Tinh todn luc xiét tdi uu ctia bu long chiu kéo
duéi tac dung ctia tai trong thay doi

Calculation of the optimum tightening force of tensile bolts under variable loads

Tom tat

Theo cac nghién ciiu véi lién két bu long chiu
kéo dugc xiét du chat sé sinh ra ing luc trudc
tao nén bién dang ngudgc véi khi chiu tai cia
méi néi. Do vay, khi lam viéc khodng 75% tac
dung clia ngoai lwrc phan phdi 1én méi ndi triét
tiéu bién dang ban dau va bu ldng chiu khoang
25% con lai ciing véi luc siét [5]. €6 thé thay khi
xiét chat bu long sé gitip tang dd bén va tudi
tho méi ndi, ddm bao d6 bén dong déu trén
than bu long va cia méi ndi, dac biét la véi cac
lién két bu long chiu tai trong thay déi. Bai bao
dé xudt phuong an tinh toan luc xiét téi uu va
dd bén moéi cia lién két bu l6ng chiu kéo dudi
tac dung cdia tai trong thay ddi theo tiéu chi
ctia Goodman va Gerber phu thudc vao giéi han
bién dé va gia tri trung binh ctia iing suat.

Tir khéa: lién két bu long, d bén mdi, bu long chiu tai
trong thay ddi, tdi trong ddng, phd hoai méi

Abstract

According to studies, if a tensile bolted joint is
tightened enough, it will produce prestressing,
causing the opposite deformation to the load of the
joint. Therefore, when in service about 75% of the
effect of the external force distributed on the joint
cancels the initial deformation and the bolt bears the
remaining 25% along with the tightening force [5].
It can be seen that well-tightened bolts increase the
strength and durability of joints as well as provide
equal strength of the bolts and tightness of the joint
parts, especially for bolted joints operating under
variable load. The article proposes the calculation

of the optimal tightening force and fatigue of

bolted joints working in tension under variable load
according to the Goodman and Gerber criteria, which
depends on the limiting amplitude and mean stress.

Key words: bolted connection, fatigue strength, bolt
under variable load variable load, fatigue failure
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Vi Lé Quyén

1. M& dau

Lién két bu 16ng Ia mét trong cac hinh thirc lién két chinh s dung trong
két ciu thép, dac biét la cac két cAu chiu tai trong thay dbi (tai trong dong). Bu
I6ng lam viéc dwa trén nguyén ly ma sat gira cac vong ren clia bu 16ng va dai 6¢
d& kep chat cac chi tiét lai v&i nhau. Duéi tac dung cla tai trong thay d6i, do bén
cua lién két bu 16ng bi giam xubng b&i sw méi cuia thép. Pha hoai méi rat nguy
hiém so v&i pha hoai déo do xay ra dot ngodt va khong cé dau hiéu truéc, khi
d6 két cAu bi pha hoai béi trng suat nhé hon dang ké gi¢i han bén va dudi gisi
han chady cla vat liéu. T gitra thé ky 19 pha hoai méi va cac yéu t6 anh hwéng
dén dd bén maéi da dwoc nha khoa hoc nghién ctru phd bién nhu cac Geber,
Goodman hay tai liéu ASME (American Society of Mechanical Engineers... [1,2]
phéa hoai méi clia bu 16ng dwdi tac dung cla tai trong thay dbi ciing dworc tinh
toan dwa trén cac nghién ctru nay.

Lwc xiét bu 16ng 13 lwc hivu ich két hop véi canh tay don ctia dung cu xiét tao
thanh md-men xoan dud I&én tac dong lén dau bu 1dng hodc dai 6¢ nhdm tao ra
rng suét cang ban dau trong than bu Iéng d& dam bao lién két duwoc kep chat
theo dung yéu ciu ky thuat. Tiéu chuidn TCVN khéng yéu ciu xiét bu 16ng chiu
kéo nhw thé nao, nhung tiéu chuan cac nwéc (MY, chau Au, Uc, Nga...) déu
yéu ciu bu 16ng chiu kéo phai dwoc xiét dén lwc 1én hon lwe né sé chiu khi lam
viéc dwéi tac dong tai trong, d& cho cac mat
bich khéng bi tach ra. V&i bu 16ng chiu kéo boi
tai trong thay ddi khi dworc xiét chat sé& 1am tang
tudi tho cling nhw dd bén cua lién két. Bai bao
dé xuét phwong phap tinh toan lyc xiét t6i wu
va hé sb an toan b&n mai cho bu 16ng chiu kéo
doc truc.

