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TiNH TOAN, KIEM NGHIEM DO BEN MOI KHOP GIAN NO
HINH CH(* NHAT BIEN DANG HINH CHU “U”, ’'NG DUNG
TRONG HE THONG PUONG GIO NHA MAY NHIET DIEN

CALCULATE AND FATIGUE TESTING OF “U” SHAPED RECTANGULAR
EXPANSION JOINTS , APPLIED IN THE WIND SYSTEM OF THERMAL POWER
PLANTS

Hoang Trung Kién, P5 Thanh Trung, Nguyén Anh Quan, Vii Trung Tuyén, Nguyén Thi Thu Thiy
Vién Nghién ctru Co khi, B Cong Thuong

TOM TAT

Khép gian no kim logi dvwoc su dung rong rai trong nganh hang khong vii tru, nha may hoa
chat, hé thong nha may nhiét dién, cdc bé phdn trao déi nhiét, phu tung xe 6 t6, hé thong nha mdy
héa dau... Trong qud trinh hoat dong, cdc du"ong ong phdi chiu cdc ng sudt khac nhau va tlep xuc
Véi cde méi trong, dan dén hong do sw bén moi cia vit liéu. Do do, can thiét phdi cé thiét ké khép
gidn né kim loai phit hop véi itng dung ciia hé thong. Muc tiéu chinh ciia bai bdo la danh gid g
sudt tqo ra trong 16p kim logi va chu ky lam viéc ciia khép gian no & diéu kién lam viéc dp sudt, bién
do dao dong va nhiét do khac nhau. Trong bai bao nay, cac ung sudt dwoc tinh toan theo tiéu chudan
EJMA va so sanh két qud thu dioc bang phan mém ANSYS cho vit liéu thép khéng gi SUS304, voi
diéu kién nhiét do thay doi tir 180 — 300°C, ap sudt lam viéc trung binh 10 kPa, véi bién do dao dong
thay doi + 16,5 mm.

Tir khéa: EJMA; Khép gidn né kim loai; Khép gian né hinh vuéng; B bén moi.
ABSTRACT

Metal expansion joints are widely used in aerospace, chemical plants, thermal power plant
systems, heat exchangers, auto parts, systems. petrochemical plants... During operation, pipes are
subjected to various stresses and exposures to environments, leading to failure due to the fatigue
strength of the material. It is therefore necessary to design a metal expansion joint suitable for
the application of the system. The main objective of the paper is to evaluate the stress generated
in the metal layer and the working cycle of the expansion joint at different working conditions of
pressure, vibration amplitude and temperature. In this paper, the stresses are calculated according
to the standards EJMA and compared with the results obtained by ANSYS software for the SUS304
stainless steel material with temperature conditions varying from 180 — 3000C, average working
pressure 10 kPa, with variation amplitude +£16.5 mm.

Keywords: EJMA; Metal expansion joint; Rectangular expansion joint; Fatigue strength. &
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1. GIOI THIEU

Khép gian nog, hay con goi 1a khop co
gian nhiét 1a bod phén dugc dung trong cong
nghlep dung dé két ndi cac duong ong co su
rung lc, co gidn vi nd vi nhiét, nhim ting
cu0’ng su On dinh cta toan bo hé thong duong
dng. Khép gidn nd duge ciu tao gdm cac mui
song c6 kha nang bu mot lwong 16n cac chuyén
dong doc truc, ngang va goéc nhu mot khoi
duy nhit. N6 phai du chic chin theo chu vi dé
chiu dugc 4p lyc va du mém déo theo chiéu
doc dé chap nhan cac d6 1éch ma né duoc thiét
ké. Piém manh cung voi tinh linh hoat nay 1a
mot van dé thiét ké doc dao khong thuong thay
& cac bo phan chi tiét may khac trong thiét bi
cong nghi¢p. Khong nhitng vay, hién nay, trong
cac nha may nhiét dién, cac hé thong khép gidn
nd duoc ché tao bang vat lidu vai, amiang ¢
tudi tho khong cao, bi hu hong do diéu kién 1am
viéc khic nghiét [2], tir d6, viéc thiét ké va ché
tao cac khop gidn no c6 kich thude 16n, bang
vat liéu kim loai ngdy cang dugc phd bién.

