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Tom tiit:

Ung suit du sinh ra trong qua trlnh han phan 16m 1a cac &ng suit c6 hai, lam cong vénh, nirt giy chi tiét, dic biét
lam glam tudi tho méi ciia két cAu. Vé nguyén tic, khi loai bo dwge cac rng suit dw nay sé lam tang tu01 tho mdéi cia
két cAu han, tuy nhién khi thye hi¢n qua trinh khir ing suét du bang phuong phap rung dong, két cu lai phai chiu
tac dong cua tai trong c1r0’ng birc cé cwong do lo'n v6i tin s6 nhat dinh, diéu nay sé gay ra ton thuo’ng méi cho két
cAu va c6 thé lam giam tudi tho cia ching. Vé vén dé nay, cac nghién ciru trong va ngoai nudéc rat it dwgc cong bé.
Trong bai bio nay, cc tac gia trinh bay két qua nghién ctru, khio sat va so sanh mirc dj thay ddi tudi tho méi cia
két cAu rng dung trén chi tiét truc cing xich may xiic DIKI-5A sau khi han phuc hdi va dwoe xir Iy Khir ing suit du

b:‘ng phwong phap rung dong.
Tir khéa: Két ciu han, rung khir irng sudt du, wng sudt du.

Chi s6 phén loai: 2.3

Evaluating the possibility of increasing
the fatigue life of welded structures
by the vibratory residual stress relief method

Manh Cuong Bui’, Van Duong Nguyen
Faculty of Mechanical Engineering, Military Technical Academy

Received 17 October 2017; accepted 28 November 2017
Abstract:

Residual stresses produced in the welding process mostly are harmful ones
which make the welded structures be bent and cracked, and specially reduce
the life of the structures. Applying the residual stress relief method will
increase the age of the connectors; however, when performing the process of
balancing with vibration, the connectors must be influenced by the load at a
high frequency. This will damage the connectors and may reduce their age.
However, domestic and foreign research on this issue is rarely published.
In this paper, the authors present the results of research, investigation and
comparison of the change in the fatigue life of the structures applied on the
IKI'-5A contact shaft after restoration welding and being processed by the
vibratory residual stress relief method.
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Khtr tng sudt du bing phuong
phap rung dong c6 nhing wu diém
n6i troi ma cac phwong phap truyén
thong khac nhu gia hoa tu nhién, t...
khong c6 dugc. Day 1a phuong phép
nhanh, tiét kiém ning luong va khong
lam thay ddi mau sic, thAm my, tinh
chat vat liéu ciia chi tiét. Dac bigt,
phuong phap nay cho phép khu ung
sudt du cho két cdu co khéi lugng va
kich thudc 16n ma phuong phap truyén
théng nhu u khir ing suat du khong
thuc hién dugc. Vi vay, trong nhiing
nim gan day phuong phap khir ing
sut du trong két cau bang rung dong
thu hiit sy quan tim nghién ctru ctia rat
nhiéu nha khoa hoc trén thé gioi, da co
nhitng nghién ctru dé cap va lam sang
to anh hudng cia cac thong sb cong
nghé nhu tan s6, cuong d6 dat luc kich
thich dén hiéu qua rung khtr ing suét
du trong két cau[1, 2]. Tuy nhién, mot
trong nhimng yéu té co ban, quan trong
anh hudng truc tiép dén kha ning tng
dung cua phuong phap nay trong thuc
té ky thuat 13 mic do thay doi tudi
tho ctia két cau khi dugc xur 1y bang
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phuong phap rung khir Gng suat du
lai rat it duoc nghién ciru va d& cap.
Chinh vi vay, viéc nghién ctu, khao
sat va so sanh muc do thay ddi tudi tho
moi cua két ciu tmg dung trén céc chi
tiét thuc té c6 y nghia quan trong trong
viéc ng dung phuong phap nay vao
thuc tién san xuét.