2. Phwong phap tinh toan

Theo két qua thwc nghiém [3], khi bu l6ng
chiu tai trong thay ddi 15% phéa hoai xay ra & -
vung dwéi md bu 16ng, 20% tai phan dau ren  ink 1: Cac vi tri xay
va 65% tai vung ren trong mat phang ty vao dai 143 pha hoai méi cia bu
6c (hinh 1). I6ng: )

Trong bang 1 néu cac gia tri hé sb tap trung
&ng suét trong ren va ving dwdi mi bu léng
[4]. Bu I6ng c6 ren can (gia cdng phwong phap
I&n ren) cé hé sb tap trung &ng suét thap hon
so v&i ren tién (bang 1). Ren can c6 cwong dd
I&n hon do bién cirng ngudi. Cac chi sb trong
bang 1 tinh dén dac tinh k¥ thuat gia cong nay.

1 — phén dudi mii; 2— phan
dau ren; 3 — phan ren trong
mat phang ty vao dai &c

Bang 1: Gia tri hé so tap trung rng suat Ka

] . Tairen
Cap dé bén Tai vung dw&i mi
Can Tién
3.6;...5.8 2,3 2,8 2,1
6.6;...10.9 3,0 3,8 2,3

‘Duéi tac dung cla tai trong thay dbi trong tiét dién bu 16ng c6 lwc xiét ' s&
xuét hién ng suét thay dbi dwoc thé hién béi biéu db trng suét phu thudc vao
chu ky nhw trén hinh 2.

Trong mot chu ky (rng suét tang tir gia tri trung binh G,, t&i gia tri Ion nhét
G nax VOI bién d6 G, sau do gidm xubng gia tri nhd nhét G,,;, bing véi (ng
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Hinh 2: Ung suét trong tiét dién bu 16ng chiu
tai trong thay doi

Hinh 3: Biéu d6 moi cia Goodman:
1 — dudng Goodman; 2 — dudng tai trong P;

I — vliing tudi tho khdng gidi han; II — viing tudi tho bi giGi han.

suat o do lyc xiét F sinh ra. Thong thudng tai trong dong
thay ddi tlr 0 t&i gia tri Ién nhat P. Vi du bu 16ng c6 lwc xiét
F chiu tai trong dong sé chiutdico gidtrila F, =C-P+F
(trong d6 C: Hé sb tai trong co ban xac dinh sw phan phbi
clia ngoai lic 1én bu l6ng dwoc xiét chat khi lam viéc chiu
kéo, C = 0,2;... 0,3 [5], do tinh dan hdi cla vat liéu nén chi
co phan C- P cla ngoai lyc truyén vao bu long) va F,, = F
khi tai bang 0.

Bién d6 &ng suét:

- =Fm Fmin:(C~P+F)—F=C'P

¢ 24 24 24

Trong d6: A — dién tich tiét dién ngang bu Iéng.
Ung suét trung binh:
K,F C-P
+ _
A 24

Trong d6: K, (bang 2) [8] — Hé sb twong dwong, phu
thudc vao dwong kinh ngoai claren bu 16ng va hé s6 ma sat
cta ren, thé hién méi lién hé gitra ’ng suét twong dwong va

va (rng suét sinh ra bdi luc xiét trong tiét dién bu Iong, trong
doé wng suat twong dwong bao gom rng suat phap sinh ra

ax

(1)

c,=0+0, ==

o, =0+0, 2

Bién d6 (rng suét thay ddi trong khoang 0 < o, < O': con
&ng sudt trung binh trong khoang o < o, < O':; . Buong
tai trong nghiéng géc 45° va di qua diém A, B(o,,,0, ) va

c(o,,0. ) . Vitri cia didm A xac dinh b&i trng suét thwong
xuyén sinh ra béi luc xiét F :
_KF

A

o
@)

Céac rng suét G,,, G, sinh ra béi tai trong P thiét Iap vi
tri diém B, con diém C la giao clia dwong tai trong va duong
Goodman — (rng v&i cac gia tri gi¢i han cla rng suat trung

binh 6, va bién do wng suét O, (hinh 3). Bwong Goodman
ndi gidi han bén o, va gioi han mai vat liéu bu I6ng G,,, G,
(bang 3) [4] va chia vung &ng suét lam viéc G,,, G, thanh

2 phan: vung tudi tho bj gi¢i han | va tudi tho khong bi gidi
han Il.

