HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Phan bb ti s6 truyén dam bao d§ bén déu tiép xic va bdi tron
hé thong truyén dong banh rang

Distributing transmission ratio to ensure regular contact resistance
and lubrication ofMulti-Stage Gear Train

Nguyén Hitu Loc

Trieong Dai hoc Bach Khoa, PHOG-HCM
Email: nhloc@hcmut.edu.vn

Tel: +84-2838654535; Mobile: 0913603264

Tém tit

Tir khoa:

Bo truyén banh rang; Do bén déu;
bicu kién boéi tron; Chicu rong vanh
rang.

Phan phéi ty s6 truyén va chon chiéu rong vanh rang... cac cap banh
rang trong hop giam téc (HGT), hop toc do (HTD)... cém phai thoa
man cac diéu kién: kich thude bao, diéu kién boi tron, do bén déu
gilra cac c@p banh rang, két cau vo hop hop ly, thuén tién dé b tri cac
chi tlet may trong vo hop. Khong thé dua ra phuong phép phan phdi
ty sO truyén thoa min tat ca diéu kién trén. Trong bai bao nay ching
t61 trinh bay phuong phap phan ph01 ty s6 truyen trong HGT, toc dé
thoa man diéu kién boi tron va do bén déu tat ca cac cap, tuy nhién
chi 1a chon so bo, trong qué trinh tinh toan can phai hiéu chinh...ing
dung khi thiét ké cac HGT nhiéu cp banh rang try, HTD. ..

Abstract

Keywords:
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The distribution of gear ratio and selection of gear width, pair of
gears in multi-stage gearboxes, gearboxes etc. needs tomeet the
following requirements: size of gear reducer housing, lubricating
condition, regular contact resistance between gears, appropriate and
convenient housing structure for thelayout of details within the
housing etc.Practically, there is no distribution of transmission ratio
satisfying all of the aforementioned requirements. In this paper, we
present the distribution of transmission of multi-stage gear train
ensuringregular contact resistance and lubrication at all level, but this
is only preliminary selection.There are still adjustment and
application to be done while designing and optimizing multi-stage
gearboxesandgearboxes.

Ngay nhan bai: 03/07/2018
Ngay nhan bai stra: 03/9/2018
Ngay chap nhan ding: 15/9/2018

1. GIOI THIEU

Phan bb ti s6 truyén (hinh 1) va chon chiéu rong vanh ring dé tinh toan thiét ké voi muc
tiéu két cau hop ly h¢ thong banh rang can phai thoa man céac diéu kién: kich thude bao, dicu
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kién boi tron, d0 bén déu gifra cac cap banh rang, két cAu vo hop hop 1y, thuan tién dé b tri cac
chi tiét may trong vo hop...[6]. Trong thyc té khac véi kién thirc da hoc trong nha truong do cac
HGT va HTD duoc san xuat hang loat nén cac doanh nghiép dau tu kinh phi va thoi gian cho
thiét ké véi muc tiéu giam gia thanh, nang cao chét lugng, kich thudc nho gon... nén day la bai
toan toi vu da muyc tiéu. Ngoai ra, co s& tinh toan nay giup cho sinh vién va cac k§ su thiét ké cac
bo truyén banh ring trong qua trinh hoc tap ciing nhu k¥ su trong qua trinh thiét ké. ..
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Hinh 1. Phén b6 ti s truyén h¢ théng truyén dong banh rang [6]

Tinh toan banh ring thyc hién theo nhiéu phwong phap tinh khac nhau nhu hinh 2:

ANSI/AGMA 2001-D04:2005, Legacy ANSI, Bach (Simple design), Merrit (complex design),
ISO 6336-2:2006, DIN 3990:1988 [1]. Trong ndi dung bai bdo nay su dung ISO 6336-2:2006

phién ban cap nhat méi nhét ciia ISO 6336-2:1996 dé tinh toan.

