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TiNH TOAN THIET KE VA LUA CHON MOI GHEP BULONG
GI’A HOP GIAM TOC VA KHUNG MAY

DESIGN, CALCULATE AND SELECT BOLTED JOINT BETWEEN A SPEED
REDUCER AND THE FRAME

Nguyén Thi Thanh Nguyén, Nguyén Dirc Thién An, Trinh Thé Anh, Nguyén Hiru Ljc
Khoa Co khi, Trudong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phd H6 Chi Minh

TOM TAT

Trong noi dung bai bdo nay trinh bay cdc nghién citu vé moi ghép nhém buléng trong viéc
xdc dinh dwong kinh buldng trong truong hop tong qudt, cu thé la tinh todn va chon bu léng ldp ciia
hép giam toc, ddng co dién voi than mdy. Bang viéc phan tich cdc gid tri lyc tac dung lén bulong,
c6 thé tim ra e F tinh todn 16n nhat tac dong lén buldng, tie d6 xdc dinh dwoc dwong kinh buldng
cu thé théa man diéu kién bén, dong thoi goi ¥ cdc phirong dn chon bu long sao cho phit hop nhdt.
Duea theo quy trinh tinh toadn, lap chuwong trinh ty dong tinh toan thiét ké duwci dang phcfn mém tinh
Excel. Co thé sir dung quy trinh va chirong trinh tinh nay dé irng dung khi chon buléng trong thire
1é hodc thuc hién cdc dé an, khda ludn tot nghiép cho sinh vién cdc nganh ky thuqt.

T khéa: Moi ghép nhom buldng; Buldng nén; Puong kinh; P bén.
ABSTRACT

This paper presents a comprehensive study on bolt group connections, focusing on their pivotal
role in determining the appropriate bolt diameter for a wide range of applications. Specifically, the
research delves into calculating and selecting bolts for gearbox and machine bodies. By analyzing
the force values exerted on the bolts, the study enables the determination of the maximum calculated
force, denoted as F. This value serves as the foundation for establishing the requisite bolt diameter
that fulfills safety criteria for durability, while also providing recommendations for selecting the most
suitable bolts. To facilitate the implementation of this research in practical scenarios, an automatic
calculation software has been developed in Excel format. This software, based on the calculation
procedure devised in the study, empowers engineers, practitioners, and even students pursuing
engineering majors to effectively choose bolts during project execution or when graduation theses.

Keywords: Bolt group connections; Foundation bolts, Bolt diameter; Strength.
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1. GIOI THIEU

Méi ghép ren 1a loai mdi ghép c6 thé
thao dugc, hinh thanh dya trén co so duong
x0én 6c¢ tru (hodc con). Hién nay, cac chi tiét
médy c6 ren chiém trén 60% tong sb chi tiét
trong cac may hién dai, bao gém bulong, dai
dc, vit. Pay 1a mbi ghép c¢6 cong dung ding
dé gilr chat cac chi tiét may lai vdi nhau, déng
thoi cac chi tiét may c6 thé thao ldp duoc [1,
2]. Méi ghép nhom bulong 1a mot trucmg hop
riéng thugc mdi ghép ren va c6 mot sd nghién
ctru nhém bu 16ng [3]. Hién nay, khi lya chon
buldng nén cho hop giam tdc, ngudi ta thudng
udc luong dua trén bang quan hé kich thudc
céc phan tir cau tao nén hop giam tdc [4]. Tuy
nhién, bang nay lai khéng néu rd mdi quan hé
gilta cap bén va dudng kinh buldng, dicu nay
dan dén viéc khong co co so dé Iya chon ti wu
giita cap bén va gia trj duong kinh bulong.

Bai toan tinh dudng kinh buldng bt
ngudn tir viée tim hiéu Iy thuyét khép vit va do
bén ren [4]. Trén co s& do, nguoi ta xac dinh
duogc d6i voi bu 16ng va dai ¢ tiéu chuén, chi
can tinh theo d6 bén kéo cua than buléng dé
tim duong kinh d, sau do theo d, tra céc kich
thudc khac, ngoai ra khong can klem tra do
bén ren. Mic du cac phuong phép tinh duong
kinh buldng trong céc truong hop da c6 day du,
nhung chua cé mot bai bao cu thé nio lién quan
dén bai toan téng quat trong truong hop cu thé
gitra hop giam téc, dong co dién vé6i than may.
Hop giam tdc ¢ day c6 thé hiéu 1a hop giam toc
gan lién vé6i dong co, hoac 1a hop giam téc tach
ro1 dong co. Vi du theo so do hé théng truyén
dong cho may nhu Hinh la [5] bao gdm: dong
co, bd truyén dai, bd truyén xich va hdp giam
toc.