Mo hinh tich liy ton thuong moi va
tudi tho méi cia két cau chiu anh
huéng ciia gua trinh rung khi ing
suat du

Dé danh gia tudi tho moi cua két
céu chiu anh huong ctia qué trinh rung
khir ing suat du, ta st dung mo hinh
tich lity ton thuong moi tuyén tinh do
Miner dé xuét [3-5]. O day, Gmg suét
du dong vai trd nhu tng suat ban dau
trong két cdu va 14 ing suat trung binh
ddi v6i mdi chu trinh chiu tai cua két
cu. Téng tich liiy ton thwong moi
d6i véi chi tiét khi duge xir 1y bang
phuong phéap rung khir tng suat du va
khi khong duge rung khir ing suét du
lan luot dugce xac dinh theo cong thirc
(1) va (2).

D,=D +D, @)

D,=D )
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Trong do, D,  1a ton thuong moi
cia két cdu trong qua trinh lam viéc
sau khi dugc rung khir ing suét du, c6
g suat trung binh (Ung sut du) tng
v6i mdi chu trinh chiu ta1 lac ;D,
1a ton that moi cua két céu trong qua
trinh lam viéc khi khong dugc rung
khr Gng sudt du, co ung suét trung
binh (&ng suat du) ung véi m5i chu
trinh chiutailac ; D, D, om0
lan luot duge xélc dmh theo cac cong
thte (3), (4), (5).
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Trong do, N, 1a s6 chu trinh t6i pha
hong theo duong cong moi khi bién do
{ing sudt & mirc i sinh ra do qué trinh
rung khtr ing suét du; n la s6 chu trinh
lap lai cia bién d¢ Gmg sudt & muc i
trong qua trinh rung khir tng sut du;
R 1a s6 muc bién do Gng sudt khac
nhau trong qua trinh rung khir g suat
du; N, >N, lan luot 1a s6 chu trinh
t61 phé hong theo dudng cong moi khi
bién d6 tmg sudt & mic i va c6 (ing suat
trung binh lan lugt 1a o, (img suat du
con lai trong két cau sau khi rung), 6|
(Ging suat du sinh ra trong két cau han
khong duoc xtr 1y rung khir img suat
du),n_ ,n._. lan luot 1a s6 chu trinh
lap lai cua bién do ung suat & muc i
trong qua trinh két cau lam viéc; L 1a
sO bién do ung suat khac nhau trong
qué trinh 1am viéc cua két cau.

S6 chu trinh t&i pha hong N, o>
N,_,,duoc xac dinh trén co s¢ duong
cong moi hi¢u chinh khi ké dén yéu to
anh huong ciia g suat trung binh c, .
G, lam giam giGi han bén moi cua ket
cau theo gia thuyét cia Gerber [4, 5].

C
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Trong do, o, dugc xac dinh theo
gia thuyet cua Gerber [5].
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O day, c,,(j=0,1)latmg suét trung
binh hay ung suét du trong két c4u khi
khong dugc xur 1y rung khir mg suét
du va khi duoc rung khir Gmg suat du;
c la bién do ung suét trong mdi chu
trinh chiu tai 7; o, 1a gi6i han bén két
cau; C 1a hé s6 duong cong moi.
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Két ciu trong qua trinh lam viéc
duogc xem la bi pha hong vi moi khi
tong ton that moi tich lily bang 1 [3-5],
hay tu cac phuong trinh (3), (4), (5),
ta c6 két ciu dugc xur ly rung khur img
sut du ciing nhu két cau khong dugc
rung khtr ing suét du s& bi pha hong vi
moi trong qua trinh lam viéc néu tuong
(g thoa mén cac diéu kién sau:

Dr + Daml = 1 (9)
D

om0 = 1 (1 0)

Tir diéu kién (9), (10), ta xac dinh
duogc tudi tho moi trung binh (so chu
trinh 1am viéc dén hong) cia két cau
khi duoc rung khir tng suit du va cua
két cau khi khong dugc rung khir ing
suat du lan luot theo cac cong thirc
nhu sau:
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Céc cong thuc (11), (12) 1a co so
dé danh gi4 kha nang tang tudi tho moi
ctia két cAu nho phuong phép rung khir
mg sudt du.

