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Tom tit

Xac dinh dic trung bén moi cua chi tiét may co vai trd quan trong trong qué trinh tinh toan,
thiét ké may. Tuy nhién, khi chi tiét may chiu trang thai ung suat phuc tap, viéc xac dinh
truc tiép dac trung bén moi cua ching theo phuong phap truyén thong la van dé hét sic
phtrc tap. Trong bai bao nay, cac tac gia trinh bay két qua nghién ctu phat trién mot
phuong phap s6 cho phép tinh toan, khao sat gisi han bén moi cua chi tiét may khi chiu
trang théi (ng suét, bién dang phuc tap theo cac tidu chi khac nhau, déng thoi trinh bay cac
két qua nghién ctru thuc nghiém xac dinh gisi han bén moi cua chi tiét may trong trang thai
{ing suat phirc tap vai hai dang mau khac nhau trén co s& st dung ban rung LDS. Céc két
qua nghién ciru sé va thuc nghiém cho thay, khi chiu trang thai ung suat phic tap, viéc
danh gia ddc trung bén moéi theo phuwong phap tng suit chinh thir nhat cho két qua sai sé
I6n nhét, trong khi d6 phuwong phap mat phang téi han cho két qua tin cay hon ca.

Tir khéa: Ung sudt phirc tap; méi da truc; gidi han bén méi; thi nghiém méi da truc.

1. Pit van dé

Panh gia, tinh toan thiét ké céc chi tiét may, két cau theo do bén moi la van dé
dugc nhiéu nha nghién ctu quan tdm hién nay. C6 nhiéu mo hinh tinh toan cac dic
trung moi ca chi tiét may da duoc dé xuat, trong d6 mé hinh tng suat, bién dang don 13
mo hinh dugc sir dung khé nhiéu bai tinh don gian va thuan tién cia né (trong mé hinh
nay chi quan tdm dén thanh phan ung suat, bién dang chinh thi nhit ma boé qua anh
huong caa cac thanh phan ¢ng suat, bién dang con lai) [1]. Tuy nhién, trén thuc té két
cau thuong c6 trang thai @ng suét phuc tap, nguyén nhan 1a do cac két cau cung lic phai
chiu c&c dang tai trong phirc tap khac nhau. Hon nita, cac yéu té nhu su phirc tap vé mit
hinh dang va su ton tai cac khuyét tat trong vat liéu, ciing nhu cac bién ddi ly, hoa cua
vat liéu sau qué trinh gia cong ché tao,... cang lam cho trang thai @ng suat trong két cau
tré nén phac tap hon [2]. Trong mot sé truong hop, nhidu diém trong két ciu co trang
thai wng suat phuc tap ngay ca khi két ciu chiu tai trong don tryuc, trong d6 cd thé ké dén
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hai nguy@n nhan phé bién d6 1a su tn tai tng suat du do nhiét (c4c chi tiét han, duc,...)
va su khong lién tuc cia mat cit hinh hoc (cac chi tiét c6 15 khoan, truc bac,...). Trong
nhitng truong hop nay, néu sir dung mé hinh ng suat, bién dang don dé xac dinh céac
dic trung moi cho chi tiét c6 thé dan dén sai sé 16n va can cé nhitng nghién ctru danh
gia cu thé hon.

Céc két qua nghién ctru danh gia vé cac dic tinh bén moi cho chi tiét chiu trang
thai tng suat phic tap c6 thé duoc chia thanh 3 nhém chinh: Phuong phap dua trén tng
suit, bién dang twong duong [3]; phwong phap ning luong [4, 5] va phuong phap mit
phang téi han [6, 7]. Tuy nhién, cac nghién ctru danh gia téng thé vé ca 3 phuwong phap
trén, ciing nhu cac nghién ctru dé dua ra so sanh, danh gia vé hiéu qua, mic d6 chinh
X4C cua cac phuong phap nay con rat it, vay nén can cé nhitng nghién ctru danh gia vé
hiéu qua, do chinh xac cua cac phuong phap nay. Viéc tién hanh cac thi nghiém moi da
truc theo phuong phap truyén théng la cong viéc tén kém va kho khan vé ca thoi gian va
chi phi. Hon nira, cing v&i sy phéat trién nhanh chong caa cong nghé vt liéu véi su ra
doi ngay cang da dang céc vat liu méi va dat tién duoc ung dung trong ché tao céc chi
tiét, két ciu may, dan dén viéc tién hanh thi nghiém tim cac dic trung bén moi cang tro
nén kho khan hon. Chinh vi vay, can c6 thém nhitng nghién cttu nhiam xay dung va phéat
trién cac phuong phap danh gia, tinh toan dac tinh bén moi cua chi tiét khi chiu trang
thai ung suat, bién dang phirc tap bang phuong phap 1y thuyét véi sy hd tro cua cac
phan mém md phong va tinh toan sb hién nay.

