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‘ Phuang phap Iu'c va
cach tinh hé phang sieu tmh- 3

5.1. Khai niém vé hé sidu tinh - Bac siéu tinh

A. Dinh nghia

- Trong tap I da gi6i thieu cach tinh he tmh dinh wic 1a nhtmg h¢ trong d¢6 chi ¢
dung cac phuong trinh ¢an bing (inh hoc cing dit d€ xac dinh phan luc var
lyc. ‘Irén thyue (& thudmg gdp nhimng hg trong do néu chi sir dung cac phuo
trinh can bing (inh hoc khong thoi thi chua di dé xac dinh cac phan luc va
lre. De linh cac hé dd cén ¢o cac phmmg lrmh bién dang 03 sung. Nhu viy:

He duofc goz la siéu tinh néu trong toan he hodc trong mot vai phan cua hé
khéng thé chi aung cac phuong trinh can bang tinh hoc dé xdc dinh tét cd ¢
phdn e va ndi Iue. _
" Hé siéu tinh & hé bét bién hinh.va c6 lién két thifa.
Danh tir lién kel thira ding & déy chi Ja quy uéc. Ta cén hidu lién két thia

nhing lién két khong can thist cho sw cfu tao hinh hoc ciia hé nhimg vin ¢
cho surlam vxu_ clia (,Omz trinh.

- Vi du dam ha1 nhip trén hinh 5.1a c6 b6n lién két loai mot nhung ta chi ¢6
phuong trinh ¢an biing tinh hoc nén chira gt ‘dé xac dinh bén phéan luc trong b
lién két, vay ddm do I siéu tinh. DAm nay ¢6 mot lign k& thira 12 mot trong l
lién k&t thanh thing dimg. Néu loai mot lién két thira.nhu trén cac hinh 5. lb
thi dam vin b4t bién hinh nerng tinh Chﬁt lam vigc se khac m '
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DGi v6i hé cho (rén hinh 5.2 ta thdy: phin ddu thira AB 1a tinh dinh vi c6 thé
diing cac phuong trinh can bang tinh hoc cing dt dé xac dinh noi luc trong do;
phin BCD 12 siéu tifil vi NG b phumm trinh ¢én: bang tinh hoc chua di
dinh bon phan luc B, C. Dva H do d6 cing khongx Xac dmh duge ndi 1 trong’
phiin,nay. Vay, néu xét toan borthi he nay lasiewtinfh. > om0
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8. Tinh chdt
P61 chiu voi hé tinh dinh, hé siéu tinh ¢o nhitng tinh chit sau:
1) Chuyén vi, bién dang va néi'lvc trong hé siéu tinh néi chung nhd hon'trong hé
tinh dinh c6 cung kich thudc va tai trong. : N :

Bang 5.1.cung cdp k&t.qua tinh dO vong & gita nhip va momen uda 16n -nhdt
trong din tinh dinh mot nhip. voi dim siGu tinh mot nhip co-hai ddu ngam.
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Qua nhing s& ligu trén ta thdy chuyén vi va noi lic trong dim siéu {inh nhd

. hom trong d4m tinh dinh kha nhidu. Boi vay dung h¢ siéu tinh sg tiét kiem
‘dugc vat ligu hon so: voi h¢ tinh dinh tuong ung. Do la wu-didm chmh clia he
siéu inh. S

2) Trong hé.siéu tinh phat smh cac n01 /UC do su thay d01 nn/et do sy cnuyen vi cac
g01 tua, su ché tao va lap rap khong chinh xac gy ra.

Dé_lhé’y o tinh chdt nay, ta xét mot vai vi du:

e S0 sanh ddm tinh dinh mot nhip (hinh 5.3a) véi ddm siéu tnh mot nhip (hinh
5.3b) cung chiu sy thay ddi nhiét do khong deéu, & trén la ¢;, & dudi 1a 12 voi
12>1; ta thdy: dudi tac dung ciia nhi¢t do- ddm c6 khuynhhudng bi udn cong,
nhung trong dam tinh dinh céc lién két khong_, ngén cai bicn dang ciia ddm
nén khong -phét sinh phan luc va ndi luc, nguoc ‘lai trong dam siéu tinh, cac
lien két (ngain) can try khong cho phép dam bién dang tu do, do do phat sinh
phan luc va ndi luc.

Hinh-5.3 Hinh 5.4

e Khi lien két co chuyén vi cutmg bic (b1 ltn) ddm tinh dinb cho trén hinh
5.4a bi nghiéng di, cac lién két khong ngéan can va cho phép chuyén vi tir.do..
nén khong phat sinh ndi luc. Nguwc lai, khi gGi phai cua ddm si€u tinh trén
hinh 5.4b bi lin, g6i twa gita "khong cho phép dim chuyen vi ty do nhu
truome hop trén, dAm bi udn cong theo dudmg dit nét, do d6 trong dam s2
phat sinh ndi lyc. ‘ S

o Khi ché tao, gia sir chiéu dai cia thanh €D
trong h¢ siéu tinh trén hinh 5.5 bi ngin so
voi chidu dai thiét k& mot doan bing 4. Sau " o _L
khi Ip rép, thanh CD bi dan ra ddng thoi D C&
dam AB cang bi udn cong, do do trong hg

160 1ai cic ndi hue ban diu. Hinh 5.5

Khi thiét ké két cdu siéu tinh ta cAn ddc biet luu ¥ dén nhimg nguyén nhan gay
ra ndi luc k& trén. Dol khi ¢co thé su dung tinh chit nay de t20 sin trona he
nhimg ndi lyc va bién dang ban diu nguoc chiéu voi noi Tuc va bién ding do
tai trong gay ra. Bign phap nay Yam'cho'sy phan phdi noi luc trong cic cdu
kién ctia cong trinh duge hop 1y hon va do do tiét kiém duge varliéu.

3) N6i Iuc trong hé siéu tinh phu thudc vét ligu va kich thuge cla tiét dién trong cac
thanh. ‘
Nhu sau nay sé thdy, dé tinh h¢ siéu tinh ta ph#i dua vao diéu kién bién dang
ma bién dang lai phu thudc cac do Lung ElL EA... nén ndi lye trong hé siéu tinh”
cing phu thudce EI, EA clia cac thanh.
Tinh cdc hé siéu tinh thudng phuc'tap hon {inh cac h¢ tinh dinh. Co nhiéu"’
phuong phap tinh h¢ siéu tinh. Hai phuong phép co ban 1a: o
$% Phuong phdp luc (duoc dé cﬁp trong chuong nay). -
=2= Phuong phap chuyén vi (duoc dé cap trong chuong 6).

- C. Bac siéu tlnh .

Trong pham vi nhimg gia thiét duoc chép nhan trong co hoc két cdu, ta o thé

" dinh nghia bac siéu tinh nhu sau:
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Béc sigu finh ctia hé siéu tinh béing 6 lién két tuong duong foai mot ngoai sb lién
Kkét cén. thiét 0é cho hé bét bién hinh. -

Ta ¢co thd dung cac cOng thirc (1.2), (1.3, d A, (1. 5)Hién he gitra 96 luong céac
miéng-cimg va s6 lugng c4c lién két da nghién ciru trong chuong 1 désuy ra bac
siéu tinh ciia hé. Vi du, tir (1.3) ta suy ra cong thirc xac dinh bic siéu tinh n ¢ta

hé ndi véi trai dit ia
n=T+2K+ ?H+C 3D,

trong do D — 80 cac mléng cung tmh dinh (miéng-cimg ¢6 chu vi h(r)
Neoal ra u)n (,0 thé thiét 1ap u‘)ng thue don glan hon dé& xac dmh bac siéu finh.

Trudge khi thidtl 1ap ta khdo sal : .
mot vi du. Xét mot khung ¢ 2 ‘ b

chu vi hér (hinh “§.6a). Khung P | P P P .
nay 1a tinh dinh, vi ta ¢O thé i
chi st dung cic phuong trinh
can bang tinh hoc dé x4c dinh C)P

ndi luc tai mot tiét dién bét ky - 2 L . “‘E
sau khi thuc hién mat cit nhu

‘trén hinh ve.

Hinh 5.6

Néu dat thém vao Lhu vi hor do mol lién Lu lodJ mOt (thanl;l) he se thua mot lign
két (hinh 5 D). Vay h¢ nay ¢ bac siéu tinh biing mot. R
Néu dit thém vao chu vi hé dé mot lién ket loai hai (khorp) h¢ se thu-a haJ hén
két tuong duong loai mot (hinh 5.6¢). Vay h¢ nay c6 bac siéutinh biing hai. .

Néu da thém vao chu vi h¢ d6 mot m&i han (lién két loai ba) hé se thira ba llen
két tucng duong loai mot (hinh 5.6d). Vay hé nay cO bac siéu tinh bing ba.

Qua yi du trén ta co k&t Juan sau:
Mot chu vi kin c6 bdc siéu tinh-bdng ba, néu thém vao (,lm vi kin dé mot khép
dom glan thi bdc siéu tinh giam xudng mot dom vi.

P thiét 1ap cong thuc xé4c dinh bac siéu finh, ta gaé thlet trong hé siéu tinh c() Vv
chu vi kin va K khép don gian. : :

Theo nhan xét trén, cir mdi chu vi kin c6 bic siéu tinh biing ba nén V chu vi km

s& 6 bac siéu tinh 1a 3V. Néu thém mot khop don gian thi bac siéu tinh giam
xudng mot don vi, do d6 K khop don gian lam béc siéu tinh cia h¢ glam K d(m
vi. Vay béc siéu tmh n cha h¢ dugce xéac dinh theo cong thirc: '

n=3v-K I A I

[

Vidu 5.1. hm bac siéu tinh cba he trén hinh 5.7. . 0 i e L
"He nay ¢O V=4 Va K= 3. Dodon = 3.4- ?- 9, T

e B

Hinh 57 Hinh 5.8

Vi du 5.2. Tim bﬁc siéu-tinh cha he trén hinh 5.8. ‘ NRTE
He nay cd ba chu vi kin. D& tinh sG khop K ta cin chu y: céc. khop Au C1
khép don gian cho nén mdi khop tinh bang mot don vi; khop B la. khop pha
tap cho nén phai tinh bing do phic tap chia no va bing 4—1/= 3. Vay 1éng s
khdp don gian la K= 5. Bac siéu tinhn=33- 5 4.

Chi thich: Khi st dung cdng thae (5.1), can quan niém. trai dat 1a miéng cimg | hg. Vl duy, khi xelh
trén hinh-5.9 thi s3 chu vi kin trong truong hop nay bang 3 chir khdng phan bang 4vi phal qua
niém trai dat 1 miéng cimg ho nhu trén hinh ve. Bac siéu tinh cua hé nay bang n=33-0=9

5.2. NGi dung phUdng phap luc va cach tinh hé siéu tinh chiu 1

trong bét dong, sy thay déi nhiét do, su cau tao chleu dé
khdng chinh xac, sy chuyen vi gm tua ' v

A. Noi dung phmmg phdp lwc

De lmb he siéu tinh, ta khong tinh truc Uép trén hé do ma unh rén. mOl hé kh
cho phép dé dang xac dinh noi luc. Hé mdi nay. suy ra tir he siéu tinh:da-ct
bing cach loai bot ¢ac lién két thira g0i 1a hé co ban. Tl nhién, dé bao .dam ct

hé co ban Iam vigc giong he siéu tinh da cho ta cin pth bo sung tham de du
. kign phu Do 12 noi dung t6m 1t cla phutmg phép T '

- Hé co ban ctia phuong phép Iuc Ia mét ne bét bién hinh suy ra tu he s:eu t/nn {
. c¢ho bang céch loai bo 14t ca hay mot. s6 ién ket thua.
Né&u loai bd 141t ¢ cac lien ké third thi hé co bar la tinh dinh ¢on néu (,hl loal |
mot s6 lién ket thira thi he co bin lasiéu finh ¢ bac thdp hon. ‘

Dléu quan trong Ta 1¢ co ban phai bdt bién hinh va clio'phép ta xac dinh die
noi luc mét cach dé dang. Ba&i vay trong da s6 truomg horp ta IhUﬂ'IlQ dung hé
ban tinh dinh.
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poi voi h¢ siéu tinh trén o R
hinh 5.10a, ta ¢6 thé chon a)’ o
hé co ban theo nhidu cach

khac nhau. "Trén hinh |
5.10b, ¢, d gi6i thieu ba A
cach ‘chon h¢ co ban tinh : ,
dinh cho hé siéu tinh & ' ; ,
hinh 5.10a.* . ;C) IP » d) lp

Pé thidt lap cac didu kien .
phu ta hay so sanh sy khéc o c ‘ c
x Ad .

nhau gita hé siéu linh da C : ]
cho (hinh 5.10a) véi he co -, Bl B8
ban (gia sr dung hé¢ co'ban i . RS U
5.10b). Ta Qham-hay:- S S Hinh510 = .
Tai chc vi 1rf loai bd lién két (A va O): ' ' | B
+trong hé siéu tinh néi chung c6 cac phan e con trong hé co ban khong co;”
+ trong hé siéu tinh, chuyén vi theo phuang clia cae 1ian két bi loai bd déu bing
khong; trohg hé cd ban, tac thuyén vi nay cé thé tn tait -
Nhu vay, mudn (,hO h¢ co bafrlam vige. glong h¢ da cho faelne s oo

o Trohg hé ca ban,) dat. céc e X,, Ko Xty wr
tuong tmg woi vi tri vé phuong: cla cdc //en
két bi loai bo. Nhimg hrc nay chua biét
va gilr vai tr0 4n s§ (hinh 5.11). Vi cac

- &n 8 Ia luc (lyc t@p trung hoac monien
- 14p trung) nién phiveng phap nay mang . , “in .
ten Ia 1)/1140'118 phap luc. 3 U Hinhs1 . 0

e Tmet lap dleu kién: chuyen w Irong he (olog ban tuo'ng Ung vor/ w trl va pht/ofng cua
- cdc lién Kkét bi loai bé béng khong Nai khac di, chuyul vi trong h¢ co ban

" tuong uné vdi vi trd va phuorng ¢ha 4ns8 X, Xg,.... X,,.do cac tue X7, X, Xy,
va do cac nguyén nhan bén ngoai {(thi trong P, su thay ddi nhiét:do £, -sw.ché
120 chiéu dai cac thanh khong chinh xac 4, su chuycn vi LOI ta Z) gay ra
phél bang khong.

I

. NE€u hé ¢o bac sidu tinh 12 1 va h¢ co ban tinh dinh thi ta c6 n diéy ki¢n:

ZtX,((X X2 ..... Xk x”,p,/,j,z) =0 V(_')l" k=1, 2....n (5.2 + -

Cac digu kién (5.2) la cac phuong trinh co ban cia phuong plzdp“h{f ‘He
phuong trinh nay nghiém dung voi (at ¢ Ld( h¢ tuln theo cung nhu khong tudn
theo nguyén 1y cOng tac dung. : v

Vi hé ¢6 bac siéu tinh 12 n ta thidt lap duoc n phuong trinh co ban dd de Xac
dinh n 4n 8 X1, Xa,..., X Sau khi tim duoc cac lue X, 3 X>,..., X, ta’xem chung
nhur cac ngoai luc tac duna trén hg co ban (hinh 5. 11). Lic nay céc luc téc dung
trén hé co ban déu da biét, ta co thé d& dang tim dugc ndi luc va bién dang trong.
h¢ co ban, do chinh la ndi lue va bién dang trong hg siéu tinh da cho béi vi cac
lye:X; da thda man hé phuong trinh cor ban tuc 1a. da thda man diéu kign lam viéc
nhu nhan gifra h¢ co ban voi h¢ dacho. '

Chiy:
1) Khi chon hé co ban cho hé siéu finh chiu cac chuyé'n vioudng bic Ztai céc goi tya ta cén chd y:

+ Dai vaifién két thira khérig co chuyén vi cudng bie: ¢o 'hn Ioar bo va thay the bang cac Iu‘c X ’

IR

4+ DGi véi fign két thira co chuyén vi cudng birc ta quy dmh ch| duoc phep cat va thay the bang
cap luc X ngu’oc chiéu nhau mé& khong du‘oc phep loai bo ’

That vay gia st xét hé siéu finh
cho trén hinh 5.12a néu chon

7 - ,,;7 i
hé 6o ban bing cach loai bd ' 0&4
lién két A co chuyén vi cuéng X

birc (hinh 5.12b) thi diéu kién b g
bién dang theo phuong clia &n
s8 X; sé khac khong. Hinh 5.12

Luc nay chuyén vi tuong tng véi vi tri va phuong clia X; do cac &n s6 Xva do chdyén vi cudng
buc clia céac gdi tva gay ra sé co gidtri bang chuyén vi cq&ng bire tvong L’fng
A, xy..x,.9 =2 %0, :
Néu chon hé& co ban bang cach cét fién két co chuyén vi thi didu kién bién dang van béng khéng
(hinh 5.12c) bdi vi lic nay chuyén vi tuong tng véi cap &n s8 X; fa chuyén vi tueng ddi, tuy gdi A .
o chuyén vi cudng buc nhung chuyén vi tuong déi giia hai diém cat mva nvan .béng khéng , 4
A%, X, %,.2) = 0. <

Do @6, dé théng nhét diéu kién bién dang lubn ludn béng khong trong tat ca moi trudng hop, ta
quy dinh chi duoc phép ¢t cac fign két tya co chuyén vi cudng bic.

2).Khi chon hé co ban cho hé dan siéu finh hodc hé siéu inh ¢o cac thanh hai dau kh&p voi.do. cling
hitu han (EA # oc) va tai trong khdng tac dung trén thanh, ta quy dinh. chi dugc phép cétva thay ,

9.
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- thé bang cac cap luc X, nguoe chiéu nhay lﬁé khéng duoc phép foaj bg,,
P "
ET

a)..

A

Hy  EA £oo

Hlnh 5.13

Cing 1ap It ’ ing

caChgloapbua:E tu:ng t'nhu truong hap trén, voi hé trén hinh 5.13a- néu chon hé co ban’ béing
i bo

. han cang AB (hinh 5,13b) thi phuong trinh co ban bidy thi chuyén vi tuong doi glua
0

phuong AB, chuyén vi nay khac khong vi trong thanh AB ¢ bién dang doc truc: néu

chon hé co ban bang céch c§
at thanh AB (hinh 5. 130) thi chu
yén vi tuong déi giir
bang khéng va phuung trinh co bén luon bang khong ' et dlem e

B. H¢ phmmg trinh chmh tac '

f ron V
£ £i30 trinh nay ta chi nghlcn clu nhtmg, hé ¢o lhe ap dun}, duo(. nguyen ly

cong tac d
£ 1ac dung, véi nhimg he nay ta 6 thé bidy thi phuxmg lrmh co b(ul thir k clia

h¢ (5.2) dum dang:
Ax.ix, x -
Ak(Xp X XA....X,,P/AZ)—AXAXI +AXkX2+ +AX‘X4+ +AXX +
ke
+AX,,+A +A
i X, xa“‘xz 0
De cho gon, ld bd bot cac chi 56X ' k kv

Ak]+Ak2+ + 4 R
i+ A, A + e "
trong do: kn + App + Ay + Ay +AkZ =) . A

Ak-m - (/huyu] \q t . ’ .
. uong LH]L Vi Vi \’ii hir .
on e 5

tr()ng h¢ co ban; P g cla l X" do IUL Xm gay ra

Aep, 4 i vi ‘ va phuong cia I X, ¢
b, Mty A AA/ = chuyén vi twony ung vai vj trf va phuong cita e X; do
k o

rién
2 tai trong, s thay dbi nhigt do, su ché tao chiéu dai cac thanh -

. ~khong chinh xic, chuyén vi gdi tua g4y ra trong hé co ban,

Néu goi Soni 13
1 chuyén Vi lmmg 13)!
| 2 VO vi tri v phuong ¢
X,,, J gayra trong he ¢ ban, taco: - " g ua e do “en& "

Aluu = aqu Xm
Do d0.phuong trinh co ban thi kco dang
5[( X+ > N |
1 X1+ 82 Xo +., + O X+ +b}\nX,,+AA1)+AA,+AAA+AA/~()

Vi6i'hg-¢6 bac sieu tinh b
dng n sau khi 1an Iugt ¢ho & = 7, 2.0 1 1056 c6-ho m
phuong: trmh 0o bdn chia phurong phép luc nhu suu: o [‘Ht e

10 R

e

m'. ‘::\:l '

811Xy + S12Xz 4. O+ + SinXn + Aip + A+ Ara+ diz=
(571X] + 577X7 +...+ &AXA +..+ é"uxn + A"P + A"’ + A7A + A’,Z 0

.................................. R | Gy

OiXs + OaXa +oo+ X+ 4 OnXn + Anl’ + Anr + AMA + Allz = 0.

I

L
iHe phuong trinh (5. '%) goi 1a'h@ phuomg ‘trinh chinh tdc ciia phuo'ng phap lu
e he s8 Sun (VO & i) clia phuong trinh chinh'tdc 'goi 1a: hé w0 phiv. Cac HE 't
O ol la hé xo 5 chinh. Cac O ham_ Ay, Bkt Qs s AM goi Tasd hang tu do

Y nghia vit ly cla cac he sG va 0 hang tr do ¢ia h¢ phuong trmh (S 3) 1a ¢
chuyén vi, do do mudn xac dinh chung, ta cin van dung cong thie chuyén vi ¢

FEEETET s SO L 35

hidt trong chuong 4.
e

1. Cach tinh cac hé sé phu va hé s chinh-
Trong cong thic Lhuyen vi (4.25), thay Bion = 5k,,, Xy, ta dugc:

5Am Xm ZI '" ZJ ”’ 'y + ZJV Qka d.s

Chia ci hai vé chor Xm ta €0: -,

B = ZIMkad ZI +ZIvQ’°Q'" sl 4
Tuong ty: . -

I
trong do: .

M,, Ny, Op — cc biéu thic gigitich ciia momen udn; luc doc,va hac. ¢t
rieng lyc khong thir ns_uym Xk 1 gay 13 trong he co ban;

M, N,,,Q,,— cing la nhimg dai Jugng l1en nhung do rieng luc khong ¢
e nguyén X,,=/ pay ra trong he cu.ban. : -

D()" v6i nhimg truomg hop co 1h¢:dp dung cach “"nhan bidu dé" th

V aghln ta co: i ‘ .

5km"‘ (ML)(Mm)"'(NI. )(N111)+(Qk)(Qyn) . o (56)

5kk=(Mk)(M/\-)"F(,N[\-)(Nk)"‘(Qk);Qk) S




&=

;?.ffong dox -
(My), (Nk ) (Qk) - uéc bleu do DOI luc do riéng ]Ll'L khong thu nguyen Xk
o gay ra tlong he co ban . )
(Mm), (W,,, ) (Qm — céc bidu dd noi luc do rléflg luc khong thir nguyén
' : Xn=1 gay ra trong hé co ban. ‘

Tir cac cong thite trén ta thiy ludn ludn cé:
, . > , o
Gk > 0; Ok = U, i (5.7

vi trong cong thic xdc dinh &, cac ham s¢ dum ddu tich phan déu 1, binh
,phuong clia ndi luc nén ludn ludn duong con trong cong thace xdc dinh 8y, thi
cdc ham s§ d6 ¢6 ddu bét ky Ngoai ra theo dmh Ly twong hd cla cac chuyén vi
don i, ta c0: 1
o o= Ok B R )

v
-

. Cach tinh cac Sb hang tudo -

Ta 14n luot x4c dinh s8 hang wr do tugng Gmg voi.cac nguyén nhan say’-

a) Tai trong ' _
Ap la chuyen vi_ tuong tmg voi vi trf va phuong clia lye X, do riéng cac tai
trong gay ra tlong hé co ban. Do do khi dp dung cong thic chuyéa vi (4.25)
cho trudmg hop nay ta chi cn thay chi s6 m bang chi 8P« Ngoai'ra dé nhidn

manh rang chuyén vi Agp 12 do tai trong g,ay ra 11()ng he (,0 b?m ta thém vao
cac bidu thic ndi luc chi'sd o, . B

i = ZJ' kMP

NP ékQ;j , "(5‘.9)\
D i |

trong d6 Mp, N, Gf ~ bie[_x thlrc gidi tlch ¢lia momen u6n, lue doc va lue it
' do riéng tai trong gay ra trong hé co ban.

Al

Trong truomg hop ¢6 thé 4p dung cach "nhan bidu dd" ta c6

2 = (M)(MB) + (NO(NE) + (Do) QR ), (5.10)

trong do (M,‘l ), (Np), (Qp ) ~ cac biéu dé noi lu do riéng (4i trong gay ra
- trong hé.co ban,
Chiy: Trong nhimg cau kién chiv udn clia hé, ta thuding cb thé bd qua anh huung cla Iuc doc

vaue cét so véi 4nh hudng clia mémen udn khi xac dinh céc he 6 va'sb hang tv do
ciia hé phuong trinh chinh tic.

b) S thay d6i nhiét dp B SER
. Agila.chuyén vi tuong tmg véi-vi trf va phuong. ciia luc Xiy'do sy thay d6i
nhi¢t do gy ra trong hé¢ co ban. Néu hé co ban 1a tinh dinh, ta, xac dinh A
theo (4.30):

. —a . e L o
Bu= [ My ;(’zm ‘_llrn)d°'+z,f1\’_k0{ fomds.
Trong trudng hop hé gém nhimg, thanh thing .c6, ti€t dién khong ddi trong

tung doan thanh va nhiét do thay d&i nhy phau doc theo chiéu dai ciia timg
doan thanh, ta dung cong thic (4.31) dé xac dinh A, : :

Ak,=z (13- t]m)g(MA)+ZazmQ(Nk) : (5.11')‘

trong do .Q(M k) va .Q(Nk ) ~ dién tich biéu'dd mdmen udn vi biéu do hrc
doc do rieng luc Xp= 1 gay ra trong hé co ban. : :
Cac ky hleu cOn laJ cang co y nghla nhu da th dan kh1 ﬂuét lﬁp Long thuc ‘
(4.31)."

¢) Su (,/lé’ tao clue;t dai cdc thanh khong clzmh xac

s ¥a chuyén vi twong ng vai v1 ui va phuong clia luc X do su ché tao
chiéu dai cac thanh khong chinh xac gay ra trong hé¢ co ban Neu hé co bén
la tinh dinh, ta x4c dinh AM theo (4 %2)

| dga= ZN[ICAI" : ' ' (512)

i.

trong do:
A; - d0 doi caa thanh 1hu i khJ lhanh durgc che tao dax ho-n (,hlell déu cin

thiét theo thiét k€&
. N,,\ — luc doc trong thanh tha 7 do riéng luc Xy=1 giy ra tmng hé co ban tinh

_dinh. ‘ .
Diu long duyc thue hxen theo $0 luong, cdc thanh 6 chleu déu ché tao khong
" ¢hinh xac.

d ) Chuyén vi 201 tua
AM la chuyén vi twong ung voi vj tri vh phuong clia hrc Xi do chuyen vi

i ouomg birc Z tai cac lién két tua gy ra trong hg co ban va ducc xéc dmh theo

(4.25). Trong trudng hop he co ban la tnh dinh, theo “4. 29), ta co:

AkZ =_ZRIij ' ’ '. (513)
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trons_ do:
' Zg,, ‘E,, chuyén, yl cuong bire ¢ho biét 1ai lién két thu; ctia hg ¢ bJCU tih:.

T)(

]

iR = phan: e tai lien ket j do luc Xi=1 gy ra trong he'co ban tmh dmh -
D4u tdng duyc thuc hJcn lheo sO luong cac lien ket(,o Lhuyen Vi (,uemg b.l.l'L
C. Cdch tim noi lic va lnen dang trong he siéu tmh

&' Khi ‘tinh-hg $ieu tinh ta phai xac dinh duoc 6o luc va bién' dang tai bat ky vi tri
. 1130 cita he: Dudi day ta se nghién ciu cach’ xac dmh cac dal luong do sau khi da
_bié( pia tri clia de an s6 X Xs,. ., X, S

1 C.ach tinh truc tlep

Sdu khi giai h¢ phuo*ng trinh chinh tdc de tim cac 4n sG Xy, (@ xem cac hae nay
. nhu ng,o,n lu(.,»t.ac dung trén he co ban véi gia i vira fim duye. Lac ndty, co thé
thay viéc inh'noi luc va bi€n dang (ren, he sicu.inh bang. u"u,h linh n(‘)i’ luc vi
;iblen ddng trén h¢ co ban thll céc _nguyén nhan bén ngoa: va cac lue Xi. Vi h‘
cq ban thudmg 14 tinh dmh nén ¢o thé sir dung cac phmmg phap da quen blL»l
38 xic dinh cac dai luo’ng cin tim.
2 Cach ap dung nguyen Iy cong tac dung
Gia sir cédn tinh dai luong S ld] mot vi tri bat ky cua.he. Dai luo'ng iS' L() thé Ia
phan luc tai mot £6i tira nao 6 hay momen udn, e doc, lut cdt, chuyén-vi tai
mot i¢t dign ndo do. Theo cach tinh truc tiép noi trén, ta thay viéc tinh dai
lugng S trong h¢ siéu tinh bing.cdch tinh dai lugmg S trong hé co ban nhu-nU
do cac nguyén nhin bén ngoai va cac lue X cling dong thoi tac dung gdy ra.

/\p dunL nguycn ly cOng tac dung 1a co th v1e|

- S= S(XIXZ .X,,PIA/)_SXI+SX2+ +SX +SP+SI’)+SA+§
otrong 405y, ,Sx, .Sy ,Sp, S, S4, 87 1a gia tri eBa dai luyng -S lﬁn"hm’f do
riéng timg nguyén nhan X, Xo,..., X, P, 1, A vaZz g'ly ra lrong he ¢oban.

NLU 20i S,\ la gia trj cha dai luong S do rlem_ lu'cX‘; =] ;:ay A trong hL co
ban ta co:
Sx, =5 I G K
: YThdy (5 ]4) vao bmu thun uen la duoc blL.U lhm. lqng qual dé xac dmh ndi lye
va chuyen vi llong he sieu [lllh

S= 85X, +85Xy+..+5,X,, + 55 +57 + 5% +5%. (5.15)

tim cac bidu do ndi lwe hdy c,huycn vi, cang 1y v

. !
)

Frong ruomg hop cin
wrang u, ta co hidu thire 180g quat sau:

(S)—(S,)X,+(S,)\2+ A(5)X, +(Sp )+(S”)+(S )+(S(Z’)‘, '(5’.}65

rong dn C

(S,\) — bidu 40 cla dai hrong S do rigng luc Xx=-1 gdy ra trong h¢ €o bd_ﬂ '

SH), (S7).(5%), (S ) — biéu dd cia dai lugng S do rlt:n;= tal lroug:, m,ng su t
d8i nhigt do, rieng su ché 1o chiu dai cac lhanh khong, dm]h XclL

rieng chuyén vi gGi tua gy ra rong he co bian,
ik

© Cac biéu thire (5.15) va (5.16) ap dung chung. cho mol truorng h0'p pi
mudn 4m momen udn M hay do vong v, ta ¢in thay thé ky hleu S bang ky 1
tuong tmg M hay y.

~Dung cic pidu thirc nay ¢&'loi khi da ¢o sfn cac trang thai don vi tie 12 da
P&i voi ddm va khung siéu tinh, ve biu dd momen udn |

cac gia i S
vi da ¢o sin cac bidu d0 momen udn don vi trong

cach nay rilt tén lgi

wrinh xac dinh cic hé s6.

Chu y: Néu dai luang Schi la phan luc hoac néi luc (khong phai chuyen vi) va he ca ban [
dinh thi cac dai Iucng S, ,SA, SZ va céc biéu'dd (Sf ), (SA) (SZ) se khong ton tal v
ta da biél nhimg nguyén nhén nay khong gay ra phan lyc va ndi tyc trong hg finh dint

3. Cach vé biéu do luc cét va lyc doc theo biéu dé mémen udn
Trong trudmg hop dam va khung gém nhtmg thanh théng, ngudi La lhmmg
qua anh hudmg cia Iue cit va lue doc so voi anh hmmg cua momen udn
xac dinh Lhuyun vi, do do lan ¢dc khau tinh (0an trung gian ta kh()ng A
cac bidu do don vi (Q,\)va (N,\) B& vy, néu ' ve biéu dd (Q) va i(N)

cich wén st bt loi vi khong co sin cac bidu do (0, )va (Ny). “Trong nl
nén ve bidu dd (M) trude tlen theo bidu thc: (5: 16) sa

truomg hop nay,
can ¢ vao bidu dd (M) dé suy rabiéu. do (Q) va(N).
Cach Ve bidu do (Q) theo bidu db (M) dua trén co- s& khio sl su ¢an bing
timg doan thanh dugc tach rieng ra dong thoi chd y. t6i lién: he i

Q = dM/dz nhu da biét. Khi thue hién, cin chi y tach timg-dvan thanh tror

14i trong lién tuc.

bé tien I¢d cho viée ap dung ta hay thiét 1p cong thirc 18ng quat xac din
" Ldl & hai dau cia mot doan thanh thing chiu tai trong phéan bd lién tuc h
lhu) mot phuong bt k¥ va ¢6 quy luat bat ky nhu trCn hmh 5. 14



&=

sl whinaoh ihath e (Rioh 0w o "Jd" NS
5.14) ra @ql hethanh ta can a) Al IS iy  {
thay the ung cha phén . ’ p
lai b EwERus "
cbn laJ bang ‘chc luc cdt, luc L ’ P
doc chua bi€t va cic momen a | _ 7 \QP ‘
uGn-da: biét.tir bidu dd (M). \_a = | a
L : l ] MP

Cac noi. luc chira blel duoc

S ' :
gla thJel la dmmg va v& theo Maf . , b.]: D/X’P
quy wol Ve difu aa quy dinh. bLQ\ =z ' |:' Oﬁ!‘
N,

Tu cac diéu kién can biing A - —+
tong -momen d6i voi diém b ¢
vadiéma, ta suy ra: o . "Hinh 5.14

L o' :[%(M” ~M')+;t&1qiir'osa;'
> : S (5.17) -

oF = [-Il—(M" -M") —‘:/’Lw’q'Jc‘asa;,

trong do:

Q’ M va Qr, Mp - 1an luot 1a lyc cdt, momen udn tai dau uaJ va dau phai
thanh ab d6i véi ngu()'l quan sat dung a0 cho luc phait bo hucmg xudng
ptuadum R : T VIR oo
— hop luc (,ua tai trong phan bo hay dl(:‘l’l tlc,h bleu do taJ wong phan bo tren
thanh ab:

/1 va M= 14n luot 124 s6 khoam_ cach tir hop luc a)q den’ dau’ lral va dau pha1

' thanh ab 0 v01 chidu dai theo phmrm_ ngang ! cud thanh ab .

