ké thira cac nghién ciiu trén thé gidi, nhom da tién hanh thuc hién véi ba muoi
hai thi nghiém dé xdy dung cong thiic tinh ty s6 truyén cdp nhanh (u,) theo cic
thong s6 cta hdp giam toc. Sau thdng s clia hop giam toc dugc dé cap dén trong
m6i quan hé nay gom ty so truyén chung cla hdp, hé s6 chiéu rong banh rang
cdp 1, hé s6 chiéu rong banh rang cap 2, ting sudt cho phép cla vat liéu ché tao
banh rang cap 1, ting sudt cho phép cla vat liéu ché tao banh rang cap 2 va mo
men xoan dau ra trén truc cong téc. Sau khi xdy dung dugc cong thic tinh u,, viée
thiét ké hop giam toc theo hai phuong an da dugc thuc hién, trong do mot theo
phuang phap phan phoi ty so truyén truyén thong, va mgt theo phuang phap
phén phdi ty so truyén da dugc dé xudt, ket qua cho thy, hop giam tdc dugc
thiét ké theo phuong phap phan phdi ty so truyén dugc dé xuat co tiét dién
ngang gidm dugc 5,6% so véi phuang phap thong thudng.

Tirkhoa: Hop gidm tdc, ty s6 truyén, tiét dién ngang cda hdp gidm tdc.

ABSTRACT

This paper presents the distribution of gear ratios for two-stage helical gear
reducers to ensure the minimum cross-section of the box body. Based on the
inheritance of researches in the world, the group conducted thirty-two
experiments to build the formula for calculating the fast gear ratio (u,) according
to the parameters of the reducer. The six parameters of the reducer are
mentioned in this relationship, including the overall gear ratio of the box, the 1st
gear width factor, the 2nd gear width factor, the allowable stress of the
processing material for the production of the first gear, the allowable stress of
the material of the second gear, and the output torque on the impeller. After
building the formula for calculating u,, the design of the reducer box according
to two options was carried out, in which one was according to the traditional
ratio distribution method, and the other according to the transmission ratio
distribution method. The results show that the gear box designed according to
the proposed transmission ratio distribution method has a cross-sectional area
reduced by 5.6% compared to the conventional method.

Keywords: Gear-box, gear ratio, gearbox cross section.
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1.GIGI THIEU

Hop giam toc 1a mot bé phan quan trong cé mat trong
hau hét cac loai may méc. Bung nhu tén goi cia nd, hop co
tadc dung lam giam t6c d6 tur truc ddng co dén truc cong tac
thong qua cac bo truyén (banh rang - banh rang, truc vit -
banh vit,...). Ngoai ra, hop giam toc con cé tac dung lam
tdng mo men xo0an dau ra trén truc cdng tac dé€ ddm nhiém
nhiing vai trd nhat dinh [1]. Viéc phan phdi ty s6 truyén
trong hdp giam t6c c6 anh hudng nhiéu dén cac théng sé
cta hop, nhu khéi lugng ctia hép, mic d6 rung dong trong
qua trinh lam viéc, chi phi vat liéu ché tao hop,.v.v. Viéc
nghién ctu phan phéi ty s6 truyén cta hop gidm téc dé
dam bao mét chi tiéu nao dé da gianh dugc su quan tam
cta cac Nha khoa hoc trén thé gidi trong thai gian gan day,
nhu: dé ddm bao hop gidm t6c c6 khéi lugng nhé nhat [2],
dé dam bdo chi phi vat liéu ché tao hop la it nhat [3], d&
dam bao két cdu vd hdp l1a hgp ly nhat [4], dé dam bao diéu
kién boi tron la t6t nhat [5-8],...

Trong bai bdo nay nhém tac gid thuc hién nghién clu
phan phéi ty s6 truyén cta hop giam téc nham dam bao
tiét dién ngang cla hop la nhé nhat. Cac phan ti€p theo
cUa bai bdo gém: xay dung cong thdc phan phdi ty sé
truyén nham dam bao tiét dién ngang ctia hép la nhoé nhat,
thiét ké hop giam t6c theo hai phuong an phan phéi ty sé
truyén, danh gia hiéu qua cuta viéc phan phdi ty s6 truyén
trong nghién ctiu nay, nhiing két luan dugc rat ra va dinh
hudng cho cac nghién ciu tiép theo.