Kondapalli Siva Prasad va céc cong su
da kiém tra ing suat trong khép gidn no hinh
tru c6 bién dang hinh chir U bang tiéu chuan
EJMA [3]; Bai bao da danh gia (mg suit tao ra
trong 16p kim loai va do bén moi ¢ cac ap suat
lam viéc khac nhau. Trong bai bao nay, cic ung
suat dugc tinh toan theo tiéu chuan cua hiép hoi
san xuat mo rong (EJMA) va so sanh két qua
thu duoc béng phén mém Ansys cho hai vat li¢u
khac nhau 13 Inconel 625 va Inconel 718. Két
qua thu duoc gia tri ing sudt 16n nhat 1a tGng
suat udn turong dwong va gia tri nay duoc kiém
tra vOi gia tri ing suit cho phép dé kiém bén
khép gian nd; E. Pavithraa, V.S. Senthil Kumar
va cac cong su da kiém tra thuc nghiém va phan
tich d6 bén moi ctia khép gidn nd dang 6ng[4].
Bai bao trinh bay nghién ctru hanh vi moi cta
dng gidn no thuy luc hinh chir U. Téac gia da

phan tich khop gidn nd hap thu cac rung dong
co hoc, mdi truong lam viéc. Chuyén dong cua
dong khi va tai trong cua ban than cua khop
gidn né dan dén hu hong sau mot thoi gian st
dung. Mot 1an nita, tac gia di dung phan mém
Ansys dé tién hanh thir nghiém véi diéu kién
lam viéc cua thiét bi, tir nhiét do phong va nhiét
d6 lam viéc co thé 1én dén 650°C. Két qua so
sanh gitra thir nghiém cia moi va thtr nghiém
phan tir hitu han ¢6 phan tuong dong nhau. Két
qua phan tich phan tir hitu han cho thay khoang
1-10% su thay d6i so véi thi nghiém thuc té,
cong cu mo phong phan tir hitu han da du doan
rang, su cb co thé xay ra tdi thiéu trong pham
vi, lam cho dng gidn nd an toan hon trong pham
vi gidi han. Tang 4p suat dan dén giam déng ké
vong doi cua khop gian no. Nam 2017, Gido su
S. H. Gawande Khoa Co khi ciia Truong Pune,
S. P. Pune University, Pune, India d3 cong b6
mot nghién ctru gitt su gidn nd cua khép bang
thuc nghiém va mo phong [5]. Tac gid da duara
moi quan hé truc tiép gitta sé khép gidn nd cd
lién quan tryc tiép dén pham vi diéu chinh cua
ap suét, hé thong trao doi nhiét ctia ong giin
nd. Khép gian nd kim loai dugc nén dudi ap
suat va kéo dai trong khoang trong. Muc dich
ctia bai bao nay 1a thiét ké va khao sat hi¢u suat
bang phuong phap thiét ké t6i vu duoc ap dung
dé chon vat liéu t6i wu voi muc tiéu giam thiéu
trong luong va chi phi. Dé ching minh cac phat
hién, phan tich $6 cling dugc thyc hién béng
phan mém ANSYS va thir nghiém toan dién
béng hé théng thu thap dir li¢u. Sau khi so sanh
cac két qua, co thé thdy rang, tat ca cac phat
hién déu thoa man. Két qua danh gia chung ¢
thé sir dung phuong phap phan tich bang phan
mém FEA dé tinh toan ung suit, du doan tudi
tho cho cac san pham co khi vé6i cac diéu kién
bién phu hop voi thuc té.

Trong cac bai bao trén, hau heét cac
nghién ctru déu dugc thuc hi¢n trén khdp gian
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nd dang ong, duoc lam bang thép khong gi va
chiu cac diéu kién ap suat, nhiét do khac nhau.
Céac nghién ctru déu tap trung giai quyét bai
todn mo phong va so sanh véi thuc nghiém.
Trong bai bao nay, tac gia s€ tap trung tinh toan
kiém bén cho khdp gidn né hinh chir nhat va
mo phong kiém tra tmg sudt, d6 bén moi cia
khép gidn nd. Tir d6, 1am cin ct cho viée thiét
ké ché tao va ung dung cac khép gidn né trong
viéc thay thé cac khop gidn nd bang vai, ami
ang dang dugc su dung trong cac nha may nhiét
dién hién nay.

2. TINH TOAN KIEM NGHIEM PQ BEN
KHOP GIAN NO

2.1. Thong s6 k¥ thuit khép gidn né

Thiét ké ciia khép gidn nd rat phic tap
va né lién quan dén viéc danh gia kha ning
chiu ap lyc, ting suat do do vong, tudi tho méi,
dao dong va tinh khong on dinh cua toan bo hé
thong. Thiét ké khép gidn no kim loai dua trén
qua trinh khao sat hé thong, diéu kién thyc té
ctia hé théng 6ng dan khi nong ctia nha may
nhiét dién, voi chiéu dai hé thong dudong 6ng
lap khép gian no L= 9 mét, vat liu st dung dé
ché tao khép gidn nd yéu cau la thép khong gi
SUS304, nhiét do trong duong dng thay doi tir
170-300°C.

