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UNG SUAT CUC BQ CUA CAC LOAI LO BU LONG XET PEN SU
TON TAI CUA UNG SUAT DU
LOCAL STRESS OF BOLT HOLE CONSIDER SURVIVAL RESIDUAL STRESS
Nguyén Ping Diém
Truong Pai hoc Giao thong Vdn tai

T6m tat: Bai béo phan tich iing sudt cuc bg tai khu viec mép 16 bu 16ng ciia cac logi 16 khéc nhau
bang phuwong phap phan tir hitu han xét den sw ton tai cua ung sudt duw. Céc loai 16 dwoc nghién ciru
bao gom: L¢ chuan, 16 qua cé, 16 ovan ngan 16 6 van dai. Phan ti dwoc lwa chon dé phan tich la phan
tir tam giac bdc 3 véi 10 nat, ham chuyén vi diroc chon la da thirc bdc 3 day . Ung sudt trong phan
tir sé phan bé bdc 2 phi hop hon véi bai toan thuc té. Tac gia phan tich s ton tgi cia iing sudt du trong
két cau theo md hinh cia Bjorhovde, ing sudt dir dwoc xem xét sinh ra do nguyén nhan la qua trinh
ngugi khong déu trong qué trinh gia cong Két qua phan tich ing sudt cuc bg thdy duoc s lam viéc cua
cac logi 16 bu léng. Qua dé nguoi thiét ké co thé chi dgng lia chon logi 16 bu 16ng cho phu hep.

Tir khoa: Ung sudt cuc bg, ing sudt duw, 16 bu léng, phirong phdp phan tir hitu han, lién két bu
16ng.

Chi sé phan logi: 2.1

Abstract: This paper analyzes local stress of different bolt hole by finite element method consider
survival residual stress. The types of holes studied include: Standard hole, oversized hole, short oval
hole, long oval hole. The element selected for analysis is a triangular third-order element with 10 nodes,
a displacement function chosen as a full-scale polynomial. Stress in the element will distribute the
quadratic order more suitable for the real problem. The author analyzes the existence of residual stress
in the structure according to the model of Bjorhovde, the residual stress is considered to be generated
by the reason that the process is not uniformly cold during processing. The results of local stress analysis
show the working of the bolt holes. Thereby the designer can actively select the type of bolt hole
accordingly.

Keywords: Local stress, residual stress, bolt hole, finite element method, connection bolt.
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1. Giéi thiéu cua (ng suat du trong vat liéu thép c6 nhiéu

Khi ché tao lién két bu 16ng trén thép co
ban can gia cong 15 bu 16ng, nhitng khu virc
nay xuét hién (g suit cuc bo tai mép 16. Theo
[1], khi lién két két cau thép bang lién két bu
Ing thi c6 cac loai 16 bu 16ng: L3 chuan, 16
qua cd, 16 6 van ngan va 16 6 van dai, kich
thudc cua cac loai 16 nay chi phu thuoc vao
duong kinh caa bu 16ng, khéng phu thuoc vao
loai bu 16ng va loai lién két.

Trong qua trinh gia céng nhiét, gia cong
co hoc va luyén thép 1am xuat hién ¢ng suat
du trong vat liéu thép. Ung suit du do gia
cdng nhiét hinh thanh khi sy ngudi xay ra
khong déu. Ung suat du do gia cong co hoc
xay ra bai bién dang déo khong déu khi bi kich
ép. Ung suit du do luyén kim sinh ra do su
thay ddi cAu trdc phan tir cua thép. Sy ton tai

gia thiét khac nhau, tiéu biéu la quan diém cua
(Bjorhovde, 1992) [8] vé tng suét du khi tinh
toan va thiét ké két cau thép.

O trong nudc di co6 nhitng nghién ctu
phan tich @ng suat cuc bo cuaa 15 hinh tron
bang phuong phép giai tich hodc phuong phap
phan tir hitu han trén co sé sir dung céc phan
mém thuwong mai nhu Midas FEA. Tuy nhién
cac nghién cau mai chi dung ¢ 16 tron ma
chua dé cap dén cac loai 16 chuan, 15 6 van
ngan, 15 6 van dai va ddng thoi xem xét dén
s ton tai cua tng suat du trong két ciu. Trong
pham vi bai béo nay, tac gia chi dé cap dén
g suat du do sinh ra boi sy nguoi khong déu
cuia cau kién trong qua trinh gia cong hay ché
tao & nha may. Nguyén tic co ban cua ung
suat du co thé duoc tom tit: Céc thd lanh dau



31

TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAl, SO 32-05/2019

tién chiu tng suat du nén, cac thé lanh sau
cuing chiu wng suat du kéo (Bjorhovde, 1992).