Cong thue (5. 17) van ap dung duoc cho mrong hop 1a1 Lrong phan bo theo
chiéu dai ;hanh (hinh 5.14b). . , ) B

Sau khi x4c dinh duge luc cit & hai diu thdnh ta. de dang ve duoc bleu do luc
cit trong thanh theo quy cach da trinh bay trong chuong 2. ..

Truong hop dic biét khi thanh khong chiu téi trong phan bd thi bidu do luc cdt
cO dang dudng thing song song voi ‘dui)‘ng’.,chuﬁn va ¢0 gia ui duye xac dinh
bling; ‘

Q:.—}lcosa. . U (518)

Cach ve bidu db luc doc theo bidu dd luc cdt da biét dira trén -co s& khho sét
can bing clia cac ndt hodc clia timg phén he duoc tach a khdi he thanh.
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Khi khio sdt can bing, ngoai (4 trong dat & nat hoac dat uen timg phdn m 1a
¢an thay thé nhomg phan.con lai bing céc ndi lyc bao gdm momen unn Tue ¢t
da biél va luc doc chua bidt. Cac lue doc chua biet duoe ve. vm gld thiét 1a
duong. Sau khi van dung | LdL phudng trinh can bang thich hop ta ¢o thé xac.
dinh dugc cac lye doc (.dn am. Nul dung bign phap nay dé xic dmh tuc doc (1
hai dau thanh. Ngoai ra khl xéc dirth ta clng’co thé van dung m6i quan hu
gita cac luc doc & hai’ dau'lhdnh tim duoc ditu kién cén bang cla thanh ve
trén hinh 5.14. ‘

Ny = N+ @y sina. (5.19)

Sau khi xac dinh duge luc doc ¢ hai ddu mdi [lldllh tadé dang Ve dum hiéu dd
qu doc trong lhanh theo quy cach da rinh bay trong (,huong 2.

lnrong hyp déc blel khi thanh khom (,hlU 14i rong phan bd h()a(, khi tai rong

phdl] b3 vudng goc voi truc thanh lh| biu do luc doc trong thanh do se ¢o

dang duimg thing song song voi duong chudn. Do d6, néu bi€t.gia tri luc doc
‘s tai moOt diu thanh ta st d& dang ve duyc bidu 4 luc doc trong thanh.

5.3. Ap dung
© A. Khung siéu tinh chiu tdi ts ang bdt dong
Vidu 5.3. Ve bidu do ]]()l lue n()nL khum cho-trén hinh S 15a;
Qua i nh tinh todn duvc IhU‘C lmn thc() thir tu nhu sau:
1) Xdc dinh /Jac xu,u tm/l H¢ dd cho LO bd(, siéu tinh bang 2.

2) Chon hé co ban €6 nhidu uch Lh()l’l hé co ban, & day ta chon’ he o ban nhu
irén hinh 5.15b. -

d)

3) Thiét lgp he¢ phuong

T__.a‘—.‘g
trindy chinh tdc.

Hé ¢o bace siéu tinh - g ‘ .
bing 2 nén ta ¢O hai ¢ ® ‘EI= const 3

phuong trinh chinh tdc:
—— Xy

OnXi+012 Xo+Ajp =0 X,

021 X1 +002 Xo+dap = 10). Hinh 5.15
bé xac dinh céc hé s6 va 56 hang tu do cta hg phuu'ng trinh chinh tic ta st
dung cac cong thic (5.5), (5.6) va (5.9) ddng thoi bd qua dnh hudng cla tuc
doc va lue ¢dt khi tinh cac chuyén vi.
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| a) b)[: ‘vr;},'y‘v Iz‘, . |

DI

k)
- m .
S ) B
g G'ﬂ~

|HITITHH

|*~A

- Hinh 5.16

Mudn vy, um ve cac bidu dd m()meu uon Han luot-do: X;— 1; X2 = 1 vatii
trong gdy ra lmno h¢ coban (hinh-5. ]6a,,B c). ld cO:

. , 205 | oad’ SRR
1 =(My)(M;)=— ———A+a ajs—--: .
=M El{ J |

2 3 3El
3
on_(M) )= /u 2a a
, EIZ_»’ ?EI qe .
-/ av ‘uié':‘
oI —(S’/—(M/)(M’))—*—--——-(I"‘—';.'." y
“El 2 . 2EI

ey

5 2 2 1

1 ga 2a 2qa° a gqa° . Sya
Aip =(My)(Mp)=—| 194,24 <242 4,99 ,4|= :
" ME) E[22 3 38 2 2 SEI

dop = (M3 )= 299", 499
g (2)( )5 E12q2 4E]

Thay cac két qua vao he phuong trmh chmh tic, ta duoc

4’ a 5qa 40 a’ a‘? qa4
Xi——— Xo+ =0 —— X+ X2 =1).
JEI 2El 8EI 2EI 3E] 4FEl
4 1 ol 1,
Ha —x,.+—xg+— a:(),". =X Xemga =0,
y 3 S q 73 I 3 g
4) Giai hé phuong mnh L/llﬂh idc dé xdc-dinh cde dn 6 X, Xa. Két qui:
3 3
;‘ Xi=—-=gqa; Xp= —
Ty ST

S) Ve biéu db momen udn. Trong vi du niay~a ve bidu dd momen udn the
nguyén ly cong tac dung. Tir bidu thae (5.16) ta ¢o:

(M)=(M )X, +(M,)X, +(MP)
Nhu vay, dé ve bleu dd momen uon trong he siéu tinh da (,ho ta cAn:

. Nhan cac lung do cla bh,u dd (M]) vOi gid m X = —3qa /7 se dugc biéy
do (M) nzuac dueu lho cing voi bidu do (MI) (hinh 5.16d).

« Nhan céc tung do clia bidu do (MZ) voi gia (ri X> = 3qu/28 st dugce bill
do (M 2) (hmh 5. ]6&.) : I »

e COng. ba bléu dd:. bidu do (M) (hmh ]6d) biéu dd(M>) (hinh 5. |6L) Vi
bidu dd (Mp)(hmh 5. 16(.) la s¢ dugc blL,Ll dd momen udn cudi cung Car
{im (M;) (hinh's. 161)

6) Ve biéu do luc cdt theo biéu dd momen uon

* Trén [hdﬂh ngdnsc, blcu dd lue ¢t ¢ dung duimg lhan& song, song vm dunmg
chudn'va ¢o gid ll‘l xic ditih theo (S 18):

2 \ .
. i gu® qa 3
= ~| —++—|=+—qa.
Osa [ YL J G’
. lr(.n Thanh dimg: biéu db luc ¢al co leﬂL bac nhit, ta chi ¢an xac dmh le Iri

cha IWC ¢t lai cac diu lhdnh QOcn va Qpc 1di ndi lai voi nhau bdng dmme
lhanL Theo cong thu-g (5. 17) ta ¢O:




i

L it ‘ qu / 4

Oamr O :1(1{’ - ()) 4 [](I —Hqu: Qpe= QOr=+— (L— - _ad =——qd.
Va2 al 14, 27

Biu d6 luc cit ve rén hinh 5.16g. N

A

7) Ve bigu dé luc doc theo biéu do luc cdt bdng cdch tdeh mit

Trong truong hop néy g: = 0 nén luc doc khong thay ddi tiong timg thanh, do

dé chi cin xac dinh mot gid tri luc doc tai mdt €t dién nao do trong moi thanh

12 di dé ve bidu dd.

Téch nut-B (hinh 5.16h), sau khi dat tai nhimg ti€t dign bj cat cac lue ¢it ¢o gid

tri va chiu da biét theo biéu dd Q ddng thoi dat cae lye doc Nag va Npe chua
. biél (gi4 thi€t 11 duong), ta viét phuong (rinh can biing hinh (,thll

4
2X = Nas +'—7-qa =0, suy ra Nap = f;flél ;
Y = suy ra' Npc=-——qa.
' Y : L.BC,. : 281 [

Biéu d6 luc doc ve trén hinh, 5.16i P

Vi du 5.4. Ve biéu dd (M), (N), (Q) cho khung trén ‘hinh,ﬁ.ﬂa. Anh hutmg cuia

Iuc doc can dugc xét dén trong thanh AB khi tinh chuyén vi
Hc da cho ¢6 bic siéu tinh bing mot. Chon hé co bdn nhu irén hinh S l7h
Phuong trinh chinh tic: 2) Sty
S X1+ Ap=0. it

bé xac dinh &;; va 4;p
ta cin ve biéu 46 (M;) ~
va biéu dd (M} )(hinh
5.17¢, d).

Ngoai ra, vi chi yéu ciu
xét dén anh hudng cha -
luce doc trong thanh AB, ’
nén (a chi can xdc dinh
lye doc trong thanh AB
do X;= 1 gay ra va do
“tai trong, piy ra trén hé )
co ban, k& qua ghi trén i . o
hinh 5.17¢, d. ‘Hinh 5.17

;N
Y

B

Xéc dinh he 6 &;; va s6 hang tw do 4, p:

20

S = (M M)+ (NN =2

A =(M M} )=

Thay cdc tri s6 nay vao phuong trinh chinh tc va giai ra ta duoc: X; = -

a) 1275, b) . 127
l Pl ,.-r\’l‘lﬂﬂﬂﬁ" 7 734 P

Vi du 5.5. Ve biCu dd momen

uon trong khung chiu su
bién thién nhiét do (hinh
5.19a). Cho biét chiu cao /i
ciia cac i@ dién khong doi,
E] = const. Vat ligu cua
khung ¢o bé s8 dan nd vi
nhiét Ia c. ’
Hé da cho ¢o bac siéu tinh
bi‘uilg mot. He ¢ ban chon
nhu trén hinh 5.19b. Phuong
trinh chinh tic:
S X +A4y=0.

Ta co:

.. P& xac dinh cac he s6 va so
“hang ty do ta ¢An ve cc biéu
. dd(M;),(N,;)(hinh 5.19¢, d).

B. Hé siéu tinh chiu sw thay ddoi nhiét dé

duoe bidu dd momen udn. lue cdt vi e doc phitren

Cane thue hign ciac bude HEP hco trong L nli rong v e

Hinh 5.19

1L A / 14071-*_
—_ ——-—h——‘.. = — ;
‘ El 2 3 2EI EA GEI
PP P2, 7P
2EI 2 El 2 3 I2El
i
134
.9 -
' il
:H_IHHLHA]L | \QUL\@I &
+”“0 =
H7 p 7. E -
H 134 734 R
— X Gl
Hinn 5.18
Lt dang e
T o dbsa, boe)
a) b)
J‘ +f +¢
+21 +2t
SRR T R
- £
——
9, d)
ST -
LRI
1 ® |,.

e

21
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81/ =(Mp)(My)=—| =S b L1+ 2105
= (MM = 1(23--,2 J 361

VA“=Zg(lzm—t1m)-0(ﬂz)-*za lcmﬁ(ﬁl);':: | "

=—(21—z{——ll ll——ll}tam;t[ Il]——-azl(j ZhlJ

Thay cic k€t qua vao phuong trinh chinh téc, ta dwoc:
3Elar(3 21) '

512 ( ' h] o

Ve bifu dd momen udn theo bleu thu:

(M) = (M,)x,

3EIoct 3 2[

sl
/\-mummn’\
(My)

X =

Bidu do mmm,n idn can tim vé trén hinh 5 20..
PHE ve bidu ud lur cdt va lue doc ta cing tlen nLL
hanh theo (,d‘(..h da trinh bay trong vi du 5.4. : ‘

Hmh 5.20

C. He siéu tinh co thanh ché-tao chiéu dai khong chmh xac -

Vi du 5.6. Ve bidu dd momen udn trong khung siéu tinh cho trénhinh 5.21 khi
thanh AB c0 chiéu dai bi ché tao hut 1a 4. .

He da cho ¢é bac siéu tinh bang mot. Chon heé co bén nhinrén hinh 5. 21b

' sﬂm
a) ‘ b) ) 6712

al L VT

LAE PR
- E — D O b AT
A z ,j_h I SN IR SR
L R N B T
: ' Hinh 5.21 . TN

Phuong trinh chinh tic ‘C() dang S Xy +A44=

" He nay da dugc khio sat trong vi du 5.4 khi he chJu i trong, do d6 ta 6 thé
str dung mot s6 sd lidu da ¢o. Biéu db (M) nhu trén mnh 5.17¢. '

67[

Hé sG chinh ¢6 gia tri: oy =
, 61:]

S0 hang tr do.4;4 biéu thi chuyén vi tuong tmg voi-vi tri va phuong-ciia ¢
lyc X; do 40 hut 4 clia thanh AB gay ra trong h¢ co ban.
Theo cong mr:& (5.12):\ Mg = Zﬁik 4,
B i. H
Trongtmbnghopnﬁyz-] A,-; —A Nl]—l Dodo Ajg=1(- A)_ -
| 6 Bi4.
671°
Bidu do m(”)men udn trong hé siéu unh duuc, Xac dmh theo cong thm

(MA)— (M])X1

i

, Nghiém clia phucmg trlnh chmh-tac: L X=

Két qué nhu tren hmh 5. 21L

-

D. Hg siéu tinh chzu chuyén v; cm)ng bll‘C tai cac lién két tua

.Vidu5.7. Cho khung sieu tinh chlu chuyen vi ur(mg birc ta1 cac lién kél tua nh
trén hinh 5.22. Xac dmh c4c s8 hang tu do clia-hg phuorng trinh dnnh tic.

He da cho ¢6 bﬁc Siéu tinh bang ba.
Ta s& xac dmh ¢ac s0 hang ty do voi hd.l (,ach chon hé co ban nhy sau:
'a) Chon hé ccr,ban bdng cdch cift lien két ¢6 chuyén :
vi nhuw trén hinh 5.23a.
Pé xac dinhi Az, ta cAn xac dinh cac phan luc
.« Ry tai cac lién ket 6 chuyén vi cuong bic do luc
Xy=1 gay ra trong h¢ co ban. |
“Treh hinh 5.23b, ¢, d cho k& qua tim- cac phan lyc:-
,Doi ren (trtili hinh khong ve céc phén luc ¢6 gid i . J
bang khong). Ap dung cong thic (5.13) ta dum, Hinh 5.22
: AIZ =—ZR117 =_|—'[ b] \
J
Azz :—ZRjzz [—I.(l] =d

PR T R

Aq[——Zqu[ >=_[ I(D]

b) Chon hé co' ban bdng cach Ioat i Izen két tlmu kh()ng 6 chuwn Vi cu("m
Vo g ity
bikc (ﬁmh 51 Z?tm)

PRSIV IV TR I I

Trén cac hmh 5 24b <, d th ket qué unh Cac phén lu-c R k- Theo cong thu

(5.13),1a co.; ‘ .
AIZ =-ZEJIZJ;=—11b] ==




i~

1121 12y s
511 =(My)(M;)= FLLL+SLLS
1= (M) M) = 1(2 3 2 J 35"

A[,:Z (’2m [Irn)'Q(Ml)_"Zalcm-Q(N])— o : ¢

ﬁ(z:—z Lu-Lva "“[ 21] = ol ERNELR I
/ 2 2 | 2 SN2 )

1
Thay cdc kgl qua vao phuong trinh chinh tac, ta duoc:
- 23, 20)
512 \2 h \
Ve bidu dd momen udn 1heo bidu thic:

(M) = (M])XI

Ridu do mmuul udn ¢An fim Ve trén hinh S 20
pé ve piéu uu e it va lue doc ta cng uen
hanh theo (,d.(.h da trinh bay trong vi du 5.4

.-Hinh 5.20

i

C. Hé siéu tinh co thanh chétao chibu dai khong chmh xdc

r2
[\

Vi du 5.6. V¢ bidu dd mdmen udn trong khung siéu tinh cho trénhinh 5.21 khi
thanh AB ¢6 chiéu dai bj ch€ tao hut 1a 4. Co

Hé da cho c¢6 bac siéu tinh b'mg mot Chon hé co bﬁn nhu tren hinh'S. 21b:

Sy 6E7A B
5) b) ) 5712 i

. : L i;lfl;lilll.ll‘l’l_lzlw

Hinh5.21
Phuong trinh chinh tic co dang S Xy + AM =
He nay da dugc khdo sat trong vi du 5.4 khi hg chlu ta1 trong, do’ d6'ta (,0 thé
str dung mot $0 s6 ligu da c6. Bidu dd (M;) nhu tren hmh 5 17c o ‘

67!

HE s chinh ¢o gia tri: o1 =
_ 6111

S& harig- tr do Am biéu thi chuyén vi tuong tmg voi vi tri va phuong clla cac
luc X; do @0 hut A clia thah AB gayra uong hé co ban.
Theo cOng thuc 6. 12) s = }:N,AA,, _
i ‘ I‘
Trongtrubnghopnﬁyz— 1 4= —A N,I— 1. Dodo Ajs= L(- A)— -A
X, = 6ElA N
: 671 , :
Biéu do momen u6n trong he siéu tinh duou xac¢ dmh theo Long thiie;

(My) = (MJ)XI A B -

Nghlel'ﬂ clia phuong trmh chinh tac.

Két qua nhu trcn hlnh 5. 21(,

D. H¢ siéu finh chlu chuven vi cwong buc tai cac lien két twa?

Vi du 5.7. Cho khung siéu tinh chm chuyen vi urorng bu‘(, tal cac hén ket tua nhu
trén hinh 5. 22 Xac dinh cic s6 hang tu do ctia-hg phuong trinh chmh tac.

He da cho ¢6 bac $i€u tinh bing ba. '

Ta s& xac dmh cac s0 hdng te do voi: hd.l ca(,h chon hé co ban nh sau:

a) Chon hé ccr.b'dn bdng cdch cidt lién két ¢6 chuyén ™
vi nhu trén hinh 5.23a.
P& x4c dinh Az, ta cAn xéc dinh cic phan Iy
R tai cac lien két c6 chuyén vi guong bic do-lue.
X=1 ghy ra trong he co ban. '
~Trén hinh 5.23b, ¢, d cho két qua tim: cac phén luc:”
n6i.trén (t‘réli hinh khong v& cac phin lyc ¢6.gid ri . ‘ )
bing khong)., Ap dung cong thic (5.13) ta dum ' Hinh 5.22
AIZ =—ZRJI7 "_'l -1 b] S
J
by =—ZR 0Z;==1-1lal=
i J -
b) Chon he co. ‘ban bdng cdch loai trix [wn ket thua kh(mg co chuwn vi cuong
bwc ( hmh 5. Z@a )

A*/__ZR,IQZ '=—[ I(P]

t

Tren céc hmh 5 24b, ¢, d ghl ket qua lmh cac phan luc R e - Theo (,ong Thl]'(,

(5.13),tacor: :

AIZ = —Zﬁjjzjz_llb] ==
) J




=

ay, =SR2z =-lla-lol=@i-a; 4,=-SF.z=l-lol=¢. _ _
* ; = e 4z =~ K52y =-1=lol =0 trone do Ni va Ny, - lue doc trong thanh thii do cacln 86 Xp=1
3) b) 9 ey =1 gy ra trong b o ban
‘ ' 2 Cac sé hang tie do
‘}X Do tai trong
X 2 I : v '
’ Ny N; . {5.23)
Xf*‘y X rin .4._X_,=1 ™ ’Jﬁ‘ Xf-—— ' i AI\P = z (IE‘A)lP i
e i 25 N ——
¢ 2 d o) o d) | ,,, — lue doc trong thanh thar i do (i trong géy ra uon;: h¢ co han
R ] < Do su th’dy doi hl.li_él aoé
KRS » B ; P
fxf p ‘ . Ap dung (5.10) cho truomg hop cée thanh trong h¢ chi chiu lue doc, tac
- T 3 by L . - i _ = — . : )
1% Dt \‘/l B RN ! . A = Z“‘«'f”“"k"_Z“’ff’f”kf ) (5.24)
P L )'(,2_11 oy %=1 ’
Hinh 5.23 . Hinh 5.24 ‘ (rong do 1. — d0 bicn thiép nhi¢t do w ruc thanh thr /.

E. Dan siéu tinh . L < I)() (lw tao chidu dai thanh khong chmh xdc. lhu) {(5.12) .
Irudie khi thuc hién tinh toan dan siéu Ginh, 1a cinuu y. mot s dac diém cua h¢ Aea = }:Nmﬁw ! (5.25)
dan:- ' T ' i | '

. : ,
1. Béc siéu tinh » » A, — d0 doi cia thanh the 7. .
Trong bai toan’dan, nén' van dung truc Gép cac cong thic (1.4) va (1.5) d¢ xac , < Do chiyéin vi cuong buc ii cde lién ket tgar. Theo (5.13):
dinh bic siéu tinh. . » A ZE 7 (s 26)
: s ' bz =2 Rt )
+ Doivoi:he dan khong ndi vai dat ‘n=D+3-2M: (5.20) : o : L -
+ b5 ‘ . » ' trong do:
i vii hé dan ndi voi qclr o g n= DfC—?M, ) (5.21) z - chuyén vi cuong b tai o0 ll,deflll'l]'jZ
trong do: o . ‘ ; ,Ej,\. — phén lye tai ¢di jdo lue Xy=1 gly ratrong h¢ co biri.
n - bac siéu tinh; ’ E D - 0 thanh trong dan; ' ' 5 : " :
C - s3 lien k&t tua twong duong loai mor: M - 56 mat dan - Chi y:-Dau t6ng trong cac cong thirc (5.22), (5.23), (5.24). (5.25) &p dung cho tat ca cac the
5 ) T o T ' trong dan, ké ca cac thanh bi cét khi chon hé co ban. Dau tong trong (5 26) ap: dung (
" Hg phuong trinh chinh tac cac gdi tua ¢b chuyén vi cudng buo ' ‘
hHe phuong tinh chinh tic vn ¢ dang (5.4). Song Cic u)ng thic xéc dinh cac 3. Xac dinh ndi luc trong dan siéu. finh
¢ s0 va s§ hang wr do don gian hon vi céc thanh trong dan chi (,hJu luc doc!
A d]i he . ‘ . o . , Luc. dog trong thanh tha i ciia dan si¢u {inh dugc xac dmh lheo biéu. IhU‘L sau
% Cac he s6 ' ‘
. I_V_ N . ' N’-ZN,-IX]+N-2X7+ +N,-”X.+N- +N;;+NU ,U/, (527)
Bim =2 (5.22) trong dé N, N, Niy.Niz = luc doc trong thanh th Ian lugn d )
| ~ (EA); rong do6 Nipp, Ny, e doc trong thanh thir i 1an lugr do cac nguy
‘ . nhan P. 1, A va Z iy ra trong h¢ co hdn.



- NEu hé c¢o ban_la tinh dinh thi;

]

N; =N X, +17i2X2 +.i4 N X, + 3’, o

Vi du 5.8 Cho dan siéu tinh chju tai trong nhv trén hinh 5.25a° Yéu cﬁu Xéc

¥
i

IO S

(5.28) ;

dinh lyc doc trong cac thanh 2~—8 2-3va2-9. Cho biét EA = const.

1) Tim bdc siéu tinh. Ap dung cong thie (5 21) cho truOrng hop nay ta co:

D=21; C=3; M— 10.
Do do:
n=21+3-210=4.

2) Chon K co ban. Vihe .
doi ximg va tai trong .

tac dung coig di ximg

che nén héu chon hé co’ o

ban dsi xung \%1 dnng

cac cdp 4n 6 A6V xtmp

thi phuong trinh chinh
tdc va s 4n sG chi con
hai. V&i he co ban chon
nhu trén hinh 5.25b, nodi

lyc & cdc trang thai don -

vi chi phan b8 cuc bod
trong timg khoang dan.

3) He¢ phu’d’ng trinh chinh
tde:
011X 14812 Xo+A1p= 0; ’
021X 1+ 622 Xa+A2p= 0

- P& xac dinh cac he: s8
va s0 hang fr do ta cn
tinh ndi luc do cac cap
lue X, Xzf—vil d() thi

trong gay ia'trong hé co® .

ban..So dd tinh nhimg,
001 luc nay lan luot ve
“1rén hinh 5.25¢, de.

a). 14 2 3 L4 3
) ’
10 T2 — 5
3 A 9, P - N 8{P 7 P "
1 d | d¥ | d | |
-+ 1 K T 1
b e il e g :
INGZAN Y 2 1
A P NSRRI B IR Xy
ALY /X
Hp fp e y
9 , P 3 4 5
O NG NG T N L]
+ e A
N\ N\
w / a ’ | / | \ .
d) o 2 .3 .

fheo (5.22) va(5.23) ddng thoi chi ¢ 1a EA const ta co:

€.

S S TR A |
e d 2 3 4 5
7 : % G| ¥
/0 Z iy A 1y . 3 is\,’;‘
.19 8 7
‘ 4p {p P
s H|nh525 '

4

Fem= é Z’: NipNjl; A= 7; Ny N,
Bé}{é 5.2
Thavn‘h o Ny | N N’;P Ny Ny li | ﬁie Nigh [Ny Nipli Nu N‘;p."' | Ni?%’\’lip”
23| d.| o0 i% —%P 0 1d. 0 0 ?;ﬁpd
r10] d |- _*/2.5_ o |-5P 74 0 0 24_2 Pd 0
z d |- —‘/22 . % 0 %d —;—_d . igd 0 ‘o
19 | Jedl 1 | 0 igif’, Jzd 0 0 P 2
102 | Jzd| 1. 0 o Jzd 0 0 | q o
26 | J2d| 0 1 o | -0 Jed | 0 0 ?o
93 | fzd| 0 1 _‘/2.3_ pl o0 J2d 0 0 épd
1090 d i?_?_ 0| o 2d 0 0 0 o '
98 | d 0 {2— 2p 0 1da "o 0 .JZpd
s | Sd| 0 |z | P 0 d. 0 o i ".‘/_ P
5| o144z 4| 50247 | 59 —3(1+.@)Pd (1+i‘[— JPd
Cac khau tinh toan dugc thyc hién trén bang 52 Vidandsi xung va tél

trong: cﬁng d6i xtmg nén chi cAn tinh'véi nira hé rdi nhan doi k8t qua. Pé tien
tinh foan ta chia doi két qua tinh clia thanh 3-8 trudc, sau do chi cin nhén doi
két qui téng cong. CO thé thuc hién diéu nay bing cach chia do1 chleu dm clia

thanh 3-8.

'Trén ot 1 clia bang ghi tén céc thanh. Trén Ot 2 ghi chiu dai cac thanh Trén

c,ot 3 4 va 5 14n luot ghi ndi luc trong céc thanh do fuc Xi=1X=1 vé do tai
trong iy ra trén hé cos ban. Pé xac dinh nhtmg ndi luc ndy ta van dung
phuong phap tach mét hoac mat (.al da quen biét.
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Trén cic ¢d a8 1A inh cic tich s6 (N T T
OL 6, 7 va 8 tin tuon tinh cic tich s@ (N 215, (N2 Pl (N Nt

cho timg thanh d¢ phuc vu cho vice xae dinh 8y, 37 va oss. Liy 10ng két qua

tinh (rong nhimg ¢Ot ndy rodi nhan vai thin 6 2/EA ta duge:
Lo - 4 ’ 7 ;
0= 41 eN2) = 9,656-L = (54 ¥2)2L 210,656 L+ 5=

| EA EA EA U EAT P UEAC

Trén cdc edt 9, 10 1a xac dinh cic tich s6 N 0 v Wy
ren i L9, 1 xac dinh cac tich 80 Ny Nip li va N;y Nipl; cho timg
thanh d€ phuc vu cho vige tinh 4;p vi ~ ay 10 e kSt quand

] o vice tinh dip vir A2p. Ly 10ng cdce k& qua tinh trong cic
¢Ot 1o nhian vai thin s6 2/EA ta du:

_1,,,_»(2+«f)——/()24“’u‘/ Aop=—(242 JE ”"__4/2,,1"_’ ‘
EA 2 T EA '

”

Thay cic gid tri clia S, Vi Agpr viao hie phuong (rinh chinh tac (a duge:

9.656 X+ Xo+ 10,242 P = (); X1+ 10,656 Xo— 4,120 P = (),

Nehiet clla he phwong rinh; X,: - 1.11P: Xo= 0,49P.
4) Xde dinh noi lue. Ap dung cong thic (5.28) dmw thoi str dung k&t qui tinh
cic Ny, N, va N trén bing 5.2 ta co:

Nag=0(=1,11P) + 1.L049P) — 1) = (), 49P;

Nas=0(=1,11P) 'iz ru,49.v) - iP =—/.85P.'

\/2 V2

Nay= —== (=1,11P) ——-(04)1)) +0= ()44P

F. He lién hop siéu tinh

He lién hop sieu (inh tuy da dang nhung v& cach tinh theo phuong phap lue thi

cang tong ty nhu nhau. Ta s@ fim hidu cich tinh he lién hop siéu Gnh theo

,phmms_ phap luc thong qua truong hop he dim cimg - vom déo.

Vz du 5.9. ‘I'rinh bay nguyén tic tinh h¢
dam cung vom déo rén hinh 5 26a.

i He da Lh() ¢ bic sicu tinh bing mot.
B0 Lh,on hé &u.hanhdng cich ¢t lh‘mhr

chiu nén & pita nhip (hinh 5.26b).
. l’huung umh chinh tdc ¢o dang:

T RS Olij/ + 4=

4”'h’()l']f_'(] T T L |
; C ) Hinh 5.26

4+ 0,7 — chuy@n vi twong img Vi vi'tri vy phuung ciia fwe X; dotue ¥=1
ra trong h¢ co ban. ‘

Chuy¢n vi niy bao gdm bu thanh phin:
« Do bien dang doc tryc trong ahimg thanh thuoe B¢ vou déo va, trong lll]l
thanh chong ding. NEu goi N, la lue doc trong thanh thir i um hé vom

hode he thanh chdng du‘ng do lue X,;=1 2dy ra trong hu [\ ban Ui lh

phin nay st bing S N 20 HEA): Trong o 1 vir A; la chidu dai. _vg ¢
tich tidt dign ciia thanh thiri. Ddu thng dp dung cho Ut ¢ cac thanh th

h¢ thdng noi trén.
« Do bién danv uén coa diam duvi tae dung cia lye Xy= /. N¢u goi (M,

hidu dd momen udn trong dam do lue \’,—/ ey ra trong h¢ co ban

thianh phin nay s¢ la (M,) (M,)
e Do hién dang nén ctia dim duoi tac dung cua lye x0. Tu hinh 5.26b ta t
lye x0 do X =/ gy ra bang /, do do dp dung cong thic chuyén vj la st

dinh duoc thanh phﬁh n".ly bang /. /L AEA)dcm -

2 L
Vay: o1 = Nith +(M;) (M) +——.
; EA; (EA)ddm

+ 4y - dlu)gn vi luong tmg vai vi tri va phuwnL clia lll’(, X do tai trong
ra trong h¢ co han. ‘

Chuyén vi nay chi bao gdom thanh plmn do bién dang udn cha dam né
rong tac dung vudng goc vai true dath. Hai thanh phin con i bing kb
vi i trong tic dung trén h co ban khong edy ra luc doc trong cac (h

thuoe he vom déo. h¢ thanh chong dimg va lrong dam. Néu goi (M) 1a
dd momen udn trong dam do i lrbng tac dung trén hé co bin thi
Aip= (Mp) (M}).
Sau khi tim dwe X, ¢O thé xac dinh ndi rlut_m‘mg he¢ licn hgr[i theo _L't")‘l‘]!_l_ |
chung da thiét 13p trong 5.2, Trong truomg hop nay, ta co:
< NOI lue 1ai 18t dign & ong dim cing:
My =M X, + M7 Q=0 X+ 04 Ny = NpiX;.

trong do:
M. Q. N — noi he tai it dien k ciia dam cing do luc X/-/ gdy Ta

hé co hin:

0 0f - noi lue i GE dicn & clia ddm cimg dotan wong edy ra tron

corhin,




!
w

* Luc doc trong thanh thi thudc h¢ vom deo hodc h¢ thanh chdng dimg |
! Ni= Ny X/, "
N .1 — luc doc trong thanh thir { do luc X,=1 gay ra trong h¢ co ban. |

G Vom siéu tinh

Vz du 5.10. Irmh bay Lach tmh vom haJ khop (hmh 5.27a) va he me hdJ khUp
‘ cq thanh cang (hinh 5, 27b) thu (,ac nguyén nhan: 14 rong, sy thay d01 nhigl
d(a chuyén vi g&i tra. '

Hg LO béc sicu tinh bang mot Chon hé co ban cla vOm hai khop nhu tren hinh
5. 27(. He co ban cia vom hai ;khop ¢6 thanh cang chon bang (,ach cdt thanh
cang nhu trén hinh 5. 27d

Phqong trinh chinh tdc: 51}X, + Aip+A;; +A4;7 = (. o

!

BT

T

A
i ' i
oo iy LR L

1) Xdc dinh 611 theo'(5.6): o ‘
é”_ J-Mgds J-Nz ds +ZJ- Qz d.s

a) Truomg hop vom hai khop co: lhan/z cang. Cac 1101 luc do lue X;=17 ply ra
‘ trono he co ban bao gdm .
"' Noi luc trong vom: M1—~—1 y: N] == coogo Qj'= 'ﬂ".&ih.‘w‘.‘
bNoHuc.trongthanhcang N1 =/ R
dz o
(“Awsgo (LA),,

DOd(‘)I Si= [y — 4 eosp 2+
: £ Flcosg ({(5(1)4 ;[V\m(p

1rona do (EA)e~ dO ctimg clia thanh cang khi chiu kéo.

b) Truimg hop vom hai khop. Co thé xem vom, hai khop nhu 1rLr(mo hop dic
blet cla vom hai khop co thanh cang voi (EA); = oc Do do ta ¢o:

Y

- dz dp i
.01 = j'_v —————+J<mg0—+jvxzn 0 —
. Elcosgp FEA 0 GAcosg, s

'2) Xac d/nh A,p P6i voi La haj loai vom, s8 hang nay'déu duoc xﬁc dinh theo

i

( cosgp)N dz ZI ‘—s‘in(p)Q;’,dz‘

( y)M dz
A”D Z'[ Elcosp- ZI EAcosqa GAcosp

- 3) Xéc d:nh At Gld st nhlet do blen thién nhu nhau doc theo chleu dm vOm V?:l

thanh cang. Go1 1 va t7 1a do-bién thién nhiét do & cac the tren vh thd dudi
cha vom; #3 1a. do bién thién nhiét do & trén thanh cang )
Ap dung cong thirc (5.10) cho truong hop nay, ta co:

) AJ:—ZIMJ—(ZZ-t])ds+ZIN]at ds.

a) Truimg hop vont hai kh()p co thanh cang
l

!
AII—J.'—([Z'II)( v) —Icm(pat +I[.a,cl_;dz,
0 . : e
' Ia vdz
Hay A= —I—(tz 1) atd vl
. ‘Sgo

0
trong do oy — hé 80 dan né vi thu cia val hw lam thanh umg

b) Truomg hop vom hai l\/wp Lic ndy s0 hang cudi ciia bmu thac Um khong

l()l] tai, ta co

Ap=- j (1, 17) = LA
0 Ccosp

Truong hop dac biét khi nhi¢t do thay déi déu nhu nhau trén toan vom véi

gid tri £ ta co:

- Trong vom hdl kh(rp co 1hanh (,ané A/, = - atl + a,rll

el

- Trong vOm hal khop A,, = —al/

”__,4)xacdmnA,Z. Theo (5.13): . Aiz== S RyZjn.