I

e
it }J} Il

1-dpmg eor 2B truwdn dai: 3-bdp gidm de: +bd truydn xich: S-bang 14

a) So' do dong hop giam toc tach roi dong co

b) Hop giam toc gan lién dong co
Hinh 1. Hép giam téc va dong co trong so do dong

Vi thé, trong dé tai nay s& néu ra phuong
phap giai quyét van dé trén dong thoi phat trién
mot chuong trinh tinh cy thé giup rat ngan thoi
gian tim duong kinh buldng can thiét, tir d6 xir
1y s6 liéu roi dua ra bang tra theo tiéu chuan dé
lga chon céc buldng.

2. CO SO TiNH TOAN VA BAI TOAN
TONG QUAT

2.1. Co s6 va trinh ty tinh toan

Trinh tw tinh todn nhom bu long trong truong
hop tong quadt [5]:

- Budc 1: Tach cac thanh phan luc theo
hai huéng song song F, va vudng goc F,, voi be
mat ghép.

- Budc 2: Doi cac lyc vé be mat ghép
va xac dinh mo6 men 1at, m6 men tac dung trong
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bé mit ghép, thanh phan lyc ndm trong bé mat
va vudng gdoc beé mat ghép va di qua trong tdm
nhém bu 16ng.

- Bude 3: Xéc dinh luc xiét V, dé bé
mat ghép khong bi truot theo trinh tyu sau:

+ Lyc tac dung 1én mdi buléng tir lyc F
nam trong bé mat ghép:

Fy
Fys = Fyp = Fyz = Fyy = ? (1)

+ Luc do cac mé men trong bé mat ghép
tac dung 1én moi buldng:

erri

2?1'2

+ Tu d6 tim hop luc 16n nhat F_ tac
dung 1én mot buldng tir cac luc F:

Fyi =

2)

F = Jppﬂiz + Fy,i” + 2Fp i Fy cos(y) (3)
Cong thirc s6 (3) phu thudc vao cach
dat bd truyén, goc nghiéng gitta bo truyén va

khung may.

Vay luc xiét dé moi ghép khong bi

truot:
kE
V, = - 4)
)C
- Bude 4: Xéc dinh luc xiét V, dé bé
mat ghép khong bi tdch ho.
Xac dinh tng suit nho nhat dwong dé
mdi ghép khong bi tach ho:
Omin = Oy X 0p — Oy
zZV (1-xF {1-xMA
:_J_r( OE A -0M, Ye o o)
A A Ji

Trong d6: o, phu thudc vao luc xiét
chéng tach ho cua bulong, 6, phu thudc vao
thanh phan luc ngoai tac dung len tam ghép; o,
phu thudc vao thanh phan mé men tac dung len
tam ghép; y, la khoang céch tr tim bulong dén
truc lat; J la m6 men quan tinh phu thudce vao
hinh dang mit tiép xuc hop giam toc vdi than
may.

Tur d6 tinh duoce luc xiét bulong dé mdi
ghép khong bi tach hé:

M;A
—)x -0 ©

- Bude 5: So sanh hai luc xiét V,4)va
V, (6), va chon lyc xiét V nao 16n hon trong hai
lu’c V,vaV, tudo dé tim kiém ra lyc F tinh
toan tu(yng duong buldng va chon duong kinh
bulong:

I{
v, =—x (B +

XM]'Y
Fqg =13V + LA Y 7, V7 (7)
4F,
d = _td (8)
T X [0 ]

- Buéc 6: Kiém tra do bén dap va kéo:

Od max = [Ud]
4F;4
T X d2 [JFC]

Trong do, [o,] phu thudc vao Vat lidu dé
lap buléng va [c,] phu thudc vao cip bén cua
bulong.

g, —

2.2. Bai toan mdi ghép bu 1ong lip hop giam
toc

Bai toan cu thé gom z bulong gin tai
cac goc va cac lyc tac dung Ién z bulong nay
duoc thé hién nhu Hinh 2.
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s |

Hinh 2. So do luc tac dung lén cac truc

Trude tién, dé giai quyét bai toan nay
thi ta s& quy udc cach dat dau theo chiéu duong
truc toa dd Oxy nhu Hinh 3 va quy udc chiéu
mé men xoay nguoc chiéu kim dong ho 1a chiéu
duong.

Phan tich F, thanh hai lyc theo phuong
VvaBlanluotla: F, vaF,, vaF_thanh hailyc
theo phuong V va B 1an luot 13 F,.vaF,.