Trén co s6 md hinh pha hay gion cua vat liéu [8, 9] két hop véi phuong phéap
phan ti hitu han, bai béo tién hanh xay dung va phat trién phuong phéap sé cho phép xac
dinh giGi han bén moi cua chi tiét chiu trang thai (g suat phuc tap. Trudc tién, tac gia
xay dung md hinh chi tiét chiu tng suat phic tap va tién hanh mé phong truong ung
suit cua chi tiét trén phan mém Ansys Workbench, céc sb liéu vé trudng tng suat cua
chi tiét duoc sur dung lam théng sé dau vao cho chuong trinh tinh toan tim gidi han bén
moi dugc xay dyung trén phan mém Matlab, trong d6 truong ¢ng suat cua chi tiét dugc
quy déi twong duong dé tinh gi¢i han bén mai theo céc tiéu chi khac nhau bao gém: tng
suat chinh 16n nhat, tng suat tuong duong Von Mises, ang suat trén mat phang téi han.
Qua két qua tinh toan, dua ra danh gia so sanh hiéu qua cua cac tiéu chi khi trudng tng
suit cua chi tiét 1a trudng tng suat phirc tap. Két qua tinh toan giGi han bén moi theo cac
tidu chi khac nhau dugc so sanh véi két qua thi nghiém dé xac dinh dugce phuong phap
ph hop trong xac dinh giéi han bén moi cho chi tiét, két ciu chiu ang suat phic tap.

2. Xay dung phwong phap s6 xac dinh giéi han bén méi
2.1. M6 hinh phé hay gion cuaa vt ligu

Nhu di dé cap & trén, viéc tim gidi han bén moi cua chi tiét mot cach truc tiép

thong qua thi nghiém 13 cong viéc hét stc kho khian, mét nhiéu thoi gian va cong sic.
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Do vay, dd c6 mot sé phuong phéap gian tiép duoc dé xuat dé xac dinh gidi han bén moi
cho chi tiét chiu trang thai tng suat, bién dang don, cu thé 1a sir dung phuong phap dong
dang phéa hity moi [9]. Tuy nhién, phuong phap nay lai khong pht hop va kho cé thé ap
dung cho trudng hop chi tiét chiu trang thai ung suat, bién dang phuc tap do kho khin
trong viéc xac dinh chi tiéu dong dang. Trong bai béo nay, cac tac gia s& tién hanh xay
dung va phét trién phuong phap sb dya trén co s mo hinh pha hiy gion do Weibull dé
xudt [10] - m6 hinh chudi cac khau lién két ndi tiép nhau.

Theo phuong phap nay, giéi han bén méi cua chi tiét can xac dinh s& duogc tinh
thong qua gidi han bén moéi ctia mau duoc ché tao tir cing mot loai vat liéu. Gidng nhu
phuong phap dong dang pha hity méi, phuong phap sé dugc xay dung trén co sé xéac
suit pha huy cta chudi cac khau ndi tiép nhau. Coi sy pha hay cua cac khau 1a doc lap
nhau, nghia 1 x4c suat pha huy cta khau thw i khéng anh hudng ciing nhu khong phu
thugc vao sy kién pha hiy cua bat ky khau nao khac trong chudi hoac mot nhém khau
nao trong chudi, chudi s& bi pha hity tai khau yéu nhit, sy pha huy ¢ bat ky mot khau
nao thi déu 1am cho chi tiét bj pha hay (Hinh 1a).