Method of Strength Calculation

ISO 6336:1996
ANSI/AGMA 2001-D04:2005
Legacy ANSI

Bach (simple design)
Merrit (complex design)
150 6336:1996

DIN 3990:1988

CSN 01 4686:1988
Hinh 2. Cac phuong phap tinh banh rang trén Autodesk Inventor

Ham muc tiéu cho cac bai toan téi wu HGT (mot - hai - ba cép banh rang tru hodc con) lién

quan dén [4-12]:
1) Téng khoang cach truc nho nhat;
2) Khi lwong HGT nho nhét;
3) Do bén déu tng sudt tiép xuc va udn. ..
Ngoai cac muc tiéu ti wu trén ddi voi cic HGT nhiéu cap con c6 cac muc tiéu sau:

4) M6 men quan tinh tuong dwong hé thong 1 nho nhat Ip);
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5) Sai s6 goc nhé nhét (AY);
6) Hi€u suat l6n nhat (n).

Ngoai ra bai toan ket hop cac myc ti€u trén goi 1a bai toan da myc tiéu. Cac thong so cho
trude khi giai bai toan t6i uu 1a: sb vong quay truc dau vao va ra,, ti sO truyen chung HGT, s cap
hé thong banh rang... Trong bai bdo nay muc tiéu 1a do bén déu ting suat tiép xic va bién thibt ké
1 ti sb truyén cac cdp banh rang.

2. CO SO TiNH TOAN

D6i vi cac bo truyén banh ring duge boi tron tdt thi tinh toan thiét ké theo do bén tiép
xtic. Dé tiét kiém vat liéu ché tao thi khi thiét ké dam bao do bén déu tiép xuc cac cdp banh rang.
Bai toan phan phdi ti sb truyen hé thong banh rang dam bao do bén déu tiép xtic va diéu kién boi
tron dwgc xem 13 bai toan toi wu va duge phat biéu nhu sau:

U,

Phan bo ti s0 truyén céc cdp banh rang: X = (1)

n-1,n

dé dam bao di€u ki€n bén deu ti€p xuc gilta cac cdp banh rang 6, G5y X ... X Oy, 4, -
Vi cac rang budc:
. biéu kién boi tron cac cap banh rang

- Cac thong sO nhu: ti sb truyén, chiu rong vanh riang, hé sb chidu rong vanh ring... 1a cac
gia tri tiéu chudn

2.1. Pam bio bén déu theo tng suit tiép xic cac cip banh ring tru
Ung suét tiép xuc cac cap banh rang dugc xac dinh theo cong thuc [1, 2]:
2T,.10°K ,,, (1, +1) 3 2T,10°K ., (1, +1)
I d bH12 12 va Cas = ZM3ZH3Zg3,\/ 1 dz bHS; 34
w3 3w 34

wlZ1w

O =ZynliZ,
Uiy

Pé dam bao d6 bén déu thi cac gia tri ing suat bang nhau, khi dé:

2T.10°K,,,(u, +1) _ 2T, 10°K,,, (1, +1)
ZMIZHIZgl\/ I - H12\"12 = ZMszﬁszgs Jii . H34\"34 (2)
d.bu, d, 3by s,

Trong trudng hop tong quat: cip banh ring cing vét liéu va cap nhanh 1a nghiéng, cap
Chﬁl’l’l la banh I'Ell’lg thél’lg thi KH12 = KH34, TH = U.12T1. Tu dﬁy Suy ra:

(ulz +1) _ Uy, (uy, +1)
d\ilblquZ © d\i3b3wu34 (3)
, 3 (ZMIZHIZgl )2 \ 3 (ZM3ZH3Z83 )2
trong d6: K, = —, v K, = 4 ;

Céc hé s6 Ky = 500 d6i v6i rang thing va Ka, = 430 dbi véi rang nghiéng [2].
Hg¢ s6 chiéu rong vanh rang:
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1w 2bl w 2bl wul 2
Va2 = = =
a,, dwl (u12 + 1) d2w (u12 + 1)
Suy ra: b, = Y pa1245,, (“12 + 1) va b, = Y pasaa (“34 + 1) 4)
! 2uy, ' 2us,
Tir ddy thu duge cong thie xac dinh ti s truyén cip banh ring cap nhanh cia HGT:
2 5
u, = @3 (&J UV (5)
Ay \\Kir ) Wyass
Néu cip cip nhanh 1a banh ring nghiéng, cip chdm 14 ring thang thi ¢ sy lién hé:
2
d K ?
u, = 2w g [ as ] U Vaz (6)
d4w Kah Wba34
Trong d6 dudng kinh cac banh bi dan:
d — 2b1 wu12 Vé d — 2b3 wu34
2w 4w
Va2 (u12 + 1) W baza (u34 + 1)

