Tap Chi Khoa hoc Gido duc Ky thugt sb 1(1), 6/2006

NGHIEN CUU CHE TAO THIET BI VA
PHUONG PHAP THI NGHIEM MOI

® Van Hitu Thinh

ABSTRACT:

This paper presents research result of manufacturing a rotating-beam fatigue testing
machine that can be equipped in the mechanic laboratory. It is used for studying and
researching in unversities. Focus of the paper shows experimental researches on the
change of Young's modulus verus number of fatigue cycles of steel specimens AlS 1045.

Based on the research results, we can predict fatigue lifetime of the rotating shaft.

I.MO PAU

Hién tu:orng méi la mét hi¢n twong khd phire
tap, xay ra khi Gmg suit thay doi theo thoi
gian. Ung suit thay d6i ndy cO tri sé nho
hon gi6i han bén, tham chi con nho gi¢i han
dan hoi ciia vat lidu chi tiét may. Theo thong
ké cua cac nha nghién ciru khoa hoc vé do
bén ciia Nga: su pha hay moi cua cac may
moc co khi chiém 80 % tong sb cac nguyén
nhan gay ra su pha hay ctia chiing. Con theo
thong ké cua Hoi Nghién ciu Ky thuat Han
cua My (WRA) thi sy pha huy ctua céc chi
tiét may chlem toi 90%. Do do, cac ket qua
nghlen clru vé d6 bén moi c¢6 y nghia rat 1on
ddi voi k¥ thuat hién dai, cho phép tinh toan
thi ét ké vadanh glatu01 tho moi cua céc chi
tié may. Trong diéu kién mét sd truong dai
hoc va c&c Vién nghién ciru trong thanh phd
chua duoc trang bi mdy thi nghi¢ém mdi,

chung téi da nghién clru ché tao mot dang
thiét bi thi nghiém moéi udn quay nham phuc
vu cho cong tac nghién cau khoa hoc va
cong téc giang day. Nhu vay vai thiét bi thi
nghlem moi vavoi sy ho tro cia cac thiét b
do can thiét chung t6i da nghién ctu sy u‘ng
Xt cia vat liéu mau thir bang thép trong qua
trinh pha hay moéi. Trong khudn kho ctia bai
bédo ching téi trinh bay sy thay c101 cua
modun dan hoi vat liéu mau thir theo sd chu
ky tmg suét.

[1. THIET BI THI NGHIEM MOI

Theo dang tmg suét sinh ra trong mau thir,
may thi nghiém moi gom cac loai:
= Méy thi nghiém moikéo nén.

= May thi nghiém moiudn, uén quay.

= Méy thi nghiém moi xoén.

= Méy thi nghiém moi van ning: két hop
cac dang ung suat uon + kéo (nén) hoic
X0dn.

Trén co s diéu kién ché tao va phuong
phap nghlen ctru ching 1 chon phwong an
ché tao thlet bi thi nghiém moi uén quay nhu
hinh 1, gom co:

= Pong co dién DC: cong suat 1 HP (mA
luc), toc do quay 2800 vong/phut.

= Bo bién tdn (DC motor controller): thay
doi toc d0 quay dong co tu 0 dén 3500
vong/pht.

= B giatai: kich thuy luc, thay déi luc tac
dung 1&n mau thirtir 0 dén 2 tan.

* B¢ counter va cam bién tir: dém sb vong
guay cua mau thi nghi€ém (t6i da dén
1010 vong quay).

= Cam bién lyc (load cell) vadong hd hién
thi lyc.

= N&i truc dan héi + 2 cip 6 lan UCF.

= Truc chinh + 2 ,dé‘lu kep mau thir c6
duodng kinh tir 7 dén 12 mm.

= Khung may.

Thiét bi thi nghiém moi c6 dic diem: két cau

co khi don gian, dé ché tao, két hop cac thiét

bi do hién dai nhu load-cell (cam bién do lyc

tac dung 1én mau thir), b counter, cam bién

tir, bo bién tan. Thao lip mau thir nhanh

chong, lam vige ém, 6n dinh, dat yéu ciu ky
thuat cta thiét bi thi nghiém.
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Hinh 1: Thiét bi thi nghiém m oi

Phuong phap thi nghiern moi theo tiéu
chuin TCVN 4169-85. Mau thir trong thi
nghiém moi ubn quay tron theo TCVN
4169-85 c6 dang nhu hinh 2.