Bién dang cua khép gian né dugc su
dung trong h¢ thong dugc thiét ké nhu hinh 1
dudi day.

Hinh 1. Bién dang hinh hoc cua khop gian no

Thong sé dau vao thiét ké:

P = Ap suat lam viéc 16n nhat = 10 kPa;

Nhiét do lam viéc = 180°C - 300°C;

Kich thudc lap dat cua khép gidn ng: L,
= Dai 4000 mm; rong L = 1030 mm;

n =S4 16p kim loai = 2;

t =DJ day vat liéu danh nghia ctia mot
16p = 1 mm;

w = Chiéu cao song trir di do day khop
gian no = 70 mm;

N = S6 lugng mui song: 3;

L, = Chiéu dai lam viéc ctia khép gidn
nd =235 mm;

L= Chiéu dai tiép tuyén cta 6ng gidn
no =25 mm;

L= Ong gidn né chiéu dai c¢6 khép tiép
tuyen 25mm

t. = D0 day vat li¢u gia c¢d ¢6 khop tiép
tuyén = 6 mm;

g= Budc song cua mui song = 80 mm.

Khép gidn no duoc thiét ké cé bién do
dao dong X ==+ 16,5 mm.

Vatliéu ché tao: Thép khong gi SUS304.

Gia tri tmg suit cho phép cua vt lidu
tai nhi€t do 1am vigc: S_;

Vei S0 B ben keo té1 han cua thép
khong gi SUS304 (300°C) S, =550 Mpa;

S, Ung suat cua Vat liéu tai nhiét do
lam vi€ce, S, 220 Mpa;

C,. He s6 tinh toan cho hiéu qua cua
méi han, C_ = 0.7;

Do d6, gia tri Gmg sut cho phép cia
khop gianno: S = C .S =220.0,7 = 154 Mpa.

2.2. Tinh toan kiém nghiém d¢ bén theo gia
tri rng suat

Nguyén nhan chinh giy ra tng suat
trong khép gidn no 14 ap sudt va do vong ban
dau. Ap suit va do vong gay ra Gmg suit theo
chu vi va tng suat tiép tuyén trong 6ng gidn
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nd. Ung suét do ap suat bén trong phan 16n vin
khong bi anh hudng boi s6 luong 16p kim loai n
ngoai trir tmg suat udn theo phuong mui song,
duoc giam khi tong chiéu day vat liéu ché tao
khop gidn no tang 1én. Ung suat léch hudng
giam do vat liéu mong hon trén mdi 16p dan
dén ting tudi tho moi. Quy woc dat tén cac
thanh phan tng suét tuan theo cac hudng lién
quan dén mui séng dugc mo ta trén hinh 2. Cac
thanh phén ung suat do tai trong phu thudc rat
nhiéu vao ap suat dau vao P va dang hinh hoc,
nhung khong phu thudc vao vat liéu. Ung suét
duy nhat duoc xem xét do tai trong thay doi
phu thudc tuyén tinh vao mé dun dan hoi Eb va
chuyén vi doc truc tuong duong +16,5 mm.

Hinh 2. Quy woc dat tén cua ung sudt trong ong
gian no hinh chir nhdt so voi mui song.

a. Ung suit mang doc trén bé mit tam: Cac
phuong trinh dé tim Ung suat mang doc trong
khép gian nd do 4p suat gy ra:

Coi khép gidn né nhu mot khung bén
mdt, img suat mang la két qua cua luc cang doc
c6 phuong trinh nhu sau:

. P.L.q

Chiu dai S71=— 1

1eu dai o7 24, (1)

Chiéungin §,, = 2£19 )
Z-AC

Trong d6, A: Dign tich mat cit ngang
clia mui song.

2
A= [2. T, + ZJE - Zrm] +w— Zrm]zj_t_N

)

2
- [2.1‘[. 19+ zJ[? - 2.19] +[70 - 2.19]2J.1.3 = 550,5 mm?