2

Cho nén: _my (1) S Kan W'Y 12
2=

(”12 + 1) Usy Kang Vbaza

Sau khi don gian:
2
w3 (KWJ Vpai2 1
Ko ) Uy 7)
2
1—3 ( Kin | Vharr
Kang uy/ba34
Trong trudng hop cip banh ring ciing thang hodc clng nghiéng:
(u R Viaa IJ
UY 34
u s Wi ) (8)
(1_ R Vpai2 J
\ U5

Trong truong hop HGT 2 cdp cap nhanh phin d6i, mé men xoan mdi cip banh ring trén
truc I dugc chia doi nén cong thirc (2) dugc viét thanh:

T10K, ,(u, +1) 2T, 10K, (uy, +1)
ZMIZHIZSI\/ ! d2 le 12 - ZMSZHSZ,93 i 3 H34 34 (9)
w1l d:.b, us,

Up =

Tu day suy ra:
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2
w3 (KMJ 290, 1
= Kah uwba34 (10)
12— 2
1—3 (KMJ 2y,
Koy ) uy,
Trong trudng hop cip banh ring ciing thang hodc cling nghiéng:
(qul//balZ _IJ
0, = UW i34 (11)
(1_ R 2y, J
\RZL779

2.2. Lura chon cac thong s tiéu chuin

Céc thong sd nhu: ti s6 truyén, chiéu rong vanh rang, hé sO chiéu rong vanh rang, khoang
cach truc... la cac gia tri dugc chon theo diy s tiéu chuan. Phé bién nhét 1a day sb theo cip sd
nhan, véi sb sau co gia tri bang s6 truée d6 nhan cho cong boi . Cong bdi co gia tri ¢ = %10
voin co thé 14 5, 10, 20 hodc 40 twong tng voi diy sb c6 ky hiéu R5, R10, R20, R40. ..

- Ti s truyén bd truyén banh ring chon theo ddy sb tiéu chudn R20 véi cong boi 1,12:
1,12: 1,0; 1,12; 1,25; 1,4; 1,6; 1,8; 2,0; 2,24; 2,5; 2,8; 3,15; 3,55, 4,0; 4,5, 5,0; 5,6; 6,3; 7,1; 8,0;
9,0; 10,0; 11,2; 12,5; 14,0; 16,0; 18,0; 20,0; 22,4; 28,0; 31,5; 35,5; 40,0; 45,0; 50,0; 56,0; 63,0;
71,0; 80,0; 90,0; 100; 112; 123; 140; 160; 180; 200; 224; 250; 280; 315; 355; 400; 450; 500...

- Dbi voi HGT 2 cép ti s6 truyén chon theo day ti€u chuin sau: 8;9:10; 11,2; 12,5; 14;
16; 18; 19, 20; 22,4; 25; 28; 31,5; 35,5; 40; 45; 50...

- Hé s6 chiéu rong vanh ring vy, dugc chon theo day sé tiéu chuan: 0,1; 0,125; 0,16;
0,2; 0,25; 0,315; 0,4; 0,5; 0,63, 0,8, 1,00, 1,25

- Chiéu rong vanh rang by, chon theo day ti€u chuin R10 [2]: 10; 10,5; 11; 12; 13; 14; 15;
16; 17; 18; 19; 20; 21; 22; 24; 25; 26; 28; 30; 32; 34; 36; 38; 40; 42; 45; 50; 52; 55; 60; 63; 70; 75;
80; 85;90; 95; 100; 105; 110; 120; 125; 130; 140; 150; 160

- Gia tri khoang cach truc a,, dugc chon theo day tiéu chuin R40: 40; 50; 63; 80; 100; 125:
160; 200; 250; 315; 400... hoac day 2: 140; 180; 225; 280; 355; 450...