Bang 3: Gia tri do bén moi vat liéu bu I6ng ren can

b&i lwc xiét va (rng suét tiép sinh ra béi lwc xoén. Theo cac PR - . LA .
tai lidu tham khao [7] Khi tinh toan bén cla lién két bu long bj | —oP 99 ben | Loairen (he mét) | B ben méi 6./, MPa
xiét chat 1ay K,=1,3 khong phu thudc vao duong kinh ngoai ISO 8.8 M16...M36 129,0
cta ren bu Idng va hé sé ma sat. ISO9.8 | M16..M16 140,0
Trén bidu dd mai cia Goodman phwong trinh dwéng tai ISO 10.9 M5.. M36 1620
trong P c6 dang nhu sau (hinh 3): :
Bang 2: Gia tri hé s6 tuong dudng X, cho mét s6 dudng kinh ren bu Io6ng
Puong kinh Hé sb6 ma sat cla ren
ngoai cla ren
(mm) 0,12 0,15 0,19 0,28 0,32 0,42 0,67
8 1,228 1,307 1,425 1,726 1,872 2,259 3,314
10 1,222 1,300 1,416 1,714 1,859 2,243 3,290
12 1,218 1,295 1,41 1,707 1,852 2,234 3,277
14 1,215 1,292 1,406 1,702 1,846 2,227 3,267
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Néu (rng suét lam viéc G,,, G, cla tiét dién bu long &
dwéi dwong Goodman thi sy pha hoai méi sé khéng xay ra,
nguwoc lai tudi tho clia bu 16ng gidi han béi sb chu ky da bi
gidm xudbng do sy ting cla (rng suét. D bén cla bu l6ng
chiu tai trong thay ddi dwoc tinh bdi hé sé an toan:

“ (4)

Méi lien hé cla gi&i han bién dé (rng suét Gm, gi¢i han

bién dé (rng suét trung binh O':; va cac tinh chét co hoc clia
vat ligu: gi¢i han bén méi G_;, gidi han bén G hodc tng suét
thi nghiém o p dwgc xac dinh nhuw sau

Theo Goodman:
G: + G—:’ =1
o 1 GB

Theo Geber:

(o) O

a + m

o, \oy

(6)
Theo ASME:
+ \2 £ \2

(7)

Pé tinh toan cac gia tri 'ng suét gi¢i han O': va O';;
trong phwong trinh (5) — (7) st dung cong thirc (2) va céng
thire:

* + *

c,=0+10, (8)

Khi d6 bién dé wng suat theo cac tiéu chi dwoc xac dinh
nhw sau:

Theo Goodman:

Theo Gerber:

. 1
o = X

a
20,

X[GB\/aj +40 (o ,+0)-0, —20116}

(10)

Theo ASME:
. o, P
o, =——— GPJO' +o’, -0’ -0 0
G +G

Khi st dung cac cong thirc nay can phai tinh irng suét 6,

va o, v&icung 1 hé sb tap trung ng suét K (bang 1) khi
do duo’ng tai trong sé nghiéng mét goc 450 (h|nh 3). He sb
an toan theo tiéu chi Goodman khi thay (9) vao (4) sé duwoc
viét nhw sau:

I 20 (0,A-K,F)
‘" CP(o,+0,)

(1)
Trong lién két bu 16ng khdng cé &ng lwc xiét phwong trinh
(11) dwoc viét dudi dang
20 0,4

P(oy+0.,)

naO

Dé téng do bén méi thi n, /n,, > I . Khi d6 gi&i han trén
cla lwe xiét F dwoc xac dinh bai biéu thire:
(I1-C)o,4
K

e

F<

Lién két bu l6ng chiu tai trong déng nén xiét dén gia tri
Iwe Fp/K (trong d6 F, - tai thi nghiém tiéu chuan) [6]. Sau
khi xac dinh dwoc hé so an toan theo (rng suét thay ddi can
kiém tra lai d6 an toan theo (rng suét thi nghiém (dam bao
khéng bi bién dang déo):