Tu do, suy ra:

Chiéu dai

Sn=2et = AT = 8792 kPa = 8,792 MPa (1)
Chiéu ngin

S-;s: P.Lj.q _ 10.(4000+70).80 =1372531 = 323531 Wa(Z)

2.4, 2.550,5

Nhan xét S, = 8,792 MPa va S_ =
32,531 MPa <S =154 MPa

Két luan: Khop gidn no thiét ké dam
bao tng suat mang doc trén bé mat tam.

b. Ung suét udn doc tir ap suit: Cac phuong
trinh dé tim Gmg suit uén doc trong khép gidn
né do ap sudt, tng suat udn nay 1a két qua cua
su 1éch hudéng vao trong c6 phuong trinh nhu
sau:

Sy = DLW _ 10380LO00TORI0 14540 kpa — 114,54 MPa(4)
SSlb _ P.(.NZQI:ZZ.LI) — 10.(3.Bﬂ+§:(1:000+70}) _ 41900 kPa _ 4 1,9 MPa (5)
Sgea :”ff'w = 1”'3'8‘;:12‘;36"3’;‘”2'7" = 8367 kPa = 8,367 MPa (6)
Sglb _ P.(N;:ZZ.LS} _ 10.(3.50+::(11030+70}) _ 12200 ](Pa _ 122 MPa (7)

Trong d6, I: M6 men quan tinh cua
KGN hinh chir nhat.

_ 33
I=N["22D 4 04.q.t.(w - 0,2q)?] ®
_am3

=3, [% +0,480.1. (70 — 0,2.80)?] = 296320 Kegnm?

A A

H¢ so
N 273 B (W= 2 Hg— 4Ty
stwfw.[[(w 27m) 2 (W 427 2 +(a—47m)2

2.1

+3,416.13,.t. (W — 0,7268.Tm)]

— a A70—-2. (702 —4 —
3.70 [1(70 2 19)«/4(7042 19)%+(76—4.19)2 +3,416.19.1. (70 0,7268.19)] Zam )

" 2.290261"
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Kiém tra dicu kién sau: (1,33. K.S,, =
1,33.2,2.154 = 450 MPa).

Ta thay:
S, S 1L33.K.S , thiS, =S, =114,54 MPa
S <1,33. K S thi S, =S =8,367 MPa

Két luan: Bu diéu kién lam viéc.

¢. Ung suit udén ngang do ap suit: Phuong
trinh dé tim Gng sudt udn theo phuong kinh
tuyén trong khép gidn nd do ap luc, hudng cia
{mg suét kinh tuyén 13 trén cac duc‘rng cua mui
song tlep tuyen nay sang tlep tuyen khac. Ung
suat udn kinh tuyen qua muc c6 thé din dén
bién dang déo téng thé & chin ciia mui song va
thanh bén, phuong trinh:

s9- £.(2)"(1-22) - 32 (2" (1-222)
= 15855 kPa = 15,855 MPa (10)

Ta thay, S, = 15,855 MPa< 1,5 S =
1,5%154 =231 MPa

bu diéu kién lam viéc.

d. Ung suit udn kinh tuyén do mé men: Ung
suat udn kinh tuyén dugc str dung dé tinh toan
tudi tho bén moi cia khép gidn nd, co cong
thire nhu sau:

5.Ep.te 5.200.100000.0,9

S10=3. 3W2, (1430 /W) s 3.702,(1+3.19/70)
= 33746 kPa = 33,746 Mpa (11)
Vi,

te—O??St(%) 0??81( 0,9

3.80+2. 25)

Trong do, E, ¢ nhi¢t d6 moi truong; E, |
=200 Gpa.

e. Ung suit udn kinh tuyén (tiép tuyén):

0,938.10.25%
12

= 5863 kPa = 5,863 Mpa (12)

0 gasth

S11=3. 3.

Twr cong thuce & trén, 10 rang rang S, <
S, Pu diéu kién lam viéc.

f. P léch ciia khép gidn né béi ap suit: Pay
1a bién dang dan hoi boi ap suat, khién khép bi
thay d6i kich thudc nhung khong qua 16.5mm
mot bén.

Céc phuong trinh dé tim d6 léch bén
cua cac ranh mui song do ap luc gay ra:

P.N.g.L} 10.3.80.(4000+70)%

Yomia = L ( ) — 78,9 mm.
384.E,] 384.200.1000000.296320
P.N.gL¥ 10.3.80.(1030+70)*

Yomsa = ovdLs ( ) _ 0,154 mm.

384.Ep.J 384.200.1000000.296320

Ta 6 thé thay, gia tri d6 léch Y,
Y, ., €O gia tri nho hon bién do cua khop glan
no tai vi tri 16n nhat A = 2|X| 33 mm. Do do,

khép gidn no duge thiét ké dam bao.

2.3. Tinh toan kiém nghiém khép noi theo
do bén moi

Do bén moi caa mot khdp gidn ng 1a
mot ham cia tong pham vi Gmg suit 4p sut
kinh tuyén va tong pham vi ing suét lam léch
huéng kinh tuyén. Phuong trinh cho d6 bén
moi nhu sau.