Theo Weibull, c6 thé xem vat thé 1a tdp hop cua nhiéu phan thé tich AVi ndi tiép
nhau chiu cac mirc ing suat khong doi o, , mdi thé tich AVi lai chira n, khau cé thé tich

don vi Vo ndi tiép nhau nhu minh hoa trén hinh 1b.

o S

. ttt O = Omax (X, ¥, 2)

2 4v;

AV o
|9
V-
n 5 @ g
l’é_l‘ \\v/’/

a) Chudi gom n khau néi tiép nhau b) Phan thé tich AV; cua chi tiét dui nho

sao cho 1Ng sudt trong dé coi nhuw phdn bé déu
Hinh 1. M hinh phé huy gion tinh x&c sudt pha huiy cua chi tiét.
Phan b tng suat trong toan bo thé tich caa chi tiét dugc thé hién qua cong thic:
o =0max f(X,¥,2) 1)
trong d6: omax 1a tng suat 1on nhat dat tai mot diém nao d6 trong chi tiét; f(x,y,z) 1a ham
phan b khong thir nguyén thoa man 0 < f(x,y,z) < 1.
Theo [9], x4c suat pha hay cua chi tiét chiu ¢ng suat 16n nhat omax duge xac dinh
theo cong thuc (2):
34



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

Ay
I Omax F(X,Y,2)—u av @)
o0 Vo

P(omax 2U) =1—-exp| —
VuzO

trong d6: U 1a gia tri nho nhit ciia mirc tmg sudt c6 thé gdy ton thuong maéi cho chi tiét
(thudng lay u = 0); o la tham s6 ti I lién quan dén quy luat phan bd xac suat Weibull;
ay, - duge xac dinh theo cong thire sau [9]:
gy =2 —0,64 @)
VO'

trong do, v, la h¢ sO thé hién do nhay cua vat liéu d6i v6i hién tuong tap trung tng
suat va kich thudc chi tiét, gia tri cua v, duogc tra trong cac bang thudc hé théng tiéu
chuin tuy theo loai vat liéu cu thé.

Theo Kogaev [11], hai chi tiét duoc xem 13 ddng dang vé pha hiry méi khi c6 cung
gia tri cua dai lugng:

I:I omax f (X, y,2)—u aWd_V
o Vo

(4)

Vy

Khi gia str rang tng suat nho nhat ¢ thé giy tén thuong moi 1a bang 0 (nghia 1a

u = 0), thi ky vong toan tig suat pha huy (gi6i han bén moi) s& co dang [12]:

1
& =0y (V—E{j w r(1+ i} (5)
\ Ay
trong d6: V.~ = j [f(x,y,)]""dV 1a thé tich quy ddi ctia chi tiét, () - ham Gama.

\Y
Truong hop chi tiét hodc két cAu chiu tai trong thay doi theo quy luat d6i xing thi

2161 han bén mai dugc viét nhu sau:

o_1= GO(\%]%F[]’FO{LJ (6)

Trong truong hop chi tiét hodc két cau chiu tai trong thay doi theo quy ludt khong
dbi xtmg thi gia tri ctia Ung suat trung binh khac 0. Dé ké t6i anh hudng cua Ung suat

trung binh oy, trong chu ky tai dén giéi han bén moi, ta ¢ thé sir dung biéu thic do
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Goodman dé xuat [12]:

OR ,%m _4 (7

o_1 OB
trong do: op la gi6éi han bén cua vat lidu; or la gi6é1 han méi cua chi tiét & chu trinh
g suét phi ddi ximg c6 ing suit trung binh 14 opg; o_1 la giéi han bén moi cia chi
tiét & chu trinh g suat d6i xtmg.