(o2
+ 0,(0,-0) n, = -
O'B + 0'7] )
Dién tich Cép do bén
tiét dién
Ren
ngangA, | 46 4.8 5.6 5.8 68 | 8.8 | 109 | 129
2
(mm’) Tai thi nghiém F, (4, P,), (N)
M8 36,6 8240 | 11400 | 10200 | 13900 | 16100 21200 30400 | 35500
M10 58,0 13000 | 18000 | 16200 | 22000 | 25500 33700 48100 | 56300
M12 84,3 19000 | 26100 | 23600 | 32000 | 37100 48900 70000 | 81800
Giéi han bén R, 800 (d < 16)
- 400 420 500 520 600 1040 | 1220
(N/mm?) 830 (d < 16)
‘) X > hv
Ung suat tai thir 5, 225 310 280 380 440 600 830 | 970
(N/mm?)
d — dwdng kinh ngoai ctia ren, mm.
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) Khj xiét bu Iépg, lwc kéo trong than bu I6ng téng Ién, con
moi ndi dwgce xiét chat lai hay noi cach khéc hé s6 an toan
cu’(‘)’ng'd(f) ’Erong than bu I6ng giam Q(‘)n’hé sO an toan do 9hét
cta moi ndi dwoc tang Ién. Lwc xiét toi wu k’hi hgi I]é sO an
toan cwdng do cda bu I’(‘)ng va do chat ciia moi n6i dong deu.
Ta cé cong thirc Iwc xiét toi wu phu thudc vao tai thi nghiém
tiéu chuén cta bu long F), (bang 4 [6]):

__E(1-0)
opt
K (I-C)+C
Tai thi nghiém dwoc tinh theo ngoai lwc F va hé sb an
toan cwong dd bu long n
F.=nP|K (I-C)+C
P |: e ( ) :| (14)
Sau khi lwa chon tai thi nghiém tiéu chuén Fp > F;, va
tinh toan F,,, cac hé sb an toan cuwdng do bu léng 7 va do
chat ctia méi ndi 1, dwoc xéc dinh theo céc cong thire:

r
n = opt
“(1-C)P
(19)
— F;pt
(1-C)P .
TR :
[ 1]
Ll 'r _'_.T'
L
1 t*

3. Vi du tinh toan

Tinh lyc xiét toi wu theo tiéu chi Goodman va Geber cho
lién két bu 16ng chiu kéo doc truc (hinh 4) v&i tai trong thay
ddi co gia tri Ion nhat P=8000 N. Hé sb tai trong co ban
C=0,25, qbn hé sb twong dwong K,=1,3 (theo bang 2). Theo
[5], khuyén nghi hé s an toan cwong do bu 16ng lam viéc
chiu kéo dwéi tac dung cla tai trong thay ddi lay gia tri n=4,5
khéng phu thudc vao dwdng kinh bu 16ng.

Xac dinh tai trong thi nghiém theo céng thirc (14):

F,=4,5-8000[ 1,3(1-0,25)+0,25]
=44100N

Trong bang 4 chon bu 16ng cp d6 bén 10.9 v&i ren M10
c6 Iyc thtr 48100 N, dién tich tinh toan 4, =58mm?. Gigi
han bén cla bu léng 03=1040MPa, (ng suét thi nghiém
op=830MPa, gid¢i han mdi cho bu I6ng can o ;=162MPa
(bang 3).

Lwc xiét toi wu x&c dinh theo céng thire (13):

48100(1 —0,25)

Ly = = 29450N
1,3(1-0,25)+0,25

Hé sb an toan cwong d6 cla bu 16ng va mdi ndi tinh lai
theo cong thirc (15) va (16):

_ 48100—1,3-29450
0,25-8000

29450
n’ =
© (1-0,25)8000

=4,908

=4,908

Luc xiét t6i wu F,,= 24950 N dam béo hé sb an toan
clia bu léng (n=4,908) va méi nbi (n,=4,908) gan voi hé sb
an toan cho ban dau (n=4,5). B4 thi ng suat dwoc bidu dién
trén hinh 5.