Trén thé gioi c6 nghién ciu vé (ng suat
cuc bo xung quanh cac 15 bu 1dng cua méi ndi
duong ray [2] hay hay su anh hudng qua lai
gitta hai 15 trén chi tiét [3]. Cac cong b nay
tap trung giai quyét cho 15 hinh tron chua xem
xét dén hinh dang 16 va xét dén su ton tai cua
g suat du. Do d6 phan tich (ng suat cuc bd
tai mép cé4c loai 15 trong lién két bu 1dng can
tiép tuc dwoc nghién ciru. Qua viéc phan tich
g sut cuc bd nay cho ta thiy duoc su lam
viéc cuia cac loai 13 trong lién két. Nguoi thiét
ké c6 thé chu dong hon trong viéc lya chon
loai 16 cho phi hop.

2. Co 6 ly thuyét

Trong bai bdo nay tac gia luya chon
phuong phap phan tt hitu han theo mé hinh
chuyén vi, phwong phap nay hiéu qua ddi voi
su tro gilp cua may tinh dién tu. Qua d6 tac
gia xay dung chuong trinh tinh thong qua lap
trinh Matlab. Véi pham vi nghién cau cua
minh tac gia chi dé cap dén su lam viéc cua
cac loai 15 trong cau kién chiu kéo, do d6 bai
toan duoc giai quyét 1a bai toan ung suit
phang. Ham chuyén vi duoc lya chon 1a da
thirc bac ba day du, véi mé hinh chuyén vi nay
rng suat trong phan tir s& thay ddi bac 2 phan
anh tét trang thai ¢ng suat cua phan ti, no
cling thich hop véi dang bién cong cia phan
ta. Phan tir tam giac bac ba gom 10 nat: 3 nat
¢ dinh cua tam giac va 6 nit ¢ cac canh tam
giac va mot nat nam & trong tam cua phan tir
tam giac, ham chuyén vi duoc xap xi (1), tng
suat du ton tai trong két cu tac gia sir dung
moé hinh caa Bjorhovde, 1992. Ung suat du
ban dau trong phan tir tam gidc duoc coi nhu
tai trong ban dau [8].

Chuyén vi theo phuong x va phuong y
dugc xap xi dudi dang da thirc bac hai day du
(1). Céc chuyén theo chiéu truc x: u(x,y) va
chuyén vi theo chiéu truc y: v(x,y) duogc t6
hop tuyén tinh tir 10 ham noi suy (2):

u(x,y) =a, +a,x+a,y
+a,X+a x> +ay’ +a x’y
+2Xy” +agX’ +ay,y’

V(X,y) =ay; +a,X+ azy
+ay, XY + X +ay’ +

8, X7y + AeXY” + 85X + 85y

U(X’y):ZNixui :[N]X{qU}e

(1)

10 (2)
V(X’ y) :Z I\Ii ><Vi :[N]X{qV}e

Ma tran cac ham dang duoc xac dinh theo
(3) trong hé toa do6 dién tich:

[N]=[N;],i=1—10 3)
N, :%Li(3Li -DEL -2 (4)

9

N, =S LLEL -1 ©)
N, =§L1L2(3|_2 ~1) (6)
N, =%|_2|_3(3|_2 -1 7)
N, =L L (3L -1 ®)
N, =3 L, (3L -1 ©)
N=SLLEL-D  (10)

N, = 27LL,L, (11)

Li: Toa d6 tu nhién cua phan tir tam giac
Ma tran d6 ctng phan ti:

[K]G:IJJ[B]Tx[D]x[B]dV (12)

Ma tran céc hé s6 dan hoi cua bai toan tng
suat phang:
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(13)

0 0

0
0
1-v
2

v 1 Hé s6 poat-x6ng cua vat liéu
Ma tran tinh bién dang:

9
OX

[B]=[V][N]=| 0 (14)

[N]

Rl Qfo

9
oy

Ung suit caa phan tir duge xéac dinh:

Oy

[ R ) R
DJ«(V[N]x{a}, = [D]«[8]x{a}

Véc to bién dang caa phan tur:

-

(16)

+ {u},: Véc to chuyén vj ciia phan t;
+ {q},: Véc to chuyén vi niit ciia phan tir.