2. PHAN PHOI TY SO TRUYEN NHAM PAM BAO TIET
DIEN NGANG CUA HOP LA NHO NHAT
2.1. Cac méi quan hé hinh hoc

Trong hinh 1 la so dé tié€t dién ngang ctia hop giam toc

banh rang tru hai cap.

Tu hinh 1, dién tich mat cat ngang ctia hép giam toc cé
thé dugc tinh nhu sau:

A=Lh (M
Véi L 1a chiéu dai I6n nhat:
L=d1/2 + a,+ ay, + dyp0/2 (2)
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aw, aw,

<

dw,, dw22

Hinh 1. Hop gidm tdc banh réng tru 2 cdp
Va h la chiéu cao I6n nhat:
h = max(d,,,;, dy2) (3)
Trong d6: d,;;, dy1ar dyay tUONg Ung la dudng kinh cla
banh rang cht ddng, banh bi dong cdp nhanh, va banh bi
dong cap cham.

dyi1=2.a,,/(u;+1) (4)

d,=2.a,. U/(u; +1) (5)

dy2o=2.2,,. U/ (U+1) (6)
Trong dé:

u,, U, tuong Ung la ty so truyén cla cac bo truyén banh
rang cap nhanh va cap cham.
Goi u, la ty s6 truyén ctia hop gidm toc, co:

u, = u,/u, (7)
Tu (2), (3), (4), (5) va (6) ta co:

L=f(ay;, @y Uy, Ug) (8)

h=f(ay, aw Uy, Ug) 9)
Tiét dién ngang cla hép nho nhat:

A, =Lh (10)

Tuy nhién, ty s6 truyén hop giam téc cling bi rang budc

theo diéu kién lam viéc va kich thudc:
5<u,<30 (11)

Tu (8), (9) va (10), ré rang la dé gidi dugc bai toan téi uu,
can phai xac dinh khoang cach truc ctia bac thi nhat a,,;, va
bac thu hai a,,.

* Khodng cach truc cta cdp banh riang cap nhanh

a,,; dugc xac dinh theo cong thic:

3 T11.kpp
ayy = K. (ug + 1). ’— (12)
vt @ [on]% U1 Ppaz

Trong do:
Kip: hé s6 tai trong tiép xdc. Kz = 1,02 + 1.28. Chon
KHB = 1,1 .
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[oyl: Ung suat tiép xuic cho phép. [oy] = 350 + 410MPa.

k,: hé sé vat liéu. Véi vat lieu thép k, = 43.

Wpa1: hé s6 bé rong banh rang. W,,; = 0,3 + 0,35.

T,;: momen xo0an trén truc banh rang chu déng cap
nhanh.

Tout = Ta1. H}21g- Npe- Ug (13)

Npg: hiéu sudt bo truyén banh rang (n,, = 0,96 +

0,98)

— Npe: hiéu suat 1 cap 6 lan (n,, = 0.99 + 0.995)

Chon 1,4= 0,97; 1pe = 0,992

Tout

Tll = 1,0887. (14)
Ug

Thay cac gid tri vao (12) ta xac dinh khodng cach truc:

Ay = 45,6634 (u; + 1), | — Tour (15)
[GH] -Ug- ug- @Pba1
* Khoadng cach truc ciia cap banh riang cap cham
a,,, dugc xac dinh theo cong thuc:
3 Ty kHB
a =K.u+1.’— (16)
w2 = (U ) [ou]% Uz Ppaz
Trong d6:
Tout = T12' Nhg- rl%e' u; (17)
Chon 1,5= 0,97; 1, = 0,992
T,
T,, = 1,0476. 2 (18)
Uz
Chon Kyg=1.1;K,=43 thay vao (16):
3 Tout
awz = 35,7812.(up + 1). [————r— (19)
" ’ / [on]2. u3. Paz
Cuéi cung ta dugc:
LH=[ay,/(u;+1) + ay,+ ay, +ay,. up/(uy+1)] 20)

X 2.8y, Uy/(uy+1)

St dung nhiing céng thic trén dé tinh u theo cac gia tri
cta Ugr Poar, Poazs [Oils [O1], Va Ty
2.2. Thuc nghiém xay dung céng thiic phan phéi ty sé
truyén

Trong bang 1 trinh bay gia tri clia cac thong sé dau vao
cho qua trinh thi nghiém.