Tir phuong trinh (6) ta c6 thé thanh lap ti s6 ky vong toan tng suat pha huy dbi

v6i hai chi tiét co kich thudc, hinh dang va trang thai (mg sudt khac nhau nhung ché tao
tr cung mot loai vat liéu nhu sau:

1

B N
2. z—f " ®)

Theo [13], &; dugc xem la gia tri trung binh cta gidi han bén moi cia mau tiéu
chuén o_1, Oy la gia tri trung binh cua gidi han bén mai cua chi tiét may va két ciu
o_1d > néu xét t6i anh huéng cua cong nghé gia cong bé miat Kr, anh huong cia viée
giam tinh chit co hoc cuia vat lidu do sy tang 1én kich thudc phoi khi ché tao chi tiét
may so véi mau thi nghiém chuan qua hé s6 Ky va anh huong ctia ing suat trung binh

o, thi tir phuong trinh (6) ta co:
od =Kp Ky| = |——0 9)

trong do: V; ,VJ 1 thé tich quy d6i ctia mau thi nghiém va cua chi tiét may; op la gisi

han bén cta vat liéu 1am mau.

2.2. Ap dung phwong phdp phan tir hitu han cho vige xdc dinh gidgi han bén méi
Cong thic (9) cho phép ta xac dinh gidi han bén méi ciia chi tiét. Tuy nhién, voi

cac chi tiét c6 hinh dang va truong (mg suét phirc tap thi viéc tim gi¢i han moi 1a rat kho

khan do rit kho xac dinh cac thong s thé tich quy di V'~ bang phuong phap giai tich.
Trén co so md hinh pha hity gion va sy dong dang pha hiy moéi, nhom tac gia dé

xudt str dung phuong phap phan tir hitu han dé xac dinh thé tich quy d6i V" nhu sau [14]:

N N
* 0 . y* d
Vo = D> VELni Vd =D VELn (10)
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trong do: N la ) luong phén tir hitu han duogc str dung dé mo hinh héa mau va chi tiét,
VR n va Ve |, la thé tich quy dbi ciia phin tir hitu han tht n ctia miu va ciia chi tiét,

chung dugc x4c dinh theo cong thirc tinh tich phan theo phuong phap cdu phuong Gauss

biéu thurc sau:

111
Ve = [ [ (£ x,y, )" det 3, (&, r)dédnd e
-1-1-1 (11)

= iiiwa W W, (O (x,y,2))" detJ, (£,17,7)

i=1 j=1 k=1
trong d6: Wj,W; Wy la cac trong s6 Gauss, J,(&,7,7) 1a ma tran Jacobi trong phép
chuyén d6i vecto tir hé toa 46 Dé cac (X, Y, z) sang hé toa do dia phuong (&,7,7). Chi sb
“0” Gmg v6i mAu va chi s “d” tmg véi chi tidt va 9@ (x,y,2) 1a ham toa d6 khong thir

nguyén, doi véi moi phan tir hiru han ctia mau va chi tiét dugc xac dinh theo cong thirc sau:

node 0(d)

Od 0(d) i

EEQ(X y,2)= Zi N,( )O_O(d) (12)
1= max

trong do: Nio @ 13 ham dang cta phan tir hitu han tng véi nat tht i, Oj 0(d) 15 gia tri
{mg suAt tai nit thir i cia phan tir hitu han d6i véi mau va chi tiét, o0Q) 1a tmg suat 16n
nhat trong mau va chi tiét, node 1a s6 lwong nut ciia mdi phan tir.
2.3. Trwong 1ng sudt quy doi cia chi tiée ding d@é tinh gigi han bén méi

Trén co sé hd trg cia phan mém mé phong va tinh toan sé, nhom tac gia tién hanh
tinh toan wng suét tai cac nut cua vat thé dé xac dinh ham toa do khdng thir nguyén theo
cong thire (12), sau d6 st dung cong thic (9) dé xac dinh gigi han bén moi cua chi tiét.
Do truong tng suat cua chi tiét 1a truong tng suat phirc tap nén can phai quy di thanh
truong ung suat tuong duong dung cho chuong trinh tinh. Trong pham vi bai bao tién
hanh khao sat cac trudong wng suat quy doi dé so sanh va thao luan, bao gdbm: &ng suét

chinh 16n nhat o, ang suat twong duong Von Mises O'EGM va (ng suat twong duong
trén mat phang toi han attg‘ (mat phang c6 &ng suat tiép 16n nhat).