£ 2 -a ~ 2 ~
Ket qua thuc nghiém va thao luan

Pé minh hoa van dé danh gia kha
ning ting tubi tho moi cua két ciu
dang han khi dugc xtr Iy bang phuong
phép rung khir ing suét du, ta xem xét
bai toan rung khtr ing suit du cho truc
cang xich may xtic OKI'-5A duoc phuc
hoi bang phuong phap han ngdng truc
phai tai vi tri R12 vao than truc (hinh
1). Truc cang xich may xuc lam tir thép
40X, c6 mo6 dun dan héi E = 2,17.10°
Mpa; mat do p = 7,85 kg/m’; 5, = 610
MPa; 6 =430 Mpa [3, 4].
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Hinh 1. Truc cang xich may xic 3Kr-5A.

Sy hinh thanh tng suit du do han
phuc hdi va qua trinh rung khtr ing
suét cho truc cang xich may xtc K-
5A dugc phéan tich trén co sé phuong
phap phan tir hitu han bang phin mém
ANSYS cia My, dugc do kiém tra lai
bang phuong phap khoan 15 theo tiéu
chuidn ASTM E837-01 [6] trén thiét
bi va tem do chuyén dung cia nhém
nghién ctru (hinh 2). Két qua phan bd
{mg sut du do han phuc hdi dugc thé
hién trén hinh 3. Bang 1 thé hién két
quéa phan tich ing suit du va do kiém
tai vi tri sat canh mdi han. Dya vao
bang 1 ta thiy, két qua phan tich va do
kiém kha gan nhau, sai s6 khong qua
10%.

Hinh 2. Tem do ting suat du.

Bang 1. Ung suit du (Von-Mises)
(MPa) tai canh mép han trén truc
cang xich may xidc 3Kr-5A trudc khi
rung khir tng suat du.

Két Keét qua do
. theo phuong q
qua . x  Saiso
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hén theo tiéu chuin ¢
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Hinh 3. Phan b (ing suit du trén truc cang xich sau khi han phuc héi.

g
7

Qué trinh rung khir tng suit du
cho truc cing xich duoc tién hanh theo
khuyén cdo chung cua phuong phap
rung khir ing suat du trong khoang
thoi gian 5 phut, tai tan sé cong huong
ctia két cdu 30 Hz (hinh 4). Sy thay d6i
g suat theo thoi gian tai diém canh
mép han trong qua trinh rung khir tng
suat du duge thé hién trén hinh 5.

2]

Hinh 4. Rung khi ding suat du cho chi tiét truc cang xich.

Tir db thi hinh 5 ta thdy, qua trinh
tich thoat img suat du thuc sy chi xay
ra trong vai traim chu ky dau, sau d6 6n
dinh va khong d6i. Phan b6 ung suét
du trén tryc cang xich sau qué trinh
rung khu duoc thé hién trén hinh 6.
Truc cang xich sau khi rung khtr ung
sudt du duoc do kiém bang tem do va
thiét bi chuyén dung ctia nhom tac gia
tai canh mép han, gﬁn vi tri do trudc
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Hinh 5. Su thay d@i ting suat theo thoi gian tai diém canh mép han trong qua
trinh rung khd ding suat du.
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Hinh 6. Phan bd ting suat du trén truc cang xich sau khi rung khir ding suat du.
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Bang 2. Ung suat du (Von-Mises) (MPa) tai canh mép han trén truc cang xich
sau khi rung khi dng suat du.