: Jj ;
a) Tr u(mq hop vom hai khop c6 thanh cang. Ta d& dang nhﬁn thay $0 hang
Ay trong truomg hop nay bang khong. Can chi y la.vom hai khop ¢6 thanh
ciing 14 he sicu tinh nodi, nén cac o081 tua Lhuyt,n vi cudmg buc khong gay ra

not lue rong vom.

31
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h) Triekmg hop vom hai khap

« Khi g8i ta A chuyén vi dimg
vai gia tri a (hinh 5.28a).
N&Cu chuy&n vi a 12 nho thi theo
(5.13) ta ¢ A;z=0.

N&u chuyén vi g kha lon thi 4,7
SC (On (yi (hinh 5.28b) vi pGi B
& chuy8n doi 161 vi tri B va ta
¢ thé xac dinh bing hinh hoc
nhur sau: ,

diz=1(1=cosp) = 1-VI? ~a? |

* Khi ¢0i A chuyén vj ngang voi
le -bn b (hinh 5.28¢). Theo
{5.13) hodc cang xéc dinh bang ‘ 447
hinh hoc, ta duge: ‘ " "Hinh 5.28

Adjz=—(1. b)=-p.

5) Xac dinh ndi luc. Sau khi giai phuong (rinh chinh 1dc d€ 6m X / ta 6 thd xdc
dinh ndi lue frong vom theo ciac biéu thirc sau:
M= -y X + M} N = ~cosp X; + Nj : = —sing X; +Qp,
- trong do: - .
M, N, Q - cic bidu thir £i4i tich cda noi lye do cic nguyén nhan pdy ra
trong vom siéu tinh; "
M7, N, Qf — cic hidu (hac gidi tich clia ndi lue do téi trong 24y ra trong

hé co ban.

Noi luc trong thanh cing (néu o) duge xic dinh bing 4n s8 X;: N, = X,.

5.4. Cach xac dinh chuyén vi trong hé siéu tinh

Cong thae chuyén vi (4.25) I Ong quat, ap dung cho h¢ sicu tinh cang nhu tinh

dinh. Khi sir dung cong thuc Ny ta ¢in quan ni¢m h¢ (wong ung vdi hai trang

lhdl trang thai "m" Ta trang thai thue ciia he, trang thai "A" la trang thai kha df tao
v bing cach d(ll motfue Py = /7¢O vi tf va phuong tuong img véi chuyén vi cin
i ‘mﬁ Nnmn m cdi thl ¥ latrang thai "k" phai xay ra trén he ¢iong nhu hL da cho.

[RONSRE

Nhir my mudn um u)uyu1 v1 (mnn h¢ sicu llnh theo ¢ong thae (4.25) la L.m

+ Tinh trang (hii "m" we 1o tinh h¢ sicu tinh cho ban dau (hinh § .29a).

tal

Dudsi day ta se-nghién ciu mot cich khic Gi¢n loi hon.

4+ Tinh-trang thai "kK" tie 12 tinh he siéu tinh ¢o mot 1an naa vaoi lue Py = 137
high 5:2% vedrang thai "k vai pia thiét cin tim chuyén vj ngang tai. C.
TRRLL LN DA P&

Hinh 5.29

Do do, dé tinh mot chuyén vi nao do trong hé siéu tinh ta (,dn phai tinh he sié
tinh hai 1An véi hai nguyén nhan khac nhau. Khoi huong tinh 104n s& nang né.

A. Tririmg hop hé siéu tinh chiu tdi trong

Ta s¢ chimg minh:

Dé xac dinh chuy_én vi trong hé siéu tinh chiu téi trong ta cén:

4+ Tinh trang thai “m* i Ia tinh hé siéu tinh cho ban‘aa;u.

+ Tinh ;féng thai "k", Trahg théi ndy chi’ can-thic hién trén mét hé co béan bét k
Suy ra t hé siéu tinh da cho.

+ Ap dung cac céng thic chuyén_vj da biét o"f_c_‘hugrjg_ 4. Nghfa /é:_,.

AM':(M/')(ML'): SR (5 90)

D& cho don gidn, tir day v& sau @ th vidt ¢ong thic Lhuyu] vi cho ummg hor[
dam va khung dong thoi bidu thj theo cich nhan bidu do; dxeu n&y khom_ ant

hudng gi dén cic két luan chung.

bE ching minh, ta xét h¢ sicu tinh cho ten-hinh 5.29a. Gia st chon hé co ;bém
nhu trén hinh 5.29¢. So sinh hai h¢ ¢ vi ¢) ta thiy: néu cic lue XX yi’l pERt
nghi¢m cta h¢ phuong trinh chinh téc khi tinh he siéu tinh a) theo he co bén ¢,
thi hai h¢ nay s¢ fam vige hoiin loin gicng nhau nghia la ndi e, bién dang
chuyén vi trong hai hé hoan 1oan nhy nhau. Do do, mudn xac dinh chuyén vi
trong he¢ a), (a chi can xac dinh chuyén vi trong he co banc). P& tim chuyén vi
trong hé ¢) 1a ¢dn tao trang thai "k" (rén he luong dmg véi he ¢) (hlnh 5.29d) 1m
la rén hé co ban. Vay: Agp = (Mp)( MA ). Do la diéu ¢in thrm_ minh.

S

3- CHKC.T2




o

,“,‘»;Chu' IZE . :
1. Vi ¢6 thé tao trang théi *k" trén hé co ban bét ky. suy ra tir hé sibu finh'da cho, nén hé co ban nay
co thé chon khac véi hé co ban @3 dung khi im (Mp). Nén chon hé co. ban $a0 cho biéu do Mk

M

don gian dé nhan bidu a6 dugc dé dang. " ; o . i

2. Giing 66 thé chiing minh dugc: Ak,_;: MO, o 5.30)
(Mg ) — biéu db momen uén do thi trong gay ra t'r(;ng.héAco ban; ; ‘ i

(M, ) — bidu db mémen uén do Iy Py = 1.6 w tri va phuong iuunQ"L’rhg vow chﬁ’)}é’n VI can tim,

gay ra trong hé siéu finh ban dau.

Vidy 5.11. Xac dinh goc xoay taj nut cia i(huﬂg da xét tro’né v1 dus.3.-

Trong vi du 5.3 ta.da ve duoc biéu do: (Mp) cua he o

M=1. ’
(hinh 5.16c) _ , _ )
PE xac dinh goc xoay & it ta chi cAn t20 trang ta ””” 
"k" trén h¢ co ban suy ra tir siéu tinh da cho va've: G BUREE B |
bidu @0 (MY ) (hinh 5.30). Nhan biéu dd (Mp) véi |- .
bidu 46 ( M} ), ta dugic: - . e
1| 1g4d’ lga® |- qa'? ' o
=—|-=*—al+-t—gl|=-+—. Hinh 5.30
v EI[ 2 14 2280 seErs - TR

: Goc x0ay can tim quay nguoc chleu kim déng hé:

B. Truomg hop hé siéu tinh chiu su bten thten nhigt do sw ché tao chibu
dai cdc thanh khéng chinh xdc, chuyen Vi g6i twa

Ta van dung cich lap luan tu'ong tw nhu trén de nghlen cuu chuyen v1 trong
'trtrO'ng hop nay

[REEETLY

Xet khung siéu tmh chm tac dung cua su b1én thlEn nhlét d@ (hmh ,5 31a)

9 [ A A e W
_ t P = =
=2 o wl s | B

Hinh5.31 ‘

34

Gia strkhi tinh noi Juc ta.chon mot hé co ban bat k¥ suy ra tir he siéu figh da cho
i tr‘én'hinh 5.31b. Néu cic luc X 1a nghiem ciia he phuong trinh chinh, tac ‘thi

58 Tam vigc glOng nhu’ hé a). Do do, mudn im chuyen vi trong he a) ta chi
';m chuyen vi trong he b ) va trang thai "k" can tao ra khi XZIL dinh chuyen vi
: b) o6 thé thyc: hién trén he co ban (hmh 5. 3lc)

' 'Cnﬁyén i trong heé b) do hal nguyén nhan gay ra:

*'Do cdc dn's6 X: Vi ndi lyc-do cic luc X gay ra chinh 1a ndi huc trong he siéu
tinh nénh thanh ph:ﬁn’chuy‘én vi nay bing ( M{ J(M,). :

‘14 Po nhiét dp: Cén chi y ring nhi¢t do chi khong giy ra ndi luc trong hé co

ban tinh dinh nhunv vén gly ra chuyén vi. Goi 412 thanh phan chuyén vi
~do thay ddi nhiét dO gay ra trong hé co ban.
Ap dung nguyeén ly. cbng tic dung ta co: |
A= (M) M)+ 45 ) (5.31)

véi 4 =29‘—.(t2 —1,)Q(ME)+ Y o, .0(17,‘;),

trong do Q(MY? 1) va £ Nk )1a dién tich biéu dd momen u6n va biéu dd luc doc
trong céc thanh clia hg & trang thai "k" dupc tao ra rrong hé co ban tinh dinh
twong ung voi hé co ban tinh dinh da chen khi xdc dinh thanh phdn thi nhdt clia
cong thic (5.31). C e o

Ciing 13p luﬁn tuong ty phu vay d6i voi mrfmg hop he siéu inh c0 céc thanh ché
tao chiéu dai khong chinh x4c va hé siéu tinh chlu chuyen vi cudng buc fai cac
g01 tua, ta co:

ea= M VEY) + 8 . | (5.32)
i ' A=Y Nid: |
J q
,Akz='(Mz)‘(“M’;é’)l‘+ Ak"z'f; 6
vc’)'ir ‘ » AkZ —Z '

Trong do, le va RY ik lan luort 1a luc doc trong thanh thu i va phan luc tai gGi

thy j cia he & trang théi "k" duoc tao ra trong he co ban tinh d’mh tuong tmg Vo
hé co ban tinh dinh da chon khl xac dinh thanjl phdn thit nhdt clia cic cﬁng thirc
(5.32) va (5.33). ' - ’



]
b

Vi du 5.12. Xac dinh do vong tai
gilra nhip thanh ngang cia khung
da xét & vi du 5.5.

- Nguyén nhan gay ra chuyén vi
trong khung la nhigt do, do do ta sir
dung cong thic (5.31) dé xac dinh
chuyén vi cin Gm.

Thu tu thue hién nhu sau: Hinh5.32

1) Ve biéu dé (M;). Bai 10an nay da duoc khio sat trong vi du 5.5, kél qué tim
-duge nhu trén hinh 5.20). - :

2) Tao trang thai "k" trén hé co ban tinh dink va ve cdc biéu do (M), (N{)
(hinh 5.32a, b)

3) Xdc din¥t chuyén vi theo (5.31).
G )

Su= (MOCFEE ) + Z~(12 —17)8AM}; )+Zat ONY)=

I I 3Elat} 3 20| a 11, 3 I ail
- —t—(t—l——it=—al)-——==——| 129+ 2
EI2 51 |2 n) h 24 2 2 2 &80 h

Dau trir chimg 16 chuy@n vi hudmg nguye chiéu voi Py tae 13 hudng 1en trén. _

I

C. Truong hop hé dan siéu tinh

D¢ tim chuyén vi rong he dan siéu tinh 1a ¢o thé sir dung cac két luan da néu &
rén va cic cong thie da xay dung trong chuong 4. Trong trudmg hop niy, ta ¢o:
Yid
A :ZN,-*N,-,,, +Zal LN, +ZN w4~ Z %Zi,  (5.34)
i
trong do:
A — chuy@n vi ¢in tim do cic nguyén nhan "m" gay ra trong h¢ siéu tinh;

Niuw = luc doc trong thanh thir i do Ld(. nguyén nhan "m" gay ra trong dan
siéu tinh:

N§ = luc doc trong thanh thir i do luc Py=1 £4ay ra ¢ trang thai "k";
‘ ﬁﬁ = phan luc tai g6i tua thirj do lue Pe=1 gy ra & trang thai "k".
“Trang thai "&" duoc (9o ra trong mot he co ban inh dinh bt ky suy ra tir dan

siéu tinh da cho.

- 96

s 5. Cach kiém tra két qua

Khi giai bai toan siéu tinh ta cin thuc hién kha nhiéu nh@ng phép tinh trung giar
do d6 d& mic phéi nhimg sai [dm hodc sai s 16n trong k€t qué cudi cung.

-pé tranh nhimg sai 6 1on ta phai tinh chinh xdc¢ céc phép tinh trung gian. Kin
nghi¢m tinh toan chimg 16 ring mudn bio dim cho k&t qua cudi cung dugc chin
xac 161 m con s¢ thuoe phan thap phan thi cac phép tinh loan trung gian ¢in phi
thue hién (61 m+2 con s8 thude phin thip phin.

b tranh x4y ra nhimg sai 1am ta cAn tién hanh kiém tra k&t qua. Bign phip kiéi
tra (8L hon ¢ 1a van dung mt 8 tinh chét nao d6 doc 1ap véi cac phép tinh 102
da sir dung. ’
Neoai viee kidm tra k€t qua cudi ciing ta ¢in tién hanh kiém tra timg khau tron
(o4 trinh tinh toan dé€ phat hign ngay sai 1am da mac phai.
Dudi day se 1an luot (rinh bay cich kiém tra két qua trong timg khau theo thir 1
khi pi4i bai toan siéu tinh. Trong trinh bay, dé cho gon, ta se biéu thj cich tin
chuyén vi theo kiéu nhan biéu d6 dong thoi chi chd § 161 &nh hudmg clia mome
u6n. T4t nhién, nhung két luan duvi day vén dang cho cic truomg hop tinh chuyt
vi theo kiéu tich phan hay ké ci énh hudmg cla lyc cat va lue doc.
A. Kiém tra qua trinh tinh todn
1. Kiém tra cac biéu do don vi ( M, ) va biéu do (Mp)
.szm dung Céc }ien he vi phan va diéu kién can bang ctia timg by phan dug
tach ra khoi he nhu da biét trong Stre bén'vat ligu dé kiém tra.
2. Kiém tra cac hé $0 Sxm
Goi (Mg ) 1a biéu dd dom vi 1dng cong i la bleu 36 momen udn do 1l ¢A
in X;= Xo=..= Xy=...= Xp=1 tac dung ddng 1h01 Lrong hé co ban. Co thé
- bidu dd nay: f'nol cach doc tap hoac bing cach cdng cac biéu dd don vi ( M k)
(M) = (M) My )+ My )+ +( M), (5.35)
Diéu kién kiéin tra

a) K&l qua tinh tap hop chuyén vi wong tmg vOi (ap horp cac luc X;= X?—..
= Xi=..= X,= / dbng thodi tac dung do riéng luc Xp= [ gay ra trong hé ¢
ban phai bing t8ng cac he s§ thudc hang thir k chia he phuong trinh chinh 14
Noi khac di, két qud nhan biéu db (Mg ) véi mét bigu dé don vi (M) ndo c

phdi bing téng cac hé sé thudc hang thir k ciia hé phuong trinh chinh tac.




X

(M) (M) = 5k1+ 5,0+ A Buck it G i(5.36)-
"lhdt vay, thdy (5.35) vic vé trii cia (5. 36) roi khaJ trién, ta ducc
(M) Mg) = (My)l( My)+( My )+...+( My J+7.. +(M )=
—(Mk)(M1)+(ML)(M2)+ +(Mk)(Mk)+ +(Mk)(Mn)—
= 5u+ Oo+... ¥ 5;d<+ .+ e

Po6 1a didu cin ching mmh Du-a vio didu kién nay ta sé kiém tra cac he so
i theo timg hang chia hé phuong trinh. chinh tic.

b) K&t qua tinh tap hop chuyén vi twong tmg v6i tap hop }c'éc': lue X;= X ==

= Xp=...= X,= 1 d0ng thoi tac dung do chinh tap hop céc lwc d6 gay ra trong
- h¢ co ban phai bang tng cac he 88 Oim cha he phuong trinh Chll’lh tdc. Hay

no6i khac di, ket qud nhan bieu do (MS ) vor ch/nh b/eu do (MS ) phal bang tong‘

cdc he so é'y}m cua hé pthr.rng tnnh chmh tac

(Ms)(MS) Zakm,_vmk 12,. n;'»m=1<2".‘.. no (5 37)

k.m

Ta d€ dang chimg minh duoc diéu kién nay néu thay (5 35) vao vé trai. cia
(5.37) r0i khai trién. /

3. Kiém tra cac sb hang tu do .

a) Kiém tra cac Ap: KEt qua tinh tap hop chuyén Vi tuong {mg. V6. tap hop cac

lue Xj= Xo=...= Xi=...= X,,- 1 dong thCn tac. dung do cac tﬁi trong géy ra
trong h¢ co ban pha1 bang tong cAc s6 hang tu do Bip. Hay n01 khac d1 ket
qud nhah b/eu a6 ({ MS ) VT bidu db (MF, ) phéi bang tong cac so hang tu do Akp
cua hé phuang trinh chinh tic. . : N '

| (Ms)(MB)=4ip + o +. +A,,,, LG, )
"hat vy, thay (5. 35) vao vE tra1 clia ( 5 38) r61 kha1 trlén ta duoc
(Mg )(M}) = [(M1)+(M2)+ +(M )](Mp)- ,

| —(MJ)(MP)+(M2)(MP)+ +(M )(Mp) A1P+A2P+ +An1>
D4 la diéa cén ching mmh '

. b) Kiém ua cac Ak, Ket qua t/nh tap hdp chuyén vi tuorng ng vo7 tap hdp cac e

Xi=Xo=m= X == Xp= 1 dong thm tac dung do su thay do: nh/e{ a’o gdy ra
. troAg hé co ban pha/ bang tong céc sb hang tu do Ak, SRR
Z (1 —zJ)Q(MS)JrZaz Q(NS) ZA,“, L (5.39)

k=1
38

‘ trong dé .(Z(MS) va Q(NS) Jan lum 1a dign: u(,h bx'é dé mﬁmén u6n va dién
tich biéu dd lu'c doc do céc luc X;= Xo= ... & X)= _
. tic dung gay ra trong céc doan thanh ctia he¢ co bﬁn;» o i

, ‘Néuchiyla theo nguyén 1y chng thc dung, taco: T S
O(Wg) = M)+ QM)+ ..+ UMy )+ ..+ AT, )
Q(Nb)‘Q(NI)"FQ(Nz)‘F +Q(Nk)+ +.(2(N ),

" thi sau khi thay cac biéu thirc nay vao vE trai cla (5.39) ta d& dang chlmg

minh duge ditu kien kiém tra (5.39).

C) Kiém tra cac AkA Kkét quad tinh tap hop chuyen vi tuong {mg vdi tdp hop cac luc
Xi= Xo=...= Xk—...— Xp=1 dong tho7 tac dung do su ché tao chidu dal cua thanh
khong chinh xéc gdy ra trong hé cd ban phal bang tong cac 56 hang tWwdo Axs. -

ZN,_SA ZAM : (5.40)

Nb la lU‘L doc trong thanh 1huz do cac lu.'c Xi= Xz = X}( =.=X,=1
déng thm (,ung tac dung gy ra trong hé co ban.
: _Né’uchﬁylaz /V“=17,+17,-2+...+17ik+...»+1vm
. thi sau khi thay biéu thuc nay vao vé trai ciia (5.40) ta' d& dang chimg mmh
duoc diéu klen klem tra (5. 40)

+.d) Kiém t;a cac Agz: Kétqué tinh tap hop chuyén vi tuong tmg véi tp hop cdc /gfc'
Xy=Xo= .= Xe=...= Xo= 1 0ng thdi tac dung do chuyén vi cung burc tai cac gi

. tua gay ra trong hé co ban phai bang;_téng céc 6 hang tu do Az nhung tréi oéu

ZR/.S jm= zAkZ' ‘ (541)

JS 1a phan hrc taJ llen két thu‘] do Cac luc X;= Xz =.=Xy=.=X, = 1
dong thoi cung tac dung gay ra trong h¢ co ban.
N chi § I Ris=FRj)+Rjp+.+ Ry +...+ K thi sau khi thay biéu thc
~ ndy vao vE tré.i cﬁa (5.41) ta se ching minh dugc Chéu kien kiém tra (5.41).
- 4. Kiém tra két qua g|a| hé phuong trinh chinh tac.

+iN&u cach giki - he phuong trinh chinh tic duoc 4p dung khong co diéu Kigén
v Tkxem tra riéng | blet thi sau khi tim duoc cac 4n s6 X, ta cin thay nhtmg gia tri
vira tim dugc cua Xk vao hg phuongtrinh ban dau, khi tim dugc cic 4n s8 Xx

39
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dung thi- (,d(. phtr(mg umh Lh]llh lcl(. déu hdm I\houe luy nhlen frong thL
hanhlmh l()dn do hau qua ciia vige lam tron cic 80 ligu tinh loan trung gian
ddn mol S hou han cac s§ thuoc plmn thap phin nén sau khi rhay thé cac luc
Xi tim duye vio hé phumu (rinh chinh tic ban ddu, két qua thaong khic
khong. D¢ danh gia sai s, trong mdi phuong trinh ta ¢o thé tap hop cic s8 ligu
v biéu thi k&t qué tinh biing higu ciia hai $§ A va B. Noi (,hung A-B #0. Mirc
do sai sd duoe bidu thi qua saj $0 i dGi ¢

. A-l
&= Aix/m)(%)_

Tuy theo yeu cdu vé mice do chinh xie ¢in thiét cid cong tac thict ké, nguoi ta
quy dinh sai 6 4 doi cho phép |&] vii ngui thi€t k& phai tinh Lodn sao cho bao
dim duoe didu kign ¢ < |g).

B. Kiém tra két qud cudi cung
1. Trub‘ng ho';a.hé siéu finh chiu tai trong

Néu biéu dé cudi cung (Mp) dung tn/ Két qua nnan b/eu do (Mp) vai mét bidu db
don vi (Mk ) nao do phai bang khong ' )
(Mp) (M) = 0. o (5.42)

Thit vay, ( My ) 1a biéu dd momen udn do luc Xp = /1 gy ra trong h¢ cd ban,
do do, theo ¢ong thire (5.29) thi k& qua nhan biéu dd (MP) VG (ﬁk) chinh 1a
chuyén vi tuong ing voi vi tri v phuong ciia lue X; do tai’ trong gay ra trong

-h¢ sicu tinh. Trong hé siéu tinh, chuyén vi nay khong 1dn tai vi ¢6 lien két
ngan ¢in nén k&t qua nhan (Mp) vai (Mk) phai,bang khong. .

2. Trudng hgp hé siéu finh chiu tac dung clia su thay dbi nhiét do, su ché tao .

chiéu dal cac thanh khang chinh xac va chuyen vi 90| tua

Néu b/eu dé (My), (Ma), (Mz) ding thi két qud nhan nhimg biéu dé ndy véi mot biéu
aé ( Mk ) nao dé phai bang s6 hang tv do Ay, Aa, Akz cua phucmg trinh chinh tic
thif k nhung tréi ddu ' o

(MI)(MI():_AI\'I: .. . (5.43)
(Ma) (M} ) = —Ay: R (5.44)
(M) (M) =rBiz.. . . ... . (545)

Ta se:chimg minh diéu kien (5. 43) bang cach van dung’ cong thie (5.31).
. Trong truong hop nay, trang thai "k 1a trang thai do 4n s6 X, =/ gay ra trong
“hé ¢o ban nén: B

40

e Chuyén vi tuong tmg vdi vi tri va phuong ciia Xi trong he sieu tinh (V€ tra
ctia 5.31) bing khong.

o Mk) 1a bidu dd momen udn do luc Xx = 1 gy ratrong hé co ban, gitr vg,i tr(
( My ) rong cong thic (5.31). '

e A 12 50 hang tu do clia phuong trinh chinh tic thi & tic 12 chuyén vi tuon
ting voi vi tri va phuong cia X do riéng nhiét do gay ra trong he co ban, gif
vdi tro AA, trong (5.31). '

Vay theo (5.31), taco 0= (M) (M) +4a, dodo (M) (M) = -4 ..
Do 1a ditu cin ching minh.
Cach Lhumc, minh diéu kién (5.44) va-(5.45) cing tuong (.

Ta ciing ¢6 thé chimg minh cac diéu kign (5.42), (5.43), (5. 44) (5.45) bing cac
thay thé Ld_(, biéu thac cia (Mp), (M), (M), (Mz) vao .ve»»trcu ciia nhimg - dié

kién tuong img rdi khai trién.
Chii y: Néu trong cac diéu kiéh kiém lralnai trén ta thay (M, )‘béng (MS) thi cling ‘chimg min
tuong ty ta dugc: ' - ”
(Me) (Mg )=0; M) (Mg ) = - 2 Au;
MM ) = - Zia; Mg )= - Zhiz. (5.46)

Vidu 5.13. Kiém tra k&l qué tinh 10dn trong vi du 5.3
Pé kiém tira ta 1ap bidu dd don vi tdng cong. (Ms) (hinh 5. 33)

1. Kiém tra cac hg s&
= Theo hang thu nhit. Nhén (Mg) vGi (MI)

., (xem hinh 5.16a):

3 3
4a a 5a ;
811+ O1r= ————— = ng). Hinh 5.33
L T SR 2R o 0"

e L 'Ihu) hang thir hai. Nhan(M_s) vO‘l (Mz) (hinh.5.16b):

,,_;, i .
(Fg) My = | Lataa]=-L
SAT2I T 2T 3T GEI




g

i udte o o D sl g ST T

y : . @’ a’ a’ B
Matkhéc Syt O +—=—— dun
, , TR T E 3R 6EI (dung).
Bt l' S,
» Kiém tra toan bo chc he s6: o j
rr 2d°
0o (M )(M )= aq—a+—aa—al=—
SRS E[L 302 T 3E1'
S 33 3 3 3
. ’ : 4a a a a 2a:
Markh_ac : gy = ——~—————+ —— =
o ,?;, ‘ SEL OB 2EI 3BT 3EI (dung)

2. Kzem tra cac 80 hang tu do Nhan bleu do (MS) vdi (MP) (hth 16L)

PO . S
111 .
(Mg)(Mp) = {—@—.a EI i }_3‘1‘1 o

] 3 2 a0 T sE
Mat Hhac “dgp +A7p—5qa _44 . 2qa 3qa
‘8ElI  4El S8E (dung)

3. Kiém tra ké1 qua cubi cong. Ta se kiém tra theo dleu klen dau cua (5 46).“

Bidu do (Mp) da tim duoc trén hinh 5. 16I Ta <0

EI

. |1 2aa? 2 2 g
'(MPX;‘MS) =——'i—q—a—a.—a—££a Lo iaa 2, 192, ia}z

21473 38 2 214 3 228 3

_ 2qa44 ' ‘1‘ 0 d
El |42 421 (ung)

IR ot , thonr

Qua cac ndi dung trinh bay & trén ta thdy tuy ‘cach 'ki€m tra ¢6 wu di€m 11 d_ﬁé

1ap voi cac phep tinh da dung nhung cting boc 10 mot vai khuyet diém sau:,

als

] Ca(,h klém tra cOn phtrc tap, khdi luong Cong vigc dung id8 kiém tra con lén

als

nang xay ra sa.1 Jam. That vay, diéu kign kiém tra vin c¢ thé duoc thoa man
khi nguoi tinh toén va nguoi kiém tra cting mic sai 1Am nhu nhau tmng cac
brdc ve bidu do hoic nhan biu dd. Nhu vay, cach kiém tra chi c6 thé tin cay

dugc khi nhung nguoi thuc hlen khong bi mic sai 14m vé nguyén tic tlnh
toan, v L

Cang cAn luu § 11 trong thye hanh tinh toén, do han qi cﬁa"‘phép _lam iron chc

s§ ligu nén cac didu kign kiém ‘tra noi trén th‘u"tmg s¢ khong 'ddng nhit. bing
khong hoac bing nhau. Lic nay ta can danh gia'sai s theo quy cach da trinh
bay uong phan kiém tra vigc gidi be phuorng trmh chinh téc
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w Kh1 ditu kién klem tra thda man thi ciing chwa thé khing 'dinh'loai ‘trir khﬁ

5.6. Mot s6 diéu can chi y kh| tmh cac he s:eu tlnh bac cao

Trong cic muc trén ta da nghién ciu ndi dung ph\m'ng phap luc va thong qua mot
s8 vi du minh hoa cach van-dung phuong phap luc a&’ tinh'cac hé siéu tinh’ bac
thap. Trong thuc t€ ta thudomg gdp nhimg heé siéu tinh c6:bac cao, khi tinh:nhimg

‘hé nay cin chu § tim céc bién phép aé néng cao-dg chmh xac cua ket qua tmh _

todn va giam nhe khoi luong tinh toan. ;
A.Cdc bign phap nang cao do chmh xdc cua ket qud tmh todn

\Igom céhc bién phap kiém tra cac s8 ligu tinh toan da trinh bhy trong 5.5 de loai
{trir nhimg sai 14m, khi tinh toén ta cdn phai lam tron cac's® lieu tinh toan bing
6. Nhimg sai s6 nay s& ¢ anh hudng dén k& qué culi cang. Thong thubng,
mudn bao-dam cho k&t qua cudj cing dat do chinh xac dén m con s0 thuoc phén
thap phan, cac s0 liu tinh toan trung’ gian cAn dat do chinh x4c t6i thJeu dén
m+2 con s3 thudc phan thap phéan. Tuy vay, véin @& nay tr& nén dé.ng quan tam

~ khi tinh h¢ siéu tinh bac cao hay noi khac dila khi giai ot s& luorng fom cac

phuong trinh chinh tdc. That vay, nghigm cta hé phuong trinh chmh tac thuomg
1a s nho tim duoc tir hieu cha hai s6 16m, do d6 vigc 1am tron tac s6 l(m. ¢6 thé
dan dén cac sai s6 16n d6i voi higu cia ching. Vién dé nay cang & nén déng lo
ngai khi nghiém ciia h¢ phuong trinh chinh tdc khong On dinh. Nhimg nghiém
dugc goi 1a khong 6n dinh khi ta thay d6i r4t nhd gi4 tri cha-cac phﬁn tirjclia he
phuong. trinh s& gay ra nhimg. thay ddi Jon d0i voi. két qui.cin tim. Noi chung,
khic phuc vén @& nay cong tuong ‘d8i kho khan. Ngodi cac bién phap toim hoc
v& miit co hoc k&t cdu ta o6 thé néu ra mot vai cach khéc phuc nhar sau: -

. 1) Chon phuong phdp tinh sao cho s8 lugng dn s6 1a it nhér- Do V(Jl In61 bai
toan cu thé ta nén can nhic xem trong s8 cac phuong phap nhur phutmg phép
luc, phuong phap. chmyén vi (xem, chuong 6), phucmg phap-hdn hop (xem
“chuong 7)... nén chon phuong phép nao doi h01 s3 4n 1t nhﬁt '

2) Khi ding phuong phap luc ta nén chon hé co ban sao cho hé lam wec cdng
sdit voi he siéu tinh cang 161. HE co ban am viée sét v01 he siéu Unh 1a he¢.co
ban khi chiu cic nguyén nhan ben ngoai s& phat sinh c4c noi Juc va chuyen vi
khong chénh léch nhiéu so voi ndi e chuyén vi trong he s1éu tinh. Luc nﬁy

- 'c4c luc X chi gay ra mét phan anh hudng nhd dén k&t qua cudi cung Tﬁ'.t
 nhién, bien phap ndy doi hoi nguoi thiét ke phéi co nhiéu kinh ngmem

3. Dung cdc bign phap giam thiéu s6 lwong cdc pnuo'ng trmh cdn phdz gldz se
trisih bay trong diém B.1 dudi day. :
B. Cdc bién phap gidm nhe khdoi lmmg tmh todn
Khl tinh cac he sieu tinh bac cang cao thi kh01 luong tinh toan, dac blet lh kh01
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cac bién phap duGi day dé giam nhe khéi lugng tinh toan.
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1,,?,Cé¢,: _b,iéﬁ ‘pH‘é'p/g,'i.ém thidu sé lugng phuang frinh can giai
[ iy * . . . . N .
“a)-Chon phuong phéap tinh sao cho dn sd la i nhdr(da néi ¢ trén).

b ) Khi tinh hé siéu finh theo phong phap lue 14 khong chon hé co ban tinh
dinfuma chon hé co ban siéu 1inh co bdc thap hom.

Bi¢n phap chon he co ban $icu tinh cho phép ra ‘thay thé viec gidi big n
phuong trinh bang cach giai hai he ¢o sG luong phuong trinh 1a n; va ns voi
nj+nz=n. Giai hai hé c6 s¢ phuong trinh n; va ny doi hai 16n it thoi gian hon
oidi mot he co s8 phuong trinh 12 n= n;+n,. B

’,Su: S0 sanh thoi gian & day mai chi xét don lhuz_‘n) & khau gidi hé phuong

-, rinh. T4t nhién khi dung bien phap nay thi khdi luong tinh toan,trong mot s&
 khau khac sé&.fang len, song can chd ¥ ka khau giai he phuong trinh 1a khau
chi€m kfiGi luong cong viee nhiéy nhdt. Trong thuc hanh, dsi voi timg bai
toan cu thé ta cn ¢6 sy can nhic ruge khi van dung bi¢n phap nay.

