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TOM TAT: Trong bai bao nay, phuong phap binh phuong t6i thiéu duoc sir dung
dé xac dinh cac hing s6 dan hoi cua dan hdi truc tiép. Nhirng kho khin trong cong
viéc bd tri thuc thi kéo - nén déng thoi trén ca ba truc trén mot khdi mau thiét lap
phuong phép, xir 1y dit liéu thu thip ciing gidng nhu sy phire tap trong qué trinh tinh
toan. Dé giai quyét van dé& d6, mot chudi thi nghiém kéo -nén mot truc trén mau coé
dang tam duoc dé xuit dé xac dinh sau héng sb6 dan hoi cua vat liéu truc tiép. Ba
hing s con lai duoc tinh toan nhd cong thirc bién ddi cac hang s6 dan hoi, véi dir
liéu thuc nghiém trén mau dang tim véi céc truc quay mot géc 45 dd so vdi cac truc
chinh di hudng.

Twr khoa: vat li€u di hudng, vat liéu truc hudng, héng sb vat liéu, phuong phap binh
phuong ti thiéu.

DETERMINING THE ELASTIC CONSTANTS FROM A SERIES OF EXPERIMENTS

ABSTRACT: In this paper, the "least squares method" is used to determine the
elastic constants of the direct elasticity. Difficulties in laying out the execution of
the pull-compression simultaneously on all three axes on a sample block, setting
the methods, or handling the collected data are like the complexity in the
calculation process. To solve that problem, a series of uniaxial tensile-
compression experiments on plate specimens are proposed to determine six elastic
constants of the direct materials. The remaining three constants are calculated
using the elastic constants transformation formula, with the experimental data on
a plate sample and with the axes rotating at an angle of 45 degrees with respect to
the anisotropic major axes.

Key words: anisotropic materials, orthotropic material, material constant, least
squares method.
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1. GIOI THIEU

Céc vat liéu di hudng, nghia la vat
liéu c6 tinh chét co hoc khac nhau theo
cac hudng khac nhau dugc sir dung rong
rdi trong nhidu nganh c6ng nghé hién dai.
Truc hudong 1a mot truong hop dac biét
cua di hudng, tic 1a cac tinh chat khong
giéng nhau ciia mot vat liéu doc theo cac
huéng vudng goc 1an nhau. Viéc nghién
ctru tinh 6n dinh cua cdc cAu trac di
huéng noi chung va ciu trac tryc hudng
noi riéng doi hoi phai xac dinh hing sd
dan hoi cua vat liéu. Tuy nhién, rat kho
dé xac dinh cac hiang s nay ca vé mit
toan hoc hay do su phure tap ctua céc thi
nghiém. Bang chimg cho diéu nay 1a dir
liéu kéo-nén hai truc hodc ba truc cling
nhu cac dir lidu tir thyc nghiém cat gan
nhu khong duoc tim thiy.

Vi vay, bai viét nay dé xuit loat thi
nghiém kéo-nén mot truc nham don gian
hoéa qué trinh thi nghiém cling nhu qua
trinh tinh toan.

2. TONG QUAN NGHIEN CUU

Céc nghién ciru day dii nhét vé cau
trac cua vat liéu di hudng dugc dua ra boi
Smith E.W., Pascoe K.J nam 1977 d6i véi
vat li¢u thuy tinh hitu co va Jones, RM
nam 1980 voi Cacbon tong hop, ngoai ra
c6 thém mot s it cong bd chua day du cia

E.V. Amelina, S.K. Golushko, V.S.
Erasov va cac cong su. Cac nghién ctru cia
ho nhin chung khéng cho phép xéc dinh tat
ca cac hang s6 dan hoi ciia cic md hinh
phuc tap hon dinh luat Hac. Mac du vay,
d6 van 1a co s¢ dé cac nha nghién ctru vat
liéu str dung dén nay.

3. XAC PINH CAC HANG SO
PAN HOI BANG PHUONG PHAP
BINH PHUONG TOI THIEU

DPdi véi vat lidu truc hudéng, trong
biéu thtrc cua dinh luat Hooke [1,3] ¢6 9
hﬁng sb can duoc xac dinh:

&, = A0, + Alzay + Ao,
Ey =A120'x + Azzo-y +A23O-Z, (1)

82 =AI3G)C +A23Gy +A33O-Z>

7yz = A440-yz7 Vxz = ASSO-xw yxy = A66O-xy'

Pé xac dinh cac héng sb Ay Ay
, Ayys Ay, Az, Ay chi can tién hanh
mot thi nghiém kéo - nén déng thot trén
ca ba truc trén modt khdéi mau lap
phuong. Sau khi nhan dugc cac dir li¢u
thuc nghiém o' va &', trong do
i= ﬂ : n— s6 lan do, cac héng s dan
hoi ¢o thé xac dinh bang phuong phap
binh phuong tdi thiéu. Theo phuong
phap nay, tong binh phuong do 1éch s&
dat gia tri nho nhét [2]:

Z”:[f(xi)—¢(xi)]2 —> min, (2) trong d6 f(x) - xap xi ham; {x;,@(x;)} - két

qua thuc nghiém.