Hinh 2: M Au thir

1. SU THAY 31001 CUA MODUN
PAN HOI E THEO SO CHU KY
UNG SUAT.

1 Co s Iy thuyét:

Déi voi ung suét tinh, trong gi¢i han dan hdi
céc kim loai c6 quan hé giita tng suat © va
bién dang € tuan theo dinh luat Hooke:

oc=E.ze¢ (3.1)

Trong d6: E |a médun dan hdi (Young’s
modulus) cta vat liéu (N/mm2) lahang so.

Tuy nhién trong truong hop ing sut va bién
dang thay doi theo thoi gian thi quan hé giira
tmg suit o bién dang & x& dinh theo
phuong trinh:

IS _perb, &
ot ot

oo
a00+ai—+...+an

8 €
+..+

52

Trong d6: %0 % % D5, 0,,0,.... "la céc

hang s6 cua vat licu. Néu tmg suat va bién
dang thay d6i theo thoi gian theo cac ham
ot i(ot-9¢)

didu hoa ©of va %€ , trong tmg
voi lyc va dap ung ciing 1a ham didu hoa

jot i (ot—¢)
Fe” ya X¢€ , taco:

d0'c . i
= (jo)"o,e""
por (jo)" o,

Z E_ (io)" e,e™

(3.3

Phuong trinh (3.2) trg thanh:

[8, +a,(jo) +a,(jo)” +..]o, =
[by+b,(jo)+b,(jw)* +..]e
g a(w)+ja(w)

(3.4
Trong dé:a'a’b'bla ham  cia
o),ao,al,az,...,bo,bl,b2

Tisé cua 2 s& phirc 1a mot s6 phire, do d6 ta
c6 thé viét lai:

Oy = IAEEO =E, (1+ ik (0)))80
(3.5)

Trong d6: Ela md-dun dan hdi phirc, c6
E = Eo (1+ ik, (o))

-1

dang (3.6)
sd 4o

ki: hé s6 can.
Phuong trinh (3.6) ching to rang modun dan
hdi phic khong 1& hing sb nhu theo dinh
luat Hooke (3.1). O diy bang thuc nghiém
chdng t6i nghién ctru sy thay doi cua modun

dan hoi EO theo s6 chu ky ung suat thi
nghiém moi.

Truong hop co ban, bo qua anh huong cia
lyc doc truc, bién dang truot, quén tinh
quay, phuong trinh vi phén dao dong cla
dam (mau thir) c6 dang:
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(x) —(&T V(X) = ax)
dx* I EJ
3.7)

trong do: A3 giatririéng, xac dinh theo:

- 1
4
A= mf” Ll_Jk ~ G ﬂ I
=N Mo Mo’
(3.8

m: khéi luong phan bd cua dam, m=P A,
P khéi luong riéng ciia dam, A 1a dién tich
mat cat ngang ctia dam.

|: chiéu dai cta dam.

Ca, ka hé sb can dan hdi, hé sb can nhét
cua méi trudng bao quanh dam.

J: mément quén tinh mét cit ngang ctia dim.

E: médun dan hdi phuc, x4c dinh theo
(3.6).

Truong hop cua mau thir chiu luc tdc dung
khong doi, nam trong khong khi nén céac hé
s6 dan hoi ca, hé s6 can nhét ka clia moi
truong quanh mau thir ca = ka = 0. Pay 1a
truong hop tinh nén A =0 b qua anh
huong cua luc doc truc, bién dang truot va
quén tinh quay. Nghiém tong quat cua (3.7)
trong truong hop nay cé dang:

v(x)=cx® +c,x’ +ex +c, +V, ()
9
trong d6: c1, 2, ¢3, c4 lacéc hang so.

a(x) = 0

Tu phuong trinh (3.9) ta dugc vecto biéu
dlen chuyén vi va goc xoay tai 2 dau cua
mau thir:

@3.