Ung suét hiéu dung Von Mises:

o, = \/%x{(ax —o, )2 +o’ +0°, +6rfy} (17)

3. Vi du tinh todn minh hea

Trong pham vi nghién clru ciia minh tac
gia tinh toan cho tdm c6 kich thudc 100 mm x
100 mm va chiéu day 14 12 mm, vat liéu thép
duoc dua vao tinh toan c6 mo dun dan hdi E =
2x108 KN/m?, hé s6 Poisson v = 0.25, thép két
ciu st dung loai M270 cap 250 c¢6 cuong do
chay Fy = 250Mpa, tmg suit du phan bd theo
mod hinh cua Bjorhovde, 1992. Bu long co
duong kinh d dé dua vao tinh toan, cac quy
dinh vé khoang cach gitra cac bu 16ng duoc

lya chon theo [1 va 4] dam bao khong co su
tuong tac gitta cac 16 bu 16ng véi nhau. Tam
dugc chia thanh cac phan tir tam gidc, cac
phan tir tam gidc duoc sir dung 14 phan phan
tur bac ba vai 10 nat tai dinh cung cac canh tam
giac va trong tdm tam giac phu hop hon véi
bién cong. Tai khu vuc mép 16 cac ludi dugc
chia voi khoang cach du nho vira phan anh
dung diéu kién lam viéc vira dam bao khdi
lugng tinh toan. Theo [1] khi st dung bu 16ng
c6 duodng kinh d = 22 mm thi ¢6 cac dang 15
bu 16ng la:

+ L tron tiéu chuin c6 d1 = 24 mm (L
TC);

+ L0 tron qua ¢d c6 d2 = 28 mm (L6 QC);

+ L 6 van ngan: Truc ngan X dai = 24 x
30 mm, khoan theo phuong ngang (L
E2430n);

+ L3 6 van dai: Truc ngan x dai = 24 x 30
mm, khoan theo phuong doc (L& E2430d);

+ L 6 van ngan: Truc ngin X dai = 24 x
55 mm, khoan theo phuong ngang (L
E2455n);

+ L 6 van dai: Truc ngan x dai = 24 x 55
mm, khoan theo phuong doc (L E2455d).

N

Y Y

100 224 X 100 @28 X

L& TC Lsac

Hinh 1. Cdu tao 16 chudn, qud co.

Y T v
- i

100 24 X 100 30

T L L g
4
1 ‘ L— 100 ——l
i 100 -1 L5 E2430d

L6 E2430n

Hinh 2. L6 ovan ngin.
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100 @—x 100 55 X
l
24 3
55

| 100 | ! 100 i

L& E2455n L6 E2455d

Hinh 3. L4 ovan dai.

Do cac tim 1a di x&ng theo hai phuong
nén khi phan tich ta chi phan tich cho 1 phan
tu tim, tim chiu tai trong phan b6 déu theo
phuong y trén mép theo tryc X cua tim, tai
trong c6 d6 lon bang 20 kN/m. St dung
phuong phap da trinh bay & muc 2, ta thu dugc
két qua nhu hinh 4, 5, 6, 7, 8, 9:

Nimm"2
+872555e+000
482316664000
47737774000
7243834000
+675000e+000
482581 164000
+5 7522000
+5.26634e+4000
+477445e+4000
+4.25057e+000
+378888+000
+329780e+000
+2796 124000
+2.30502+4000
+1.81114e+000
+1.31725e+000

\ 62338001

Hinh 4. Truong iing sudt 16 chudn.

+1 4862124001
+1.39386e+001
+1.30151e+001
+1 2081 5e+001
+1.11680e+001
+1.02445e+001
+9.320952+000
+8.39742e+000
+7.47389e+000
+6.550362+000
+5.52683e+000
+470331e+000
437797824000
+2.856250+000
+1.35272e+000
+1.00919e+000
+8.56632e-002

Hinh 5. Truirong ing sudt 16 qué cé.

N2
+1.07018e+001
+1 00FETev001
+8.451476+000
+8.826202+000
+5.20100e+000
+7 5757724000
+6.950536+000
+6.325306+000
+5.70007€+000
+5.07483+000
+4.449602+000
+3.824362+000
+3.19813+000
+2.573306+000
+1.94886e+000

\ +1.37343+000
+6 A1

Hinh 6. Truwong iing sudt 16 ovan ngan chiu luc
theo phirong ngang 16.