2.3. Pam bao diéu kién bdi tron cac cip banh ring

Trong thiét ké HGT ¢6 mit phang chira cac dudng tim truc nim ngang, dé dam bao diéu
kién boi tron véi dyy, va day 1a dudng kinh vong chia banh bi dan cap nhanh va cap cham:

12%2% (12)
2w

Puong kinh d,y, daw dugce xac dinh theo cong thirc:

Ty i K s

_ 1™ 11t 1234

Aoy = Kasmy3 > (13)
Vpa12(34) O H12(34)]

trong do: K, = 10,3/2(ZMZHZ8 )2 - gié tri bang sb phu thudc vao goc dn khdp, hé sb trung khép

va vat liéu ché tao banh ring, véi banh ring thing K4 = 756 va ddi v6i banh ring nghiéng
Kan = 680.
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Tir dayti s6 truyén cap nhanh dugc chon duoc suy ra tir cong thirc:
- Néu céc cdp banh rang cung nghiéng hoac cung thiang va Ky = Ky, thi:

2 2
3 s Va2 a1 Su. >
) 12

. s V’balz[amz]zuz (14)
Vi34l O4r34] Y a3a O 134

2

- Néu cép nhanh 13 rang nghiéng, cap cham ring thing:

2

L 756 |Wylom, Tu (15)

2263 V/balz[amz]zuz >
680 V/ba34[(7H34]2

R —— 2>y,

2680\ v,l00 ]2

Do d6 chon ti s0 truyén phu thudc vao ti s6 hé so chiéu rong vanh rang, vat li€u dugc chon.
Ti sO truyén u;, va uss nén chon theo tiéu chuan.
HGT 2 cap cap nhanh phan doi:

x . 2
Dudng kinh banh bi dan cap cap nhanh g , = K3 EULYIUET -
2¥pa12l0 12

Néu cing nghiéng hoic cing thang va Ky ~ Ky thi:
2 2 2 2
3 3’2V/ba12[01112] 2“ >u, > 20,2[0015 ] 2“ (16)
2\ Viloysl Viral O34
Néu cip nhanh nghiéng, cip cham ring thing:
2 2 / 2 2
226 3 2y,,000515] 2“ >, > 756 3 20000011 2“ (17)
2680\ vylop] 680\ ¥y,34l00]

Do d6 chon ti s0 truyén phu thudc vao ti s6 hé so chiéu rong vanh rang, vat li€u dugc chon.
Ti sO truyén u;; va uss nén chon theo tiéu chuan.

3. KET QUA TINH TOAN VA THAO LUAN

3.1. Hop giam tdc 2 cap dong truc va khai trién

Néu cho trudc ti sé Yeas _ 5 va cép nhanh 1 ring nghiéng, cdp cham la banh ring thang.
V/bal2

4
1 Truc |l
Truc |
AT
Trucll ¥
i 2 3
a) TrucIll Truell +Trucl b)

Hinh 3. So dd HGT
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Ap dung cong thirc (7) dé xac dinh ti sb truyén u;, dé dam bao d6 bén déu va diéu kién boi
tron théa man cong thirc (17) ta thu dugc Bang 1.

Bang 1. Bang gi tri phan bd ti s6 truyén HGT 2 c4p khai trién va dong truc

Ti s6 truyén HGT Ti s6 truyén thue
Ti s6 truyén chung C?ip nhanh u;, C?ip chim uy,
8 4 2 8
10 5 2 10
12,5 5 2,5 12,5
16 6,3 2,5 15,75
20 8 2,5 20

Béng két qua trén pht hop phan phbi ti s6 truy,én dang str dung ngoai thi truong.
Trong cac truong hop déc biét: voi HGT 2 cap dong truc (Hinh 3b) thi ay; = awy: Thong
thuong chon dy; = dys, dwz = dwa va chon trudce u; = uzs, mat khac dé dam bao d6 bén déu:

2
u, b
u12 =3 12 ~1w
b3w
Tur day suy ra quan hé giira chiéu rdng vanh rang:
y b by

1w
u12 \/;
Hay noi cach khéc chon hé s6 chiéu rong vanh rang cap nhanh theo cap cham da tinh toan
dé dam bao d0 bén déu:
_ YViasa
Va2 = \/a—
u
Suy ra lién hé hé s chiéu rong vanh rdng cap nhanh va cap cham dam bao do bén déu:
- Néu ca 2 cdp déu thang hoac nghi¢ng