¢) Trong ruomg hop he siéu tinh da cho Ia hé doi xt’tﬁg, nén trigt dé sir dung
linh chdt ddi ximg. Cac bien phap cu thé s¢ dugc uinh bay trong muc 5.7
dudi day. Nhimg bien phap nay cho phép ta thay thé viéc giai hé n phuong
trinh bang cich gidi-hai -hé phuong trinh. néu hé ¢ -mor truc dei ximg hoic
bon hé phuong trinh néu hé ¢6 hai trac: dei. ximg, trong d6 t8ng: sG cac
phuong trinh nay bing #. Can chi y-la:céc bién phap van dung tinh chat d6i
_Xtng khong lam (ang khéi lugng 1i11h-loéj1 trong cac khau khac ma con gop
phan lam nhe nhang hon, - S o . '

2. Cac bign phap don gian hoa céu tric cia hé phiforig trinh chinh tic -

He phuomg trinh chin 1dc ¢6 cdu 1ric dom gian la h_é‘ p‘hmm‘.g trinh c¢6 nhiéu

cdc he 36 phu'bing khong. _ s A

Gidi h¢ phuong trinh ¢o cang nhiu h¢ s§ phu- biing'khong thi kh61 luong tinh

toan cang duoc gidm nhe so véi khi gidi h¢ phuong trinh. ¢6 ddy di cac h¢ so

phu. BE dat duge myc dich do, trong pham vi co hog két cdu, ta co thé van

dung cic bign phap sau: o . _ o

a) Néu hé co tinh chat dei xiimg, nén trigr aé St dung tinh chdt déi ximg (xem
5.7). Két qui ciia viec van dung tinh chit déi ximg nhur da néu trong diém 1c.

b) Chon h¢ co ban hop Is. Tuong tmg voi mdi he siéu tinh ta c6 thé chon he co
ban theo nhidu cich khac nhau midn 12 h¢ co bin phai bdt bign hinh, Viec
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chon dung-h¢ co ban nay -hiy he € ban khac' ¢ anh huimg quzul trp;:g |
khdi fuong tinh todn trong cac khau sau: xdc dinh ndi luc (vé bidu dd),

- dinh ¢dc e $6 va s hang 1w do va ddc bigt latrong khiu gidi he phu

trinh chinh 1dc. Nhu vay, hé co ban hop Iy ta hg cu. bin chon 520 cho

tinh todn dwye don gidn trong cic khiu da néu & frén. .

BE dut duye yeu clu néu.uen, ta nén chon he co ban bing cach cdi hé th
: ) P SRR AR s A

nhiéu bg phén déc lap vai nhau. 1.a¢ nay, cac biéu dd don visg’phin b

bo. vige xae dinh cac he 80 cla he phuong winh chinh tic SE dygn piap

X S s - ) . ~ < :-. . ~

trién vong ¢o nhitu he s8 phu bang khong. S

VI du voi hé siéu tinh trén hinh 5.344, ta ¢6 thé néu ra hai cach chon hé
) ) < a2 L .

ban nhu wén hinh 5.34b va ¢ dé so sanh.

Hinh 5.34

HE co ban 5.34b: Noi luc trong h¢ nay noi chung phan phdi trén (wan
X . : - --,\ -2 Tyl A P
(ﬁh?‘mg han, dudi tac dung cla riéng luc X,= 7, bidu dd M; phan bd tr

' 'phﬁn 16m céc thanh ciia hg co ban). Do do, xdc dinh cac he s va so hang

o x . R Al gA i
do ma nhicu cOng st (@t ¢i cac he s phu déu 10n 1ai.

- HC co bin 5.35¢: He co ban nay gdm nhidu bo phin doc 1ap vai nhau, m
bicu dd noi luc don vi chi phan bd trong hai bo phan lan can ciia hg c¢o bi
Do do, vige ve cac bidu dd don vi sé don eidn hon, xac dinh céc hé SAACE
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de hé co ban 5.35¢ h(fp ly hon he co bfm 5. 35b

(.) Bl(’l d()l l [ l aphbt’O’Ilg (, Y |
1 1% Yt v u(l ((2( a” SO Blen phap na SE dIIOC tllnh bay

' 5.7. Cach van dung tmh chat dm xUng cua he

T |

(Jmclvngd(tjllluc t€ ta thudmg gip nhfmg he €6 hinh dang, k1ch thute hmh hoc va do

Chglgdé Xung qua mot tryc. Nhu da neu trong 56, neu biét cach van dun tinh

S Ld: rim'ng clla £e thi khoi lwgng tinh, toan sg duocigidm mhe kha nhlel;g Khi
¢ siéu tinh d6i xumg ta ¢6 thé di

o de o st toaﬁ ung ‘mot trong hai bién phap cu thé dusi

A. Bten phapsw dung cdc cdp dn §0 7 doi xng va phdh xung '

g s

b Loa/ an s6 c6 t/nh chét dOI xu .
ng hay phan Xng V1 du ¢
leg, cap by o o phan o " ap 4n so X2 €O tmh déi

oS LOa/ a” SO Chl Co VI t// d |
O/ XU“g CO” Ve “/ SO t” ”a(: ”“ u. V (;

bé trie1 de st dung tmh chdt doi _a) :
xing, ta phan nch timg hai 4n s6co ., ,8.,__
vi trf d6i xtmg thanh hai cap 4n sd; L

mgt cap dci ximg va ‘mot cdp phan T :' ' X

x:ﬂg :Vi du; phan tich ha1 dn s6 X, b) o Xz*—fixz P -
va Xy thénh hai ¢3p: cap:Y; déi ximg r— X\‘J_‘
va cdp Y4 phan xing (hinh 5.35¢). - by e %

T4t nhién hai cipinsGméi ¥, vay, r

phai thda man diéu Kien: .. c) ‘ ﬂX s X 7
Y I o L2 2
1+1y X Yi-Yi= X, _ ”-—-T/lx ‘

Cach Ii)hﬁn tich nay ludn ludn c6 thé- Yy, )
thuc h_gén duoc vi ¥; va Yg12 nghiem - A I o J %
.duy nhdt ciia cic 4n s6 X 7 "
e all (]VQ.X,;, . .
D b . Hinh5.35 - -
, Y1=—1—‘(X1+X4)- y vl ’ 35 |
g TR =g KXy, A
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Va cac 4n sO ve

Sau khi da phan ich nhu trén ta s& thyc hign tinh toan voi cac Any$0,001 ¥, Y4
ban (,hat da mang unh chdt ddi ximg hogc phan xing X2 va X3,

He phuqng trmh chinh téc c6 dang: o
511Y1 + 512X7 + O13Xs + 514Y4 + Aun— 0,
 8Y1+ SoXo+ p3Xs + Spa¥a + Aop =0
6317 + 535X? + 5;;X3 +.034Y4 +.A3p= 0;

C OuYi+ SppXo + 543X3 + Ogq¥a +, Ap=0. - fz‘

_Trong trudng hop nay, cac cap 4n sG Y 1. va X, d6i xing do do cac biéu-dd (M 1)

v (M>)-d6i xumg. Cac cip 4n s6 X3, Y4 phén ximg do d6 céc biu db (M3). va
(M) phan xtmg. Nhur da biét, két qua nhin biéu d6 d6i xang voi bidu' dd phén

ximg sé biang khong. Do do cac chuyén Vi Sim e bing khong khi mot chi s6 cla
n6 bidu thi ¢ap 4n 50 d6i x(mg con mot chi s6 biéu thi cip 4n s6 phén xtmg. Cu

thé 1a céc chuyen vi 53]— Si3= 541—- 514— S3= O32= 524— S42= 0
Luc nhy hé phuong trinh chinh tac s chla ra thanh ha1 he phuong tnnh doc lip
521Y1 + 622Xz + Aop= 0 ()

5]1Y] + 512X2 + A]P 0
843X3 + Oga¥a + Agp= )

833X3 + O34¥q+ Asp = 0;

Mot he (he a) chi chira phtmg cap 4n s6 d6i ximg con mot he (he b) chi chira
nhtmg cap 4n s6 phén xung. . .

. Vcn he 'siéu tlnh ddi ximg bac n, néu ap dung céc. cdp 4n s8 ddi xing va phan

xung nhu da not & trén thi ta co thé dura he phuong trinh chinh tac vé_ hai h¢
phuong trinh doc 1ap: mot hé c6 n; phuong trinh va mot hé co n2 phuo*ng tnnh

véing+ nz=n ,
'K&t'tuan vira thu duge & trén khong phu thudc vao nguyen nhén téc dung, nghia
la nguyén nhan tac dung c6 thé bt ky. Trong trudmg h(rp dac blet khi: g

“l Nguyen nhan tac dung doi xung
Lhang han he chm thi trohg tac dung d01 xung, e nay bleu do (M P) 601
. xtingnién. Asp= Agp= 0. : : : :
Thay vao he (b) ta dugc hé phuong trinh thuén nhdt, vi dinh thic cac hé sO cla
*h¢ phuong trmh chinh téc trong phuong phép luc ludn ludn khac khong nén - -
; X;=Ys=0 : :

- Nhu vay, ta co thé két luan: néu hé déi ximg chiu nguyén nhén tac dung adixing -
i cac cdp An s6 phan ximg'bang khong. S
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» izbﬁg(lyen fihan’ tac dung phan xu’ng
tha Iy luﬁn lmm}c ‘tw nhir trén, ta di dén kél Iuan sau: néu hé déi ximg chiu
nguyen nhén tac dung phan xing thi cac cap an so déi xung bang khong. -

Chii thich: Trong truéng hgp hé cb hai truc doi xing, néu cling van dung bién phap nhu da ndi ¢
trén véi ca hai truc d6i xmg thi hé phuong trinh chinh tac s& phan thanh bon hé phuong trinh doc

lap. Goi ny, ng, N3, Nq - an luot 1a s6 phuong trinh cia bén hé néi trén, ta co ny + Np+ Ny + ny=n.
B. Bién phap bién ddi so do tinh

Khi tinh h¢ d3i xtng chiu nguyén nhan tac dung bt ky (hinh 5.36a) ta ludn ¢O
"thé dua vao nguyén 1y cong tac dung @8 phan tich cac nguyén nhan bt ky do
~ thanh nguyén nhan tac dung d6i xumg- (hinh 5.36b) va nguyén nhan tac dung

phian ximg (hinh 5.36¢).

a) ) P2y VP 9 e Pz
", g /2‘ 'l /2'7/2 772 Vi &/‘?__W
(Hoe He | t 92
g M /73
1 ] .
4’2 AT 2z 124
:?—3' 2 2
Hinh 5.36

Nhu vy ta ¢o thé thay thé viéce tinh hg siéu (inh ddi x@mg chiu nguyn nhan’ bl
ky bing viéc inh hai h¢: he ddi ximg chiu nguyén nhan tac dung d6i xing va hg
ddoi xang chiu nguyén nhan tic dung phan xing. Trén co s& nguyen' 1y cong ‘tac
dung, noi lye va chuyén vi trong h¢ da cho duyge xac dinh bang 1dng dai s0"cac
ndi lyc va chuyén vi trong h¢ chiu nguyén nhin tac duné d()z xung va trong h¢
chiu nguyén nhin tac dung phin ximg.

Bay gilr ta ¢hi ¢in nghién ctu cach bién d(n s dd tinh he¢ d“n xing wong {mg
voi hai bai loan hé chiu nguyén nhan doi xung via h¢ chiu nguyén nhan phan
xtng. Y d6 chinh clia bign phap nay ta thay the viéc tinh hg ddi ximg blng viéc
tinh nta he vai so dd tinh twong duong bao dim sao cho ndi lue va bicn-dang
trong it hai truomg hop 12 nhu nhau. Sau khi tim duoc két qui tren mot atra hé
ta & diang suy ra k& Qua trén nira h¢ con lai theo cac tinh chit sau:

st Trong cac hé déi ximg chiu nguyén nhan déi ximg: duong bién dang, mémen

L_/én, Iuc doc ¢6 tinh chét déi ximg, con Iuc cat cé tinh chét phan xung.

%t Trong cac hé déi ximg chiu nguyén nhan phan xing: dliong bién dang, mémen

iy

ubn, Iuc.doc.co tinh chét phan xing con luc At co tinh chéat déi xung.

Ban doc d& dang-xdc nhin tnh chdl da néu rén cu sd ly luan vé tinh chét chin

“(JOi xtng) hmm I¢ (phdn Xtmg) ctia cic bam d()ng thm luu y dén Ld(, hen he vi

phan da quen biét gifra cac ham (i trong, ndi Ie va chityén vi.

' Nhu vay. dudi ddy ta chi ¢an ban v& cach tim s do lmh twong du(mzr= de thut

hi¢n tinh (oan véi mot niw he. _

1. Hé dbi xurng chiu nguyén nhan tac dung déi ximg
Xet hai truomg hop saur

' a ) 7111( ddi xing khong trung voi truc cua mot thanh nao cua Ile

Hc doi xtmg chiu nguy@n nhin di xing trén hinh 5 ’%74 cO truc d(")l xung
khong trimg voi true ctia mot thanh nao cia he. Nhan xet tiét dién C Ja giao

' diém cla trye doj ximg v oi lhmh AB 1 thay: uu dign Ckhong rhe X0ay va

cung khong thé co chuyén vi thing Lhu) phmme vuOng goc voi truc doi
xtmg. Thi viy. n€u tict dicn C co chuyén vi xoay lhuan chidu kim dong hd
thi theo tinh chilt bicn dann dm ximg cua hé, tiét dign C’ s& phai ¢o chuyen \%
xoay nguge chi¢u kim dong ho. Pitu do vo ty vi thuc ra C va C' [2'mot tiét
dién duy nhat. Chi ¢o thé loai trir didu vo 1y nay khi C va C' khong ¢6
chuyén vi goc. Cang 1ap ludn tuong tr v& khi nang khong c¢o chuyén vi
thiing theo phuong vuong eoc vei true doi ximg: Tuy nhién, ti€t dién C van
o 1hE chuyén vi theo phiomg clia true ddi ximig bt Vi chuy8én vi nay khong
phit howi dang bicn dane d&i ximg ciia he. Mt khic, luc ¢t tal uél dign C
phiti bing khong bot vi bidu dd lue ¢dt ¢ (inh chdt phén ximg. Nhu vay tiél
dien C ¢o thé chuyén vi ty do theo phuong ciia truc doi xang. Tir nhan xét do
ta ¢ the thue hién tinh 10an v nir hé theo ser do tinh tthrng duong trong 4o
r ta dat i C mot ngam truot duoi dang hai lhanh song song ¢o phuuno vudng
£ poc val trye Jdor ximg nhu ren hmh 5.37h.

S q
T ' | EEER! ’*\ I ERER!

A clc” |8

Hinh 5.37

~9
IREXE!
A

,237" h | o

a)

K& luan: Khi tinh hé déi xing cé truc. dbi xing khéng trung véi truc ciia mé
thanh nao ctia hé va chiu nguyén nhan tac dung di xing ta chi can dat ngam
tiot dudi dang hai thanh song song ¢6 phuong vudng goc vdi truc déi xing
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| ta/ nhu‘ng tidt dién ndm trén truc déi xung fOI thuc hién tinh todn vi nira hé;
e e oudi cung suy ra Két qué trén nla hé con lai theo tinh chat da néu & trén.

b ) Truc aéi xlmg trung voi truc ciia gt hodé mot 56 thanh cia hé
He doi ximg chiu nguyén nhéan ddi ximg trén hinh 5.38a thudc trudmg hop
truc dGi xung trung véi trye cda thanh AB va CD. '

Dé tim so db tinh d6i v6i nira hé twong duong cho trudng hop nay. ta s& tim
cach dua hé v& truomg hop truc doi xung khong trung véi truc-ciia mot thanh
no ciia hé va van dung két luan da tim dugc & trén.

Mudn vy ta tudng tuong thay mdbi thanh co truc trung voi truc doi ximg

bing hai thanh; mdi cap hai .thanh n3y duoc ndi v6i nhau bang cac thanh,

vudng goc voi tryc dbi xumg tai cac dau’ thanh

Vi dy, di voi he trén hinh 5.38a ta thay cac t:hanh AB vi CD biing cac cap
haisthanh A 1By, A2By va CiDj, CaD> va ndi nhting cap thanh nay v01 nhau
bang chc thanh ngang BBy, C;Cs va DDy & cac déu thanh nhu trén hinh
5.38b. D& bio dam cho h¢ thay the Jam viéc glong he bi thay thé, chc cip
thanh thay th€ phai cé ndi luc va chuyen vi tuong duong v6i noi lut va
chuyén vi trong céc thanh bj thay thé. ; .

Pé thyc hign duge yéu cdu do dong th@l vin bao dam duoc tmh chat doi
xung clia h¢, mdi thanh trong cap hai thanh thay thé phai c6 do cimg bing
nira do ctmg clia thanh bi thay thé tuong tng (tuéng trong bd doc theo truc
thanh bing mit cdt song song voi mat phing cha he) con cac thanh néi & dau
céc cap thanh thay th€ phai ¢6 do cling bing vo cung. |

‘Pl ;K\ 1P, PJ .p:‘cpz lP'

£, ‘ £L,/2 0\ EL,/2
EAz| . EAy2 [ EAy 72
<. . Gle.
8 ' 8| 8,
EZ, | Er 2 ||| £5,72
EA, | EA2 EA, 2
rrr kg ' v 7‘J77 a i
y Az
3) ' 5)
Hinh 5.38

Sau khi tim dugc he thay thé (hinh 5.38b) ta nhan thdy he nay c6 truc doi
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“xting khong trung vai true cla mot lhdnh nao cla hé nén tai cac el dign trén

Cruc dai xtimg (B, Cp, D) cla nira he tuong duong ta can dat cac ngam truo

duvi dang hai thanh song song cO phuong vudng gbc voi. truc doi ‘ximg.
Ngoai ra ta com nhan thdy it dign & ddu cac thanh A;B; va C;D; khong ¢
chuyén vi xoay cang nhu khong ¢o chuyén Vi thiing theo phuong vudng gac
v@i truc thanh nén trong thanh khong phat sinh bién dang udn va bién dang
truot ma chi ¢o kha nang (1dn tai bién dang doc trac. Noi khac di, lan cac
thanh nay khong ¢ monen udn va luc ¢t ma chi 10n i luc doc. Do do ta
¢6 thé thay (hé cac thanh nay bing cac thanh ¢o hai ddu khop. Su do tinh vai
pita he tuong duong 1ae nay co dang nhu (rén hinh 5.38¢.

K& luan: Khi tinh céc hé déi ximg c6 truc doi xing trung vél truc cta mét hay _

mét sé thanh clia hé vé chiu nguyén nhan tac dung déi ximg ta can dat ngam
trugt dudi dang hai thanh song song cé phuong vuéng goc vdi truc déi ximg
déng tho thay cc thanh ¢ truc tring val d6i xing béng cc thanh co hai déu
khdip vdi dé cung béng nia do cimg cua thanh bi thay thé. Sau khi thic hién
tinh toén vdi nua hé tuong duong ta suy ra két qud trén nia hé con lai theo
tinh chét da néu & trén. Khi tim néi Iuc trong toan hé cén chu y Ia luc doc
trong cac thanh c9 truc trung voi truc dé{,xmvg gép hai Ién Igfé daé trong cac
thanh tuong ung khi tinh v&i nia hé. '
Trong trudng hop bé qua bién dang doc truc trong céc thanh ¢é truc trung voi
truc doi xtng va thanh nay duoc lién Kkét vor/ trai dat bang lién két ngan can
chuyen vi theo phuong truc thanh thi chuyen vi theo pthdng doc truc thanh
tai déu thanh sé bang khéng nén ta co thé dat lién Két ngam tai dau cac thanh
¢6 truc trung vai truc déi ximg. ' ‘

Trén hinh 5.38d [a so dd (inh véi nda hetuong duong cia hé 5.38a khi bod

© gua bién dang doc true trong thanh AB. - : '\ y -

2. Hé dbi xitng chiu nguyén nhan tac dung phan xiing

Xét-hai truomg hop sau:

-a) Truc doi xiing khong tring véi tric cvia 1t thanh nao cia:hg -

HE ddi ximg chiu nguyén nhin phin xdng trén hinh 5.39a ¢ truc ddi xung

khong tring voi true ciia mot thanh nao cia h¢. Nhan xét tiét di¢n C la giao

diém ciia true doi xamg voi thanh AB ta thdy:

"o Tidt dign C ¢6 thd tr do chuyén vi xoay va chuyén vi thing theo phuong
vudng poc voi true déi xamg. That vy, dudi tac dung cia.cac nguyén nhan
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phin ximg, cac cap lyc d6i ximg 12 momen udn va luc doc tai C s& bang
khong nén khong ¢6 ndi, Jue nao.ngan can chuyén vi xoay tai C va chuyén

vi lhme tai C theo phuorng vudng goc voi trye doi ximg.

~ e 1€l dién C khong ¢6 Kha nang chuyén vi thang theo phuong cia truc ddi
xtng. That vay, néu it djén C o chuyen vi thang theo phuong cba truc
ddi xtmg thi h¢ s¢ mdt tinh ¢hdt bién dang phin xung.

H 1P7!< Pwon P o
_ L A

- .+ ... . Hinh5.39

Do d:'), khi tinh v6i nira ‘he ta ¢ thé dat tai C mot lién két loai mot (lién két
thanh) ¢6 truc triing véi truc dai ximg (hinh 5.39b).
K& luan: Khi tinh 'hé déi xung c6 truc déi ximg khéng trung véi truc cla maét
thanh ndo cla hé 1)5' chiu nguyén nhén tac dung phan ximg ta chi cén dat lién
két thanh ¢6 truc tring vdi truc dbi xung tai tiét dién ndm trén truc déi xung i
thuc hién linh t0én véf nla hé. Sau do, suy ra Két qué trén nuia hé con lai theo
tinh chat da néu-¢ trén. 3 ‘

b) Truc d01 xlmg trung v01 truc cilia mr)t hoac mot sé thanh cia hé
. Irén hmh 5.40a Ja mot vi dy thuoc vé& trudng hop nay.

P‘ "(‘"P‘ P}* |P

EI, Co | 2|l EL 72
£A, | EA 2|} A2

ELy/2
] EI{ - EA /2
H|EA o HJZ
LT beais ™ mm . T
a) c)

‘ Hlnh 5.40
‘Pé tim so db tinh ddi voi nira hé twong duong 1a cing 19 luan trong tu nhu
doi vai hé da xét trén hinh 5.38 va dugc hé twong duong thay thé€ nhu trén

~néhinh 5 40b. Nhu vay ta da dua h¢ dang xét vé trudmg: hop hé d6i xung ¢ truc
" "y .dm ximg khong trung voi truc ciia mot thanh n2o ciia he. Sau khi ap dung ket

Juan vira néu & wen ta ¢ so dd tinh voi nira he twong duong nhu lren hinh
YRIT 3. 40c. )

s KEL Judn: Khi tinh cac hé déi ximg-co truc ddi xtmg trang vai truc cua mot hay
mot sé thanh cua hé va chiu nguyén nhan tac dung phan xing ta cén chia dobi
dé cing cua cdc thanh co truc trung voi truc dbi xiing dong thoi dat tai dau
cdc thanh nay cac lién két thanh ¢o truc tring voi rruc do: xung Sau Klw thue ‘.
hién tinh toan vdi nifa hé tuong duong ta suy ra Két qua tren nua he con lai

“ RARLRY
theo tinh chét da néu & trén.

Khi t/m néi lue trong toan hé can chi y la trong thanh ¢ truc tring vai' truc doi
xtng, mémen ubn va luc cat gap hai I4n mémen udn va lue cat trong thanh
tuong ung khi tinh vol nlfa hé con luc doc Iuon uén bang khéng. )

Khi tinh theo phuong phap h, dé don gian tinh toan ta co thé thay the Ny do.,
5.40c bing so db 5.40d néu trong qua trinh tinh toan ta bd qua anh hudmg
ciia bién dang doc truc trong céc thanh ¢o truc triing voi truc d6i ximng.

. Chu thich: Trén day ta da nghién clu cach tim so d4 tinh véi nia hé cho bdn trudng hop hé 4o

xung chiu nguyén nhan tac dung ddi xing hoéc phan xiing.-Bo la bén truong hop co ban, trén co
s0 Iy luén nay ta dé dang suy ra so dé tinh véi nla hé cho cac trudng hop khéc, chang han'nhu
khi tai tiét dién tring véi truc di xing co dat céc lién két khac vdi lien K&t han. Trong nhimg
trueing. hop nay, ngoai cac didu kién nhu da néu & trén ta con co thém céc diéu kién lhe hién tinh
chit clia lién két, tir d6 suy ra dang lién két tuong ung khi tim so do véi nira hé.

%% —

3 B.&
Hinh 5.41 - o .
nn a) mr n b) mr C)'

Vi du, véi hé déi ximg trén hinh 5.41a ta thay: :

" Tai tit dién A tring véi truc d8i ximg c6 lign két khap: Lién két khap cho ta thém diéu kién momen
udn tai A bang khdng. Nhu vay, khi hé chiu cac nguyén nhén tac dung ddi ximg, sau khi bd sung
diéu kien My = O tacd the thay lién két ngam truot dudi dang hai thanh song song ¢ phuong

" . vuéng goc véi truc dai xing (theo Iy luan trén) bang mot lién két thanh co phuong vudng goc voi
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sjtrie @61 xing nhu {rén hinh-5.41b. Khihé chju nguyén nhan tac dung phan xing thi didy kién

© Mi= 0'khng:bé sung diéu gi méi doi vdi lién két thanh«cod truc triing véi tryc ddi xiing (theo Iy
luan'trén) nén tai A ta van dat lién k&t thanh cd truc tring véi tryc d6ixing nhy trén hinh 5.41c.
Tai tiét dién B triing véi truc dai ximg co lién két thanhisong song véi tryc déi xung. Lién két nay
cho ta thém didu kién Mg = 0 va Ni = 0. Sau khi b6 sung thém hai didu kién nay ta,co so dd tinh
v6i nita' hé nhu 1rén hinh 5.41b khi hé chiu nguyén nhan déi xiing va nhu trén hinh 5.41c khi hé

chiu nguyén nhan phan xting.
5.8. Bién phap don glan hoa bang cach thay doi vi tri va
phUcmg clia cac an

Y dd chinh ¢iia bign phap nay La ding cde thanh wyer doi cimg dé dua hé da cho-

vé he tuomg duong dé thue hiéu tinh todn. Véi bign phap nay ta ¢o thé khéo chon
vi tri va phuonu clia cac dn sao cho cdu tric clia he phuomz trinh chinh lac duoc
don gmn nghia 1a co nhidu he s phu bing khong. ’

Xct ln_:‘ siéu tinh trén hinh 5.42a, Gia ) - .rcci
sit cdt he tai mot 6t dien bat ky rdi -
dung lien k&t han gdn vao hai tiél dién
C va C" & hai bén tiét dién bi cit hai
thanh ¢o do cimg bing vo cung. Néu
noi hai thanh tuygt d6i cing nay voi .
nhau ching han bing ba thanh (hinh
5.42b) hodc bang mot khop va, mot
thunh (hinh 5.42¢) hoic bang mot mdi
han (hinh 5.42d) thi heé mdi va h¢ da
cho st lam viéc hoan toan nhu nhau. . Hinh 5.42

That vay, dudi tac dung ciia cic nguyén nhan bén ngoa, ¢4c thanh tuygt d6i cung
khong bi€n dang dugc nén hai (i€t dign. C va C’ phii chuyén vi nhu thau, nghia la
cic chuyCn vi tuong ddi gitra ching biing khong. Hidu do hoan toan thine nhal
vdi cich lain viée clia hé da cho ban dau

Sau khi dua h¢ v& he tuong duong, (a chon he co ban bang cach cdt cic lien két
nOi gitra hai thanh tuygt d6i cing va thuc hign tinh toan trén he trong duong nhu
thutmg 18, Vi ¢6 nhiu cach 1ap h,u twong duomg nén ta, cing ¢d nhidu cach chon
hé co bin tuong (mg hay noi khac di, cang ¢6 nhidu cach chon vi trf va phuong
cua cac dn s8. Nhu vay, ta co thé chon lua dé sao cho he phuong trinh chinh tic
¢ cang nhigu hé s phu bing khong cang lot :

B¢ thdy ro dugc higu qua ciia bién phép nay, ta khio sat mot vai vi du don gian.

4

' (M;) trén thanh dtmg se bing khong.

Chon he co ban cho kbung trén hinh 5.434 sao chotdt ca cac hg so

Vi dii’5:14. Chon be | }
phy

déu bing khong. o
X : l 'b) ] .JL Xf«“..-l‘

il

(I, [
X3=1‘ X3‘=1" :
.Fh-c) {(h-c)

Hé tuong duong va h¢ co ban tuong mg Ve trén hinh 5.43b, c. Cac biéu db don
vi ve trén hinh 5.43d, ¢, 1. The() tinh chat d01 ximg, 612 = Sz =

Mudn cho &3 = O tachonc = 2h/_3_v1
Kkhi do tung do trén bidu dd (M3)
" tuong Gmg vOi trong tam cda biéu do

Vidu 5.1 5. Chon hé co ban cho khung ¢6

dang ddi xtmg nhung co6 do cing khong
d6i xtmg wen hinh 5.44a @& sao cho tdt
¢ cac he s6 phu déu bang khong.
Tren hinh 5.44b va 5.44c gidi thiéu he
tuohg duong. va hé co ban tuong tng
thda man yéu cu trén. D& nghi ban doc
kiém nghiém lai.

Hlnh 5.44

Tam dan hoi
&u tinh bac ba tao thanh mot chu vi kin (hmh 5. 45) ta cothé

Dai vai nhimg he si b dic

sir dung khai niém tam dan hdi. Bign phap tam dan hoi Ja mol trudm
bi¢t ctia bién phép sir dung thanh tuyét d6i cing da néu & trén.

h dat
{r xét he siéu tinh cho tén hinh 5. 46a. Bién d6i he da cho bing cac o
X2
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Gid s
(hém thanh tuygt dgi cing nhu trén hinh 5.46b: He co banh tuorng mg V&

hinh 5.46¢. Vin dé dat ra 1a tim vi tri cha didin C va phuong cha céc Juc X;,



dé sa0 cho 14 ¢ cac he so phu;déu bang.

tdc ¢o dang:
OuX)+ dyp = 0;

dan hoi. ; -

Viui cla tam dap h01 Cva phmme
dugc xac dinh
0. lruocj‘_;
khi viét cic digy kign nay, ‘faicln
thi€t 1ap cic bigy thir giai m,h clid

cla cac e X, X>
theo cdc diéy kién &, =

momen uon d(m vi. I‘u hmh 5.46¢,
ta co: o

022X2+ Aop =

Va vige gij he phuong trinh nay. se
rdt d& dang. bidm ¢ ¢O vi trf thoa -
man voi yéy ciy nen £oi la tamvr

khong . Ll]‘C nay h¢ phuong trinh chinh,

0: . 034X+ + Asp= () .'

(5.48) -

Hinh'5.45

Tur cac dlcu kign 6,(,,, —A() ta co:

51?—541~Zf

S‘

Hinh 5.46 ‘ S

ds= Zf( v)1—~=0

. ‘.523 337—2.,. QM?d\ Zf /

517 = éﬂ/ Zf

Néu ky higu gy = g /El Vi goi Jil vi

kién trén se g dang: :
Z J. yav =

Co thé giai thich \ nghja cha-(5.49)

Phan 16 chidu doi dy cua két cdu 1a.quy

/nmg' dv = ds / El .thi:
56

nhu sau: néy lai méi trong
uoe dar mor 14i rong dan hoi co §ld tri

a'a-Zf( \)'—

phin cioa 1ai ll(lllg

ij—o.-

dan héi thi cac didy
Z f yzdv‘: 0.

(5.49)

1am cua ill()l

i i &ﬁh’(@‘ 49)bidu thi didu kién momen tinh cita cac ti trong -
i Kﬂwwmng kbong. Do d6, 1am dan hoi C phai la rong

: hé truc yz bing khong Do d6 he truc vuong gOc vz
¥ gi_igz}abl{dél voi y
hipiala ho sruc gL anJl’zzh chinh. } |
. dmh:sztr.l 2
cita ca' lye dé tm
_ phuorng clia )Ji theo! thir tu sau:

1) Chon ¢ truc. bit ky Yo, 2o (hinh 5.47),

xﬁ? s‘QnPJH*},GQ,yoc va Zoc CUa diém C
theo . cﬁng thirc xac dmh tpa do trong

tam da quen biét:

- " Hinh 5.47

, ' i M . Zfz dv.
oe Zjd" ’ Z'fa'v ,

2) Sau khi biét vi tri ciia C ta chon he tryc toa o yc, z¢ di qua tam dan hoi va
xa(. dmh g6c¢ nghiéng o gitra hé truc qué.n tinh' chinh y, z v&i he truc trung tam

v {heo conig thitc:
22! Zc)’cdv

A rsecba o0
Y [tav-3 flav

(5.50)

(5.51)

IS 1g2ca =—

Chiy: _ |
4 Tarh dan hdi va céc truc quan tinh chinh clia cac thi trong dan hdi co day du finh chét cia trong
t4m va clia cac truc quén tinh chinh cita t4i trong. Chang han: ‘ '
o Hai tryc quan tinh chinh lubn luon vudng goc.
o N&u hé déi ximg thi mot truc chinh ting vai truc ddi xing cla he con tam dan héi cling ném
trén truc d6i xing do . ‘

+ Khi thlet tap cac d|eu kién (5.49) ta da gla thiét bé qua anh huang cua bién dang doc truc va bién
dang tn!dt Neu k& d&n cac anh hudng nay thi hal didu kién dau dung d& xac dinh vj tri clia tam
* dan hi sé khong thay di vi lic nay Nz= Qs = 0; con diéu kién cudi clng s& khac di. Tuy nhién

anh hudng nay néi chung rat nho.
+ Viéc xac dinh vj tri clia thm dan héi C tuong a6i dé dang nhung viéc xac dinh phuong clia truc
chinh thuging phrc tap. Do db, ddi véi nhitng.hé khong ddi xing ta chi nén tim vi tri cla Cdécd
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e =105 =.0Va O3 = Gp = 0 ma khéng nén.tim phuong cia truc chinh . |

vikét qua thu.duge 48 ¢6 &1 = 1, = 0 khdng dili b dp lai cdng sifc khi

tim truc chinh. Nguoi ta thudng ding bién phap tam dan hdi khi hé 6 it nhat Ia mét truc d6i xtng.
Vi-du 5:16.+Tim tanydan hdi cia he trén hinh 5.48a.

