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VE TAC DUNG ¢UA NGAU Luc VA QUAN HE D61 NGAU
CHUYEN VI ~-NOI LUC cUA THANH KHONG GIAN

vU DPINH LAl

§ 1. MO PAU
‘Tinh twong ty lién hiép hay tinh d6i ngdu chuy&n vi — ndi lyc cla dim théng da
duwgc O-Mo nghién ciru tir liu, khong nhitng dwgc tng dung phd bién trong k¥ thudt ma
~con duge mb rong ra bai toan dong cda thanh va khung bing nhitng cap d6i ngau khac [1,2]-

Gin d4y tren [3], M. Phaset va B. Taybaroc d3 mé rfng ra bai toan thanh cong
‘khong gian thodi trén co s& hai nhém phuwongtrinh: :
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Q, M: lyc vd moémen noi luc;?, m: lyc va nghu lyc phan bé . 6, v g6éc quay va chuyén vi
dai; 1: veeto don vi ti€p tuyén voi traec ;thanh; A, 1: ma trdn d0 mdm dién tich va
mdémen quan linh clia mit cit, va phat bidu dinh 1¥: Tredng chuyén vi va géc quay cia
thanh dudi tdc dung ciia ngdu luc cho truge twong te véi trudng néi luc (mémen vd lie)
ctda thanh lién hiép chiu tic dyng cia truwdny luc va ngdu luc lugng irng bing IM va A.Q cia
thanh thyuc. '

Trong bai nay, ching toi phan tich .v& tac dung cla ngiu lyc pban b6 mit ngoai
‘tr 46 vidt cac phwong trinh cén bing va chuy&n vi, va néu ra tinh ddi ngiu chuyén vi-—
noi lyc cla thanh trong trwong hop ndy. ’

D2 thiét lap cac cong thic, ciing nhu & [3), & day 4p dung 1§ thuy&t Becnuli va
ddm va cac gia thiét xoin Xanh Voning. ‘
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§ 2. HAI TRUONG HOP DAT NGAU LUC PHAN BO
VA CAC POUUNG TRINH TUUNG UNG

Ngiu luc phan b§ m tac dung vao mél thanh thye t& chi Ia ket qud cla sy thu
gon tuong dwong tinh hoc cha mot dang ngoai lewc nao d6. Trong viéc tinh mdi luc va
bién dang cda thanh; sy thu gon c¢6 khi khong thich hgp. Do d¢ khi tinh dnh huéng cia
ngiu lyc ndy, cin xét sy phan bé thyce té cha ngoai lyc. v ‘

2.1 Trw&ng hep L.

Néu hal thanh phin mx.vd my (x v& ¥ 13 hai truc ndm trong mit cit) cha ngiu
(hrc m 14 do lyc th? tich phan bd trén mit cit ngang hop thanh thi nhitng ngoai lec nay '
khong tao ra lyec cit va bién dang trugt cue bd trohg pham vi dit lgc. Nhitng quan hé
(1.1) va (1.2) chi dung trong lrudng nop nay. ‘

2.2. Treéng hop 2

Trong thuc t&, nghu lyc phan b& thudng 14 sw thu gon twong dwong tinh hoc cda
lge mit ngoai. Thi du (rén hinh I, ngdu luc m tac dyng 1én thanh thang 1a s thu gon
cia lye p ti€p xtic & mit ngoai thanh: '
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" Thanh phén m« (hodc my) cfia nghu lwe phan hd ™ tao ta rng suil tiép trén
mit cit ngang. Nhitng Gng sudt tiép 4y tao thém luc cit ma ta goi la Iyc cht loai hai
Q2 (d& phin biét véi lwe cit loai m@t Qi — lwe cit Giurapxki @& quen thudc & céc tai
liéu Strc bén vat liéu). D& minh hoa sy xu#t hién lwc cét nay, ta xét mot thanh lhang

mit chit hinh chir nhil hep chin: lyc t1ep xtic p phin bs d8u trén bd romg canh trén
nhu trén hinh 2a.

Tach & dim phan b§ dai ds vA mit duéi céch truc thanh la y (Hinh 2b) rdi
lap phuong trinh cin bing hinh chify trén troc thanh clia eac Ilyc tic dung vao phan
td, ta duwoc lge trugt T trén mot don vi chidu dai thanh. Lyc ndy gom hai thanh
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phin: think phin tht nhit tac ra luc cft Giurapzki (& day khong viét lai), thanh
phianp the hai do lye p sinh ra va biug:

— 1 Fo

‘trong d6 F¢: dién tich phin miit cit ngang tinh tr toa d6 y, F: dién tich mat cit ngang.