- Ung suit twong duong Von Mises tai mdi nit duoc tinh theo cong thirc [3, 12]:
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i =\/%[(01—02)2+(02—03)2+(03—01)2 (13)

trong 6 o1,079,073 lan luot 1a cac g suat chinh, véi oy > o) > o3.

- Trén mit phing c6 (mg sudt tiép 16n nhét, ing suat tiép 7jj vaung suat phap GiI}

duoc tinh theo tmg suat chinh theo cac cong thirc:

O-i _O-j n O-i +O—j P . . )
Tij = 2 » Ojj = voi i, J=13 vai< | (14)
Khi d6, tng suat twong duong trén mét phang nay duoc tinh theo bicu thirc sau [6]:
n
Oii
O-;[g = Tij @+k _J) (15)
Och

trong do, k 1a hé sb phu thudc vao vat li¢u va dugc xac dinh tir cac s6 liéu khi chi tiét
chiu g suat don truc, d6i voi vat liéu cta chi tiét nghién ctru, lya chon k = 1 [6].
3. Két qua mo phéng s6 va thi nghiém

Pé tinh toan gi¢i han moi cho chi tiét phai tién hanh phan tich truong ang suat
bién dang cua ching khi chiu tai. Trong thuc té ky thuat, chung ta thudong gap 2 kiéu
nguyén nhan gay ra trang thai tng suat, bién dang phuc tap trong chi tiét, két cau dé la:
g suat sinh ra trong chi tiét do qua trinh nhiét (cac két ciu han, duc....) va ang suat
sinh ra trong chi tiét c6 su khong lién tuc caa mat cat hinh hoc (cac chi tiét c6 16 khoan,
truc bac,...). Trong bai béo tién hanh khao sat hai chi tiét mau c6 hinh dang va kich
thude duoc thé hién nhu hinh 2 va 3 dé phan tich va tién hanh thi nghiém.

Y J5

A

2 ¢
O @~
\O @/__ =

1a &

{0

24
N
8

160

Hinh 2. Hinh dang, kich thuéc cua chi tiét mau dang 1.
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Hinh 3. Hinh dang, kich thuéc cua chi tiét mau dang 2.
Vit ligu cua ca hai chi tiét 1a thép CT3 c6 dic trung co hoc nhu trong bang 1 [14]:
Bang 1. Cac dac trung co hoc cua thép CT3

Giéi han bén os | Gigi han chay o: | Mé dun dan hdi E | H¢ s6 Poisson | P dan dai

440 MPa 296 MPa 200 GPa 0,3 20%

Chi tiét c6 chiéu day 6 mm, cau tao bao géom phan dé (c6 4 16 ¢9) dugc ngam chat
(trong khi thi nghiém chiing duoc ga chat vao ban rung), phan than bj udn boi tai trong
dang gia toc chuyén dong. Chi tiét dang 1 duoc gia nhiét tai vi tri mat cat A-A, chi tiét
dang 2 dugc khoan 15 ¢5 tai vi tri mat cit A-A dé tao ra trang thai (ng suat phac tap hon
cling nhu gia ting Gng Suat tai mat cit ndy (mat cit A-A chiu Gng suat I6n nhat). Pau ty
do ciia chi tiét ¢6 16 ren M5 dé ga thém khdi lugng nhim gia ting ing suat phat sinh trén
mit cat khao sat A-A dén gia tri mong mudn.

Dé md phong truong Gng suat cua chi tiét, nhém tac gia sir dung phuong phap
phan tir hitu han trén phan mém Ansys Workbench phién ban mi&n phi danh cho sinh
vién. Can ct vao hinh dang cua chi tiét, dang phan t duoc lya chon 12 Hexa20 (dang
khdi 6 mat 20 nat).

Pé dam bao tinh hoi ty, toan bo chi tiét mau dang 1 duoc chia thanh 8190 phan
ttr, chi tiét mau dang 2 duoc chia thanh 81491 phan tir. Phan kich thuéc 40x40 mm va
35x40mm chtra 4 16 F9 cia mau dang 1 va dang 2 (hinh 2 va 3) dugc ngam chat, dong
thoi cac mau chiu tai 1a gia téc thay d6i diéu hoa. Két qua phan tich trudong (ng suat
cua cé4c chi tiét duoc thé hién trén hinh 4 va 5. M6 hinh nghién ctu di dé xuat dam
bao su phu hop gitta md phong sb va diéu kién 1am viéc thuc caa chi tiét trong qué
trinh thir nghiém trén hé théng LDS V830-335 (Hinh 6).