Cung véi cac dir liéu thuyc nghiém
thu dugc, viéc xac dinh ba ham bién dang
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dau tién caa hé (1) trd thanh bai toan tim
cac Al'j sao cho:



Sil4, 45, 45) = Z(A“Gi + AIZO-)[» + Allo-; - 5;)2 — min

i=1

Sr(Ay, 4y, 4yy) = Z(Auai + Azz‘j; + 4,00 — 5;)2 — min (3)
)

fi(Aj5, 4y, 4yy) = Z(Amai + A23U; + A336; - 52)2 — min

i=1

Céc biéu thuc nay s& dugc thuc hién khi va chi khi cac tham s6 thoa mén hé
phuong trinh sau:
o o O o U _
o4, 04, 04,

af3:o af3:o @3:a
04, 04, oAy,

Do tinh bang nhau ciia cac A;,Vi# j,nén viée tinh toan cac tham bién theo ca
chin phuong trinh 9 4n nay s& dan dén méu thuin (do cac sai sb trong qua trinh tinh
toan gan dung). Vi vay ta s€ cong ca 2 vé cua cac phuong trinh cung chtra 4;;,i # j .
Theo d6 ta thu dugc hé gdm sau phuong trinh:

N _y U _,

— Y — Y :Oa

h P _g N U _g % U _,
OAyy 04y 043 Ody Odys  Odsy

Lay vi phan cac ham Jr(k=1,2,3) tir h¢ (3) theo tirng tham bién 4; tdugc:

n

i2 i i SR
2. (410, + 4,00, + 4300, —0,&,) =0,
i-1

n
i2 i i i Qi
2. (A0, + 4,00, + Ay30y0,. —0,€,) =0,
i=1

n

i2 i i P i i
2. (433027 + 450,07 + Aysoy0. —062) =0,
i-1
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n n
i2 i i i i i i i2 i i i i i
Z (AIZO-y + Al lo-xo-y + A13O-yo-z o O-ygx) +Z (Alzo-x + AZZO-xO-y + A23O-xgz —Ox

i=1
d i2 i i i i
Z (A13Gz + Allo-xo-z + Alzayo-z
i=1

i=1

g’y):

0,

n
i i2 i i i i
—oLe )+ (A0 + Ay30,0, + 33050, —0,6,) =0,
i=1

n n
i2 i i i i i i2 i i i i i
2. (430" + 450,07 + A0,0, —028),) + (430" + 4300, + A330\,0. —0,6.) = 0.

i=1

i=1

Viét lai hé phuong trinh nay ¢ dang dai s6, va danh s6 hé nay la (5):

n n n n

i2 i i i i _ i

Allzo-x +A1220-x0-y + A13Z‘7x02 - ZO‘xé‘x,
i=l1

n n n n
i i2 i i i
Alzzaxdy + Azzzo'y + A2320'yaz = Zaysy,
i=1 i=1 i=1 i=1

n n n
i i i i i2
43200, + 42 0,0, + 433 0,
i=1 i=1 i=1

i=1 i=1

L
= ZGZgZ’
i=1

i=1 i=1 i=1

n n n n n n
i i i2 | i2 i i i i i ii, i
Allzaxay+A12Z(O'y +o) )+A13ZO'yO'Z+A2220'x0'y+142320x02 =Z(O'y8x+0'x8y)
i=1

4,2, 0,0+ 40,0 + A3 (0L +Ui2)+A23ZU§cUIy + 33 0,0, =D (0.6, +0.8y),

i=l i=l1 i=l1

i=1 i=1 i=1

n

n n n n n
i i i i i 2, 2 i i
X415 20400 + 432,040 + Ay 0,00 + Ay Y (027 + 0,7 )+ A3 ) o0l = Y (0Le,
i=1

i=1 i=1

Day 1a hé phuong trinh dai sé tuyén
tinh khong thuan nhat sdu phuong trinh
sau an Aij , viéc giai hé nay s€ cho ta bo

nghiém duy nhét chira siu tham s6 cia
vatlieu Ay, Ay, Azz, Ajp» A3y Ars.

Viéc xac dinh céac héng sb Ay,
Ass, Agg dua trén dir liéu thuc nghiém
trén mat phang yz, xz, xy . Tt phuong
trinh thtr tu cua hé ’thl'rc (1) cfmgv voi dir
liéu thuc nghiém cat trén mat phang yz

, biéu thuc (2) duge viét dudi dang:
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i=1 i=1 i=1

n . .
g1(44) = X (A0, —71,)° — min
i1

Tir diéu kién bang khong cua dao
ham, ta thu duoc:

) o
24440)." —24440).7). =0.

T day biéu thic cia 4,, dugc xac
dinh:

i
+0,E2).