Himm2
+7.81954e+000
+7.36282e+000

+6.94630e+000
+6.50967+000
+5.07305e+000
+5.63643e+000
+5.199812+000
+4. 7631 9e+000

+4.32657+000
+3.889952+000
+3.45333e+000
+3.01671e+000
+2.58009e+000
+2.14347+000
+1.70684e+000
+1.270226+000
+8.3360 30101

Hinh 7. Truong dmg sudt 16 ovan ngan chiu luc
theo phuwong doc 1.

+9.451748+001
+9.2488 e+001
+§.2124 e+000
+852624€+000
+8.20100e+000
+7 ST5TTe+000
+6.95053e+000
+6.32530e+000
+670007e+000
+5.07483e+000
+4 4436064000
+3.82436e+000
+3.19813e+000
+2.573806+000
+1 348666+000
+1 5234364000
+6.981356-001

Hinh 8. Truong ing sudt 16 ovan dai chiu lyc
theo phwong ngang 1.

Mimm'2
467594224000
+6.397148+000
+B.054868+000
+5.5T2588+000
453102384000
+4.94801e+000
+4.585732+000
+4.223452+000
435611824000
+3.498882+000
+3.13660e+000
+2.7T4322+000
+2.412048+000
+2.048752+000
+1 B8T4Te+000
+1.3251 984000

Hinh 9. Truong ing sudt 16 ovan dai chiu lyc
theo phuong ngang [o.

Két qua phan b @ng suat cho thay tng
suit cuc bo tai mép 16 16n nhit theo phuong x
va giam rat nhanh khi diém tinh ¢ng suit cang
xa 16 khoan.

L3 qué c& ¢6 tng suat tap trung I6n nhat
trong cac loai 16 (gap 1.703 1an so véi ng suat
cua 16 chuan va gié trj ang suat 16n nhat trong
biéu db wng suat chiém 0.2%). Vi vy nén sir
dung 16 qué c& cho cac lop lién két chiu ma
sat, khi d6 cac ban ép vao nhau nho luc xiét
trong cac bu 16ng, luc ép gitra cac ban du lon
khong cho cac ban trugt. Khong dung 16 qua
c& cho lién két 1am viéc ép mit khi d6 than bu
16ng ép mat 1én thép co ban tao ra tng suét cuc
bo 16n tai mép 15.

So sanh ¢ng suit cuc bo cua hai dang 15
ovan trong truong hop canh dai cua ovan nam
song song va vuéng goc vai phuong tac dung
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cua lyc. Voi truong hop canh dai ovan nam
vudng goc vai phuong tac dung cua luc thi
cho ung suit cuc bo 16n hon. Qua dé ta nén
han ché sir dung 15 ovan c6 canh dai vudng
g6c véi phuong tac dung cua luc dé tranh
truong hop 16 bi pha hoai.

4. Két luan

Tir két qua phan tich & trén, tc gia nhan
thdy ng suit tap trung I6n nhat theo phuong
X, phuong vudng goc véi luc tac dung. Ung
suat cuc bo phat trién nhanh theo phuong x tir
mép 156 dén phia ngoai lién két.

Déi v6i 16 quéa cd va 16 6 van dai ty lé
phan trim c6 @ng suat l6n nhat chiém cao
(twong wng vai 0.2% va 0.3%). Do d6 tac gia
khuyén cdo c6 thé su dung 16 chuan, 15 elip
canh ngan va canh dai cho cac lién két bu 16ng
cuong d6 cao chiu ma sat hoac ép mat. Tuy
nhién khi sir dung 15 elip canh ngan va dai cho
lien két chju ép mat thi phai cha y dat canh dai
song song Vvéi phuong tac dung cua luc. Doi
Vi 16 qué cd thi chi dugc ding trong lién két
bu 16ng cuong d6 cao chiu ma sat. Trong
nghién ctu nay tac gia chua dé cap dén anh
huong cua nhém 16 trong cting mot lién két va
g sut du méi chi ding lai do nguyén nhan
do qua trinh gia cong trong nha may.

Pay chinh 1a huéng mé rong nghién ctu tiép
khi xét dén anh huang caa nhom 15 bu 16ng va
anh huong cua ung suat du do day du cac
nguyén nhand
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