Sau khi md phong trudng tng suat cua chi tiét bang phan mém ANSYS, trudng
g suat cua chi tiét dugc ghi thanh tép dir liéu dé 1am théng s dau vao cho chuong
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trinh tinh giéi han moi dwoc xay dung trén phan mém Matlab theo cong thic (9) bang
chuong trinh ma nhom nghién ctu dd phat trién [14], trén co s& quy ddi truong wng
suit cua chi tiét thanh trudng wng suit twong duong sir dung dé tinh gigi han bén moi
theo cac tiéu chi khac nhau nhu cong thac (13), (14), (15).

|Normal Stress

T
Maximum Over Time | Global Coordinate System
3/26/2023 2:23 PM | Maximum Over Time
: 3/26/2023 %:23 PM
2.6459e8 Max s hax
2.353e8 1.7784e8 Max
20628 X 1533268 X
1.7671e8 ——— ] . 1.288e8 —U'Uzuzo'“‘m (m) E—.
1.4742¢8 ' 1.0429¢8 :
Normal Stress 2 ) 1§ 3

Global Caordinate System
Maximum Over Time

. Global Coordinate System
| Maximum Over Time

3/26/2023 9:23 PM | 3/26/2023 923 PM
6.906e7 Max 1.7744e7 Max
5.7331e7 1.1719e7 7 “
4.5602e7 0.000 0.040(m) = & 5.6938e6 0.000 0.040(m) [._
3.3873¢7 o020 / -3.3138¢5 PR

Hinh 4. Truong iing sudt cza chi tiét mau dang 1.

‘ Normal Stress

Maximum Over Frequency Global Coordinate System
3/26/2023 9:32 PM Maximum Over Frequency
3/26/2023 9:32 PM
3.3691e8 Max
2.9947:8 3.3803e8 Max k_ X
2.6204e8 3.0047e8 O.OOOHF
2.246e8 2.6291e8 ¥
Normal Stress 2 Normal Stress 3

: § a Pha

Unit: Pa oo o) Unit: Pa
Global Coordinate System 3 Global Coordinate System
Maximum Over Frequency Maximum Ower Frequency

3/26/2023 9:32 PM 3/26/2023 9:32 PM
¥
6.4436e7 Max I . 1.7006e 7 Max ] .
5.7277e7 0.000 0.040 (m) X 1.5116e7 0.000 0.040 (m) X
5.0117e7 020 1.3227e7 020

Hinh 5. Trrong irng sudt cua chi tiét mau dang 2.

Bang 2 va hinh 7 1a két qua tinh todn sb theo cac chi tiéu khac nhau trén co s&
phan mém da duoc xay dung va so sanh véi két qua tinh toan theo phuong phép tiéu
chuian GOST25.504-82 [15] ciing nhu so sanh véi két qua thir nghiém trén mau thuec.
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Két qua tinh toan va thi nghiém gigi han bén moi & bang 2 tuong tng véi s6 chu trinh
co s6 12 107 chu trinh phit hop véi cac khuyén cao dbi véi thép cacbon két cau [12, 15].

TRl |
M '.

\

) i oz

Hinh 6. Thi nghiém mgi trén hé théng LDS V830-335.