Vr(x) 1a nghiém riéng khi

]
V=(VaeuVa0,) =UCHY, 500

Vecto biéu dién chuyén vi & 4 nat cua mau
thu:

r T — !
v'=(v,v,,V,,v,) =UC+V/ (3.11)

.
trong do: C= (Cl’cz : C3’C4)

V. =V’'=(0,0,00)"

0 0 0 1
0 0 -10
U_
S R I |
3% -2l -1 0
0 0 0 1
as a’ a 1
" (1-b)® (1-b)’ (1-b) 1
PR |2 |1

Tu (3.10) & (3.11) ta c6 phuong trinh dang
matran biéu dién quan hé vvav’':

v=U.Uyv (3.12)

Phuong trinh xéc dinh d¢ cimg EJ cua mau
thu:

I(M;. + Mltd - M*z - Mzm)
2(91-92) (3.13)

Truong hop trén doan dim khéng c6 luc tac
dung M1td = M2td = 0, phuong trinh (3.13)
cO dang:

I(M;—M})

2(¢,-0,) (3.14)

Theo (3.14) @é xac dinh do cimg EJ, ta phai
0, & 0, tai 2 dau cua

EJ=

EJ=

xé&c dinh géc xoay

mau thir. Tuy nhién viéc do P& ®2 15 4
phirc tap. Ap dung co SO tinh toan trén
chang t6i chia doan mau thir ra 3 phan nho,
trong ung duge 4 diém (nut) vado do vong
v1,vavb,v2 tai 4 diém ndy nhu hinh 3.

r s & F 3 F 3
¥

vy \A " v,
P P,
a b

1

Hinh 3: Po d§ vong tai4 diém trén miu

Sau khi do dugc do vbng tai 4 diém
vlvavbyv2 thay vao (3.12) ta duoc
0 &0,
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Thay ® &P vao (314) ta tinh duoc
mddun dan hdi E cia mau thtr mg véi timg
chu ky do dac (chu ky 14y mau). Trong do:

J: mdmen quén tinh mit cit ngang ctua mau

J_Ttd

thir, 64 | dladuong kinh cia miu thi
d=12 mm.
M M’

2: mdmen udn noi luc tai 2 dau cua

o Q

doan mau thir: M, =M, =PI Voi 2 ,
Q la luc tac dung (bang kich thuy luc) 1én
mau thir. 1 14 chidu dai doan miu ther, trong
thi nghiém 1= 113 mm.
Theo co s6 tinh toan ¢ trén, chiing tdi d& viét
chuong trinh tinh d6 cimg vamadun dan hoi
E clia mau thir. Sir dung chuong trinh tinh
nay bing cach nhap do vong twong doi tai 4
diém (do dugc tir thi nghiém), lyc tic dung
P=Q/2, duong kinh ciia doan mau
thtr. Chuong trinh tinh E ¢6 giao dién nhu
hinh 4.

#z Tinh toan Do Cung

Mhap z0 ligu- Kich thuoc mau-

Chuyen wi nut 1 Duaong kink

Chuyen vinut 2

.

Chuyen vinut 3 Tinh taan

| ]

Chuyen wi nut 4

0 tadun dan hoi

Lue doi a

’T. Do cung
T

Hinh 4: Giaodién ciia chwongtrinhtinh E
2. Phwong phéap thi nghiém:

Muc dich thi nghiém:

Nghién ctru anh huong cua hién tugng moi
Ién mbédun dan hoi E cua mau thtr. Tu do

x& dinh qui luat thay déi cia modun dan
hoi E theo SO chu ky g suat.

Trinh ty thi nghiém:

Mau thir bang thép AISI 1045 c¢6 thanh phan
(%): C = 045, S = 0,30; Mn=0,70;
S=0,04. Do bén kéo b= 650N/mm>

Khi thi nghiém timg mau thir duoc tién hanh

trong diéu kién khong thay doi vé téc do
quay valyc tac dung.

Chu ky ldy miu 1a sau mdi 10° vong quay

ciia mau thir. Ung véi 1 Vong quay cia mau
thirta goi 1a 1 chu ky tmg suat.

chy mdu do lan I:

* Budc 1: Lyc tac dung lén mau thir P = 0.
Do do vOng tai 4 diém can do trén mau
thir (phuwong phép do nhu hinh 5)

Hinh 5: Phuong phép do do véng trén miu

* Buée 2: Tang luc tac dung 1én mau thir P
= lyc tac dung khi thi nghiém moi. Po d6
vong tai 4 diém can do ¢ budce 1.