Bang 1. Cac thong so dau vao

Ky Pon | Miic Murc

Thong s0 hiéu vi | thdp | cao
Ty 56 truyén chung clia hop U, - 5 30
H@ s chiéu rong bénh rang cdp 1 Ppa1 - 03 035
Hé s banh rong banh ring cap 2 Opaz - 0,35 0,4

Ung su4t cho phép cip nhanh
(ing suét cho phép cham

[o,,] | MPa | 350 | 410
[o,] | MPa | 350 | 410

M@ men xoan truc ra T, | Nmm | 10° 107
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Ma tran thi nghiém dugc xay dung gém 32 thi nghiém
nhu trong bang 2. S dung cac cong thiic trong muc (2.1)
dé tinh gia tri u, cho tiing thi nghiém, két qua ciing da dugc
téng hop trong bang 2.

Bang 2. Ma tran thi nghiém va két qua

Tout
(Nm) t

5050000 | 5,45
5050000 | 5,42
10000000 | 5,6
100000 | 2,45
5050000 | 2,4
100000 | 54
5050000 | 8,34

OH1 OH2
(MPa) | (MPa)
175 03 04 380 350
17,5 | 0325 | 0,375 380 380
17,51 0325 | 035 410 380
5 0325 | 035 380 380
03 0,375 350 380
175 035 | 0375 380 410
30 | 035 | 0375 410 380

-
—

U, | Ppa1 | Pba2

Wl (V|| |w|iN (—
o

3. THIET KE HOP GIAM TOC THEO HAI PHUONG PHAP
PHAN PHOI TY SO TRUYEN
3.1. Théng sé dau vao cia qua trinh thiét ké

Thong s6 dau vao clia qua trinh thiét ké hop giam toc
dugc tham khado & phiéu giao dé tai thiét ké d6 an chi tiét
may nhu sau: uy = 10,23; @pq1= 0,3; @pe2= 0,35; oy = 410;
iy =410; T, = 1108804Nmm.

3.2. Thiét ké hép giam téc

Trinh tu thiét ké hop gidam téc da dugc trinh bay chi tiét
trong [6].

Su khac biét ctia hai hép t6c d6 dugc thiét ké chi khac
nhau & viéc phan phéi ty s6 truyén. V6i u, = 10,23, viéc
phan phai ty s6 truyén theo hai phuong phap cho két qua
nhu trong bang 3.

Bang 3. Phan phoi ty sd truyén theo hai phuong phap

175 ] 035 | 0375 | 38 | 350 | 10000000 | 574

17,51 035 | 0375 | 380 410 | 10000000 | 54 Phuang phap phan phdi ty so truyén u, U U
10 [175] 0325 | 04 | 410 | 380 | 10000000 | 557 Phuong phap truyén théng 389 | 337
my| 5 0325 | 035 380 380 10000000 | 2,45 Phuong phap dugc dé xudt trong nghién ciunay | 2,63 | 3,03 b
121 5 | 0325 | 0375 | 410 410 5050000 | 2,45 Sau khi thiét ké hép gidam téc theo hai phuang phap
13| 30 | 0325 | 0375 | 350 | 350 | soso000 | 7,85 | Phan phoity s6 truyén véi ddy di cac phep kiém nghiém