[

VAR I 8, 1 b)

c) .
X‘" Px? J XXJH’;S" |

X.
2 X,

Hinh 5.48

dz_ ,%{11]]'{7

5 7
) = . : L]
Elcovp > s Sy

Khung ¢o mot truc d6i xing nén tam dan hdi nim Irén truc ddi ximg y va ta

chi ¢ln tim tung do yo.. Ap dung cong thic (5.50); ta tim duoc: ) T dr <
R ho h - ) -
b d / 3] El - 72
. J’yb&*—()"'_l‘yr) By Z d=1/8 a=ql%/128
T Zf_yodv El E, ) kh2 . .
Yoo = Z\] = W = . Hinh 5.49
AY 1 .
| Jar iy, [ Hoy gy 2
| o B LBk R | d: zlf 2dz 1
MOt true quan tinh chinh (¥) g voi true dsi xung con mot LI'I_JCF (z) vudng Elcosyp )/ " El, 12EI,
£0C VO truc tien va di qua C. Trén hinh 5.48b va ¢ trinh b‘ay hai kiéu chon he / 172 4. |
co ban bang cach dung thanh tyéet doi cing dé dua cac 4n s6 vé am dan héi. . T __» _[ E; = EI
; Loz oaa . o ' Elcose o o
Vidu 5.17. Ve bidu dd momen uén rong vom khong khp trén hinh 5.49. ’
. ' ' : . i dinh cae sd he 'do: Biéu thac giai tich cia M3 :
Phqo‘ng trinh truc vom y = 4—7/:2 Luat bién thien ctia tigt dien l(z) = £ . e dinh a0 hang tedo: Bta thic o 2 .
' ' " . cosp ' e Khi —/2<z<0  taco Mp = —qz/2.
In— nom an ti *hi 3 4i 6t dign & 37 . . . ' : . ‘
I : men f{ua11 tmh .(.‘hmh tiung tam tai tigt dién & dinh vom; . e Khi 0<z<i/? a6 M7 =0
¢ — g0c nghieng ciia tiép tuyén vei truc vom taj ti€t dién co hoanh d¢ z so véi . _
plivong cia tryc z. ' ' i Do do: ' ,
) I L : : . 27 P
BO qua anh hudmg cia bién dang trirot va bigy dang doc truc, age Az ff 4 2 f)_ejdz ___q'f :
s e s g - Ap :ZJ.(—V_L)MP El cosq - 2 T3 2 El, 180E],
HE ¢o bac sieu tinh n = 3. Pg tinh vom, ta chon h¢ co ban nhu trén hinh 5.49p ML
vii Cla tam dan hoi. Tung do ¢ ciia tim dan hoj duvc xac dinh theo (5.50): i dz 9 g7 |z ql?
2//2 //? ds 172 s Casa 172 4ij ' I ; L Dy = ZJ‘" My _E]c‘().s‘(/) - —lf/’;l 2 |El,  128El, h
f)"dV VEI \EI* J. ) f —2-dz ‘ o, : i i
¢ = /0/7 = 10/7 =0 sy :O\EI“’_- Y o dz jf gz~ | dz gl
2 2 172 =Ty — == — = - =T :
2 J‘dV glé j‘ dz 1]_2 dz /j_;’d 3 A_f]’ —Z’[/Ml EIC(}S(/) 2 2 EI,, | 4(3E10
R o . ) i3 - ;
.0 o E o Elcosp ) £, v Thay cic S va dgp vao he phuong trinh chinh tic, ta dugc:



X =

Biéu thitc gidi tich ciia mémen uén:

2

‘ql' .
16f°

« Trong doan — 1/2 <z <0

= 2
()—[ fc iJL&
127 3]I6f

—_—— =

i~

3ql h q[z\ ’

Xo=—-" - X3=21_"

32 « 48

2 .
:[_iq_l:,+1i_qi2=
32 48 2

P, 3g02
L g2 J4°
4 32

trong d6 & = z/1, bién thién trong kholng -0,5 <& <0.

e Trong doan 0 <z <1 /2

»

o l-
93,
4 2" -

32 48

3ql°
f - f] r A

. \; ’
3ql o
+Z[ qJ qu L

vOi &= z/1, bién thién trong khoang 0<E<0S.

Cho & nhidu gia tri khac nhau ta s¢ vé dugc bi€u dd momen udn trong vom

(hinh 5.49c¢).

5.9. Cach tinh dam lién tuc

Dam I/en tuc 1a hé chi'cd mét thanh rhang dar tren nh/eu go: tua trong do sé. g01 tua

I6n hon hai.

RN

Trén hinh 5.50a, b, ¢ 14n huot trinh bay 757 ,,S, ,.5, ,g_, ,3,

ba loai dam lien tuc thuomg gap trong

thuc t€ 1a dam lién tuc don gian (hihh 7437 r& 787 K—

5.50a), dam lién tuc c6 diu thira (hinh

1
5.50b), va dam lién tuc ¢6 ddu ngam- "3 _ ﬁ, TS, ;3,;

(hinh 5.50c¢).

Hlnh 5. 50

Trir trudmg hop dac biét rén hinh 5.51 R
dam 12 tinh dinh, con néi chung dam "{ . r§7 757
lién tuc 14 siéu tinh. o '

Hmh 5.51

Pé xdc dinh bac siéu tinh cia dim lien tuc (a ¢o thé sir dung cong thic (1.3) da
néu & chuong 1. Tuy nhién, néu chd y la mot ddm tinh dinh chi cin nGi voi trai

dat bang ba lien két thanh sap x€&p hop ly. thi ta co the tinh ngay duoc bac siéu tinh
cla dim lién tuc theo cong thire sau: :

60

n=C~3,
rong do:  n — bac siéu tinh chia ddm lién tuc;
. C — 0 lién két tya tuong duong loaimot. .~ ., .,
Vi du véi he trén hinh 5.50¢: C= 8 do d6 bac siéu tinh cita he biing n = §-3 =
Trong thuc €, dam lién tuc thrr(‘mg chiu thi trong thing dL’mg lac do g6i twa
dinh chi ¢o hiéu qua tuong durong g6i tua di dong, neu bd qua anh hudng cia bi
dang doc tryc. B&i vay trong tmOng hop nay ta co ‘thé tinh bac sieu-tinh n ¢

ddm theo cong thue: ‘
65
trong d()

Cig — s6 206i wa trung gian (khong tmh hai hen ket & ngoai ciing) cia di
khong cin phan biét 1a goi di dong hay £0i tua ¢§ dinh;
N - s ngam clia ddm, khong ¢in phan biét Ia ngam hay ngam truot.
Vi'dy, trong trudng hop tai trong ) :
E)
1

tac dung thing dimg: S ] ‘,};\,: 73”#” ’57 ()

» véyi hé trén hinh 5.52a, ta ¢o 5

Ce=4:N=2,dodon =4+ 2=6; ; 3 B , :g:
» v3i h¢ trén hinh 5.53b, taco ‘ o . ’737 "z’
CCp=2:N=0;vayn= 2, : ‘o Hinh 5.52

Chu y la dé ddm bao cho dim lién tuc khong bién hinh, it nhit' phai co mot li
k&l nGi véi trdi d4t c6 kha nang ngan can chuyén vi Lheo phuong doc truc, chiér
han mdt ngam hay mot g61 tua cd dmh '

A. Cdch tinh ddm lién tuc theo phwong trinh ba mémen
DAam lién tuc chi Ia truong hg)'p dé_c biét clia h¢ siéu tinh néi chung nén co tl
vian dung phuong phap luc da nghién ctu dé tinh toan. Trong truong hop nay
¢6 thé cu thé hoa hé phirong trinh chinh tic ciia phwong phéap luc nham phuc \
cho viéc tinh toan duoc nhanh chong va don gian hon. .
Trudc tién, ta nghién ctu cach tinh dim lien tuc don gian, trén co s& d6 dé dar
suy ra céch tinh dam lién tuc ¢6 diu thira hodc diu ngam. _
Xét dam lien tuc ¢co li_ét di_en khéng ddi trong timg nhip, chiju tac ?dung ddng th
clia tAi trong, su bién thién nhigt do' va chuyén vi cuomg birc tai cic 28 tya nlf
trén hinh 5.53a. |

Git sir dAm c6 1 Gi tya trung gian tic 12 ¢6 (n+{) nhip; ta danh s8 thir tr ¢

* 28 tra va cac nhip theo ding quy dinh nhu trén hinh 5.53a. V6i cach danh s
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" nhir vay, theo (5.52) bac siéu tinh ctia he s€ bing 1,

- : Hinh 5.53

Chon h¢ co ban nhu wén hinh 5.53b veéi cac 4n s6 X; la cac momen udn .M, tai
¢0i tua thir i. Nhu vay hé phuong trinh chinh tdc sg bidu thi didu kién cic goc
xoay (uong doi gitd hai tiét dién & hai bén mdi g8 tya trung gi,an'bz‘mg khong. .
Heé co ban vira chon ¢6 vu diém la chia dAm thanh nhiéu bo phan doc 1ap voi
nhau nén st cho nhiéu h¢ sé phu bing khong. That vy, dudi tac dung cia riéng
4n s6 M, = 1, bién dang chi Xy ra trong hai nhip 1an can thir i va tha (i+7) (hinh
5.53¢) do do chi ton tai cac chuyén vi xoay tuong dGi gitra hai udt _d1¢n,(ch.1_ljyen
vi tuong (g voi céc 4n s6) ¢ hai bén goi twa lrunQ gian tha (i— /), thu i va.tha
(i+1). Nhu vy, voi he co ban da chon ta ¢6 cac tinh chdl sau:

i = cS)-k =(- khi k=(i—1) i va (i+]),;

.-—é,;\¢() khi k= (i-1), lVd(l+f)

La¢ nay, phuong trinh thi i clia he phuong trinh;chinh tdc biéu thi dleu ku,n 20c
xoay tuong doi gita hai tiét dién ¢ hai bén 201 tra trung gian.thir / bang khong,
s@ ¢o dang don gidn nhu sau: : N

Oty Moy + i My +0qsnyMist + Ap +47 +4¢ =0, . (5.53)
trong do: , ,
Siti-1), Ot Oii+1) — £OC X0ay tuong doi gifra hai tiét dién ¢ hai bul o0 tua thit §
lan luot do cac momen don vi M-, M; va M(,+1) gay ra
“trong he co bin; ’
Aip, iz, Ay — gde xoay uong dOi gilra hai liér dign & hai bén L()l tua thu i

t4n luot do i trong, do chuyén vi cuong bU‘L (dl uac 5_01 tura
va do sy bicn thicn nluu do gay ra trong 'he co ban.
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4. é{,fhnh).tqan, ta thiét 1ap sin cac he 0 va s0
Hiike hl:.lltldﬁQ;,Khi; xfg dinh cAc dai luong nay ta bo
,.con bién dang doc truc se khong ton tai véi
-3 fiy £ frong. yuong goc voi truc dam.
/bidu do mormen udn don vi c¢in tmet

‘-;'\ Y. \A@'ﬁ“ ‘Wh \ 4— ‘lf\\, i ‘; 1% AL
K # §i(1-1)| N R ¢ _‘ R
=Sty GRS "\‘Y’ ,:,5-;1 l'il‘l;i R

|
| a; |_ bj I_ 841 [ bii1 l
4 |
. f:}? 5, &
N T - L
- A ’g it
Hinh 5.54
Thyc hién nhan tac biéu dd, 1a co:
‘ 1 L1 :
= M M. ——-—.1 L=
l(l 1) ( )( i- ]) ,- 23 6Ell
_ ) L l
S :(Mf)(M,)=—]— P plien 20 b |t
El, 23 ElL, 2 3 3EI 3El,

g I
= (M, (M, R e
Oiisy = (Mi)(Mis 1) = El,, 23 G6ElL,;

Thay céc tri $0 vira tinh duoc vao phumlg trinh chinh tic (5.53) ta duoc

I L I, .
M.+ [ i+1 Mi+ i+ Mi A+ A, +A =0.
6El, ! {3151,. 3EI, ,} 6EIL,, ' Aptdz
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=

«RarCgon! phwong: itinh trén bang cich nhan hai v& v0i 6El,, trong do I, la hing
wf‘ $6 bat ky thuomg 14y bang momen guan tinh clia mot nlnp n2o do trong dim

' I, /, I
: li”Ml 1+2[1 7 +l,+,1—JM,.+l,. 1" M,+7+6EI (4P+4Z+4l) 0
1 i

i i i+ +1

. ;
ba A=t (5.54)

o
Ll]_’

va goi 1a chiéu dai quy woc cia nhip |, a o
Ay + 2+ A M+ A My + L (Ap + Ay + 4,) =0, (5.55)
Phuong trinh chinh tdc (5.55) goi l1a pﬁuang trink ‘ba"méﬁi'gjz ‘-t_)iéu thi vsu lién h¢
gitta ba momen udn chura biét & ba 26i tua trung gian lién tjé’p Mi_;, MivaMi,,.
+ Xac dinh‘sé Fréng 1 do 4;» do tai trong gay ra trong hé co'ban
Goc xoay tuong dGi 4;p gitra hai tiét dién & hai ben géi twa tha i do tai trong
24y ra trong h¢ co ban duoc xic dinh theo cong thirc -
dip= (MY M3),
trong d6 ( My ) 14 bidu d6 momen uon do thi trong gay ra trong hé co ban
(hinh 5.54¢). Thyc hién nhan biéu 6 ta duoc:
W4 | Wiy bi+l

Ap=—t1 4
' ZEI [:+1E1i+l

(5.56)

trong do:

w; va wiy; — dién tich biéu do momen u6n (M} ) tai l'lhlp i va nhip (i+/) do tai
trong gay ra trong hé co ban; .

4i, bi~ khoang céch tir trong tam ciia biéu dd momen udn ( M3 ) trong nhip |

* tinh dén g6i tua trai va gdi tua phai cla nhip do;

Qi+1, biv)— cac khoﬁng céch tirtrong tam cla bidu d6 momen udh { M}y ) trong

nhip (i+/) tinh dén g&i tra trai va 201 tira phéi cha nhip do.

+ Xac dinh sé hang ty do 4;z do chuyén vi gbi tua 94y ra trong hé co bén
Goc xoay twong d6i 4z gitra hai (iét dién & hai bén £0i wa i do chuyén vi
‘cudng bic cla cdc gBi tya gay ra trong hé co ban duoc xac dinh theo (5.13):

diz = - Z il

trong do:
R - phén lyc tai g6i j clia he do cac momen M, = / pay ra trong hé co-bin:
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f‘zj — chuyén vi cuong bic tai gdi tua thirj.
N ‘Néu quy woc cac chuyén vi lan xudng dudi ta duong ta duoc:

1 1 :
Az =- [-iz 1+]Z t—Z; - Zz+1}
lI i i+1] i+] .
Z,-Z Zi -2, z
Ai = i—1 Ly i+l i , (557)
hay . z l: Il .ll+] ’ ‘

trong do Zi-1, Z,, Ziy; ~ d0 1an. tai Ghe g6i tua thix (z 1) thi'i va thi (i+1) voi
quy ubc huéng xudng phia du(n Ja duong. _

Cong co thé thiét 13p duoc cong thi (5.57) qua hmh 5 541 A,z chmh la long
hai goc i va aiyy O hai bén goi tua i:

i

Z._,-2Z; Zi.,-Z
Az = fi + Giv] S1gfi + tgains= | FELT 5y Sind ’}.
Lo
4 Xac dinh sb hang tu do 4; do su thay dobi nhiét dd gay ra trong h_é co ban
Gocxoay twong d6i A; gitra hai ti€t dign & hai bén gdi twa tha i do su thay ddi
nhiét do gay ra trong hé co ban duoc xéc dinh theo cong thic (5.11).

Néu chu y 14 luc doc trong dAm bang khong, ta co:

(1"(:+I) ll(:+l)):’ : . (5.58)

al
A= | Zi gy = 1,)+ 2L
" [‘zhi(7 w 2h,+1

trong do: ,
hi, hiss— chi€u cao cla ti€t dign dim tai nhip thir i va (i+1); :
11i, L+ 1) — d0 bién thién nhigt do tai tho trén clia nhip th i va (i+1);
t2i, bayi+1) — 40 bi€n thién nhiét d0 tai tho-dudi cita nhip thir i va (i+1).
Thay cac $0 hang do da tinh dugc vao phuong trinh chinh tic (5 55) ta duge
phuong trinh ba mémen viét cho gdi tua trung gian thir i:

' wa; o b
/1,-M,._,+2(A,+/1i+,)M,+/l,+,M,-+,+61,,.——+——1 7 +
i i+

oz L =Z /. al,, o
+6El, Zi21= 4 + Ziss Z'}+651{2a71(13,- — )+ = (00 _[l(i+l))} =0
) L

i E }i+l

I,‘ i+

. (5.59)
Trudn g hop dam 6 tiét dien khong ddi trong tat ch cac nhip (/ = cons?) ta cO
tht‘%-lﬁy I, = I, Wac d6 phuong trinh ba momen s& c¢6 dang:
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WM+ 20+ M, +/+,M o[ﬂgﬂ}f

i /l'+/

_-Z -Z, Z,+/ Z /l / =
/ ) 't’E/a P (1 = ’1,)‘*/; (”(:+/) ’/":’+1))J=”

! i+ i - Mgy

(5.60)

Ung vai. ol goi.trung gian cla dam Jicn tuc ta co, mot phuong trinh ba momen.
nhu vy voi dam Hen tue ¢o bac sicu tinh bang 7 (a s¢ viét duoe n phuong trinh
h(l momen cho n nm trung gian, du d¢ xic dinh n An s8.-M;.

TI'UO'I"Ig hop dam lién tuc cé dau thua .
Ta co e dua dam ¢o dau thira chiu (4 trong (hinh 5 Sia) vé dém lién tuc d()n
2ian (hinh 5.55b) bing cach ¢dt bo e dau thira va thay tac dung cia phin diu
thura lxmu nhnm ngodi lue ddt & cac goi bién cia dam lien tuc dom gian.
NI e Ltl‘l-dd]]) hén e b
don gin r¢én hinh 5.55b a)

p v I
duoc xdc dinh hi‘mg cach LO ; o - nffﬁy ‘
j i -y ,1;, .

str dung phuong trinh ba -Vln+1 L d ]

- -, N . A 1 R e
momen voi momen udn ‘ 1 N
o O . N b) J'Z 1 " 90’

Ll ¢cic 2o hicn cta dam o zﬁ

d‘{l hi¢t. cliing ¢o pid tri (M =-Pr r;” rSn M =.g9*
bang momen 1dp trung 0 2
M,vaM,.,. _ o Hinh 5.55

Cang ¢ thé coi cac momen (dp (rung & hai ddu ddm nhu ngoai luc dit trong
nhip thir nhit va thir (n+7). Lic nay, momen tua M, va M4 s& bing khong
con cic, dui lmmu @) VA @y CAn dum hd sung phan 4nh huon‘g do cac
inomen (ap llLlllL do gdy ra. Cach nay lhll()l‘lL phuc (ap nén 1( duyce s dung.

% Truang hop dam lién tuc cb dau ngam

Trong ruomg hop dim -

lién tue rén hinh 5.504, a) 17 2 nﬁ;(

fa tomg (uong thay ngam E ’; rg’ P

Vi ngim truot bing hai 1 L. 1 1 L iy
nhip & hai diu ¢o chidu £) I1=°1° 2 n é:%’:’m
dai bing khong hoic ¢o 1; 7_;7 ,Sr ’sr

do cimg £l = o0 va ¢6 53 Ji Lo} | . ln lhe=0
lien k&t twong duong voi ! 1 T t ﬂ?'E{
ngam (hinh 5.56h). Hinh 5.56
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‘dam don gién dét tr do- Lren hai 26i- 0 ha1-

Ta da dua bai toan dam lién tuc ¢6 diu ngam v& bai toan dim lién tuc don gian
va ¢6 thé ap dung dugc phuong (rinh ba momen nhu thuomg 1€.
Nhu vy, d6i voi'mbi dam lign tue bdt ky khi quy vé dim lién tuc don gian
(wong img; ta thiét 1ap duo¢ he phuong trinh ba’ momen vi6l cho At ¢i cac poi
trurig gian. Sau khi giti hé phuong t11nh se llm (m‘m tal ¢ cac momen udn tai
cac gdi ta goi L momen .

Bay gidr cOn pha1 xac dinh }:,Ja tri momen uon va lll'(, cat ldl mot tiét dién bit ky
rrong cac nhlp (,ua ' dAm llen tuc. H

Ta xem mdi- nhip ddm hen Luc nhu mot

diu nhip, chiu la1 trong va cac momen
udn da xac dinh duoc tir hé phuong trinh -
ba momen. Ap dung nguyén Iy cong tac .

dung (hinh 5.57) ta s& tim dugc biéu thac . "Fy, Mi-f-l—’li
momen udn lai mol tiét dién bt ky ko §

M,

‘ .z
~hoanh do z 110ng nhip tha i cba dam lién . Mtg M;
tue nhur sau: - ‘ o ' Hinh557" "
: -z 2 -
Mk:M;.’+J/—M,_,+/—M,, . (5.61)

t t

wong do Mk momen udn tai GEl dlcnl\ d() thi rong gay ra 11(mg dam don gian
dat ty do trén hai g()l tya & hai déu nhip.

4y dao ham biéu thirc trén ta s& duge bidu thic lue ¢t tai (€t dign k clia dim

lién tuc:

z//7A-2Q5+M,-_—I%;é_/;- 66D
az [

trong do Of — luc cAt tai (& dién k do ti trong gay ra trong dam don gian dat

.Qk:

twr do trén hai 261 tua & hai dau nh1p
DE tim phin luc tai p8i tya hal k¥ tht i, ta chi cAn xét can bing ctia phdn dam bi
¢t xung quanh g0i wa thi i, ‘
Vi du 5.18. Vt bieu dd momen udn rong dam lién wce trén hirih 5.58a.
Sau khi ¢t bd dau thira, thay tac dung cla phan dau thira hank cac lue dat &
20i bién bén phai va thay ngam bén trai bang mot nlup o cmeu dai [y =0’

dugc so dd tinh twong duong nhu trén hinh 5.58b Ia dim lien tuc don glan
~ Panh s3 cac g01 tira va nhip nhu trén hinh ﬁ 58b.
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E &

HoR 4y /. 1hg0(5154) chjdu dai quy woe cia cic nhip se 1y

A=d! s S s oms A= 10
pod To08l m " , —10111

e 60k )

A 081 rg’ ﬁ

% k

G0KN/m | \13—*
b | 10,

) | 2 < ¥

OkNm 10K N

Hinh 5.58

1) Vier phuong wrinh ba momen cho cac LOTtrung gian (26i 1 vy ggi 2). 1a ¢6
KNi= 1 LMyt 200+ An)M 4 A2 M + 6,[g&+ wW>h, i
Ll L8 '

Khii=2: oM+ A+ A M+ A M + ()/[&'_F'(ujhj -0
/7 () 81 / I - !

2
) Ve biéu do mdmen udn do 1ai 1rong gdv ra trong e co ban. Ké qua nhu »

trén hinh 5.58c¢.

3) Xde dinh cde dai
- linh cac dui 1[4’(}11[" trone sd . 0 5
{ e sd hange nedo ciia hé ’ .~ -
. 8 ang 1 ¢ VIJ/”ng trinh ba mamen

e gl 6,
w; 0 a=0; (Ug=g—4_i— 1280 kNm2 aa_l/7 __7- 8= l
. e 24 52T
/72=(_,I7:;.(9=)—411]' ‘5‘)0( 5 -5.50 2.5 125¢
52775 5 (1)4/7{————5- } +T.T__*)|\N

4) Thav 1ri sd ¢
w cdc hé sd vao hé pi i
phueomg irinh ba mdnen done
e i I 2 thoi (.hll y 1

O+ 204 10M )+ 10M> + (),[0 1280 (4}

80,81 15
10 My + 2010+ 10)Ma+ 10 (- 20) + (/[ 1280 56 1250
8.0.81° 15 ?/()]

Hay ” 2M1+Ma+312= (); - M+ 4Mar+ 403= ¢,

A1

RREI Iy Mo+ 2(1y +12)M )+ M2 + 6E1|;

[TIRES I

et ) i

'5) Giai h¢ phuong trinh, ta duge M= - 235 kNm: Mo= - 42 kKNm.

6) Tim biéu dd mémen udn 1ong cong. Sau khi da tim dugc cac momen tya M,
M>, M3 ta vé biéu do momen udn trong hé co ban do riéng cac momen tra
gy ra. Trong mdi nhip biéu d6 nay c6 dang dudmg thing ndi 1ién cac tung
do biéu thi momen tya ¢ hai du nhip (dudng dit nét rén hinh 5.58d). Goi
bleu dd nay la bteu 46 mémen twa va kg higu 1a (M) Ap dung nguyeén 1y
cong tac dung ta co thé ve bidu dd momen udn téng cong theo biéu thic sau:

(Mp) = (M;) + (Mlu‘a)- » ' .

" K&t qua tim duyc nhu tren hinh 5.58d (chu ¥ 12 cAn bd sung phan biéu dd

momen udn & diu thira bén phﬁi) ' T
V; du 6.19. Ve bidu d& momen udn trong dam lién tue trén hinh 5.59a khi 261 0
lin xudng mot doan bang 4 va ngam xoay nguoc chiéu kim dong hd mot goc

@ = M. Cho biét EI = const.

Trén hinh 5.59b trinh bay cach dua ddm c6 ddu ngam v& dam lien tuc don

gian. Néu cho g6i 3 cla dam thay thé dich chuyén théiing dung mdt doan Z; =

— @ls= —A(l3/1) (hudng lén trén) ddng thdi cho l3 lién t6i khong thi cach tam

vige clia ddm nay hoan toan giong cach 1am viéc cda dam cho ban diu.

=4/l
3) ) \&'2(7 /e
1
__ 7 2|4I3jz - ply=- a3 /1
Zo=Aj: /// ‘ % —-’HA /37
. ' zz-l 1LZLL
()

N
[ S

Hinh 5.59

Thiét 1ap céc phuong trinh ba momen cho 28i / va 2, theo (5.60) (a ¢

Zy=2) , Z2=21|_ .
R - 1, I,

Lo M) + 21> +1)Ma+ [s M + 6151[2'[ 2 Z-*I‘Z-’ 1 — 0.
L b ]
; trong do: ]]= L=1; 13=0; M,,=.M5= 0r. Zo=4;.Z1= Zy=1(k 'Z_{=—;’,\/-:/./.

(Y
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i kHithay The-nhing gia &, naxvao hai phuong trinh trén, ta co:
ElA O-EIA

M s o {1‘40MP+JM*J"F—‘*—6 Oy M+ 2M2 s =0
GRS HO I Y . ,‘li o - 2
Kg.qua, gidi he phuo:rlg trmh o
/ ‘ ‘ OEL
iy 18EIA o Mo+ 3)E1%1
' 7i o 77

}‘1, ) hmh 5 59¢ ve biéu dd momen tua. Biu do nay (,L‘mg la bleu do Lan tlm vi
trén hé khong ¢O tai trong.

Vi du 5.20. Ve, biéu dd momen uon uong dﬁm hen tuc, (.hJU su blen thlen nhlel
d0 nhu trén hinh 5. 60a. Cho biét EI = const, /l = wml .

)0 + 3%

o
L

L | l .
1 1
| !

LY
Hinh 5:60

Phuong trinh ba moémen viét cho g6i 1 va 20i 2:

[iMy + 2(ly +12)M 1+ 12 Mo +3E1a|ilil‘(f\j-/ "’u)v"‘f_’(lz' ’,12):| =0
T SRy :

. ) S ) /
Ia My + 2(1> +13)Ma4 13 M3 +351~-a{%-_,(133, II'))+ (/H—l/{):|— 0,
: : 15 e :

wong do: 1= b= L=l M=M= 0; hy=h=hs= hs
Cly=4l; =30 ===l = 0.

Thay céc sO licu trén vio, hé phuong trinh Va‘giéi ra ta duog:
M, = SEIat , i — 2Elat _
" Sh ’ Sh

Bicu dd momen udn cAn tim vé wén hinh 5.60b.

X

. Cdch tinh dém lién tuc theo phirong phap tiéu cw momen

Khi tinh cac dim lién tuc nlnuu nhip, néu dung phuong trinh ba momen thi khdi
fuong tinh toan van con kha l6n vi phai thiét 1ap va gidi mot he nhidu phuong
trinh ba momen.- 1‘1 ong nhtmg trudmg hop nay (a ¢o lhe dung phuong phép tieu
cu momen.

Pé wrinh bay duge don gign ta gia thigt dém lien tuc chi (,hlu tac dung, cia tai

0

frong. Trén co s¢ nay ban doc ¢o thé plt rién cach tmh dé ulan bai loan kh]
dam chju tac dung clia cac nguyen nhan l\hd(. oo

Thue chdt ciia phuong phap tiéu cu momen 1 van dung khéo ln,o cic phu(m;:

trinh ba momen dé-tinh dam lién tuc nhidu nhip voi diéu kién 1a 1ai trong chi tac
dung trén mit u/up Nhur vay, trong phuxmg phép niy, néu cin lmh dam lién tuc

nhiéu nhip chiu tai trong tac dung trén mot 6 nhip cha ddm ta cin'ap dung

nguyén ly cong tac dung. d8 dua v& cac bai toan trong do dam chi chiu tdi uong

trén mot nhip. Vi du, voi hé trén hinh 5. 61d ta cAn phai phan ra thanh h.u bai

toan nhu trén hinh 5.61b va S.61c.

Nhu vay. néu tim cach ve nhanh duoc bidu dd mdmen udn trong dam lién tuc
khi tai frong chi ddt & mot nhip dam (hi ta cing ¢o thé ve nhanh duoc: bidu dd
momen udn trong dam lién tuc chiu & trong dat rén mot $O nhip dam.

Quan sat k& qué tinh cac dam 5.61b va 5.61c ta ¢o cac nhén xct sau’

1) Puong dan hoi (dudng dit nép) cia dim luon theo hinh song k& tiép nhau khi
tai trong chi tac dyng trén mot nhip dam.

Hmh 5.61

2) Trong nhtrna phip khong chiu tai trong, momen ubn & hai .goi tu"a ké Ile
nhau ludn ludn nguoe ddu, momen udn tai 5 tua gln nhip chiu tai rong €O
gid tri lom hon. Biéu dd momen udn trong nhimg nhip nay ¢O dang duong
thing. Nhimg dmm‘g thing nay cdt du(mé chuin tai nhimg diém (bidu thi
momen udn bing khong) tuong mg vOi nhimg diém uon tu,n duomz dan hoi
ciia dam. Ta goi nhimg diém nay 1a tiéu diém momen.

Trén hinh 5.61b tiéu diém F;, F> nim & bén trai nhih ¢d tai trong, va trén hinh
5.61¢ nhimg ticu dim F;, F», Fi-1, Fi, Fizl nim & bén tfai nhip €0 41 rgng.
Ta oi nhang tiéu diém ¢ bén trai nhip ¢6 141 trong 1o nhimg tiéu diém 1rai.

‘Trén hinh 5.61b, nhimg tiéu diém F7, Fis, Fliaz on Favi nam-& ben phii

71



A LN

b ﬂ ll}fl;’ qb!i‘l" i ey,
ip ¢O téJ Lrong, va trén hmh 5. 61c Ueu dlem F,1+1 nim & bén phéi nh_lp ¢6 tai

rong. Ta g()l nhang tteu dzem ndm bén phai nhip chiw i trong la nhong tieu
Ag ’Lh! ok EP I E i _ . )

Nhu vay, 67 mo1 nhlp s& ¢6 hai tiéu diém, chang han' dm véi nhlp i c6 hai tiéu
mém tleu diém trai F; va tieu diém phéi F',

3) Vi tri cua tléu diém momeén trong méi nhip khong ch1u tai trong sé dugc xac
“dinh néu bist ty s6 gitta hai momen udn tai 26i tua & hai dau nhip. Do dé, ta
dinh nghia: 1y s6 duong lom hon don vi gita hai-momen udn ¢ hai géi tua

’ trong nhip khong chiu tai trong la 1y s6 tiéu cwe mémen.

- Néu nhip thir i n¥m beén trai nhip co thi trong thi gdi twa tht i gin nhip co.tai

' trong hon 28 tya tht i—4 cho nén momen udn M, 1ém hon va ngugc ddu véi
momen uén'M,-_/, lic do ta goi ty O titu cu cla nhip { Ja 1y so“tg'éu cutrai k; :

e (5;‘63)

Néu nhip thll‘l nam & ben phai nhip c6 tai trong thi g61 tua thir i—/ & gdn nhip
¢O'tai trong hon g8i twa thit i cho nén mémen udn M;-; 16n hon va nguoc déu
vOi momen udn M; , lic nay ta 20i ty sO tieu cr mf)mcn cta nhip i 14 1y 56 tiu
cu phai k

.64y

Sau nay, ta se thdy cac t s6 tidu cu hay noi khéc di 14 vitri ctia cdc tiéu diém-

k/wng Dphu thupc vao dg lom va dang 14i trong ma chi phu thude kich thude cia
ddm.

4) Tir cac bieu dd momen udn ciia hg trén hinh 5.61b va 5.61c¢ ta nhan thay cO
‘thé ve ngay duoc cac bidu dd d6 néu blet hai y&u t6 sau:
= Momen tya & hai bén nhip c6 tai trong

i u V1 tri cac tieu diém momen trén timg nhip hay n6i khac di 14 cac ty s& tieu
 cutrdi cla cac nhip & bén trai nhip ¢ tai trong va cac ty 50 tiéu cu phal cla
© cdc nhip & ben phai nhip ¢ tai trong

Dum day ta se 14n lrot tim (,éch xac dinh héi yéu (6 nay.
1 Xac dmh cac ty sb tleu cu trai va phal ‘ oL

Ta hay thiét 1ap cong thirc x4c dinh ty s& tigu cu trai k; cho nhip thir i.

Xét hai nhip khong chiu tai trong va & béh tri nhip ¢6 tii trong (hinh 5.62).
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Viét phuong trinh ba momen cho g6i twa i~ cha dim:
Aiei M2 + 2(Aic1 + )M+ i M; = 0.

Phuong trinh n3y khong c6 s hang tr do bdi vi cac nhip nay khong chiu thi
trong. B1en dgi phuvng trinh trén'bing cach chia ha1 vE- cho M;_;taco:

111 =2 +2(&1+&)+l L= (.
- . M'_] '
! l 1 oo l .
Theo dinh nghia v& ty sG tigu cu ' , _ . ;.
trai ta co: ' o :
M,

M.
o=k va-—— =k
i-2 i-1 .
nén c¢o thé viét phwong trinh
trén dudi dang:

~Ai-1 k—1_+,2(/14-1+/1i)—liki=0- _ , | y Hmh 5}'62:.' .