2.3. Xdc dinh lyc xiét V, dé bé mit khong bj
trugt

- Khi doi lyc F,, F, vé trong tim O
cua nhom bulong, ta thay thé luc F, F, bang:
F,=F, +F, dittaiO

\ y an Frn

Fry .
Famn
AR

Famn

Fen

&

MH

Fan

X
N -

Hinh 3. Luec tdc dung Ién bu 1ong trong bé mdt ghép

- Xéc dinh mé men truot nam trong bé
mat ghép:

- Do téc dung cua luc F,, dat tai O, cic
bulong chiu lyc ngang F bang nhau:

Fy

F. .= —"
FH L 7

- Nhém c6 z buldng, khoang cach mdi

bulong dén trong tam O la r. Cong thirc d€ xac
dinh lyc F,, nhu sau:

MeXry o |2, .2
Fui = Z?’:ZI Voir = /x:‘ T

- St dung phuong phap dd thi hodc
cong thirc cosin (3) tim duoc hop luc 16n nhat
F . tac dung lén bulong.

- Xéc dinh luc xiét buléng 16n nhat dé
moi ghép khong bi trugt V , theo cong thirc
4.

2.4. Xdc dinh lyc xiét V, dé bé mit khong bj
tach hé

Filu

o

Hinh 4. So do xdc dinh mémen ldt

- Bé mat khong bi tach ho:
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zV K 1-—xy)M
l‘:Ijv'm'n:_i;m_i( 2) I>0
A A w
Vi ¢ day, luc F. dang c6 xu hudng tach
h¢ bé mat ghép nén dieu kién dé bé mat khong
bi tach ho tré thanh:

[
min A A ]

Vv (1-0F  (-0MpVmax (1-0MyXimax > 0(9)

- Trong d6, m6 men 14t M, Mly vaF,
duoc tinh nhu sau:

Fy = Fyp + Fy,

Nhu vay, tir (9) suy ra:

k M, A M,,A
thax:;x(FV+ ‘j{; +7y)x(17}()
k M.A M, Ax (10)
:—x(FV+ = L Wt m‘m)X(l—x)
z ]XX ]YY
Trong do:

- Khoang cachy =b/2 va X = a/2.
- M6 men quan tinh J, vaJ, lan luot la:

ab® db® (a—d)xb?

Jex =15 T 12
a’h d3b (a®—-d*)xb
Joy =95 17 T 12
~ Day ciing chinh 1a lyc xiét buléng dé
moi ghép khong bi tach ho.

Hoic tinh cho trudng hop x4u nhat:

M Ay ax N M IyAxmax
Jxx Jyry

va V

ax T m

)

. chon luc

k

Tom lai: tr V,
xiét 16n nhat.

2.5. Xac dinh duong kinh d va chon bulong

- Tong luc tac dung 1én buldng chiu tai
16n nhat:
xFy  xMpYnax

Fog =13V+——+
td z f:1yr:2

XMImeax
2 xe (1)

Vé6i Y, va X la khoang céach tinh
tu tam bulong hang ngoai cung va bulong nay
dang chiu luc kéo 16n nhat (khéng phai luc
nén) dén tryc 14t YY va XX, suy ra duong kinh
bulong theo cong thirc (8).

2.6. Kiém tra d¢ bén dap ciia bé mit ghép

Phai dam bao trudng hop xau nhat:

Gmax S [Gd]'
_zZV _ Fy | MpVmax ¥ MiyXmax
] ]

Déi véi bétong, [o,] = (1+2) MPa; déi
voi go, [o,] = (2+4) MPa.

Néu diéu kién nay khong théa man thi
can tang kich thudc bé mat ghép.

2.7. Kiém tra do bén kéo ciia buldng, tir d6
dé xuit cAp bén hop Iy

Trong truong hop da c6 duong kinh
buldng va luc F tong hop, viée ké tiép 1a can
chon cdp bén l1am sao khong dugc du bén qua
nhiéu, do d6 can phai kiém tra theo d bén kéo.
Thay d, va F  vao cong thuc (3), tim ra duoc
ung suat kéo:

4Ry,
%k X d?

So sanh gia tri 6, nay vdi gia tri ing suat
cho phép, tir do dé xuat ra cap bén phu hop.
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3. KET QUA TINH TOAN

Vi trinh tu tinh toén da trinh bay, lap

chuong trinh tinh toan trén Excel nhu Hinh 5.

Hinh 5. Giao dién chwong trinh tinh todn

EIEFTETeE=TR0I="=

Véi cac by thong so dau vao 1:

Ti s6 truyén U, = 5, v6i bd truyén dai

c6 duong kinh dan banh dai d,= 200 mm, xich
¢6 duong kinh dan banh xich d, = 200 mm, géc
trugt o = 3 rad, h¢ s6 ma sat f= 0,3, géc nghiéng

dai B, = 30°, chiéu rong hop a=494 mm, chiéu
dai hop b = 506 mm. Bo truyén xich c6 hé so
trong lugng xich K _=1,15, goc nghiéng xich
B,=50°. Két qua tinh toan nhu Bang 1.