Bdng 2. Két qua tinh toan va thi nghiém tim gidi han bén moi

Dang | Chi tiéu tinh toan gi¢ihan | M6 | GOST25| Thi |Sailéchso | Sailéch
méu bén méi o_14 phéng sé | .504-82 | nghiém vol SO V61
phuong thi
(MPa) (MPa) (MPa) phap nghiém
GOST25.5
04-82
Ung suit Chinh Ién nhat 120 6,3% |-17,24%
’ 4 i 0 +11.00
Dang 1 Ung suat Von Mises 161 128 145 25,8% 11,0%
/. A A - hl
U’T\g suat trén mat phang 140 0.4% 3.45%
toi han
Ung suit Chinh Ién nhat 166 +6,4% | +3,9%
Jng suit Von Mi 162 +3,8% +1,4%
Dang 2 |19 Suat Von Mises ° 156 | 1508 | 8% ik
L?’r]g suat trén mat phang 158 +1.3% 119
tai han

Vi két qua tinh giGi han bén moi cua chi tiét dugc thé hién trén bang 2, ta thiy rang:

Pi v6i miu dang 1 (mau ¢ tng suat du do gia nhiét), khi sir dung gia tri ung
suét chinh I6n nhat o, dé tinh toan giéi han bén moéi cho chi tiét chiu tng suat phuc tap
thi két qua tinh toan c6 su sai léch 1on nhét so véi thuc nghiém, sai léch 1én dén
-17,24%. Néu str dung chi tiéu ung suit twong duong Von Mises hoic chi tiéu mat
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phang toi han thi cho két qua tinh sat hon so véi thuc nghiém, sai léch khdng quéa 12%.
Dic biét, khi sir dung phuong phap mat phang toi han s& cho két qua chinh xé&c nhat so
véi thuc nghiém, sai s6 khoang -3,45%. Tuy nhién, khi sir dung gia tri tng suét chinh Ién
nhit o, lai cho két qua sat nhat so véi phuong phap tiéu chuan GOST25.504-82 [15],
sai sb chi 6,3%. Trong khi str dung phuong phap @ng suat Von Mises cho két qua ¢ su
sai s6 16n nhit so véi phuong phap tiéu chuan GOST25.504-82, sai s6 1én dén 25,8%.
Diéu nay 1a do phuong phap tiéu chuan GOST25.504-82 [15] chi quan tam dén thanh
phan @ng suit chinh Ién nhit ma boé anh huong cua cac thanh phan wng suét
con lai.

170 Lo ., v & 170
Gidi han bén mai cia mau dang 1 (MPa)

Gidi han b&n méi clia mau dang 2 (MPa)

160 160
150 150
140 140
130 130
120 120

110 110

100 100

Ung sudt chinh 16n  Ung suft Von-Mises  Chi tiéu mat phing
nhét t6i han nhit t&i han

B M6 phong s& B Thi nghiém & Theo GOST-25.504-82 WM& phéng s6 @ Thi nghiém & Theo GOST-25.504-82
Hinh 7. Biéu do so sanh gigi han bén méi cua chi tiét theo cac tiéu chi.

Déi véi mau dang 2, sai léch két qua giita cac phuong phap khac nhau 1a nho,
nguyén nhan 1a d6i vai chi tiét cd hinh dang kich thudce va diéu kién chiu tai nhu trong
bai toan dat ra thi trudng Gng suét sinh ra trong chi tiét 1a truong wng suat phic tap. Tuy
nhién, thanh phan ng suét chinh thi nhat o, (ing suat theo phuong doc truc dam) co
gid tri Ién hon nhiéu so véi cac thanh phan ung suat chinh con lai o,,0, va cac tng
sut tiép trén mat XY, YZ, ZX c6 gia tri khdng lén. Bdng thoi, gié tri ang suat chinh
I6n nhat o, ¢ su chénh léch khéng nhiéu so vai gia tri tng suat tuong duong Von
Mises o . Khi d6, két qua tinh toan giéi han bén moi cuaa chi tiét khi sir dung cac
truong tng suat khac nhau cho két qua sai léch khdng nhiéu.

Nhu vay, trong ca hai truong hop trén, khi sir dung truong ang suat don (ng suat
chinh 16n nhit) dé tinh toan gidi han bén moi déu cho két qua tinh toan c6 sy sai léch
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I6n hon so vai khi sir dung cac truong wng suat tuong duong khac. Qua dé cho thay néu
sir dung céc gia thuyét vé truong wng suit don thi khong thé ké hét nhitng anh hudng
cua cac thanh phan ng suat khac dén dic trung moi cua chi tiét chiu ang suat phuc tap.
Nguoc lai, néu sir dung tng suat twong duong Von Mises hoac ¢ng suat trén mat phang
t6i han cho két qua chinh xac hon. Tuy nhién, trudng hop sir dung @ng Suit twong
duong Von Mises thi co ké téi anh huong cua cac thanh phan ¢ng suat dén cac dac
trung moi cua chi tiét, nhung cac thanh phan Gng suit kéo hay nén déu c6 anh hudng
gidng nhau, diéu ndy phan anh khong ding thuc té vi tng suit nén lam ting dic trung
bén moi.