- i | R
Suy L :2+£[:;J—], BRI
. . /l, kl 1 v

Cong thixe nay co tinh chdt truy hoi nglua lacod thé tmh duoc [\ s6 tiéu cy tréai

k; & nhip / néu bletty56t1eu cutralk, /O’nhlpthl]’l ~]v.wv...

Ta tim dugc ngay ty 'sS tidu cu, ”'a) " ied M, .
trai coa nlup thtr nhat k; nhir sau: M= i
+ Néu nhlp thir nhat c6 ddu bén . + L y

- trai 12 khop (hinh 5.63a) thi b : 1

momen udn & khop phai bing
khong nghia la M,= 0. Do do,
theo dinh nghia ty s6 tigu oy trai
clia nhip thi nhat:
T M, 0
"Vi M; 12 luong htm ban nén k) = . Hinh 5.63
“¥'Néu nhip thir nhat c6 d4u bén tréi 1a ngam (hinh 5.63b) thi ta twéng fxomg
~ thay ngam bing mot nhip c6 do dai vo cung bé nhir trén hinh 5.63¢. Lic do6
M_;= 0, con M, bing mot lugng httu han nao do. Theo dinh nghia ty $8 tiéu
« e trai-cla nhip s6 0, 1a ¢0 kg =.c0. Tir cong thirc truy hdi (5.65) ta tinh duge

o1 L8 tidn cur trai chia phip tht nhit véii = I:

73



i

k1=2+@[2—iJ:2+(_} Z—L =2
gl ko /’LI, ) 90,_‘ '

Tom lai: < né iD A3 1iEn ~he A .
A ”fiu‘ ﬂ_/j_!p da‘zu lien eua dam lién tuc cé dau trai 14 khép thi ky=o0;
* néu nhip déu tién cia dam lién tuc C6 déu tréi 14 ngam thi k= 2.-

Sau khi da bidt ¥ s8 titd cu {r4i . :
hi da biét ty 80 tiéu cu trai k; cla thp dau tién, dua vao (5.65) ta s& tim

duoc 19 6 tie P o
uoc Ly S0 tiu cutrai cia nhip bt ky tht i bing céch 1an lugt tinh k2, ks, kq...

E?lfotgmnﬁg;ﬁ’ néu x&1 hat nhip dAin khong chiu ti trong va & ben ph
1 ¢ a se lap duoc ¢ P N
phiki nhu sau: | p duoc 9011g thirc cho phép tinh truy hdi ty s8 tieu cy

(5.66)

Du e 1 »l' N A 2 s ’
ung cong e (5.66) ta co thé tim duoc ty 56 tieu cu phiti & nhip thir / néu da :

i€l 1§ $6 tiéu cu phai & nhip th ;
e )t/hl IUS; tcllé phéi ornhlp lhu'z+1. Cang 1y luan nhu trén, néu dam ¢6 n+1
Ip, y B u cu phdi cia nhip cudi cung tha n+1 duoc xéac dinh nhu sau:
g ne’u nhip cubi cung ¢6 dau bén Phai ia khop thi K'n.s = oo ;
* néu nhip cyéi cung cé déu bén phai la ngam thi k', = 2

‘Do do ta se tim duoc ty s6 tiéu cu phai cho bit k¥ nhip ddm nao

Nhan xét ¢o T '
an xet cong thic (5.65) va (5.66) ta thdy céc ty s6 tigu cu trai va phai chi’

phy thuoc do dai quy.ude cla cac nhip dam, khong phu thudc ti trong

2. Xac dinh mémen tya & hai bén nhip co6 tai trongi "
Gia sit nhip i i O T trono. 14 ' |
o s ip i 1»3 nhip co ta? trong tac dung, yéu ciu xac dinh gia trj ctia hai
‘ ntwa M;:; va M; & hai bén nhip ¢6 tai trong (hinh'5.64) . '

Hinh 5.64

Livs
; Yiél céc phuong trinh ba momen cho g6i tya tha i-—) va ggj [l.l;'d thit 4, ta duoc
Aiei Mioz + 2(2img + )M, _j+ i M, + .6E!0A(i;])P; 0; ’ e
o AiMi_t + 2(4 + iy )M+ Aen) Moo + 6E10AILP =. .
' ltllonij bal I;\l;llmlg ‘tri,nh /n’dy ¢O bdn 4n chua biét 1a cic momen tua M-z, M;_,
i) " i+J. N€u chd y dén (5.63) va (5.64) ta ¢6 thé dua hai phumlg\[rinh trér;:
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vé dang chi chira hai in M;_; va M; nhu sau:
Bt .
Ll M+ 2( Ay +AMi-1+ MM + 6ELA-1)p = 0;

i-1

U Mg+ 204+ A )Mi— k,’” Miv1 + GElL,4ip = 0.

i+l
«Chi ¥ dén cac cong thirc (5.65) va (5.66), sau khi bién déi ta co:
S 6EL, . - ..
Aip= 0.

. 6H .
‘[“"'lM,-'_] ki + M+ ——/1 2 A(,'_j)p = 0; M+ M k' +
'['Ui [ 7 '
Suy ra

Mioi=-

i

6EI  Apk;— A )
1,, . P i "41 1)P . (5.67)

- A kik'; =1

rong tac dung, theo (5:56) voi chd ¥ 1a tai

6El, Zi-ppKi—dp
A kk—l
Trong truong hop dam chi chiu tai t
trong chi dit & nhip i, ta co: '

M=~

_wb _ w4
Aipp =35 4p = LEI,

Do.do:

Lo, (bk—w) . __ 6L, (ak—b)

SO0 WD s - (5.68)
N T e YN A X -

M=

Cong thire nay cho phép ta tim dugc momen tya ¢ hai dAn nhip c6 thi trong.

Khi sir dung cong thic (5.68) ¢O thé x4y ra hai trutmg hop dic bigt sau:

1) Néu dém lién tuc cé goi tua ddu iién la khép va'tai trong tac dung ngay
trong nhip thie nhdt.thi ta biét ngay momen tya & khop ddu tén My= 0, con
momen tua M, tinh theo c(‘)ng thic (5.68) se ¢6 dang vo dinh boi vi ty 0 tieu
cutrai k;= o2 Mudn khir dang v0 dinh 40 dé tim M), ta viét: ,

i o 0Ly (4K, ~b,) 61w, [alk,/k-,—b]/k']jl_
s - - =

Al kk =1 Ly | k' 7k =17k,
_. bl o, —by /o | Olwa e ~
My | k=1/ o Ak Iy
Nhu vay néu ddm lien tuc ¢6 gGi tya diu tien 1a khop va ti trong thc dung
ngay trong nhip thu nhat cha dgam thi ta ¢6 cac cong thic sau: ‘
Mo=0: M=l (5.69)
. - ALK o

2) Cung chéng minh twong tw, néu ddm lién tuc co g0t tua cudi ciing la khop
va 1di trong tac dung ¢ nhip cudi thie (n+1) cia ddm thi ta co cac cong thic:
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Olowu+lbn+ !

- , Mn+l =0.
[ T .

Vidy 521 van dung phuong phap tieu cy momen ¢ ve bidu dd momen udn

cho dim trén hinh 5. 65a.

Dam lign wc uen hinh 5.652 chiu tai trong tac dung trén ba- nhip. Khi &p dung
phuong phap tiéu cr momen ta can chia bai 10an da cho thanh ba bai toan
neng re, wrong moi bai tai (r ong chi tac dung & mot nhip rdi cong cac két qua

theo nguyen 1y cong tac dung.

. a) [/;=zak/v g =20kN/m 2m ,23=mgm,"
”””””””” i # E

H.inh 5.65
Ta lan luot gi4i bai tpan theo thir i nhy sau:

1) Xdc d_inh cdc nhip quy wor. Chon 7, = 2/ta ‘c():
A=, /I=821/l—16m' d=4]1= 4m;
2) Xac dinh cdc ty éO Liéu cie theo (5.65) va (5.66)
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/'LJ =6m; -

i
B KTN%

3)

L+
i) o

FLN

u.l (u e

obuoit

lvsmu,u LU trii: k= oo ka=2+24 2——1—'=‘2+—g[2'——1— =10;
k=242, L =2+i(2—ij=3,268
4 ks 6\ 10,
I'y 80 ticu cu phai: &';= /\'3=2+£ 2—.—[— :2+g(2——j=4,25
v A, k' 41
4 4
A,=“+ﬁ 2- ! 2+—4- —hl = 2,442,
S A k's 10 4,25

Xac dinly momen g & hai hén nhip ¢6 1di ir ong va ve bi é’ (70 mamen. uon

chodimg trieome hop 161 trong

Truong hop ddm chi chju fuc ap trung P;= 20 kN dal & dau thia,

)

FUe nay 1 cicac momen i ke duyce xdc dinh tir momen 26i tra
M= - 02 ==40 kNm theo ¢ie ty s ticu cu phdl

M. = =40 kNn: o .

V=M, k' =—(=40) /2,442=16,3 KNm'

Ma=—Mh'2==16,3/4,25=—3 85 KNmz+:

11¢——M K y=~(=3.85)/2=1,92 kNm.
Fir cae grcui momen tya nay 1 ve duoce bidu do nmmw udn do IUL P, gay
ra nhu (rén hinh,3.65¢,

Trudmg hop ddm chiu i (rong phan b déu ¢ = 20 kN/m dil trén nhip 1.

Sirdung cic cong thire (5.69) ta co:

My=10: M,=—M
. Ak 1
ong der 1, =210 Ii=1; J=76m: h=8m;  a;=hj=4m;

T K= 24420 wi= g2 = 208312 = 256003 kNm2.

0.21 2560 4 .
Do do; M, =- _’{_, A 137 kNm.
16817 3 2442

Sau Kkhi dd xace dinh dwoe cie momen & hai hén nhip ¢o i rong ta im
cde momen fu Khae theo 1y s6 ticu cu da bidt:

Mr==M/k'>= 151 /4.25 = 30,8 kNm:

My=-Ms/k's=~30.8/2 = —15,4 kKNm.

Tircae gid i momen tua nay ta ve duge bidu dd mdomen udn do riéng 1ai

- trong ¢ = 20-KN/m dit trong nhip / gay ra nhu {rén hinh 5.65d.
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:f\ anO'ng hop dam chiu téi trong P2 = /00 kNm dat trén nhip 3.

Sir dung cac cong thace (5.68) ta'tim dugc mdomen lua & hai bén nhip ¢o lau

rong: ;
6.21.400 « 3,33.2-2,67 = — 482 KNm:
6.6.21 320821

6.21.400 y 2,67.3,268 - 3,33 - 650 kNm. |
_ 6.0.21 3.268.2-1
Sau khi tim dugc cic mdmen tra ¢ hai bén nhip ¢6 141 rong ta im céac
moinen tya con lai theo cac (¥ sG tiéu cu da biét:

M| =~M>/s= 48,2 /10 = 4,82 kKNm:

Mo=-M;/k; = —4,82/ 0= 0 kKNm.

M, =-

3=~

Tir cac.tgi $6 momen tua tim duoc ta vé bidu dd momen udn do riéng thi
trong P2"= 100 kN-gdy ra (hinh 5.65¢).
Biu dd momen udn-téng cong la dng cia ba biu dd momen udn ve rén cac
‘hinh 5.65¢, d, e tim duoc nhu trén hinh 5.651.

5.10. Cach tinh dam lién tuc dat trén cac goi tua dan hoi
Trong thuc t€ 1a ¢o thé gap cic dam lién tuc dar trén cac cot ¢6 chiéu ddl hitu han,
dat (rén cic he ‘dan hdi khac hodc dat tién cac ¢8i phao v.v... Dudi ta¢ dum clha
i trong, cac g6i nity ¢o thé chuyén vi dan hdi theo phuong vuong goc véi truc
ddm. "Ta goi nhomg dam nay 1a ddm lién.tuc ddi trén cac goi tua dan hoi. < +
So do tinh ciia didm nhu trén hmh 5.66a. Gia sir he chi-chiu thi uong (vdi cac
nLuyLn nhan khac cich giai quyét cling tuong ().

Goi k; 1a he s0 dan hdi cia gdi wra ther i. V& y nghia, &; la chuyén vi cia gdi tua
thit § khi gdi chiu luc doc bdng don vi. Vi du, hé $8 dan hdi clia cOt thari ¢o tiél
dien A;, chilu cao d; & bang k; = [.d;/ EA:. :

Nhu vily, néu phan luc tai géi tua thit i [a Rythi gitra R va chuyén vi y; clia g8i ¢o
su lién hé: ]
. yi;k[R,'. ] . (571)

‘Ta bidu thj cac i tya dan hdi bing -cac 1ién k&1 10 xo va dic trung bang:hé 0 k;.

D¢ tinh dam ra van dung phuong phap luc, chon hé co ban nhu trén hinh 5.66b,
an sG Ia momen udn tai 8t dién trén cac goi tua trung gian. VGi hé co ban da
chon ta nhan thdy momen M; chi gy ra chuyén vi trong pham vi cac nhip (i-1), i,
(i+1) va (i+2) nhr dudng dit nét trén hinh 5.66e. Nhu viy momen M, chi gay ra
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fh‘uyén vi tuong tmg voi Ciu, An s8 Mi—s, Mi_), My Mi;y va M. nghia la chi tén
Aai cdc he 88 Gi-2)i = 5:(1 2y Beni= Suiz1)i iy Ouini = Oigivl) s Oied)i = Oiiv2) s
:(,()n cac he s8 phu khac déu bang khong. Phuong trmh chinh tac vi€l cho g61 fua

(rung gian thir 7 co dang:

(),(,_7)M“_1,+(),(, /)M(, ])+O,,M +(),(,+])M(,+])+0,(,+7)M“+7)+A p= 0. (572)

Phuong trinh nay chia nani momen tua chua biél tai nam gox_ ké 1i€p nhau hénvg(.)i

A phueong trinh ndm momen.

T
L
Vit iy :

Lipi
a,) 2(1M‘11

J. d; |. by I,aiﬂl bi,”]{
1 1 + 1

Hinh 5.66 .

Ung vai mdi g6i lua trung gian cla dam ta 1ap dupc mot phuong trinh nam
momen. Do do, voi ddm ¢ 1 p0i tua trung gian 1a se lap dugce hé n phuong trinh

nam momen d d& xédc dinh #2 dn $0 mdmen tua. )
Bay pitrta xac dinh cdc he $6 vi s hang tu do clia phuong trinh nam momen. Khi -
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tim cac he s0 nay, ngoai anh huémg ciia bién dang udn ta ¢on phaj cha y dén anh

hudng ctia bign _dang.doc truc trong cac goi tua dan hdi (bé qua bi€n dang truot).
Theo cong thic x4c dinh chuyén vitaco: ..
d .
= M N M J+ Y NN, 2K
Z N Es
trong do:
(M;), (M;) - cac bidu dd'momen udn do M; =J vé‘M =] gﬁy ra trong he co bén

Nii» Ny = lue doc (phin lyc) trong g01 twa thtr k do M;=1va M =/ gay ra trong

hé co ban
Déu tdng duoc thuc hién cho tit ¢i cac g(‘)’i tua dan h6i

DE lam vi du, ta xac dinh cac he $8 Gii-2): i1y va 8. Céc bleu dd momen uén
don vi va céc luc doc (phan lyc) trong cac goi tua dan hoi do cac M;_>=1; M;_;=1
vaM=1 gay ra tl(mg he co ban duoc xac dinh nhuv trén hinh 5.66¢, d, e. Ta co:

§i([—2) = 0+(— ij( L d’ S S .*] X_di—l'\;; ki—] { o
. l[ l -] EA, ] lili—l EA._I", v lili:I L, l )
Oy =—t——d) = T AP, 1.
i(i-1) 6E1[ . li (li_jb l,) [,- l'. + ll,‘_” s

. l; by o ki 1ot Y ok
O =—t—t L Jicd gt 2 2| K
JEl SELyy G by ) 2

‘ Cac he SO Jyiv1) V2 Siis2) duqcb xdc dinh tuong ur.
S& hang ty do dwoc x4c dinh theo cong thirc sau:
dp = ([W::)(M}U’)."'ZﬁkiNl?Pi :
% EA,
trong do: .
(M}) ~ biéu dd momen uon do tai trong gay ra trong hé co bﬁn (hmh 5.661),
Ngp = e doe (phan luc) tai g6i tya th k do tai trong giy ra trong h¢ co ban.
Ky hiéu dai luong nay 1a Ry (hmh 5.66f).
Sau khi thuc _hjen cac phép tinh, ta dugc:

N\
4, = Li% +M’-+£R- Y I T
l.E], - lz+]Elz+] ll'x ) li lz+l 'li+1 w

C(lL dai lvong @, a, b vin co y nghia tupng tLr nhu da [I‘lIlh bay trong muc 5.9.

Sau khi thay cac he s6 vi s6 hang tr do vao phuong trinh (5 72) ta s& duoc
per(mg trinh ndm momen dudi dang khai trién.
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Trong trudmg hop dac bigt khi dam <6 dg cung El=const, chiéu daz cha cdce nhip
déu nhau va cdac g6i dan hdi co hé s6 dan héi k nhue nhau; phuong (rinh nam

- momen cO dang don gian nhur sau:
aMi—s + (1-40) Mi—j + (4+60) Mi+ (1-4a) Mis 1+ aMis+

6 . : : ;
+I—_;(60i ai+ @is1bir) + al (Ric) =2Ri + Ri-y) = 0. (5.73y
trong d0 a la dai lvong khong thl’r.nguyén
6EI, IR
=Tz k6

Sau khi giai h¢ phuong trinh nam moémen dé xac dinh céac m‘c‘)men'tua M;ta ve
dugc céc bidu dd momen udn, biéu dé hec cdt va xac dinh phan Tuc trong cac goi
tua theo cach thire da trinh bay trong muc 5.9. ‘ :

5.11. Cach tinh hé siéu tinh chiu tai trong di dong - |
Nhu da biét tir chuong 3, nhiém vu ciia bai toan tinh hé chiu tai trong di dong bao
20m: xac dinh vj tri bat loi clia doan t& trong trén cong trinh va xéac dinh gid tri
dé unh clia dai luong nghién ctu §. D& thuc hién nhigm vy nay ta da xay dung
khai niem vé dudmg anh hudng, tiép d6 van dung dudmg anh hudmg dé xac dinh vi
tri bat loi clia doan tai trong va xac dinh gia tri dé tinh cha dai luo-ng nghién ctu §
nhu da trinh bay trong 3.7; 3.8: 3.9. Ly thuyét trinh bay trong cic muc d6 12 tdng
quat, ap dung cho cac d.a.h. trong he tinh dinh cong nhv trong hé siéu tinh nén &
day chi ¢dn trinh bay vé cach ve d.a.h. trong hé siéu tinh ma khong c¢in ban 1hem
vé cach van dung d.a.h. dé thuc hién hai nhigm vu noi trén.

Nguyén tdc tinh h¢ siéu tinh chiu tii trong di dong cong tuong tu nhu nguyén tic -
tinh hé siéu tinh chju (ai trong bat dong. Nhu da biét, mudn xac dmh mot dai
luyng nao do6 trong hé siéu tinh thi trudc tién phai tim ¢4c 4n s8 X;.. Do do, mudn
ve d.a.h. clia mOt dai lugng bét ky trong he siéu tinh thi trude tién ta ctng phai ve
dugc d.ah. ciia cac 4n s8 Xy Nhimg d.a.h. Xi goi 1a "duong dnh huong co ban".
Sau do ve cac d.a.h. cha nhimg dai luong khac theo cac d.a.h. co ban.

A. Duimg dnh huéng co ban

Dudng anh hudng cu ban X duge xdc dinh tir hé phuong trinh chinh tic (5.3)
nhung khi ve d.a.h. ta chi cho mdt luc P = / duy nhdt di dong trén hé-nén 6
hang tur do Acp biéu thi chuyén vi theo phuong X, do (i trong gdy r4 trong:hé co
bin trd thanh Sp vi nguyén nhan gy ra chuyén vi nay bing don vi.

Do do, hé phuong trinh chinh tic khi ve d.ah. co dang:

6- CHKC12- ] ' - ‘ 81




1=

S Xi+ o1 X+ o Ot X & Sy primi O34,

: S X1+ 8 X'+ Uk G X+ Bp= 05

oo ST R N G RA)
n] Xr +»§u2 Xo +. +’5mi'Xn’+ 5,1_1: =0. :

trong do:

Skm — chuyén vi tuong ung v01 vi tn vh phuong XA do X,,, 1 gay ra trong’ hé co
ban, ching khong phu thudc tai- trong nén la nhtrng hang $6 va dugc xac
dinh theo (5.4), (5.5), hoic (5:6); =

" O ~ chuyén vi luong mg véi vi tri va phuong Xk do tai. trong P=1 gy ra trong

_ hé co ban, Vi tai trong P=/:di dong nén dp Ja. nhfrng ham cba oa do

- chay 7 bleu Im v11u cua luc P= I va duoc xac dinh theo (5.9) hay (5. 10)..

Theo dinh 1y tuong h6 cita cac chuyén vi don vi ta ¢6 dip = 8p © do d6 ham Sip

cing chinh Ia phuong tnnh [dudgng dan hdi (chuyén vi tuong mg voi vi tri va
phuong ciia lyc. P, nhung P g dong nén nhtrng chuyen Vi nhy fao thanh dub'ng
| démhol)dolchk#I gﬁyratronghécobﬁn SRRITSRTTRE R

Sau khi giai he (5 75) ta Um duoc Lac an Xk dum dang hhm (,ua blen 58 z. Bo 1

phuo’ng 1r1nh cla ca ,d ah co. ban, Cho z bién tlnen
dién quy luat blén thlen cua cac 4 an 6 Xx theo v1 tri cua'l'
cac d.ah X S

se ve_duoc do thi bléu
- —1, tu'c 1a Ve dll’O(.

C6 nhiéu phuong phap gidi he (5 75), & day ‘chi gidi - ‘thiéu phuong phap he 56
ank huong. Cach pii- ‘nay khong phu thudc i frong hén mac dukhi v& d.a.h. ta
pﬂm thay d6i vi tri tai trong P nhilu lan nhung vin: kh@ng can phai 13p lai cac
pheép tinh cac he s6 anh hudng. Ap dung phucm

2.pha he sO anh hudm
biéu thj cac én 56 X, dudi dang; ? ot

=PiSip+ Bz Sop + .+ Prp+ ﬂm Onp
X‘z\=ﬁ3,1;51p'+‘ﬁ;ozézp'+..:+ﬂ2k5kﬁ+-..::+.~ﬂz;;d,p;‘ o
...................... S (o N

Xi= ,5’:1 Sip + ,312 52P o Pudip .+ ﬂm OuP :
X’l ﬂlll é]P + ,BIL é’[’ oot ,Bnk 51\‘}’ +..0+ /3.!1;1 np ,
trong do: o ‘
Bix = hé s6 anh hucmg, xac dinh theo cong thur, sau:;
ﬂ- _ ( 1)(L+k+1) ,k
D' : , 677 :

tr ong biéu thll'L 88 mi co the lay dau ¢Ong hodc trir; .

D - dinh thirc cac he 6 trong h¢ phuong trinh (5.75):

817 612 -+ On - O

, 521 522 62,' e 5271
D=
ka 5k2 Sk - Okn
5,“ ,5nn

Dix— dmh thut suy ra dmh thuc D bang (,ach loal bf’) hang thir i cot thir k
(hodc hang thi k c@b thu n.

B. Dwiong dnh hu"(mg phdn lyc, . mn luc va chuyen Vi

Sau khj tim dum cic d.ah. co bﬁn ap dung nguyén 1y:cong tac dung ta co thé
ve d.wh. clia dai lrgng S (phan luc n01 lue hay chuyen vi) theo bieu thire sau:

P.ahS=3,(dahX,)+Sy(dahX,)+.. .+S,(dahX,)+ dahs®, (578)

trong do: / Ce

S,.5,....,5, = giati cha dai luong cin ve d.ah. do riéng tung luc Xy, Xo,o0y X
bang don vi gy ra trong h¢ co ban, ching 12_1 nhtm_g dai luong c6 gia tri
xdac dinh; .

dahX, dahXs.., d.a.hX, - cic VduO'llg 4nh hudémg co ban;

d.a.h.§°— dudng anh huong cua dd.l lu(mg S trong h¢ co ban.

Khi v& nhang duong anh huomg nay ta nén thiét 1ap bang tinh (xem vi dy).

Vidu 5.22. Cho khung siéu tinh nhur trén hmh 5.67a. Yéu ciu:

e V& cac duong anh hudng co ban. a) ; ,
; L L
* Ve dudng 4nh hudng momen udn _ 1 1 1
va luc cdt tai tiét dién & chinh § 11k ; ‘
gitra he va fai tiét dién k. " ’A,A ~|
e Ve dudng dnh hudng cha thanh ‘ b EI= const
phén phin luc thing dimg tai g6i ,,k, X, X
rua A. ' ‘ b) X 4—?(—»)(1 I
1) Ve cac duomg danh huomg co ban ' 7£ X3 )(3 #
He ¢o bac siéu tinh bing ba. ,éy
Chon hé co ban nhu trén hinh . ,,é,
5.67b. Hinh 5 &7




He phuong trinh chinh tic ¢6 darig: "
O11X1+ 815Xz + 815 X3+ S1p= 0
Q21 X1+ 622 X5 + 533"}'('3 +85p=0;
G5 X+ 552X + gy X3 + Sap=0.

i

Vi he cu ban chon dgi xu’ng nén cac biéu dd (MI) (M'))CO tinh chét d6i xtmg
con biéu dd ( M 3)¢6 (inh chﬁt phan xu-ng Nhu da biét, k&t qua nhan b1eu dd

doi xting voi bidu dd phén xu-ng bing khong. Do do , trong- tru(mg hop nay ta
COdy3=383 =0 va 023 = 537 =

HE phuong trinh chinh tic phan thanh hai nhém doc lap: P
é]]X]+§17X7+§13X¢+65]p 0;
5’)/)( +522X7+525X3+53P 0

"n

S D33 X3+ Hp=0.

n
PEé xac dinh cac hé s¢ 6},,, ta chi cAn th'L hién (inh toan vo6i nfra he rdi nhan
doi két qua. Cac bidu dd dom vi ve trén hinh 5.68. E .

7 e ‘Xf_’_ Xf’)

e

7
—

S
— [y ! 51
G2 =(My)(My)==-| Z 105 j1. L g2 2L
22 = (M2 (M) El[z 2]31

| 4EI’
— 2001,1 1 P2
Sp2= Gy =(M, ) My)=-|Z 0L o
12= 021 = (M )(M,) E1[22 3 :I 5Bl

Thay cac ket qua vao he phuong trinh chinh ¢, sau khi bién ddi ta dugc:

lJ 12 . :

l_XI'_?XZ-FEIaIP:O’. ol
2. sl

: -——6—X1 +—-X2 +E162P —0

3
4E]
‘Tir phuong trinh thit ba ta ¢ X;=~ 3 Ozp . B (a)

DE gidi hai phurong trinh déu, ta sir dung phuong phép hé s6 anh hudmg:

X; =El(B11 61p + P12 S2p):

- Xo = El (B2 &1p + P2 82p).

binh thire cac hé s6:
13/4 —12/6 714

2ls sz 18
pumcaporn 380,
wpl? 18 9
< =)
Bi2 =B = (—1)(“2“)[—%}% :——%.
Vay | X,——;—— (10 é,p+l57p) ' ()
Xs= - 22 o ©

Dé xac dinh &p ta 1an luot cho P=1 di dong trong timg nhip.
P=1

) 15t

Hinh 5.69
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e

4+ Khi P=1 di dong trén nhip beén trai, (MP) CO dang nhu trén hmh 5 69a '

“--

I Lzfl-z) 2=z1 .

é =(M )M =——\.— . —— l'— 2["2)'

= MM == g5 T ) 2..-»12EIZ( Z)(
Lolgl-2z)l+z . 1 ,,

Sop = (Mo J(MY) = —. = Ry R (e

pEM) ’) El'2 1 3 ”6[E1»z’("l Z)

I g(l-1 l+z/ ‘
(-2 z(12 z)

Sip= (M, M - .
= (MOME) == = 3 izzEl
. Soibabny sr::m“: b
Néu ky higu u = z/1 thi |  “ AL
. . Ij . . - 117 b3
6 = — 1- 2’.‘. =‘.
1P 12E1u(‘ u)( - u) | ()
" o —_/;2_.14'(1—142)_ f (u) R A
. T GE ?
‘ ‘ lj , 5 . 13
Osp=— u(l-u’)=-
32 12E1 { =5 EIfz()
vdi i) = u(l—-u)(2-u); - fo(u) = u(] u2)

Thay nhimg s0 liu nay vao (a), (b) va (¢) ta g tim dl{O’(. phu(mv trinh cac
duomg anh’ huone ¢o ban trong nlnp bén trai:

3EH - 108 Dopo. s -
X)) = - 5 =—5% -1 : (d
) 7/{ g 1w+ /(u)} 4[5.7,(u) .(f(u)] (@)
el R o

X2 =~ - ) Uw =3 50)];
> 141—’[ 1251”(,) (EI/()} ‘.[’1(”) | ()] @)
4EI 1P o ‘ _
o TE T Sht S

Cho u bién thicn ta s& vé dugc cac du(mg anh ‘ﬁh’(ﬁrng co bim' trong nhip trai.

Trong thue hanh ngudi ta thudng chia nhip | thanh nhimg doan ) khoang, cach

bing nhau. Véi mdi diém chia (ranh gi6i glﬁa cac doan chia) ta xac dinh dugc :

mot gié tri u; tiép do xac dmh dugc mot tung 40 d.a.h. tuong Gng. N&i cic tung
dd nay voi nhau biing cac doan théng ta s dugc dufmg anh hudng cin tim. T4t
nhién cang tinh nhidu tung do d.a.h. tai-phidu diém chia khac nhau thi két qua
cang chinh xac. Trong vi du nay ta chon c¢ac.diém chia nhu trén hinh 5.70a.
K&t qua tinh tung do cac d.a.h. tuong Gng tai céc diém chia ghi‘trong bang 5.3.°

06

DR ¥ : : " Bang 5.3
N R 3 Dah’X,, |, DahXs | DahXs,
81 fi(u fo(u. Y PO /
em ; o o ) (theo d) | - (theoe) (theo f)
o 0,00 © 0,0000 ;,.‘0’0000, r—; "0 000 O 0,000' 1. 0,000
1 0,25 03281 | 02344 2570, 100 : 0,078
2 050 1 03750 i 03750 FY.7 0,1'037 Mt 0,125 -
3.1.075 02344 | . 03281 | 0,060, ., 0109
4 1,00 00000 0,0000 oooo . 0,000

Dua vao nhimg $0 heu nay ta sé ve dugc cac d.ah. co ban trong nhlp trai (hlrlh
5.70b,¢,d). - . : : Lo 3
4+ Khi P={ di J()ng s én phdn Zrdz ctia nhlp gma (MP) cé dang nhu trén hinh

5.69b.

5|~

Sip=(M, )(M}':)—'

_ a2, 2z Pl '
oo oy T S = ——z(21+37) =
Oar = (M2 )(My) =~ [2'_;.,” } GEI -(

L EL
RN L g
:—-——u(2,+31~4)=‘" fx(11) o S
GEI U GEITTT b
C T 20 2 (f2-43) _L{lf;i,lﬁ,ﬂ}:
Ssp=(M, NMN“E{? 3377 12 6EI 27
/’ i |
= Bu= 20 )=—=f,(u),
IZEIM('ZjL” u "M,)' 1251'/‘,‘ : T
trong do:  fi(u) = = u(2+3u) ; o falw) = w24 3u=212)
Thay cdc s0 liéu vao (), (b), Vﬂ (c)la d””“ < Lo
-3 3 : S
XI — ‘)El ]{)I - _l_./{(”) :——[/1(11) 5”] (g)
217 | 1261 6EIT .
3EI J/ — h)
L= - () / (1) u] (
X2 = r {1251 6El"? } [ ‘ v
41 P R T
R Sl _—-—/ (u) . _ : W
* B 1251’ ==ty

Kel qua tinh cic lun;: do ctia-d.a.h. co ban trén-nira phan bul trai ciia nhip gita
ghi trong biang 5.4. ‘
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1
-

Bang 5.4

.fg(u) f4(u) BahX, , “ , DahX2 , D-a-h.Xg,
- o (theo g) (theo h) (theo j)

0,0000 | - 0,0000 0,000" 0,000 0,000
. 06875 |. . 06563 . -0040 | 0065/ -0,219

1,7500 1,5000 -0,054 01704 - 0,500

-Dua vao nhimg s8 liéu nay ta sg ve duoc cac dudmg anh hudng co bfa:n trén nira

phan bén trai ciia nhip gifra,

3)

~

g

~
FN
(%]

'3"’.\[
aé_;,‘ o - ; ‘
000_3;,0_'-.‘ -

|
)
S O NS
< S
5 333883 S 88§
— -anm\ TSN v
| s v 3 3.k X, (Ng)
] . ¥y ¥ I ]
N 9 o |
I | S s
8 S !
S ) .
71 0 i§88 ) o |
[ AN ] S S I e |
! i
g :.’ N o AR o d‘a.h.Xz(Ms)
NBRERERS S 8N 2 8
T > D S Q3 8 I o
o TS S SSS e
| , :
U ,
[ , , ,
¢ SSR8 8 my 4
RN N aN | o | :
‘< - . : dah.x,(Q)
T ‘ah X3 (G5
oS o .
® 25 8 s s
Q\“Z ™~ D Q
™ T o S o >
. Hinh 5.70

VIAlgflunig ddi xtmg va cic cip 4n 8 c6 tinh dbi ximg hodc phin ximg nén t
khohg can cho P=] di dong trén nira phin bén phéi cia kﬁung' dé tinh %oém mZ
suy ranhu sau: cac tung do cla d.a.h, X, d.a.h.X> tai nhimg diém thudce phin
. ben phé;‘ khung va cdc tung do tai nhimg diém d6i ximg thuoc phin i)énptrai

88

khung ¢6 gia tri va ddu nhu 1mau, con ddi voi d.a.h. X3 thi hai tung do nay ¢O
“gi4 trj bing nhau nhung tréi ddu (hinh 5.70b, ¢, d). -

2) ve dm)'ng% anh huwomg noi lye va phan luc

Pudmg anh huéng momen udn va lye cit tai tiét dign & glﬁa khung chinh Ia
dah X>vadah Xs. ‘ : ,
pé ve cac d.a.h. My, Ox, R4, ta dp dung cong thic (5.78):

 PahM, =M, (d.ahX;)+My(dahX,)+M;s(d.ahXs)+dahMf;
PahQ, =0, (dahX;)+0(dahX,)+0s(dahX;)+dah0l;
DahR, =Ry (dahX;)+R,,(d.ahX,)+R,;(dahX;)+dahR.