Biéu thirc tong binh phwong t6i
thiéu tir dit liéu thuc nghi¢m cit trén mat
phang xz c6 dang:

n
, _— )
g2(4ss) =2 (45505, = 7y)” — min
i=1
Lay dao ham theo As5 ciaham g,
va danh gia bang khong ta thu duoc:
2‘/455(7)14522 o 2A550-)l(27/)lcz = O
Do do:

i
2.0.7

—

Ag=H—— ()
O_l 2

Xz

M-

—

Tuong tu, A, dugc xac dinh tir
thyc nghiém trén mat phang xy :

N
i
ny 7 xy

=S5 ®
2.0

Sau nghiém cua h¢ phuong trinh
(5) cung véi cac biéu thic (6) - (8) dd xac
dinh déy du chin hﬁng s6 cia mot vat liéu
truc hudng bét ki.

4. Thuc nghiém kéo - nén mot
truc dé xac dinh cac hiang s6 dan hoi

Uu diém cua viéc tién hanh thi
nghiém trén mau khéi 1ap phuong 1a
sd luong thi nghiém it va do chinh xac
cao. Nhuoc diém cua thi nghiém nay
1a phai bd tri tai trén ca ba mit cua
mau thir, phai do ba 1an bién dang cua
mau 1ap phuong, biéu thirc tinh s liéu
thi nghi€ém rudm ra... Ngoai ra, khong
c6 nhiéu thiét bi du tiéu chuan c6 thé
thuc hién céac thi nghiém kéo va nén
hai truc va ba truc, cling nhu cac thi
nghiém cit. Do d6, ching ta dé& xuit
thay thé chung bang mot loat thi
nghiém kéo-nén mot truc trén moi mit
phang riéng 1¢.

&

EEETT S F AT T e ww T w1

E AR AR A A A AR AR R e

a)

b)

Hinh 1. Céc canh cia tam dwoc dinh huong doc theo cac truc chinh di hudng:
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a) cang-nén doc truc x =a;;
b) cang-nén doc truc y =a,;

Trong mit phang xy can lam thi
nghiém vo1i hai tAm. Céac canh cta tim

IT

dau tién duoc dinh hudng doc theo cac
truc bat dang hudng chinh a, va a,
(Hinh.1). Cac canh ciia tim tht hai
léch mot goc 45 do so voi cac truc
chinh (Hinh 2).

a

/4

LES¥YTr¥YYY

45°

Hinh 2. Cdc canh ciia tam léch 45 dd so véi cdc truc chinh di huong.

Tién hanh thi nghiém céng-n,én
doc truc @, va a, tuong ung véi tam
thir nhat.

Ttr thi nghiém dau tién (Hinh la)
ta co:

e =410y &, =Apo,.tu thi
nghiém tha hai (Hinh 1b) ta co:

Ey = Alzo' ) gy = Azzo'y.

Theo cach bd tri thuc nghiém
dugc dé xuat ¢ day, biéu thirc cua
phuong phép binh phuong t6i thiéu tré

Tir d6, hé phuong trinh tuyén tinh
tuong tmg d6i véi cac tham bién 4, 4y,
, Ay, cling dugc don gidn hoa dang ké:

2(214116;2 - 20;3;) =0

i=1

> (24,0* -20,6)=0
i=1

i=1

Theo dé cac tham bién duge xac dinh:

n n .
~ co L i i
nén don gian: Z‘iaxgx Z‘iaygy
i= i=
i(Allo'i—é‘i)z—)min All_ io_lz , Azz_ io_lz ,
i=1 1" = 7
1= 1=
i (4yy0, —.9;)2 — min S R
= 2 (oye), + o8,
=1
4y ==
i(AIZO'i &)+ Zn:(Alzoj —¢')? > min . 02, 2
i-1 o s 2. (0" +0)7)
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Y (24,0 +24,0.* —20%e, —20.6,) =0



Déi v6i tam thir hai, chiing ta chi can
xc dinh hing s ddu tién, tic 1a 4y} . Qua
trinh thye hién cling teong tu (Hinh 2).

Dé xac dinh hang s6 A4, ta su

dung cong thac bién doi cac hang so
dan hoi:

Al(lg) =4 cos” 0+ (24, + A66)Sin2 Ocos’ 0

+45, sin* 0
Goc 0 dugc chon la 45 . Thay n6 vao
cong thuac trén, ta dugc biéu thirc xac
dinh A4 :

— 4 4(45)
Aoe =44y — Ay — Ay =2415. (9)

Nhu vy tit ca cac hing s6 trong mit
phing xy di dugc xac dinh. Viéc xac dinh
cac hang s6 con lai hoan toan twong tu.

5. KET LUAN

Nhu vdy, qua bai viét ta thiy co
thé s dung thi nghiém kéo-nén mdt
truc dé thuc hién cac qué trinh cua thi
nghiém ciing nhu tinh toan cac hing

s& dan hdi cua vat liéu, cu thé 1a st
dung phuong phap binh phuong tdi
thiéu. Uu diém cua phuwong phap nay
la n6 don gidan hoa qua trinh thu
nghiém va c6 thé dugc sir dung trong
thuc té tinh toan.
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