= Bude 3: Tinh d6 vong tuong doi tai 4
diém trén = s6 do & budc 1 - 6 do &
budc 2. Luu sb lidu trong phin mém
Excel.

= Buodc 4: St dung chuong trinh tinh E
(hinh 4) & xac dinh modun dan héi E.
DPéay 1a E cua mau thir cOn méi nguyén
(goi 1A Ey) tmg véi s6 chu ky tmg suat Ny
=0.

= Bude 5: Tién hanh thi nghiém img véi
luc vatée do d&dinh trude, cho dén khi
dat 10° vong quay thi du’ng méy khodng
60 phit dé nhiét d6 ciia mau thir tré vé
bang nhiét 6 cua phong thi nghiém (dé
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loai trir anh huéng cua yéu t6 nhiét do
dén médun dan hoi E).
Lay mdu_do ldn 2: Tuong tu nhu khi lay

mau do lan 1, nhung bat dau tir bude 2. Ung
véi ldy mau do 14n 2 ta duoc E2 vaN,.

Tién hanh tuong tu cho cac lan lay mau tiép
theo cho den khi mau thir bi g8y do méi, ta
duocn cap s6 liéu (N;,E).

3. K ét qua thi nghiém:

Tabiéu dién sy thay doi cia modun dan hdi
E theo d6 tich Iuy moi (ton thuong tich lay).
Theo Miner: méi bac tmg sual cao hon gioi
han moi déu gay ra mot phan t6n thuong cho
vit liéu. Neu phan tir két cau chiu mot tép
hop tng suat gom I bac khac nhau thi do
tich Ity moi tong cong l&

|
D= —=1

i=1 i

-

z

(3.15)

Khi D = 1 thi phan tir két cdu (miu thtr) bi
pha hiy moi.

Vé6i s6 liéu thi nghi¢m, ching t6i da xay
dung céc dudng cong biéu dién qui lut thay

d6i cia médun dan hoi E cua cidc miu thir
theo do tich [y méinhu hinh 6.

Tir s liéu trung binh cia 5 mAu thu, ta dugc
duong cong (goi 1a duong trung binh). Ap
dung phuong phép binh phuong nho nhét, ta
duogc phuong trinh biéu dién sy suy glam
cia modun dan hoi E theo d6 tich luy moi
D:

—0,5165x

trong d6: y = médun dan hoi E (N/mm?) cua
mau thir.

X =D =@d¢ tich luy moi.
3.4 Dy bao tudi tho méi

Phuong trinh (3.16) biéu dién su suy glam
ciia mbdun dan hdi E theo d tich lily moi D.

Trong thi nghiém hodc trén truc may thuc,

néu ta do duyc do vong twong dbi tai 4 diém
vasir dung chuong trinh tinh E (nhu hinh 4),
ta xéc dinh duoc modun dan hdi tuong Ung
tai thoi diém can do. Theo (3.16) ta duoc D.

Khi d6 tudi tho moéi con lai cua chi tiét may
(tinh theo %) = (1- D)x100%.

300000

250000 -
m “\‘\‘\‘\‘\q
S 200000 —
=
V4
~< 150000 S
o] —A— MAU-1
% —A— MAU-2
2 100000 | _g 10
‘% —¥*—MAU-4

50000 | ——MAU-5
—TRUNG BINH
0 |
0.0 0.2 0.4 0.6 0.8
PO TICH LUY MOI

1.0

Hinh 6: S thay dbi ciia mddun dan hdi E theo do tich liy
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IV.KET LUAN

Tir két qua nghién ciru ta cd mot s6 két luan

Sau:

= Anh huéng cta hién twong moi lam suy
giam moédun dan hoéi E caa vat liéu chi
tiet may.

= Phuong trinh (3.16) va s liéu do dac trén
thuc té 1a co s& dé du bao tudi tho moi
Cuia mau thir va chi tiét may.

= Paylakét qua mditrong nghién ctru thye

nghiém, 1 co so ban dau dé xay dung

phuong phép méi du bao tudi tho moi
ctia chi tiét may, két cau.
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