Két qua do theo phwong phap
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E837-01
76,1 68,1 -10%

) L) 30
—

/Y‘ 8 7} 150 30070
J — —
’ ] ]

Hinh 7. Phan bé tng suit trén truc cing xich trong qua trinh lam viéc trong
2 truding hgp sau khi dugc rung khii iing suat du (A) va khi khong dugc rung
khir dng suat du (B).

A
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d6, két qua mo phong va do kiém dugc
thé hién trén bang 2.

Truc cang xich sau khi han phyc
hdi phai lam viéc trong diéu kién chiu
ubn dudi tac dung cua tai trong dang
mach dong ¢ 2 dau tryc véi cuong
d6 lyc 1a 40.000 N, phan bd tung suét
trong qua trinh lam viéc cda truc cang
xich dugc thé hién trén hinh 7.

Dua vio su thay d6i ing sudt theo
thoi gian trong qua trinh rung khir ng
sudt du (hinh 5) va ung suét sinh ra
trong qua trinh tryc cang xich lam viéc
(hinh 7), nhom nghién ciru tién hanh
tinh toan tudi tho moi cho truc cang
xich may xtc OKI-5A trén co s¢ su
dung t6 hop chuong trinh DAFLAPS
[5, 7, 8]. Pay 1a t6 hop chwong trinh
da dugc nhom tac gia nghién ctru, xay
dung tai phong thi nghiém co dién tu
thugc Truong Pai hoc Ky thuét téng
hop quéc gia Irkutsk (Lién bang Nga)
va da dugc cap bang so hiru tri tué [7].
Két qua phan tich tudi tho méi cho truc
cang xich trong hai truong hop khi truc
cang xich duoc xir Iy bang cong nghé
rung khir tmg sudt du va khi khong
dugc rung khir ing sudt du thé hién
trén bang 3. Két qua tinh toan ta thiy
rang tudi tho moi cuia truc cing xich co
thé tang 1én trén 30% khi dugc xir 1y
bang cong nghé rung khir tng suit du
trong thoi gian 5 phut, tuy nhién khi
tang thoi gian rung khir Gmg suat du
1én 35 phut tudi tho cua né lai giam
(bang 4).

Bang 3. Tudi tho méi (s6 chu trinh
lam viéc dén héng) cla truc cing
xich may xidc 3Kr-5A khi rung khi
ting suat du va khi khong dugc rung
khir éing suat du - thoi gian rung 5
phit.

Khi rung Khi khong

khir (rng rung khir iing S(i:; S)O
suat dw suat dw N
4,37E+09 2,86E+09 34,6%




Bang 4. Tudi tho méi (s& chu trinh lam viéc dén héng) clia truc cang xich may
xtc 9Kr-5A khi rung khi ing suat du va khi khéng dugc rung khi ting suat du

trong thoi gian rung 35 phuit.

Khi rung khir ing suit dw

Khi khong rung khir ing suit dw

Sai s0 %

1,92E+09

2,86E+09 -48%

Ung suit du sinh ra trong qua trinh
han phén 16n 13 ¢6 hai, lam giam tudi
tho cua két cAu. V& nguyén tic, khi
giam duoc cac ung suit du sinh ra
trong qué trinh han s& 1am tang tudi tho
cho két cau. Mot trong nhimg phuong
phap co thé lam tang tudi tho cho két
céu dang han chinh Ia tng dung cong
nghé rung khir tmg suat du. Cac két
qua nghién ctru cho thiy, ung dung
cong nghé rung khur tmg suat du doi
v6i két cau dang han c6 thé 1am ting
tudi tho cho chung, trong trudng hop
nay c6 thé lam ting tudi tho cho truc
cang xich may xtic DKT-5A dén 34%.
Tuy nhién, tir két qua nghién ctru ciing
cho thay thoi gian thyc hién rung quéa
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lau khong nhiing khong lam gidm ung
sudt du ma con lam giam tudi tho cta
két cdu, tham chi gay pha hong moi
cho két ciu ngay trong qua trinh rung
khir img sut du.
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