vé db bén tiép xuc, d6 bén uén, tinh chon 06 bi, v.v., da xac
1411751 03 0375 | 380 350 | 10000000 | 5.6 dinh dugc mot s6 thong s6 co ban ctia hdp giam téc nhu
1511751 0325 | 04 | 410 | 380 100000 | 554 | trong bang 4.
16 | 30 | 0325 | 0375 | 410 350 5050000 | 84 Bang 4. Mot s0 thong s6 co bén clia hdp giam toc
171 30 | 0325 | 04 | 380 | 380 | 10000000 | 94 Theo | Theo
18 | 17,5 | 0325 | 035 | 350 | 380 | 10000000 | 537 phuong | phuong
191 30 | 035 | 0375 | 350 | 38 | 5050000 | 7,6 m Théng s6 Ky hiéu phip | phap
20175] 035 | 04 | 380 | 410 | 5050000 | 525 truyén | dugcdé
2175 0325 | 04 | 35 | 380 | 10000000 | 525 thong | xuit
2175 03 | 035 | 380 350 5050000 | 5,65 1 [Buong kinh banh - chi d 799) 8045
B 5 | 0325 | 0375 | 410 | 350 | 5050000 | 26 dong (mm) " ' '
24117510325 | 04 | 350 | 380 100000 | 5,22 , (Butng kinh banh bi 0., 34847 | 34555
5 175] 0325 | 035 | 410 | 380 100000 | 5,71 dang cap cham (mm)
26| 5 | 0325 | 04 | 38 | 380 | 100000 | 24 3 |Khodng cich truc cda banh - 195 175
7] 30 | 03 | 0375 | 410 | 380 | s0s0000 | 78 rang cap thif nhdt {mm)
28130 | 03 | 0375 [ 350 | 380 | 5050000 | 7.4 4 | Khodng céch truc cdia banh 2 240 130
29| 30 | 0325 | 0375 | 350 | 410 | 5050000 | 72 rang cap thifhai (mm) -
30 175 035 | 0375 | 380 | 350 100000 | 5,74 5 |chidu dailnnhat (mm) | [ = w1t 4 .+ ay, + w2z
31175 0325 | 0375 | 380 | 380 | 5050000 | 545 2 2
2] 5 | 03 | 0375 | 410 | 38 | 5050000 | 2,48 6_| Chiéu caoI6n nhat (mm) h=max(dy,,, dw,,)
Phan mém Minitab 16 da dugc st dung dé phan tich s6 7_|Tiét dién ngang (mm’) A=Lh

lieu trong bang 2, ta nhan dugc phuong trinh biéu dién
moi quan hé gilta u, véi cac thong s6 dau vao nhu trong
(21). Phuong trinh nay cé d6 chinh xac 97,17%.

u, =-1,60220 + 0,219252.u, + 6,20918.0p01
+3,23575.90 45+ 0,00695.5;,; — 0,00767.045
+2,54.1078T

Céng thuc (21) chinh 1a cong thic dé phan phéi ty sé
truyén nham dam bao tiét dién ngang cdia hép la nhé nhat.

(21)

Theo s6 liéu trong bang 4, tiét dién ngang (A) cta hép
gidm toc dugc thiét ké theo phuang phap phan phdi ty s6
truyén thong thudng (phuong phap truyén théng) va theo
phuang phap phan phéi ty sé truyén dugc dé xuat trong
nghién clu nay cé gia tri tuong Ung la 226225 (mm?) va
213550 (mm?). Nhu vay tiét dién A cta hop giam téc khi
thiét ké theo phuang phap phan phéi ty sé truyén dugc dé
xudt gidm dugc 5.6% so véi khi thiét ké theo phuang phap
phan phdi ty s6 truyén thong thudng.
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4.KET LUAN

Trén co s ké thira nhiing nghién clu dugc cong bé boi
cac nha khoa hoc trén thé gigi trong nhitng nam gan day,
nghién ctru nay da xay dung dugc cdng thiic phan phai ty
sO truyén cho hop giam téc banh rang hai cdp nham dam
bao tiét dién ngang cta hép la nhé nhat. Két qua da duoc
ching minh rang hop giam téc dugc thiét ké theo phuang
phéap phan phoi ty s6 truyén dugc dé xuat trong nghién
clru nay co tiét dién ngang giam dugc 5,6% so véi hop giam
téc dugc thiét ké theo phuong phap phan phai ty sé truyén
théng thudng.

Viéc nghién ctu phan phdi ty s6 truyén dé dam bao
déng thai nhiéu chi tiéu nhu tiét dién ngang nhé nhat, khoi
lugng nhe nhat, chi phi vat liéu ché tao it nhat,... la dinh
hudéng cho cac nghién clu trong tuong lai.
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