Néu gm tlnet ung suat do Fp phan b3 déu irén be réng by cha mit edl ngang thi

- ta €6 - _ . - S B
. P Fe .
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TP Ty ( F )

Trén hinh 3 13 bi2u db phan b8 @ng suil 1iép trén mit cit hinh chir-nhit va hinh
chit I trong @6 p dwgc thay biing 2m/h. C

: 2m/b5 , 2/ 8%

¥

¢
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Hinh 3

Nhitng tng sufit ti€p & (2.2) tao thanh luc cit loai hai. D% ih& hién dwoc lyc cit
nay, ta ¢6 th& phan tich ngiu lwc phan b8 thanh hai Iic vudng gée voi truc thanh,

.,bﬁng nhau va cAch nhau ds. Néu m phin b8 d&u thi doan ngiu lwc phan bd tuong '

duong véi hai lge 14p trung & hai dan doan c¢é gia tri bing m (Hinh 4). O [4] ciing
di dong cach phan tich nhw trén d2 tranh khéi niém ngiu lyc phan b3, nhung chi v&i
mgé dich d& 4p dung toan t& tinh tién tinh nglu lyc phan bé lwong ty nbu tinh lirc
tip trung. ‘ . ‘
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Hinh 4 Hinh 5

Nghién ctru trén thanh cong khong gian, ta phan lich ngiu lyc muds tai A (thanh.

phﬁn clia mds trén mil phing vuOno' g goc véi true thanh) thanh hai lwe nguwoc chidu cach
nhau ds (Hinh 5). Néu tai A c6 lye P thi

ds TA? = muds,
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hay

P =t Am. | CE S
Néu cling tai A, & phia bén phai (Hinh 6b) ta phan ngau lue (mu+dmu) ds thanh

‘hai Ige cach nhau ds thi tai A ta cling co
—P =t A (m + dm). (2.0
Nhu. viy tai A ¢6 lyc phan b8 tuong -ﬁu-qngTP tinh ti quan hé
Pds=P — P =t A dm,
| hay
dm

o=t A = C (2.5)

Nhu vay tac dong clis mot doan ngiu luc
phan bé my twong dwong voi mot hé luc gdm hai
lye tap trung c6 gia tri bing

wAm ova —uAm (2.6)
dit & hai diu doan va lwc phan b8 & trong doan

Nhitng luc ngang @ va 1/\ my, ~— t2 A ma
‘tao ra lyc c#!l loai hai, va ta c6 cic phuong
trinh cin bing cGa thanh cong khéng gian.

dos _
3 [
dQ» =“/\ dm SN )
ds :
. aM
——'+ t /\ Q1

Dudi day ta lap cac phuong Lrinh c,hﬁy’éu vi.

Nhu ta di biét, theo 1y thuy& Becnuli vé

dim. mOmen udn lam cho cdc mit cit ngang quay

tuwoug 46i, con luce cit ldam cho céc mit cit trugt

tuong d8i. Nhu vay luc cit giurapxki va lge cdt

Hinh 6 logi hai néi trén tuy c6 tao ra dd vong, nhung

khéng lam eho mit cil quay. Do dé khi xét dén

anh hudng cia lue cit, cin phan bidt goc quay clia mit cit va gbée quay cla truc thanh,

irong khi d6 hai géc nay vAn coi nhu bing nhau khi kheng xét dén Ainh- hudng cha
lyc cdt.

bt 6—1: gbéc quay cia truc thank do mémen (cting 1a goc quay ciia mit cit) va 6
gbc quay cua truc thanh do lge cét, ta c6 géc quay truc thanh:

0 =0+06; | 2.9)
PSi voi thanh dan hoi ta ¢o
@ _ o (2.10)
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ab. - - = o -
o = KAT+ AT @10 |

Thay (2.7) vao (2.11), ta dwge

a6 . ) S
S KA T o 3 (2.12)
ds ds

Ngoai ra giita géc quay truc thanh va chuy@n vi cda thanh khéng gian c6 chuyén
" vi bé ¢6 quan-hé: - . e ) .
dv — - i

e + t/\ 8 = AQ1 + (B—A)Q:. ' (2.13)

Trong chc quan hé tren K, L, A, B1a nhitngma trin as mém dlén tich cla mit cit.

*Sip x&p chac két qua 43 thu dwge & trén, ta -duge hai nhdm phuong trmh trong
truong hop thanh chin nglu lyc mit ngoai.