— a
Ne (S —b

Trong do, a, b va c 1a cac héng sb vat
liéu va san xuit — ché tao. Cac hing sd nay
duoc suy ra tir cac nha san xuét don 1¢. Tra theo
tiéu chuan EJMA [3], cac gid tri ctia a, b va ¢ la:
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a=3,6; b = 54000, c = 1,86.10°
Ung suat tong S = C,,-S, + C.8,, dugc
tinh cho d6 bén moi cua du’orng cong.

C Hé s6 tap trung Gmg suit c6 dugc tir
két qua klem tra m01 ctia nha san xuat. C,=18.

C H¢ s6 tap trung Uing suét c6 duoc tur
két qua klem tra m01 ctia nha san xuat. La anh
huéng cua ap suit ap dung C,= 18

S, = C,.S, + C.S, = 1,8.15855 +
1,8.33746 = 89281,8 kPa = 89,282 MPa.

Suy ra:
3,6

1,86.10° )
89281,8— 54000
=715602 = 0,715602 x 10° chu ky.

N (Tai nhiet do thiétké) :(

Két luan: Dya trén cong thirc tinh toan
do bén moi cua khop gidn nd, chu ky moi cta
khop c6 thé dat xap xi 1.10° chu ky.

Tir d6, ta c6 thé thay 1a khép gidn no
duoc thict ké co6 thé dam bao chiu ap suat
10kPa, véi chu ky 1am viéc 1én dén 1.10°.

3. MO PHONG BIEN DANG KHOP GIAN
NO

3.1. Piéu kién ban dau ciia bai toan mé phéng

Ban dau, mé hinh bé mit dudi dugce thiét
ké véi su tro giup cua phﬁn mém Solidwork, mot
trong nhitng phan mém thiét ké hang dau, sau
d6 mo hinh bé mit duoc luu ¢ dinh dang IGES
va md hinh hinh hoc dugc nhap vao phﬁn mém
ANSYS. Sau khi nhap hinh hoc, cac déc tinh vat
liéu dugc dua vao trong qua trinh mo phong.

Phén dué6i day duoc phén tich véi su tro
giup cia ANSYS WORKBENCH 21.0. Hinh

3, cho thay, mo hinh bé mit va hinh 4 cho thiy
mo hinh chia ludi cua chi tiét. Tién hanh nhap
cac diéu kién lam viéc cua khép gian no: Nhiét
d6 1am viéc 300 °C, ap sudt lam viéc 10 kPa dé
phén mém thuc hién viéc mo phong.

Hinh 3. M6 hinh hinh hoc cua khop gian no

S e [ B T e [t e 8 e

Hinh 4. M6 hinh chia luwoi ciua khop gian no

Hinh 5. M6 hinh dua cdc diéu kién chiu tdi

3.2. Két qua va thao luin

Céc thong s6 dugc lay ra tir qua trinh
mod phong gom c6 ing suat Von- mises, dung
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dé danh gia d6 bén cua két cdu. Ung suit tuong
duong 16n nhat ¢ thanh bén cua bich 1a 175,98
Mpa nho hon gia tri gidi han chay cua vat liéu
(220 MPa). Két qua mé phong cho thay, khi
khép gidn nd chiu tac dung cua lyc bén, ap suat
bén trong thanh ctia khdp gidn né thi khdp cua
chung ta ¢am bao diéu kién bén.

Hinh 6. Gid tri trng sudt Von - mises

Hinh 7. Hinh anh mé phéng dé bén méi ciia khop
gian no

Gié tr1i m6 phdéng chu ky lam viéc cua
khép gidn né 16n nhét dat xap xi 1.10° tai cac
canh su0n cuia mui song va gia tri nho nhat tai
vi tri cac mdi han — noi tép trung ng suat. Két
qua mo phong va két qua tinh toan chu ky moi
theo 1y thuyét 1a trong d6i gidng nhau.

4. KET LUAN

Trong bai bao nay, viéc thiét ké khop
gidn né kim loai dugc danh gia theo 1y thuyét
tinh toan va viéc danh gia s6 duoc thuc hién
bang phin mém mo phong. Cac két qua thu
duoc duoc so sanh va c6 su khac biét nhd. Do
do6, viéc thiét ké khép gidn nd theo tiéu chuan
EJMA két hop mo phong kiém bén san pham
bdo dam do tin cdy, giam dugc chi phi ché thu
va thur nghiém.

Ngay nhan bai: 08/8/2020
Ngay phan bién: 22/10/2022
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