Bang 1.

Cic lue do bd truyén dai tic dung twong ing véi tirng gia tri mé men T

Mo men | Lycvong | Luyccing (:_llll::gtliil LucF_(N) | LucF_(N)

xoan T (Nm) F, N) dai F (N) tl‘l.l.c F (N) G oy
100 1000 1185,12 3546.,45 1773,225 3071,32
200 2000 2370,24 7092,91 3549.,45 6142,64
300 3000 3555,35 10639,33 5319,67 9213,93
400 4000 4740,47 14185,79 7092.,9 12285,25
500 5000 5925,59 17732,24 8866,12 15356,57

Cic luc do bj truyén xich tic dung twong @ng véi tirng gia tri mé men T l?l:;‘():lrgl

XogffT“glm) XII,‘C‘LCFVt Z’?f]) LucF,(N) | LucF_(N) | LucF_(N) D“?r‘;’fn I;inh Chon (mm)
500 5000 5750 4404,76 3696,03 11,65 Ml14
1000 10000 11500 8809,51 7392,06 16,47 M20
1500 15000 17250 13214,27 11088,09 21,87 M27
2000 20000 23000 17619,02 14784,12 23,30 M27
2500 25000 28750 22023,78 18480,14 26,05 M30
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V6i bd cac thong so dau vao 2:

Ti s6 truyen u,=5, v6i bo truyén dai ¢6 dudong kinh dan banh dai d, = 160 mm, xich c6
duong kinh dan banh chh d, =200 mm, goc trugt o = 3 rad, h¢ sO ma sat f= 0 3, goc nghiéng dai
B,=30°, chiéu rong hop a—494 mm, chiéu dai hop b=506 mm. B9 truyén xich c6 hé sd trong lugng

xich K_= 1,15, géc nghiéng xich B = 50°. Két qua tinh toan nhu Bang 2.

Bang 2. Két qua tinh todn tmg véi bg thong sé dau vao 2.

Cic lIire do bd truyén dai tic dung twong wng véi tirng gia tri mé men T

Mo men Lwe vong Luwec cang Lye tic
Y - ", dung lén LucF_ (N) | LucF_(N)
xoan T (Nm) F, M) dai F, (N) tryc F_(N) ¥
100 1250 1481,4 4433,06 2216,535 3839,15
200 2500 2962,79 8866,12 4433,05 7678,27
300 3750 444419 13299,18 6649,59 11517,42
400 5000 5925,59 17732,24 8866,12 15356,57
500 6250 7406,99 22165,29 11082,66 19195,72
Cic luc do bd truyén xich tic dung twong @ng véi ting gia tri mé men T l?liilﬁgg!
M6 men Luc vong Puong kinh
<odn T (Nm) | xich F,_(N) Luc F_(N) LucF_(N) | Luc Fry (N) (mm) Chon (mm)
500 5000 5750 4404,76 3696,03 11, 88 Mil6
1000 10000 11500 8809,51 7392,06 16,79 M20
1500 15000 17250 13214,27 11088,09 20,57 M24
2000 20000 23000 17619,02 14784,12 23,76 M30
2500 25000 28750 22023,78 18480,14 26,56 M36
Két qua dugc biéu dién trén Hinh 6.
B¢ cac théng sé6 dau vao 1 B6 cic théng s6 diau vao 2
= 30 = 30
30 30
o 24 24 e . 24 24 -

- 20 - - 20 SRR ]
20 = 2’1.8'; >33 2605 20 S 23.76 2050
15 12 - ' o= 12 o 20.57

o ~ 16.47 o = 1679
0 165 a 5 o 11.88 a 5
5 1 2 3 —— 5 1 2 3 Y
0 - « 0 - «

—— MO men = &= Puimg kinh d —— MO men - @& Puwrong kinh d

Chon d tiéu chuan Chon d tiéu chuan

Hinh 6. Chon dwong kinh bu long.
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4. KET LUAN

Thoéng qua ndi dung bai bdo nay, cac tac
gia da trinh by quy trinh tinh todn méi ghép
ren trong truong hop tong quat khi lap gitra hop
giam tdc, dong co hodc hop giam tdc gin lién
truc dong co v4i than may. Theo chuong trinh
trén Excel ¢6 thé xac dinh va lya chon duong
kinh bu 16ng mét cach nhanh chong hoac chon
cap bén cho vat liéu bu 16ng (vit) phu hop véi
duong kinh va tai trong tdc dung cho trudc.
Tiép theo, trén co s& nay cé thé lap chuong
trinh tu dong chon bu long (vit) hoac chon vat
liéu cho cac két cau khic nhau.
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