(1 + Duy,
Voa12 = Vbas4 3 9
(Uzy +D%ugy

- Néu cap cap nhanh la nghiéng va cap chdm la thang:

3
Koy (g + DUy

_ 430 (ty + 17y, (18)

Yba12 = Yoa3a = Voaze
" " Ko (gy + 1’ufy 500 (g + 170y

Thong thudng ta chon W34 cho cap cham va tinh toan thiét ké cho cAp cham trudc. Sau d6
chon 12 cho cdp nhanh va suy ra chiéu rong vanh ring b, dé dam bao do bén déu. Nhung
thong thudng Wea12 nhd hon nhiéu so véi gidi han dudi ciia mién cho phép yu, nén thong thuong
d6i v6i HGT 2 cap dong truc thong thudng chon by, 16n hon khoang cho phép dam bao bén déu,
nghia 14 cip banh ring cap nhanh du bén.

3.2. Hop giam tdc 2 cip phan doi
Dbi v6i banh ring chit V thi ys, = 0,4...0,63, do cip nhanh gdm 2 cip banh ring va néu

Va3a 3.2
Vba12

tinh cho ting cdp voi do d6 ta chon
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Ap dung cong thirc (10), (17) dé xac dinh ti s6 truyén u;, dé dam bao do bén déu va didu
kién boi tron ta thu dugc bang 2.

Bang 2. Bang phan b ti s6 truyén HGT 2 cap phan doi

Ti s6 truyén HGT Ti s6 truyén that
Ti s6 truyén chung Cﬁ,ip nhanh u;, Cﬁ,ip chiam uy,
8 5 1,6 8
10 5;6,3 2; 1,6 10; 10,08
12,5 6,3;7,1 2; 1,8 12,6; 12,78.
16 8 2 16
20 8;9; 10 2,5;2,24;2,0 20; 20,16; 20

Su dung phﬁn mém Autodesk Inventor dé tinh toan b truyén banh réng dua trén co s&
phan b6 ti s6 truyen nhu trén gidp ta ndng cao do chinh xac va rit ngan thoi gian thiét ké (hinh
4). Cac thong sb bo truyén dugc tidu chuin hoa toan bd khi tinh toan bang phin mém nay.

1= |#®
»

Goar 2

Hinh 4. Tinh toan thiét ké banh rang tru trén Autodesk Inventor

4. KET LUAN

Ngoai cac muyc tiéu khi thiét ké cdp banh rang trong h¢ thong truyen dong nhu: Tong
khoang khoang cach truc nho nhét; Khéi lugng HGT nho nhat Do bén déu giira ing suat tlep
xiic va rng suat udn... can chi y den dam bao do bén déu tiép xuc gitra cac cip banh ring, diéu
kién boi tron.... Gitp ta chon ti s truyén va chiéu rong riang hop 1y. Ngoai ra ta con c6 thé két
hop cac myc tiéu trén va ing dung cac cong cu thiét k& hién dai 1a cac phan mém thiét ké dé thiét
ké tdi vu HGT va HTD c6 két cau hop 1y, tiét kiem vat liéu, nang cao do chinh xac va giam thoi
gian thiét ké.... Str dung phuong phap trén dé chon ti s truyén cac cap khi chon vat liéu cac cap
khac nhau, HGT HTD nhiéu cép... Ngoai ta mo rong cho cac hé thong truyén dong co banh
rang con, truc vit, hé thong banh rang hanh tinh...
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DANH MUC KY HIEU

Zu : Hé sb xét dén co tinh vat liéu

Ky : HE sé tai trong tinh, khi thiét lgé co théf: chon so b6 Ky = Kip;

Zy : HE s0 xét dén hinh dang ctuia bé mat ti€p xuc;

Z. :Hé sb xét dén anh huong cua tong chiéu dai tiép xuc.

Wa : Hé s6 chiéu rong vanh ring;

by : Chiéu rong vanh ring;

U12, 34, U : Ti s6 truyén cdp banh ring cap nhanh, cdp cham va chung HGT;
diw, daw, d3w, daw : Puong kinh vong chia cac banh rang.
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