Qg _ — dg2 -, dm - = =
=1 — = : t =m. : .
as 1 t A\ = +tAQ=m | (2.14)
a8 - do, o T — .
— =M 2 =AQi+ (B~A)Q2  (2.15)
ds ds
‘ Tinh d6i ngiu chuy&n vi —ndi lwc cda thanh cong khong gian c¢é ngiu lgec mit
ngoai dwge ghi & bing so sanh dwéi day
M v
Q By
Q 0,
f M
m AQ1+ (B—A)Q2
g ) o —
v A — CKAT+@-p 22
‘ ds ds

i

§3. AP DUNG TRONG TRUONG HQP DON GIAN

Trong trudng hop che true x va y 1a nhitng true d6i xeng cla mit cit thi cac
phu'ong teinh (2.14) va (2.15) thanh

dQt _— dQ: _ .. dm dM

: T . +TQ = m. 3.1
ds f ds ds ds Q& w .1
W — by — — -
L B VIR R TG I S dv. + T8 = AQ1 + (B—A)Q (3.2)
ds | ds ds ds . '
trong do
J t 1
0. 0
MyGF ! P-XGF
K = ! A= o 1 o, ' (3.3)
- BsGF CeT By GF ’ "
1
"0 0 —
0 0 0 BF .
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H 1 (‘;
L Elx
VvyGF 0 - 1
= 1 ’ = ; I = i} - 0
B 0 0 T Ely
ViGF 0 i
‘ 0 0 ——
o 0 0 _ B

E, G: m(“)d‘uﬁ dan héi loai moét va logi hai, F, Jy, Jy, Jz ¢ dién tich, moOmen quan tigh
truc va momen quan tinh xodn cla mit cdt, By, Ry: hé s6 hiéu chinh vi sy phan hé
khong d&u cda @ng sudt ti€p do luc cit giurapxki, Vi, Vy: hé s6 bi¢u chinh vi sy phéan

- b6 khong diu chia ng suiit tiép do lge cit loai hai.

Trong trudng hop thanh thing bi uén phing. ta.cé thé rat ra. hai phuong trinh '

twong tu

a’M: dmy '
=—fy + . 3.4
ds2 yor ds .
dmx .
a? - d
= Me &y - ds (3.5)
ds EJx wyGF VyGF — yGF

Phan tich tinh d6i ngdu & (3.4) va (3.5), do vdng cla dim bi uén phing c6 thd
tinh bing mdmen udn clla dim lién hiép vé&i tdi trong :

dmx .
. . dS
Mx oy vy _ v (3.6)
Elx %yGF ' VyGF — #yGF -

Nhuw vAy n&u xét dén tac dung ctia ngiu luc phan b6, tai trong lién hop c6 thém
s6 hang phu thudc my so v&i Irwong hop khong c6 nglu lyc phan b6 [5].

§4. KET LUAN

1. Trong trwong hop thanh chiu tic dyng cda ngdu Izc do lyc phin b8 mit ngoal,
‘ngoai luc cdt giurapxki‘,«wn xuft hién lwc cit loai hai. V& mit do cung, c¢ling nhw luc
cit giurapxki, lwc cit loai hai chi 4nh hudng rit bé dén chuy&n vi. Trai lai tng sufit
ti&p do lge cit loai hai phan b6 trén mit cht ngang khéic sy phian bd do lge cit giu-
rapxki va trong mot s6 truong hop co6 th& lai 160 hon tng suit do lye cit giurapxki. Vi
vay d8i voi edc kél clu ma luge cit ¢6 dnh hudng nhiéu dén A9 bén (thi du dim bé tong
c6t thép — tinh trang thai tng sufit; dim ghép, dim lién hop — tinh lién két, v.v...) khi
¢6 ngiu lwe do_lyc.mit ngoai, c¢in tinh Anh budng cdia lyc cit loai hai cing voi 4nh
. hudng cla luc cit giurapxki. '

2. Chuy&n vi va n¢i luc cla thanh cong thodi khéng gian trong trudng hop co
nghu lue do lyc mit ngoai ciing c6 tinh d8i ngiu.

Dia chi:
Dqi hoc Giao thong.

"Nhan ngay 1-2-1980
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- SUMMARY oo

ON APPLIED COUPLES EFFECT AND DUALITY ) . C i
RELATIONSHIP IN SPATIAL RODS

In {3] the conjugate analogy is widened for spatial rods and Lhe inherent duahty
'is expressed by means of a theorem:. '

In this paper, it is shown that the above relalionship is only applicable to the
case of body couples. The act of surface applied couples on a spatial rod is examined.
By this external force, the shearing forces of the second kind occur at the cross- section
(the other shearing force is the well-known Jourawski’s shearing force).

From obtained equilibrium equations and force-displacement relallons the conjugacy
' in spatial rod in this case of exlernal forces is revealed. :

25