Tir hinh 5.68 ta dé dang xac dinh duoc:

M =0; My =17 ‘.A_lk3=_l/2:.
§k1=0§ » §k2=0; §k3£1;
R, =12; Ry, =1/l Ryy=-1/2.
' Bang 5.5
Bié'm D.a.h.Xg - _(d.a.h;Xg) 172 D.E.h.Mko D,a.h.-Mk D.a,h.Xg B.a.h.OkO D.Ia.h.Qk
0 0,000 0,000 0,000 0,000 | 0,000- 0,_000 ) 0,000
-0,013.1 -0,039.1 ) 0,000 |-00521 0,078 0,000 - 0,078
2 -0,027.1 -0,063.1 0,000 -0,0901 | . 0,125 0,000 0,125
5| 00271 | 00541 | oo |-0081s| 0109 | o000 | 0709
4 0,000 0,000 0,000 0,000 0,000 0,000 0,000
[SUUURTRNS ISUUUUUU AUSSUUY R N 1000 ) .. 1,000
5] 00651 | ~07109r | -02501-0076]1 -0219 | ~ 1,000 | ! 0781
6 0170/ 0,250.1 0,500.1 0,080, 0,500 7 1,000 0,500
____________________ 0250/ | 0000 | | 0500} 0000 | ]
5 0,065.1 0,109.] 0,000 0,044 0219 0,000 0219
0,000 0,000 0,000 0,000 0,000 0,000 0,000
3 0,027.1 0,054.] 0,000 0,027 0,109 0,000 0,109
2' 0,027.1 0,063. 0,000 0,036.1 0,125 0,000 0,125
1 0,013.1 0,039.1 0,000 0,026.1 0,078 0,000 0,078
0 0,000 0,000 0,000 0,000 0,000 0,000 0,000
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o271
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¢ QD
) o IRy da.n gy
A |
Sgdygs ol !
¢) NS S S S il | 0"5/7 RY
: [ | !
I |

S
<
SESIENEN
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QNN N |
ST G § L o ¥
S8 8L EEE Guny
LYY e Yoy Q\;g\ :\ e kl
D o ol
0 B Sex 8D S
. S S N R 82;3 2 N S d'a.h-@kl’
f) N R SN AP SO © !
S 0 e A R
0 i o
: S D n w9
| J SRS
| B | S & © o
Qloa l: o . Ivt\ o o Ql
< -8 S
.S~ 'S @ | S3 S
.-9’) S S S S el S S SN
- Q
| R e
S dahR
> 4

i / ‘ .
Vay:  DalM; =d.ahX, —E(J.a».h.X_,)'JrJ.a./z.M,(.’;

DdhQ =dahX,+dahQy:

ey 7/ : :
f).a.ﬁ.RA = 2—_((].51./1.)(]»)+7(J.§z./1.X_7)—é(rd.va.ll.X_,)+d.a.h.R§ .

20

Cacdah My? ,dathU vadahRAUtronghelcu ban vé trenhth 71b, c,d

m R ’ BangSG
[pigm | (dahX)/2| (dahX)/l | -(dahXsy)/2 | PahRe . ._D,a.IJ.RA,y
0 0,000 0,000 0000 1,000 | 1,000
1 0,050 - -0,013 0039 | 0750 0,748
2 003 | 007 | -ooes | oseo. |- 0464 |
3 oo | ooz | - 008 | wozso | 01990
4 0,000 | 0,000 0000 | 0000 | 0,000
5| o0 | 0065 | . ot9 | -opsb | 009
6 -0,027 0,170 0.250: -0.200 0,207
S Tt ISR MU i SUUN EIOU L
5 0,020 0,065 0,109 0000 | . -0064 ;
4 0,000 0,000 0,000 0,000 0,000
3 0,030 0,027 0,054 0,000 0,057
2 0,053 0,027 0,063 0,000 0,088
" 0,050 -0,013 0,039 0,000 0,076
0 0000 | 0000 0,000 0,000 0,000

lmn bang 5.5 ghi.cac s0 ligu Unh tung do d a. h MA va (1 ah.Or. Tren bang 5 6
ghl cac s6 llL,U tinh tung do dah. RA ;

Tir k& qua tinh toan trén bang 5.5 va 5.6 ta vé dugc dah MA s d a h QA va
d.a.h.Ra (hinh 5.71¢, 1, 2), :

. 5.12. Biéu do bao noi Iu’c trong hé siéu tmh

Khi thiét ké k& cdu ta phai %4c dinh'tiél dign clia hé theo nhimg gia tri dai s 16m

nhdt.va b¢ nhdt ciia ndi luc. Do do cln pha1 xac dinh cac, gia tri dai sG 16m nhat
~(max) va beé nhat (mm) ctia ndi Tue tai tat ca cac tiét dién trén hc do ai trong tac

dung 1au dai cong nhu do tai trong tac dung tam thoi gay ra. N01 khac dila phal

ve biéu ﬂ() bao cug noi luc. o e

Ta s¢ nm hidu cach vé bleu dd bao ndi luc trong hé sieu Unh thong qua truong
~hop dam hcn tue.

Mudn giai quyu chinh xac bai toan ny ta ¢in phd.l Ve du*Orng anh huong cla nox
lyc tai nhidu tiét dign khic nhau, tim vi tri bét loi clia céc tai trong tam thoi vﬁ
ti€p do thuc hién theo cac quy ¢ach da trinh bay trong 3.9. Tuy nhlen can thay



M
L

rang d6i voi cac he siéu tinh, cach lam nay thuomg ddi hoi t6n nhiéu cong phu.

DE cho bai toan dugc don gidn ta c6 thé xem rai ;;rg‘ng tam’thoi tac dung trén timg
nhip ddm co vi tri ¢d dinh, c6 thé vdng mdt hodc c6 mgt déng thoi trén mot s6
nhip dé sao cho gdy-anh hwomg bdt loi' nhdt déi vei noi e 1ai 1iét dien dang xé1.

Dud6i day ta s¢ tim hiéu cach giki

quy€t thong qua trudng hop dam - 3 ' '
lien tue bSn nhip cho trén hinh T | :

5.72a. Gid s ddm chiju t3i trong
lau dai nhu wen hinh 5.72a va
chiu tai trong tam thoi. nhy trén
hinh 5.72b. Hinh 5.72c 12 biéu &
momen udn do t4i trong lau dai
£ay ra con cac hinh 5.72d,.¢, 1, g
la bi€u d& momen.uén do tai
trong tam thoi Kin lffgt'dét trong
timg nhip gy ra. .

D& im gif tri My pmax cho tiét dien Ly |
l fﬂl

k bat ky ciia dim lién tuc ta cong (R %‘

dai 0 gia tri mOomen M,* tuwong
img tai tiét dien do_do tai trong
lau dai gy.ra (tim theo biéu dd
5.72¢) voi nhimg gia tri momen
duong M;+ do tai trong tam thoi
trén timg nhip dim gay ra. Cac
tai trong gdy ra momen am tai
ti€t dien khong -giy anh huémg
bal 10i khi tim My, uax nén coi nhue '
khong cé mat. Nhwr vay ta co: . .

.Mk,max = Mk* + ZMk+-

Twong tu, d€ tm gia tri My,
ho ti€t dién k bdt ky ta cong dai
0 gia trj clia mdmen M;* do tai
rong lau dii £ay ra véi cac gia tr
ndmen am M,- do tii trong tam
hoi trén timg nhip gay ra: '

~_Hinh 5.72

i .'Mk,"min_ = Ml\* ’,+.2Mk_-

-

Nhyr vy, voi mdi tié dién &eicika-dim lien-tue ta ¢o mot gia triM:f‘.;,‘.a;- va m(.‘zl £1a
tri Mgmin. Dua vao nhimg gia u-i_,n‘ay_ta,.ve,d,m-w hai .du(mg cong 2oi la bicu do bao
momen udn trong ddm (hinh 5.72h). | |

DE ve biéu dd bap luc cdt cia dim ta cong thuc hién cac budc tinh fuong ty.

1

 CAUHOI ON TAP

5.1. Pinh nghia ﬁe siéu tinh. Thong qua cac vi du néu'céc tinh chét clia hé $iéu tinh
so voi hé tinh dinh c6 cing diéu kién lam viéc nhu nhaq. :

5.2. Néu cac cOng thirc xac dihh baé siéu tinh va cac diéu' can chi y-khi sir dung
¢Ong thirc. _ |

5.3. Trinh bay tOom tét ndi dung phwong phap huc. o :

5.4. Néu cich chon hé co ban. Thé nao 1a hé co ban hop 1y, cho vi du minh hoa.

5.5. Néu cach chon hé co ban trong trudmg hop hé siéu tinh chiu chuyén vi cuong
buc cla gbi tua.

5.6. Trinh bay cach tinh khung sigu tinh chiju t&i trong bat dong.

5.7. Trinh bay cach tinh dan siéu tinh chiu tai rong bét dong.

3.8. Trinh bay cach tinh vom siéu tinh chju tai trong bat dong.

5.9. Trinh bay cach tinh hé lién hop siéu tinh chiu t4i trong bat dong.

5.10..Trinh bay trinh tr tinh hé siéu tinh chiu sy bién thién nhigt do, su cI}é tao
chiéu dai khong chinh xé4c ciia cac thanh va chuyén vi cutmg birc ciia lién két
tl_lf’d_. : »

5.11. Néu .Céc cong thac kiém tra ddi vai cac he s va $8 hang tu df) trowng lié
phuong trinh chinh tc. Néu cach kiém tra biéu do ndi luc trong k€t qua cudi
cung.

5.12. Trinh bay cach xédc dinh chuy@n vi trong hé siéu tinh. » )

5.13. Lap béng ddi chi€u cach tinh heé siéu tinh chiu cic nguyén nhén khéc nhau
qua timg khau tinh toan, khi chon he co ban tinh dinh.

5.14. Trinh bay cac bién phﬁp nham gi'z’nﬁ nhe khdi luong tinh toan khi tinh hé siéu
tinh bac ¢ao.
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5.‘5'15. Trinh bay cach van dung cap 4n 50 d€ tinh cac he d6i ximg.
5 16. Trinh bay cach bién déi so o khi tinh cac he d6i’ ximg.

5' 17. Trinh bay céch sir dung thanh tuygt d6i cu-ng d€ bién ddi v1 tri va phuong cua
cdc 4n s6 nhim don gin hoa tinh to4n.

5;18. Trinh bay khai nigm, hiéu qua va diéu kién 4p dung tam dan hdi.

5!19. Viét va gidi thich cac dai"Juong trong phuong trinh ba momen dé’tiilh dam

lién tuc chiu ti trong bat dong, chiu sy bi€n thién nhiét do va chiu chuyen vi
cuong bic cua lién két tua

.2() Thiét 1ap cong thuc tinh cac h¢ s6 va s§ hang tu do trong phu(mg trinh ba .

momen.

5‘21 Trinh bay cach thlet lap phuong trinh nam momen dé tmh dam llen tuc trén
. 20i lu-a dan. h01 chiu taj trong bit dong. '

5 ‘22 Néu y ntha cta tung do biéu do bao noi luc va trinh bay cac bucyc thuc hién
dé ve bifu d8 bao noi luc trong dam lién tuc.

$d

ST NN .‘H e

Phu’o’ng phap chuyen vi va
cach tinh hé phang siéu dong

[

61 Kha| nlem i

Khﬁc véi phuorng phap Juc, trong phuo-ng phap chuyén vi ta dung: tip. hop cac
blén dang ¢ hai ‘diu mbi thanh lam céc dai lnong ¢in tim. Nht'mg dai lugng nay se
um duoc néu biét chuyén v1 tai cac nit cua hé. Nhu vay, theo phmmg phap nay ta
§E chon 4n Ia chuyén vi tai cac nat ¢t he. Chinh vi 1e d6 ma phuong phéap duoc
got 3 phwong phdp chuyén vi "(doi khi con” g01 1a phuong phap bi€n dang). Sau,
khi x4c dinh dugc chuyén vi tai cac nat tae 14 chuyén vi tai cac ddu thanh ta se
xéc dinh duoc ndi luc, chuyén vi tai tiét dién bit k¥ trong hé (chang han van dung
phuong phap thong s6 ban diu da quen biét trong Stc bén vat liéu). -,

A. Cdc gid thiét

Ngoai cdc gi thiét da néu trong chuong mé déu, khi tinh he thanh theo phuorng
phap chuyen vi ta thutmg chdp nhﬁn them cac gla thlet qau o

1 ). Cac nit clia he duoe xem 13 cu‘ng Do .dob, khi bién dang, cac diu thanh quy tu tai
mbi niit sé cé chuyen vi goc va chuyen vi thang nhu nhau.: ‘ o
Gi4 thiét nay cho phép ta thay thé viéc xac dinh chuyén vi va bién. dang tai-diu
cac thanh ch'lE cach xac dinh chuyén vi tai cac nit. Nhu vay, sG hr(mg an, be
gidm xudng dugc kha nhxeu :

Gia tmet nay thudng dugc ap dung khi tinh cat he khung Tréen thuc t&, khi
tinh he khurg théo phumlg phap luc ta vin thudng chdp nhan gia thiét nay.

2) Khi xét bién dang ctia cac thanh chju uén, ta b6 qua dnh thang cua b/en dang
tfrugt so vcf/ anh huéng cua bién dang uén.”
Gia thiét nay twong duong voi gia thiét bo qua anh hudmg cia blen dang truot
$0 v&i anh hudng clia bién dang uén kh1 xac dinh chuyén vi nhu da quen biét
tr ong phmmg phap luc. ‘ ,
Gla thiét nay khong <6 anh hudmg den s0 luung 4n cla phucmg phap chuyen
vi. Néu khong chip nhan gih thiét nay thi v& co ban, khdi Jugng tinh ioan
khong tang lén song khi nghign ctu trang théi bién dang vandi luc trong cac
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thanh ta cAn xét dén anh hudmg ciia cac bién dang truot (khi thiét 1ap cac so
lidu trong cac bang 6.1 vh 6. 2) '

i M&
3) Khi xét bién dang cua ‘céc thanh chiu’ uon ta bo qu.a anh ero’ng cla blen pang

dan hoi doc truc so. véi ann hdo‘ng cua blen dang uon B/en dang doc truc Vl nhlet
_khéng dugc phép b6 qua. "

Gia thiét nay trong dudng voi gi thiét bd qua anh hudng ciia bién dang dan
hoi doc truc so voi-anh hudng cia bién dang udn khi xéac dmh (,huyen v1 nhu
da quen biél trong phuong phap luc. : ‘

~'Tir gia thigt nay va gi thiét chuyén vi cia he duoc xem Ia nh() ta suy ra. két
luan sau: - :

Truoc va sau bién dang, khoang cach gu.ra ha: nit & hai dau mor thanh lheo

phuo‘ng baﬂ déu cua thanh, khéng thay déi trr mfdng hdp thanh folej blen dang

doc truc ¥i nhiét dé vé thanh c6 hai dau khdp vor db cung EA khac vé.cung.
Phin 4nh hudng ciia bién dang doc truc trong cic Két cdu dﬁm hosic khung
thuong nhd so v6i phan anh hudng cda bién dang udn nén trong thuc t€ ngudi

ta thuomg chdp nhan gia thiét nay. Néu chdp nhan gia thiét pay. thi s6 lugng
chuyen vi thing cAn (im tai cac ndt s giam xudng kha nhléu

Cl‘mg ¢0 thé€ phit nhan gié thiét nay de Lang dd chinh xéc cia K€t qua tinh toan.

Lic nay, ndi dung phuong phap s trinh bay trong cac muc dudi day ld10ng cO.

g1 thay ddi song s6 fuong 4n sé tang 1én kha nhiéu nén thudmg pha1 thuc hién
tinh todan rén may tinh dién tir. :

B. Khdai niém vé hé xdc dinh dong va h¢ siéu dong:

H¢ xdc dinh dong
la nhimg hé khi
chiu chuyén = vi
cuong - buc ta cd
thé xdc dinh duoc
"bién dang 1ai cac
ddu cdu kién theo -
ccdc diéu kign dong
“hoc (Kinh hoc). C ' Hinh 6.1

Hé trén hinh 6.1a, trong do tai cdc nit A va B ¢6 dit lién két momen ﬁga“m can
“chuyén vi‘xoay, 1a'he xac dinh dong néu thira nhan gi thiét 3. Khi cho lién Két
“C ¢huyén-vi cudng buc theo phuong ngang 12 A thi tir cac didu kign hinh hoc ta
-de dang thiyduge cac nit A'va'B co cung chuyén vi ngang 13 4 va khong ¢0
ok

Lhuyen \11 xoay Néu thira, nhan gid thiét / thi, blen (hng g, hal déiu mm cdu kién
¢6 thé xac dinh theo chuyén vi & cac nat he. Do do, La cting co.thé phat biéu:

Hé xac dinh dong la nmmg hé khi chiu cnuyen v: cdé’ng buo ta co the xac dinh duo’c
chuyen vi ta/ cac nut theo cac dleu kién n/nh hoc .

Nguoc lai, hé siéu dbng 1a nhing hé khi chiu chuyen vi cu‘ong buc néu ta chl dung
cac d/eu kién ddng hoc (hinh hoc) khéng théi thi chua da de Xac dmh tat ca cac
chuyen vi tai cac nit hé. Lic nay, cin bo sung céc diéu k1en cﬁn bang

Hé trén hinh 6.1b la siéu dong. Khi lien két C chuyen vi ngang la 4, néu thira
nhan gia thiét 3 thi ta cing chi xac dinh dugc chuyén vi théng tai nut\A va B
theo didu kién hinh hoc con chuyén vi xoay tai A va B vin chua biét. -

Qua hai vi du trén ta nhan thdy khai niém v& h¢ xéc dinh dong va hé siéu dong
¢6 lien quan dén vigc chdp nhan céc gid thiét. That vay, néu phi nhén gia thi€t 3
thi he trén hinh 6.1a vin la siéu dong boi vi tuy da biét chuyén vi ngang tai niit
B 1a A nhung vin chua thé xac dinh chuyén vi ngang tai A néu khong ding cac
didu kién can bang. Hon nira, lic nay tai nit A va B co thé 1on tai chuyén vi

dimg chua biét.

Trong thuc (€, phén 1om c,éc hé la siéu dong Phuong phép chuyen vi duogc xay
dung d& nghién ciu cic he sieu dong. Song hé siéu dong dong thdi co thé Ia sieu
tinh hay tinh dinh. Ta chi van dung phuong phép chuyén vi:dé tinh hé sieu dong
dong thoi 1a sigu tinh. Cdn ddi‘ vdi he sieu dong ddng thoi 1a tinh dlnh thi viéc
x4c dinh ndi luc va chuyen vi da quen’ thudc sau khi nghlen clru phﬁn két cdu
tinh dmh , . ¢

C. Bdc siéu dong

T rong phuong phap hue ta da xdy dung kha1 ni¢m v& béc siéu tinh. Tuorng tu, dé
tinh bé thanh theo phuong phap c,huyen vi, ta can x4y dung khéi niém v& bac
siéu dong. .
Béac siéu dong cua hé siéu dong dzforc xac dinh bang so chuyen vi doc lap chua
biét CUa cac nof trong hé.
Néu thira nhan cic gia thiét da néu o trén thl bac siéu. dong duo(, Xac dmh theo
¢cOng thic sau:

n=nj+ny | - ' RV

* nj —s6 chuyén vi xoay doc lap chua biéi clia cac nit trong he;

n2 — 0 chuyén vi thing doc 1ap chua bi€t ciia cc nit trong hé.
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S6 chuyén vi xoay doc 1ap chira bi€t dugc xac dinh'dé dang theo s6 niit ciia he.
Vi du, v6i he tren hinh'6.2a va 6.3a, taco ny = 3. ’ -

SG chuyén Vi thing doc 1ap chwa biét ciia cac mit thudng kho thdy ngay dugc vi
chuyén vi thang ctia $ac nat trong he thucmg khong doc lap ma ¢0 lién quan voi
nhau theo gia thiét 3. ‘ S

Hinh 6.2

Pé thdy 8 didll nay, ta hay xét khung cho trén hinh 6.2a. Cac nit /, 2, 3 1an luot
bi cac thanh A—4, B-2, C-3 ngan can nén khong c6 chuyén vi theo phuong
thing dimg, ching chi c6 thé chuyén vi theo phuong ngang, Nhung khi chuyén
vi theo phuong ngang, theo gi4 thiét 3, chiéu dai clia cic thanh /-2 va 2-3
khong d6i, cho nén chuyén vi thing theo phuong ngang ‘clia ba nit 7, 2, 3 phai
bing nhau. Noi khac di, ta chi cin biét chuyén vi clia mot trong ba nut do Ia du,
nghia Ja h¢ chi co mot chuyen thang theo phuong ngang chua blet nén ny= 1.
Tuy nhién, cach 1ap luan vira trinh bay chi ¢o thd ap dung dé dimg cho nhﬁng hé
don gian. Cin ¢6 mot cach, tim thuc hanh tdng quat de xac dinb s chuyén vi
thang doc 1ap chua biét n.

“N&u chdp nhan gia thiét 3, ta ¢6 thé xac dinh n; theo cach sau: Tuong tuong thay
cdc nit va cde lién két ngam ciua hé bang cdc khop se dwpc mpt hé¢ moi, noi
chung la bién hinh. Thém vao he moi do cdc lign két logi mot (lién két thanh)
vira di dé sao cho hé tror thanh bét bién hinh. SO lién két cdn thém vao. dé chmh
la s6 nz cdn tir.

That vay, néu chJ nham muyc dich Um s6 luong chuyen vi thang chua bidt cia
c4c nat thi so d6 he da thay khop cho ta hinh dung dugc ro rang nhimg chuyén
"vi thing cha he dong thoi thda man gia thi€t 3 khi khéo sat su ¢du tao hinh hoc
clia he. Khi thém céc lién két loai mot vira da G€ cho hé bét bién hinh tic la
ngan can céc chuyen vi thing co thé xay ra tai Lac nat hé, do do s6 lien kél
thanh phai them vao hé da thay khop chinh la s6 chuyén vi thing doc lap con
chua biét ciia hé cho ban dau. Vi dy, v6i hé trén hinh 6.3a, sau khi dat khop vao
¢dc ndl va ngam ta duge he moi nhu trén hinh 6.3b, dé cho hé nay tr& thanh bét
bién hinh cin dat thém mot lien két thanh nhu trén hinh 6.3c, nhu vay 7z = 1.

9%

&)

Hinh 6.3

Néu phi nhan gid tmet 3 thi n; khong d&i con ny ST tang 1én. Fhat vy, khi xét -
dén anh hudng cia blen dang doc tryc thi Lhuyul vi thang tai cac nut s& d(”)(, lap
vGi nhau, tai m&i nuat va khép noi chung tdn tai hai chuyén vi thing chu'a bitt.
Do d6 n> dupe xde dinh bling hai ldn s6 niit va khop. trix cho sd chuyén vi thdng

j Ad biét (khi tai do co:dat lien k&l ngan can chuyén vi thing). Vi du v6i he trén
hinh 6.3a, ta co np = 2.4—1=7. ’

Ta thdy, trong phumlg phap luc, khai nigm vé bic siéu tinh 14 khong ddi. Trong
phtfo’ng phap Chuyen vi, khai niém vé bac siéu dong co tmh chat quy. uec, co thé
thay déiva phu thude Va0 ba yeu o} sau:

s Phu thuéce cac gid thiét chap nhdn (nhu da trinh bay & trén).
% Phu thudc so dd tinh roi rac héa chap nhan.

Ching han. khi tinh'hg c¢ thanh cong, ta thay thdnh cong bang thanh gay
Klic, bac sieu dong phu thudc s dinh clia 1hfmh gay khic thay the.

% Phu thudc cac phan 1 méu ma nguor thiét ké da c6 sén.

Khi tinh toan hé thanh theo phuong
phap chuyén vi ta;cin van dung cac
phin tlr mau da dugc nghlen clu trade.
Phin tr miu don glan nhit 12 thanh
thng c6 tiét dien khong ddi. Trong mot
sG tai ligu ngudi ta con cung cdp cac
phan tir méu'phl}c tap hon nhu: thanh
gay khuc hinh tam giac, thanh - cong, E

thanh ¢o €t dign lhdy déi... “Hinh 6.4 ‘
Né&u van dung cac phan tir mu phic tap nay thi bac siéu dong clar hé 's& glém
xudng. Vi he wén hinh 6.4, néu chi dung cic phin tir mau dudi dang thanh
‘théing ¢6 tiét dién khong. a8 thi hé ¢o sau phén 1, nam nat, do do n = 5+4= 9.
Néu dung phin 1o dudi dang thanh gay khtic (CDE) va thanh ¢ tiét dién thay
ddi (ABC va EFG) thi h¢ ¢ ba phén tir,-hai nit C va E véi hai chiryén vi
ngang doc 1ap tai C va £, do don=2+2=4.
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6 2. Cach tinh hé S|eu dong ch|u ta| trong bat dong

A. Npi dung phu(mg phap chuyen vi

Tuo‘ng wy nhu phuong, phap ‘lu'(, co thé tom tal n0i dung phuong phap chuyén vi
nhw sau; de tlnh hé siéu dong ta khong tinh truc t/ep trén hé dé ma terc h/en tinh
todn trén hé c‘cf ban dong thoi bé sung céc diéy kién dam bdo cho hé co ban lam

viéc g/ong nhu hé thue.
Dudi day ta“se lﬁn luo’[ tnen khai cu thé ndi dung da néu ciia phuong phap.
B He co bdn cua phmmg phap chuyén vi
Hé co'ban cia phifong phap chuyen vi 14 hé suy ra ttr hé siéu déng dé cho béng
cdch 'dat thém vao hé nhimg lién Két phu nhdm ngan can chuyen w xoay va (:huyen
v/ thang cla cac nﬂt trong hé.
Nhimng liEn’ket ‘phit dit thém vao hé gém hai loai:
" 4 Lién két momen: dat vao cic nit-co 2 ,
chuyén vi xoay, c6 tac dung lam cho )
ndt khong thé xoay duge nhung vin ¢ o
thé chuyén vi thing (khac véi lién ket :
ngam Vi Ilen két ngam con ngan can ca

i b o .
dluyen vi thang) Quy udc ve lién két )
momen nhu trén hinh 6.5a. Trong lién ' ‘
kér moémen chi phat sinh phan luc
moémen (phin lue dudi dang momen): - © Hinh 6.5
+ Lién két lyc:.ddt vao cac nat co chuyén vi thang dugc chon lhm 4n 56, O tac

dyng lam cho nat khong chuyén vi thang duoc Lién két. luc duoc biéu dién
" béng lien két thanh. Trén hinh 6.5b. 1a lien ket luc ngén can chuyén vi 1h:mg

theo phu(mg ngang clia nit. Trong ltén két luc chi phat ;mh phan Iut lee

(phan lyc dudi dang luc) doc theo tru(_ cua lién ket

- Vi he trén hinh 6.6a, sau km thém cac lién két phu ngan can 1oan bo u]uym vi
clia cac nut, ta duge hg co ban nhu trén hinh 6.6b.
He co ban ¢o thé 1a xac dinh dong hoac siéu dong. ’Néu sO lién két dat them vao
he bing s bac siéu dong (ttc 12 v6i s8 lién két do thi ¢6 thé ngdn cn toan bd
chuyén vi tai cac nit) thi he co ban 13 x4c dinh-dong. Neéu s6 lien két dit them
vao hé it hon s6 bic siéu dong (tic 1a véi s0 lien két d6 thi chira ngan cén duyc
toan bo chuyén vi tai c4c nit) thi he co 'ban la siéu dong véi b:&c.thip'hun.
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Diéu quan trong khi Igp hé co ban la trong hé co ban chi 1dn 1ai nhimg phdn it
mdu da dugc nghién ctu trudc. Néu ding hé co ban xac dmh déng thi yeu cau
nay ludn thda man.

Khac vdi hé co ban ctia phwong phap luc, hé co ban tr. ong phﬁ()’ng phap chuyén
Vi la duy nhdr néu cac yéu (6 co anh hudmg dén bac siéu d()ng néu & 1ren da
duoc xac dinh. -

C. H¢ phuong trinh chinh tdc cia phuwong phap chuyé’n vi

Tuong tu nhu trong phuong phap luc, hé phuong trinh chinh tdc trong phieong

.. phdp chuyén vi la diéu kién b6 sung nhdm dam béo cho hé co ban lam viéc

gidng hé thue. Do do, gé xay dung h¢ phuong trinh chinh tic ta (,a'l SO sanh su
khic nhau vé lndl chuyén vi va phan lyc gifra he ¢o ban va he thuc.

(Jlé st X€t h¢ sidu dong nhu trén hinh 6.6a va hé co béan twong tmg nhw trén hinh
6.6b ta thay:

** Trong h¢ siéu dong cho ban dau, chuyén vi tai cac nit (chuyen vi Xoay va
chuyén vj thing theo phuong ngang tai cac mit B, C, D) n6i chung ton tai. Vi
khong co céc lién két dat them Va0 miit nén khdng cé phan lyc ngan can nhung
chuyén vj nay. :

% Trong hé co ban (,huyen vi tai cac nit néu & trén khong ¢ vi tai do tdn tai
céc lien két ngin can. Trong cac lien ket n6i chung tn tai ca(, thanh phan
phan luc tuong tmg.

‘Dé dam bao cho he co ban 1am vige gifng héthyc, ta cin tao ra trong hé co ban

‘nhtmg chuyén vi cuomg birc twong tmg tai cc lien k&t dat them vao he. N&u he
¢o ban Ja x4c dinh dong, 1an Tuot ky hiéu cac chuyén vi la Z,, Z,,..., Z,..., Zp,
V61 Z la chuyén vi cuong bic tai lien két thir k dit them vao he. Cac chuyén vj
nay chua biét va gitr vai trd 12 dn 56 cia phuong phap chuyén vi. Tt nhien, cac
chuyén vi Z; cin phéi c6 gia tri d€ sao.cho phan luc tai cac lien két dat them vao

_he do chung géy ra va do thi trong gdy ra phai bing khong.
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Nhir vy, ta coO n didu kién dé xac dinh n chuyén vi Zg cin tim nhu sau:

L Ryzp25.0280 z,,,P)= 0 voi k=12. (6.2)

I'heo nguyen ly cong tac dung ta co the vigt:

Rz, 23 ZpZyP) = sz +Rigy + ot Kigy ot Rig +Rypo
lrong do:
Rz, — phan luc tai lién Kkét thir & trond h¢ co ban, do (,huyen vi cudng bic tai

lien két thir i gay ra;
Rip— ph'm luc tai lién kétthir k do tai-trong gay ra trong he i:q ban.

NEu 201 rii 12 phan luc ta1 Yien ket thtt k do chuyén vi cuong bac Zi=L tai lién
két thir i gay ra tlong hé co ban ta co: o -

I sz -mZ,

w

Nhu vy, didu klen (6 2) sé LO dang

rk1Z1 w rk2Za ok TRk Lk ot Vi‘ann + RkP= 0 e
v0'>1, k=1 2,. ‘

Do la hg phuong trmh chmh tdc cua phu(mg phap chuyen VI

T10ng hé phurong umh chlqh tac rkk 111 he s& chinh; rk, 1%1 he aé“ phu cbn Rkp la
30 hang ur do. PE. thong nhdt, ta quy uoc chiéu dlwng cia cdc phan luc nay
cirg chidu voi chidi duong élia cde chuyén vi cu(mg buc Theo dinh 1y tuong hd

clia cac phin lue don vi, ta co
) ) rki= ik -

D. Cach xdc dmh nm luc trong he o ban xac dmh dong

Ppé chuin bi cho v1éc Xac dlnh cac h¢ s0, s8 hang, tu do cta hé phuong trmh
chinh tac va xac dinh ndi Juc trong he siéu dpng sau ry, ta cin biét cach ve cac
bidu dd noi 1uc uong he (,or ban xac. dmh dong chiu tac dung (,ua cac nguyen

nhan khac nhau.

1. Bibu db ndi lyc do tai trong gay ra trong hé cd ban
Nhu da bié, trong hé co ban xac dinh dong ¢hi bao gom nhimg phan tir don
gian, tic 1a nhimg thanh thang ¢o tiét dign khong déi, lien ket & hai dau co the
1a ngam, khop hodc ngam truot, Do do, tai trong 1ac, dumz trén he co ban chi

gay anh hudmg cuc bd trong timg phan tir. Boi vay, de ve biéu do6 1101 luc Sp

. trén toan he co ban ta chi ¢An vé riéng 1e trén ting phan tir don gian cya he.
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pé lhu_ar_l tién cho viéc tinh toan, ngudi ta da sir dung phuong phap luc xac
dmh s&n nodi luc trong nhimg phin tir don giin twong tmg v6i cac dang thi .
trong khac nhau thudmg gép trong thuc t€.;Néu bd qua anh hudmg cia bién
dang truot thi ket qué thu duoc nhu tro’ng bang 6.1.

Vi hé cor bin ciia he siéu dong cho trén hinh 6.6a, tai trong chi gay anh hudmg
cuc bo trong pham vi thanh BC. Sir dung cic s6 ligu cho trong bang 6.1 ta ve
dugc bleu dd momen udn do ta trong gayra uen he co ban nhu tren hinh 6. 7a.