Piém C, D, E (ndm tai cac diém giao clia dwéng ngoai
lwc P véi dwong Goodman, Gerber va dwong L’Png suét thi

nghiém op) la gia tri gi¢i han bién do u=ng suét 0' va gioi
han bién d6 (rng suét trung binh O' , diém B - i’ng suat lam

e L
T
e
1
LY
b
",
n
= 2 R
: e ‘\I\\\
g i * 5 F"y= 85 MFa
A fE—— " o= TH 58 WP
= \-h"-:;""-. :'\-.“_ g I‘.\ __.-'--. T 51.21 WP
= b #
= i B
¥ E\H"‘“- L3 A-"' ?d':‘FI"-'-\-‘:Q""- -
> 7 Ga1724 0P | o .11._mn o o
o B E“K\ 0. 8772 MPa
u =

Ung sail tnung bindy € 13- "= e [s

Hinh 5: Biéu d6 gidi han (rng suat:

1 — dudng Goodman; 2 — dudng ngoai luc; 3 — dudng Gerber;

4 - dudng Ung suat thi ngiém
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viéc g, va a,,, diém A - (rng suét clia luc xiét 6. Pudng ngoai
lwc P bét dau tai A cé géc nghiéng 450 khi hai truc co ty 1&
nhw nhau.

Tai diém A: 'ng suét bdi luc xiét tdi wu theo cong thirc
(3), hinh 6:

o= 132980 _ coompa

Tai diém B: Bién d6 (rng suét (1):

0,25-8000

o, =————
2-58 ,

(Fng suét trung binh béi lyc xiét va tai trong thay di (2):

o, =660+17,24=677,2MPa

=17,24MPa

Tai diém C (theo tiéu chi Goodman):
Bién dd tng suét téi han (9):

o = 162-(1040-660)
¢ 1040+ 162

(ng suét trung binh gi6i han (8):

o, =660+51,21=711,2MPa

=51,2I1MPa

Hé sb an toan (4):

51,21
n =——
“ 17,24

Tai diém D (theo tiéu chi Geber):
Bién d6 (ng suét t&i han (10):

=297

.1 |1040\1040° +4-162(162+660)

70720162\ _1040° - 2- 162660
=79,98MPa

(ng suét trung binh gi6i han (8):

o, =660+85=745MPa

Hé sbé an toan (4):
7998

n, = =4,639
17,24
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Bién dd (ng suét téi han (9):
. 0,0 830-660
Ga = =
2
(ng suét trung binh gi6i han (8):
o, =660+85=745MPa

=85MPa

Hé sé an toan (4):
85
n =
17,24

Céc hé sb an toan n, phu hop véi hé sé an toan do bén
cla bu 16ng (7=4,908) va méi ndi (1,=4,908). Theo (12) ta c6
hé sb do an toan theo (rng suét thir thda man yéu ciu vé gidi
han xiét lién két bu léng:

o830 _
17,24 +660

=4,93

226

’

4. Két luan:

Qua nghién ctru va vi du tinh toan ta c6 thé thay réng:

Luwc xiét ti wu gay ra trng suét trwéc trong tiét dién gidp
tang tudi tho cho lién két bu 16ng dwéi tac dung cua tai trong
thay déi;

Khi lién két bu 16ng chiu tai trong thay dbi dat luc xiét tbi
wu F,,, s& cho hé s6 an toan nhu da dinh déng déu cho bu
I6ng va moi noi;

Khi co Iy xiét toi vu hé sb an toan n, theo Geber lon
hon, con theo Goodman thi nhd hon khi so véi hé s6 an toan
cuwdng do da dinh # cla bu long;

Lwc xiét toi wu gay ra (rng suat trudc trong tiét dién gidp
tang tudi tho cho lién két;

Ap dung tiéy chi phé’hoai Goodman, Gerber... cho phép
xac dinh do bén lién két bu léng theo tai thi nghiém tiéu
chuén chinh xac hon theo gi¢i han chay cla vat liéu bu 16ng;

Bién do gidi han cpa rng suét theo Goodman phu thudc
tuyén tinh vao trng suat trung binh gidi han, con theo cac tiéu
chi khac, khéng tuyén tinh;

Bién dd gi&i han clia (rng suat gidm khi (rng suét gii han
trung binh tang./.
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