Gidi han moi cua chi tiét tinh toan theo phuwong phap mat phang téi han cho két
qua chinh x4c hon ca (sai s lan luot 14 -3,45% d6i véi mau dang 1 va -1,1% ddi véi
mau dang 2), diéu nay phan anh ding quy luat va kha phl hop véi cac két qua nghién
ciu gan day [1, 2, 6] vé van d& moi da truc d6i vai cac vat lidu, dang mau va md hinh
chiu tai khac nhau. Trén thyc té, vét nat moi xuét hién trén mat phang c6 (g suat tiép
I6n nhit va ma rong, phat trién bai tng suit phéap trén mat phang 4y. Do vay, st dung
phuong phap mit phang téi han dé tinh giéi han moi caa chi tiét chiu g suat phic tap
la pht hop véi thuc té nhat.

4. Két luan

Trong bai béo nay, nhom tac gia di xdy dung va phat trién phuong phap mo
phong va chuong trinh tinh toan trén co s& phuong phap phan tir hitu han cho phép xéc
dinh giéi han bén moi cua chi tiét may khi chiu trang thai (ng suat phic tap. Phuong
phép nay co thé 4p dung dé tinh toan so b va dinh hudng cho thyc nghiém tim cac dic
trung bén moi. Hon nita, két qua tinh toan bang phuong phap s6 con cho phép kiém tra
giéi han bén moi cia mot chi tiét co truong tng suat phirc tap bat ky, day chinh 13 mot
loi thé hon han cic phuong phap tinh khac. Trén co s chuong trinh da x4y dung, trong
bai bao nay di dwa ra cac két qua tinh toan, khao sét gi¢i han bén mai cua chi tiét lam tir
thép CT3 khi chiju trang thai tng suét phuc tap dua trén céc chi tiéu tinh toan khéc nhau,
dong thoi tién hanh cac thi nghiém dé kiém chiing su phd hop cua ting tiéu chi tinh
toan. Két qua nghién cau cho thay giéi han moi caa chi tiét xac dinh theo phuong phap
mat phang téi han cho két qua chinh xac hon ca (sai $6 nhd hon 3,5% cho ca hai chi tiét
duogc khao sat). Trong khi néu sir dung trudng tng suat don (&ng suat chinh 16n nhat) cho
chi tiét co trang thai ung suét, bién dang phuc tap thi két qua tinh toan c6 su sai léch lon
nhat (sai léch dén 17,24%) so véi khi str dung céc tiéu chi truong Gng suit tuong duong
con lai.
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NUMERICAL AND EXPERIMENTAL METHODS FOR ASSESSMENT
OF FATIGUE CHARACTERISTICS OF MACHINE PARTS
SUBJECTED TO MULTIAXIAL STRESSES

Abstract: Determination of fatigue characteristics of machine parts plays an important
role in machine design calculation process. However, when machine parts are subjected to
complex stress states, it is extremely complicated to directly determine their fatigue
characteristics by traditional methods. In this article, the author presents the results of research
and development of a numerical method that allows to calculate and investigate the fatigue
strength of machine parts when subjected to complex stress and deformation states according to
other criteria. At the same time, we present the results of experimental research to determine
the fatigue strength of machine parts in a complex stress state with two different type of samples
on the basis of using an electromagnetic shaker LDS. The results of numerical and experimental
studies show that, when the machine parts are subjected to complex stress states, the analysis of
its fatigue characteristics using the first principal stress method gives the largest error, while
the critical plane method gives the most reliable results.

Keywords: Multiaxial stress; multiaxial fatigue; fatigue limit; multiaxial fatigue test.
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