Rep=Fi
[;p____—T L
lsy =0
3 .
+EI
B me
£ - JEI
g -2,53
=—FI +1EI+
g
Hinh 6.7 Hinh 6.8

2. Bieu db néi luc do chuyén vi cudng bifc bang don vi gay ra trong hé co ban
Cang tuong ty nhu trén, d8 phuc vu cho vigc tinh toan, ngudi ta dung phuong
phéap luc hodc phuong phap thong s ban dau xac dinh sdn noi lye trong nh(mg
phan tir dom gian chiu tac dung cia cic chuyén vi cuomg buc bing don vi. Néu
bo qua bién dang trugt thi két qué thu dugc nhu trong bang 6.2. '

rén hinh 6.7b va c la cac bleu dé momen udn lan luopt do cac chuyén vi
cuong buc Z; va Zs bing don vi gy ra trong h¢ co bén.
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" Bang 6.1
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N I L
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B
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2. 2

2 2wy M, + M, ]
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I / 1 T

‘x(3/,_1—1) x(34-1) - xcosa % COSQL
a,EI ) N

(2 mh) 0 -

| g+ hé 56 dén n dai vi nhiét |

s

Bang 6.1 (tiép)

i So dé M, My Q Q
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i | 5
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’ (\ P 21% 0 T .2 2l
M, x L \ x (2I-a) © X '3—b— cosa é
o __l _l_,._ l ] 2 X 3—; cosa
q, M
\ 5 2] :
. Sﬂ % . b WN\g M| s M 2,2
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Bang 6.2

Bang 6.1 (tiép)

. » 7 N ‘i: . ’_T—T—r S d"‘ Vs e . . B . .
So do Mo M Q Qs : 0'd6 va biéu d6 momen uén M M vy
: , ‘, : b=y
qQ, M : i — ¢ \\M, : " :
o 1 o
(=5 = E\\0 |
M =2 M, Mb Ma * 4E y
o 1 ‘ 1 = padanl 0 { ﬂcosa ! "Z—E/COSQ _220052
[m]]:m:! M . ! / 1 7z o |
i g =const
(aoaj:ﬂ:D:ED:D |
)| :
A — Z--:"z% Mg L ql 0 ) o
< gl 3 6E! 2 6E1 2 128 3
~.TI3% ] -I—_CQS a 17005 o 7005301
‘ . _B&} ky ’ ‘ . o : ' < : =
. ¢ , o | . : = I ’ :
o 0 0 0, 0 e : M, =1 E e ’ : S
. apm H1/ WOp R7I A +_H1 0 (-] Z= L :
e —ED| e i | 1o F==—"=" e ~
o f— —t M : . _ : & : T.Cosal : 0 3 s
v A | 2
. - f
Q, ‘ . .
22 h FI . {
14 ty s !
(1 ot —EF) CHE ) 0 :
15| M, L l: L M1 h .
; - hé s6 dan né daivinhiét| ' 4 L8 2 '
OO . (e s ™ ~Zcsfa | 0 s
: 2 KR
(#0 )
16| @ AR K&t qua giéng nhu tsdng hop d4u phai bi ngam ciing
(\ 7, \‘011 fuong Ung vdi timg nguyén nhan . e i |
", _ ’ 5 2] £
/ . 0
Chi thich: ‘ IHHIHHIHHI
1. wy - diéntich biéu d6 mémen udh do t4i trong gay ra trong dam don glan 6 hai dau khop va duge tinh theo .
o ' Chd thich:

chiéu dai nhip /. ) i
2. Ava p- cacty sb khoang cach 1 frong tam clia dién tich wy dén dau trai va dau phai so vdi chiéu dai nhip. 1. Trong truéng hap 1 va 2, néu ngam bén phai la ngam truot dudi dang hai thanh hi kh
song song nhung khang song

) R i R1 o ot v 4 phii thanh do i trong iy raong dém don gién cé hai dau khép. . song véitruc thanh nhur truéng hop 5, két qua tinh mémen uénva yc cét khong thay dai.
4, Trudng hop tai trong lhang ddng phan bé theo chidu dai xién clia truc tharh, EY cac s6 fidu céan duge chia 2. Trong tuiéng hp 3 v2 4, néu gbi ta bén phsi King thaﬂg dUnQ ma nghiéng mdl goc b3 ke‘ qua - |
) moémen uén va luc cat khdng thay dai.
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E. Cich xdc dinh cac hé s0 va 56 hang tw do cia he phmmg trinh
chinh tdc : o L

V& y nghia, c.ac he s6 ki va s6 hang tr do Rip chinh 12 phan lyc tai lién két thir &
12n hrot do chuyén vi cudng bic Z; = 1 va do 't trong gay ra trong hé co bén.
Do d6, tuy ¢6 nhiéu cich xac dinh khac nhau nhung bién phap don gian nhit 12
van dung cac digu kién can bing tinh hoc. Sau khi ve dugc bidu d8 momen udn
do cac nguyén nhan Z; = / va do thi trong gay ra trong h¢ co ban ta d& dang xéc
dinh duogc phin luc trong cac lién k&l dat thém vao he i 1a xac dinh dwoc cic
hé sG va s6 hang tr do.

1. Truong hop lién két k1a I|en két mémen

4+ Pé xac dinh rk, ta tach nut ¢ dat thém hen két momen thtr k trén bidu dd
moémen udn M :do Z; = [ gay ra trén hé¢ co ban. Tir dién kién cén bang
momen clia It do ta se suy ra gia tri cha ry; cin tim.

+ Dé x4c dinh Rip ta tach it ¢6 dat them lien k& momen thir k trén bidu do
momen udn ‘M p do tai trong gay ra trong hé co ban. Tir diéu kién cin bing
momen cﬁa m’lt'd(’) ta SE suy ra gid tri cin tim cia Rgp.

2. Truang hop lién két k13 lién két luc

4+ Dé xac dinh ry; ta thuc hién mat cit qua lién két & trén bleu do momen udén
M ; doriéng Z; = ] géy ra trong hé ¢o ban nhim tach ra khdi he mot bo phéin
bat ky sao cho dé& dang tim dugc gia tri g tir didu kién can bang hinh chidu.

4+ D& x4c dinh Ryp ta thyuc hién mét ¢t qua lien két k trén bléu'"dé"mc‘)men' uén
M3 do tai trong gay ra trén hé co ban nhiim tach ra khoi -hé mot bo phan nao
do dé k.hclO sat ¢an bing.

Trén hinh 6 8 12n luot trinh bay cach xac dmh R,p, rin ras, Rap, s r5s
Khi xac dinh cn chi ¢ '
< Chidu dmmg ciia cac chuyén vi va phan lye tuong tmg cﬁn chon th()ng nhit.

+» Céc'hg s0 chinh ludn ludn duong, con céc he s()’ phu re = r,k 6 thé mang diu
bat k¥ hodc bing khong. '

*» Khi lién két k [a lien két momen, ta chi cAn xé4c dinh cAc mdmen udn qﬁanh
niit k 1a dit d€ viét diéu kién can bing momen. Khi lién két & ]2 lién két Iy,

ta chi cin xac dinh c4c lyc ¢§t hoac hye doc vira da dé tham gia phmmg trinh
can bang hinh chiéu. .

< no

’ F..Cach xac dinh noi luc trong hé siéu dong

"Sau khi thiét 1ap va giai he phuong trinh chinh tic, ta xac dinh dirge cac chuyén
vi Zj. DO 12 nhimg gia tri clia chuyén vi cén tim nhim dam bio cho hé co ban

- lam viéc gidng he thuc. Nhu vay, ndi lyc trong he siéu:dong cho ban diu chinh

1a ndi luc trong hé co ban do tai trong va do cac chuyén vi ‘cudng bic Zj; vira tim
duoc gay ra. Ap dung nguyén 1y cong tac dung, ta cot
O (SK) = (S )+(szz.)+'l___+(szk )+...+(SZ" j;(s,‘i)’, '
trong do: o '
(Sp) - biéu dd ndi Jue do tai lrong gdy ra tlong he sieu dong,
_ (S§) - biéu d6 noi luc do tai uomD gdy ra trong h¢ co ban cach xa(, dlnh dﬁ

dugc trinh bay ¢ diém D;
(Sz,)- biéu dd noi luc do chuyén vi cuong birc Zx gy ra trong he co ban.

Néu goi ( §k ) 1a bidu dd ndi luc do tieng chuyén vi cung bic Zy=1 gy trong
h¢ co ban (cach tim biu dé nay da duoc trinh bay & diém D), ta 0.
(Sz,)=(8,)Z

Nhu vay, ta co thé xac dinh noi luc trong hé siéu dong theo biéu thirc sau:

(Sp)=(8,)Z; +(5;)Z; +...+(§k )2, +.;.+(§,,)z,,-+(5;)f 1649

Biéu thuc (6. 4) ap dung chung cho moi truong hop, gia st mudn tim momen
uon M hay do vong v, ta can thay thé ky higu § bing ky hiéu twong tng M hay y.
badi voi dam va Kkhung siéu dong, vé bidu d6 momen udn theo cach nay rat tién
lgi vi da 6 sin cac bidu dd mdmen udn dom vi trong qué trinh x4e dinh cac he
5. Sau khi ¢o bidu dd momen uon ta d& dang tim dugc cac biéu dd luc cdt va

Jyc doc nhu da thuc hién trong phuorng phap e

Sau khi tim duoc cac ndi luc, ta cin thuc hién kiém tra két qua. ‘Trong thuc
hanh, chi cAn sir dung didu kign can bing ciia cic mit va cla cac bo phan bat k¥
cila he-dé kiém tra két qua tim duoc.

G. C(’l'ch xdc dinh chuyén vi trong h¢ siéeu djng
1. Chuyén vi tai nut: néu chuyé@n vi ¢an tim la chuygn vi xoay hoac chuyén vi
thing tai cac nut thi chinh la cac chuyén vi Z; tuorng tmg da tim dirgc sau khi
gidi hé phuong trink chinh téc.
2, Chuyen vi tal tlet dién bat ky & bén trong cac phan 1 ¢6 thé xac dinh theo
mot trong ba cach sau:
» Ngay tir déu, coi tiét dién'co chuyen vi ¢én tim nhu mol nt clia he. Nhu vy,
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_ta dﬁ dua by toan xac dinh chuyén.vi tai tiét dien bét ky vé& bai toan tiin

chuyen vi tai ndt va thue hién nhu da néu & trén. Bién phap. nay don, gian,
kh(_)ng ¢4n phai thut hién tinh b4 sung nhung lam tang sérluong 4n s0.

- e San khi da biét chuyén vi va ndi luc & hai dau mbi phan tir, ta co thé xac
dinh chuyén vi tai tiét dién bt ky & ben trong phan tir dé theo. cic phuong
phap da quen biét, ching han phuong phap xac dinh chuyen vi da trinh bay
trong chuong 4 hoac phuong phap thong s6 ban déu.

. Sau khi da biét noi luc trong hé siéu dong, ta xem h¢ 12 he siéu tinh voi cac
ndi lye da-biét va ap dung céach xic dinh chuyén vi trong hg siéu tinh da trmh
bay trong chuong 5. Trong thuc hanh, nén ap dung cach nay. -

H. Vi du dp dung

Vidu6.1. ve (,ac biéu dd noi luc trong hé cho trén hinh 6 9. lren hmh cho biét
cac sd heu vé do cimg don vi i= EIl/I cla timg phén ti, biéu thi theo dd cing
domn vi quy wdc i,. Tim chuyén vi ngang tai 4 va tai diém dat Iuc P.

D& giai bai toan, ta thuc hign theo thir tu nhu sau:
1) Xdc dinh bdc siéu dong va '

ldp hé co ban. SG chuyén vi :
: P=16q = 76,4 kN

" xoay chua bigt 1a 2 (tai nat / “‘—— — —
va 2). S6 chuyén vi thing doc & _ _g=£.9kN/m
lap: chua biét 12 2 (tai khop 3 J 2 4
va 4). Do d6 n= 4. He co bin £ ol
twong Gng nhu trén hinh e ke T
6.10a, trong do ta goi cac 4n £ v 8L
Zy, 7 la chuyén vi xoay tai ) 4] ] » 3
nit /, 2 con cicdn Zy, Zy 1 L 4m | 8m |

chuyén vi thang theo phuong
ngang tai khop 3 va 4 Hinh 6.9

2) Ve biéu do mémen udn do 1ai trong gay ra trén hg co-ban. Van dung cic s6
ligy trong bang 6.1, ta d& dang ve duoc biu dd Mg nhu trén hinh 6.10b.

' 3) Ve biéu dd momen udn do timg chuyén vi don vi gdy ra trong h¢ co ban.
Vdu dung cdc 8 liéu trong bang 6.2, ta v& dugc cac biéu do lan luo*[ do Z),
Z, Zj, Z, bang don vi gay ra trong hé co ban nhur trén cac hinh 0. 10¢, d, e, 1.

.4) Xdc dinh cac h¢ w va s6 hang e do cia hg phuong trinh chinh lac Pé xac

dmh céc he s8 va's§ hdng tu do biéu thi phén lyc trong lien k&t mdmen, (a
ta(,h cac nat / va 2 va kh4o sat can bang. K&t qua ghi trén hinh 6.11. DE xac
_ dmh Cac he’ 6 va s .hang tu do biéu thi phan luc i ong caic lién két luc 3 va
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fr wwan :
; 4 tﬁ l‘gn Tuot: lach’ ‘cac bo phan clia h¢ nhu trén hinh 6.12 va 6.13 dé xét um

bang 'Keét qua ghi’ wen ‘hinh ve twrong tmg.

Hinh 6.10

5) Thiét ldp va giai hé phuong trinh chinh tdc. Trong trudng hop nay, ta co:
’ 18i0Z) = 3isZs + 12¢ = 0; |
33i,Z - 31,23 — 1,51,24 — 8q = O;
=3iyZ) = 3igZp + 2iZ3 ~isZ4 —8q = 0;
~1,51,Z3 ~ iZs + 4,75i,24 = 0.
Sau khi thay gid trj g= 4,9 kN/m, viﬁ giai hé phuong trinh trén, ta dugc:
Z) = 2.5833/i, tad:  Zo= 47833, vad:  Za= 35.1figm:  Zy = &9/, m.
6) Ve cac bidu dd noi luc. Bicu dd momen udn duge xéc dinh theo cong thic:
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(Mp)= (M, )Z) +(M3)Z; +(M3)Z3+(Mg)Zy+(M}),
* K&t qué tim dugc nhu trén hinh 6.14a.
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Hinh 6.11.

Tir bidu d6 momen udn ta suy
ra bidu dd lyc cit theo nguyén
tdc da uinh bay trong phuong
phap luc. Két qua nhu trén hinh
6.14b. Tir bidu d6 luc c¢it, lan
huot tach cac mit theo thu tr 7,
3, 2, 4 d& khao saf can bing, ta

" s& vé duoc biéu db luc doc nhir
trén hinh 6.14c¢.

7) Kiém wa két qud: xét didu
kién can bing tai cac ndt, tiép
do xét diéu kien can bing cla 4
rn(’.’)t vai b phan nho 46 ciia he. Hinh 6. 13-

. V1 du kJem trd can bang cta phau bén wén h¢ bang cach Lhur. hién mat cidt

112

,m-l}ﬂ#fl%;-&i‘%%‘:ca“ uél di_en ké bén cac nit /, 2 va khop 4 (hinh 6.14d). Ta c()f ‘
N apiye L1185+ 15— 1335=10);

JY= 5()125+ 123’]25+ 21,875 —4,9.8=0;

ZM7—5 (I1254+15J—17 ?5—2/875(\’+4984 0.

Cac diéu kién can bang déu duyc thoa man.

—
0

4 9k N/m

~,
JHHHCJDIIIII i ; g 4 .
‘ S: masinl 2;__E 15kN 2

13, 35KN

| g 15,5&/\/)4/ 1735kNm
12,3125 21875 5,0125kN 12 3125kN 218 7SKN

50125

Hinh 6.14

8) Xdc dinh chuvén vi:
Chuyén vi ngang (ai khop 4 chinh ta chuyén vi Zy vira tim dugc ¢ trén, do do
x4 = 8 9/i, m (huomg v& bén phai).

bé xic dinh chuyén vi ngang tai diém Trang thai "k
dat fuc P, w tao trang thai "&" trong
hé co bian (inh dinh bl k¥ cia
phuong phap fue nhu wén hinh 6.15.
VC bidu dd momen udn ¢ trang thi

k" 1udp do dem nhan vei bidu do

momen udn (Mp) vira im duyc & tén
(hinh 6.14w). Kéi quit: Hinh 6.15

J 14863 51053 20,5125
2- A= m

. AXp= — .
- I IR 2 iy

8- CHK T2 IBK
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Vi du 6.2. Xac dinh momen;udn trong cac thanh /, 2 va hre doc trong c4c thanh .

3, 4, 5 clia h¢ cho trén hinh 6.16a. Cac thanh 1, 2 ¢6 do cimg khi udn 1a EL
Cac thanh 3, 4, 5 ¢6 do cimg khi kéo hoac nén la

EA; _”MW EAq = EAs = 125EI/24.

Trong bai toan nay, ¢ac thanh 3, 4, 5 chi ch;u kéo hodc nén cho nén can phai
xE1 dén 4nh hudmg cha bign dang doc true (chi § 1a theo céac gia thiét da néu ta
chi duge phép bd qua anh hudng clia bién dang doc truc so v6i dnh hudng cia
bién dang udn). Nhu viy, he ¢ béac sieu dong 1a 2. Heé co ban: nhu trén hinh
6.16b, lrong do Z, vaZ a chuyén vi ngang tai C th '

Hinh 6.16

B xdc dinh noi lye do Z;=/ gay ra trong hg co ban; ta chod khép C chuyén vi
ngang biing don vi nhu trén hinh'6.16¢. Lic nay, khép D khong chuyén vi nén
cac thanh AD, BD khong bi bign dang va khong phét sinh n6i lyc. Thanh AC .
¢o bién dang udn, ndi luc trong thanh duce xac dihh d& dang theo cac s@ liéu
cho trong bang 6.2. Thanh CD chiu bi€n dang nén bing don vi, theo dinh’lu.ét
Hooke luc doc phat sinh trong thanh se ¢ gia tri 1a EAs /{3, Thanh CB chi.'u
bi€n dang ncn vai gid tri bing hinh chiu cita chuyén vi ngang don vi lén
phuong CB, tic la bang cosa= 4/5. Nhu vay, trong thanh CB sg phat sinﬁ lue
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Cdoc nén voi gia tri bang (EAqcosa)/la. Gia tri cac ndi lue tim-duoe ghi trén-
hinh 6. L6cC. T T W, . e
Tuong u, khi cho Z» chuyén vi cuong birc bing don vi, ta thdinhdmy'ngL
1n0i luc nhu da ghi trén hinh 6.16d. ' e
Trong truomg hop nay, tai trong P dat ngay tai khop C nén khong gay m nom:
hrc 11'()112: hé¢ co ban.

Dé xac dinh cac he 6 va s6 hang tu do cha hé phumw trinh chmh ld(. Ld ldl].
lugt tach khdp C va khop D tuong {mg voi (umg trang thai. Trén hinh 6. i6e,

trinh bay cach thuc hién dé xac dinh ry; va ra;. Tir cac per(mg tunh Lan ban;:”
hinh chiéu theo phuong ngang, ta ¢o:

64EI EAy EA; 2 112H S EA; 8K 5
rir= Tt +—cosT a= ry=Tp= T =
91 I3 ly 9/ ls 3
Cang thuc hién trong o nhur vy, ta s& xac dinh dugg:
2E1
Iz = 17 E ; Rip=-F; Rap=10.
9r’ .
Hé phuong trinh chinh tic:
14Z) - 32> - )—H- =(); —3Z;+ 14Z>= 0.
SLI »
: 63P1° 27P°
Sau khi gi4i h¢ phuong trinh trén, ta duge:  Z; = = Z»= S
74814‘ 149011

Biéu dd momen udn va luc doc trong thanh thir j'dugc Xdc dmh nhu sau:
(M[))=(M/)//+(M7)/7 N N/]Z/+NJ)77
trong do: N,, sz — Iuc doc trong. thanh thtr j do ‘chuyén vi cuong bic Z; va

Z> bang don vi gy ra trong he co ban.

17y

K&t qui tim dugc nhu trén hinh 6. 161

6.3. Cach xac dinh chuyen Vi thang tucng dm gan hal dau
thanh theo phu‘dng vuéng goc véi truc thanh trong he co
cac thanh diing khong song song ' ‘ ’

Khi tinh hé sieu dong ¢o 4n G Ia chuyén vi 1hang, ta can, (.h() nul Lhuyul vi Lhdng
bing don vi d& xac dinh ndi luc trong h¢ co ban .va xac dinh cac hé s cia hé
phuong trinh chinh tdc. N6i chung, khi mot nit nao do.chuyén vi thang thi cac
nut khac cang ¢o chuyén vi thang kéo theo. Mudn van dung cac s8 ligu cho trong,
bang 6.2 d¢ xac dinh noi luc ta ¢in biét gid (ri cla Lhuyul vi lhan;: lumle ddi gitra
hai dau moi thanh theo phmms_ vuodng goc vt true thanh. ‘ ‘
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Trong lihCmg he ¢6 cic thanh dimg song song, viéc xac dinh nhimg tfnh phan

chuyén vi noi trén wong ddi d& dang. That vay, néu bd qua bién dang doc truc

cla cac thanh thi khi mot nit ndo do chuyén vi théing, cac thanh ngang se chuyén

vi inh (i€n nén thanh phan chuyén vi ndi trén s& o gia tri ba_ng khong, con céc -

thanh dimg rong pham vi mdi tang s¢ cO chuyén vi thing tuong doi nhu nhau
theo phuune vudng £O¢ vai true thanh.

Trong nhimg hé ¢O cdc thanh dimg khong song song, néi chung thanh phﬁn '

chuyén vi thing noi trén 1dn tai d6i voi ¢i thanh ngang va thanh dimg, gia tri cla
ching se khac nhau d6i voi mdi thanh ding. Do do ta (,dn pha1 nghién ciru cach
xic dinh,gia tri clia thanh phan chuy&n vi nay.

HE tim hidu cach xac dinh, ta xét hé cho rén hinh 6.17a. Gia sir gy chuyén vi
cudng bac tai mOL nut nao do cia he, ching han nut 1 v6i gid tri & bang don vi
theo phuong vuo_ng £0c vdi truc thanh a—/. Yéu clu tim thanh phin chuyén vi
thang IU(Yllg‘d()l 21ua hai dédu mdi thanh, theo phmmg vudng goc Vi true mbi

thanh do.
9. 2 DR z

Hinh 6.17

Vi & ddy chi xél chuyén vi thing ma khong xét dén chuyén vi xoay clia’¢ac nat =

cho nén ta co thé thay thé he da cho biing hé thanh khép trong do cac nit 'va ngam
duyc thay bing khop nhu trén hinh 6.17b. Néu cha § dén gia thiél 3 thi khi nghign
ctru chuyén vi thing, ta co thé xem cac thanh Ja tuy&t déi cimg. D& xac dinh cic
thanh phan chuycn vi cin tim, trude tien ta xac dinh chuyén vi clia cac nut. ‘Trong
trudmg hop nay, cic diém a, b, ¢ (hinh 6.17¢) ndi véi trai ddt nén ching van dimg

yén trong qua trinh hé chuyén vi. Khi cho nat / chuyén vi dén vi tti méi 1a /',

thanh g~ /.s& ¢d vi tri a—/". Bay gid cdn tim vi tri m&i 2’ va 3’ clia cac ndt 2 va 3.

biém 2 ¢ licn quan dén cac diém-/ va b bing cic thanh 2— 7 va 2—b. Cac diém /
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va b o vi tri mdi da duge xac dinh nén ta ¢o thé x4c dinh vi tri méi cla 2 biing

" hinh hoc nhu sau: néu 2ia thidt diém 2 khong bi tang budc bdi thanh 2-b thi

thanh /-2 s& chuyén doi tinh tién 161 /'-2; do két qua chuyén vi ciia thanh a-/,
1iép do, vi diém /' duoc gitr ¢& dinh tai vi tri méi nén didm 2; chi ¢6 thé chuyén
doi theo phuong vudng goéc voi thanh /-2 (chd ¥ 1a cac chuyén vi duge xem la
nhd). Mat khac, néu lai gia thidt dim 2 khong bi rang budc boi thanh /-2 thi
diém 2 chi 0 thé chuyén doi so vai diém b theo phuong vuOng 20¢ voi thanh 2

b. Nhung diém 2 bi rang budc boi ¢a hai thanh d6 nén vi trf moi 2’ cha diém 2

chinh la giao diém cia hai dudmg vudng gdc voi hai thanh b—2 va 1-2 14n luot k2
tir 2 va 2;. Sau khi tim duoc vi tri méi 2’ cila 2, ta d& dang fim dugc vi tri méi 1'-
2’ va b'-2' clia cac thanh /-2 va b-2, ti€p do suy ra cac thanh phin chuyén vj
¢in tim cbia thanh /-2 va h-2 1an luot |2 céc doan 2,-2" va 2—-2' trén hinh 6.17c.

Bi&t vi tri m&i cla 2 va cha ¢ ta ¢o th tim dugc vi tri moi 3 cla 3 theo 14p ludn
trong tr nhu da thuc hién ddi v6i di€m 2. Vi tri moi 3’ cha diém 3 12 giao diém
cia hai dudmg vudng goc vdi hai thanh 3—¢ va 3-2 14n luot k& tir 3 va 3. Thanh
phin chuyén vi cin tim cla cac thanh 3—c¢ va 2-3 l4n luot 12 cac doan 3-3' va
1;-3"trén hinh 6.17c.

T nhtmg nhan xét rén, ta c6 thé thye hién don gian hon b%lng'céch str dung so dd
chuyén vi nhu sau (ninh 6.17d):

" Chon diém bét ky 0 1am diém tuong trung cho 14t ci cac diém khong chuyén vi,

cac diém tuong trung cho chuyén vi clia cac diém a, b, ¢ 12 A, B, C trang vai diém
0. Voi mot ty 1¢ xich nao do, tir A ké doan Al = [ theo phuong vudng goc voi
thanh a— /1. Nhu vay, doan A/ bidu (hj chuyén vi tuong di gitra hai ddu thanh a-/
theo phuong vuong goc voi truc thanh a—/.

Dé tim diém I/ tuong trumg cho chuyén vi cia diém 2 trén so dd chuyén vi, ta
thyc hién nhu sau: diém 2 thudc thanh /-2 nén diém tugng trung I/ cla nd trén so
d6 chuyén vi phii niim trén dudmg /- /7 vudng goc voi thanh /-2; mat khac, diém
2 ¢oOn thudc thanh -2 nén diém tugng trung // con phadi nam trén duomg B-11

‘vubng ‘goc voi thanh b—-2. Trén so dd chuyén vi, cac doan B—{I va -1/ l4n Juot -

biéu thi (,huyen vi tuong ddi gitra cac dau thanh -2 va /-2 theo phuong vudng
g6¢ v(n truc thanh. Tam giac-B—//-1 va tam gidc 2-2'-2; ddng dang cho nén,

" doan.B-1/ 1y 1& voi doan 2-2" con doan /-1ty 1€ v6i doan 2,-2" theo ty 1€ tuong

tng véi ty 1¢ xich da chon d€ ve so do chuyén vi.

" Tiép tuc thuc hién tromg tu nhu vy ta sg tim dugc dim twong trung /// clia diém

3 12 giao didm cta dudmg 1/-111 vudng g6c vdi thanh 2-3 va dudmg C-/1] vudng

... 86c vai thanh ¢-3. Cac tam giac C-1/-11l va 3-3;-3' ddng dang nén cac dogn

117




=

C—1IH va II-111 1y f& voi cae doan 33" va 3,-3' dong thoi bigu thi chuyén vi
tuong dol gig'eac diu thanh ¢—3 va 2-3 theo phmmg vuong goc V@i truc thanh
Nhu vay muon tim (,huyen vi thang tuong dsi gxua hai dau thanh the() phuorng
vuodng goa vm llUL thanh ta cAn 've so dd chuyul Vi, doan thang n6i hai d1em bat
ky'IK nao do frén so dd Lhuyul vi s& bidu thi Lhuyul vi thang trong d01 gitra hai
‘déu thirih ik theo phmmg vuong goc vai truc thanh ik tuong tmeg. bé xac dinh 40
dai 7K ta do truc tlep trén so-dd:chuyén vi-theo ty le xich da chon hoac gml cac
tdm glac thw (,a(, goc (,anh da blel trén so do chuyen vi.

Vz du 6 3 Ve bleu do momen udn trong hé siéu dong cho trén hinh 6. 18a

“HECO hdi'8n §67mot chuyén vi xoay tai nit 7 va mot Lhuyen vi Lhang theo
phudng! mzdng tal khop 2. Hé co ban nhu trén hinh 6.18b.

{18 S

Biéu do M; (hinh 6.18¢) do thi trong gay ra trong he co ban va bitu dd M;
; * (hinh 6. 18d) do chuyén vi xoay Z; =/ gay ra hong he co: ban tim dugc d& dang

theo céc s0 liéu cho trong bang 6.1va6.2:

o ‘Bang 6.3
Pai | pidy dé B3 phan tch. Phuong trinh can bing | Két qué
lugng . . :
L Hfﬁ-c)EI ‘ C
| My o M=ty - El-2E1=0 3El
2EI
-
1277 X ' FERE Qs
r2=ra1\ 77 £7 . 3 o
My S M=r-LE1s2E120 | B
Fer | 4 4 P
3El
= Nyasine -— cosa -— =0
x B ALY 10 12,
1, 1 N,
1 3% e 79El N
Y \< , Suyra. Nyp= — . 31El
— ET 40 -
T2 MQ N / ﬂ 72_ 64
1A 4 10 2 5y X1 3El 79E cosct
=lgp-——-"-"—"—
\"‘ R 64 240
3FT ZE2
/ g 64 3 sma O
S 79ET N. T
Rip | Mp " (D_Qg IM=Rip+9=0 -9
X
J—_—1~ L Y= Nygsing + 15= 0
e 5’ Mz Sy 575 45
/ 20l=15 uy ra Niyg=-——=- — - —
Rep | Mp ’/N’A g7 g ¥ sina 4 4
7 — X i +75 dos=0
‘ RZP = Hop +—4— cose =
/75
4

DL[“’ biéu do M') do chuyén vi thiing Z» = / géy ra trong hé co ban ta ¢in ve
'
o' dd chuyén vi.-Chon diém 0 bél k¥, tugng trung cho tdt ca-cac diém bit dong
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(hinh 6.18¢), cac diém A; B se trang voi O. Tur O dymg doan O-1 = & = 1

theo phuong vudng gdevai thanh 2—B ta duge diém tuong trung M clia diém 2.
Diém (uong trung 7 chinh Ia giao diém cia dudmg O—-1 vudng goc vdi thanh a~/
va dudmg I/-/ ké tir /] vudng goc voi thanh /-2, Tirso dd chuyén vi ta xac dinh
chuyén vi thing tuong d6i gitra hai ddu cac thanh va duoc két qua nhu sau:
Gy =Bl = 1; S12=1-11=075; O1a=A-1= 125

So dd bign dang tuong img ciia hé nhu trén hinh 6. 18f Van dung b"mg 6.2 dodng
thoi can e vao cac & ligu vira im duoc va dutmg bién dang clia cac thanh ta vé
duoc bicu o M nhu trén hinh 6.18g.

Qua trinh xac dmh cac he s0 va s3 hang lu do ctia hg phuong trinh chinh tic

duoc trinh bay lmng bang 6.3
- Hé phuong trinh chinh téc:

. ' 4
IEIZy— iEIZg - 9= - iEIZ, ﬂ ElZ> - LAl =
> 2 2 64 4
. . 639 - 2448
Sau khi giai hé phuong trinh rén, ta duye: Z; =———rad;, Z»= 2— m
« 77El 77El

Biéu d6 momen udn t8ng cong dugc xac dinh theo cong thic
(Mp)= (M,)7, +(M7)la+ (Mp )
K& qua tim dugc nhu trén hinh 6.18h. _ o

'6.4. Cach tinh hé siéu dong chiu su thay do6i nhiét do va
chuyén vi cucng biic
V& cuo ban céach tinh he sicéu d(_”mg chiju tac dung cha sy thay déi nhiét do, chuyén
-vi cudng b cia cic lign k&l (ra cing tuong (r nhy trong bai toan hé chiu tai
wrong bt dong da xét.
Khi giai bai toan nay ta cung thye hién trén he cu ban ctia phuong phap chuyén vi
nhu da trinh bay trong muc 6.2. P& dam bao cho hg co ban lam vige gidng he da
¢ho ta ¢dn gay ra cac chuyén vi cuong buc Z tai cac lien két dat thém vao he voi
cdc gia tri sao cho phin lyc trong cac lién k&t dat thém vao hé do tdt ca cac
nguycn nhan gay ra trong hé co ban phai bing khong. Cang 19 luan wong tu nhu
& 6.2, trong (rudmg hop nay hé phuong trinh chinh tdc ¢6 dang

Tk1Z1 + 1§22 ..+ Ik +...+ YknZn + R = 0,
vl k=1, 2,..,n

(6.5)

Cac hé s6 ri van ¢6 y nghia la phan lye trong lién két thir & dal thém vao h'E: do
chuyén vi cudmg bic Zi=1 gay ra trong hé co béan, xac dinh nhu trong muc 6.2.
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Cac $6 hang tu do Ry biéu thi phan luc trong lien k&t th & dat them vao h¢ do
#euyén nhan H gy ra yrong hé co ban. Nguyén nhan H co thé 1 su thay di nhigt
do, chuyén vi cuong birc cita cac lien két twa. Pay 12 nhimg dai luong m6i dé cap,
do do dudi day ta se tim hidu cach xac dinh ching.

Sau khi thiét 1ap va giai he phuong trinh chinh'tic d€ tim cic Z;, cung tuong tw
nhu ¢ 6.2, ta xac dinh ndi lyc trong he siéu dong da cho theo cong thic:

(Sw)=(8,)z, +(§2)Z2 +...+(5,)Z, +...+(§,,_—)Z,, +HS%), (6.6)

trong do: . :
(S;.) - biéu do ndi lye do riéng Lhuyen vi cuong buc Zy=1 gay trong hé co bén

(cach tim biu d6 nay da duyc trinh bay trong myc 6.2);
(SH) ~ bidu dd noi luc do nguyén nhan H gay ra trong hé siéu dong;

Sy ) — biéu dd noi lyc do nguyén nhan H gy ra trong hé co ban.

bé tim chuyén vi trong hé sieu dong ta cong thuc hién theo m@t trong ba bien
phap nhu da trinh bay trong muc 6:2.

Ta thdy ¢0 hai vin d& moi cdn gidi quyét 1a xac dinh cac phan luc Rim va ve biéu

4o (SH), chil y&u 12 biéu dd momen udn (MH). Neu_bleu ad (MH) da tim dugc

thi ta s& van dung cac diéu kién can-biing @& xac dinh cac. Ry nhir da biét trong
muc 6.2. Nhu vay, vén d& duy nhét can tiép tuc tim hiéu 1a ve biéu d6 (M),

A. Cdach tim biéu do M;’; do chuyén vi cuong biic tai cdc goi twa gdy ra
trong hé co ban
DE giai bai toan duge don gi4n ta nén phan tich chuyén vi cuong bic thanh hai
thanh phin: chuyén vi xoay va chuyén vi thing. Theo nguyén 1y cong tac dung,
1a ¢O the bidu thj -
(Mf,v)=(MZ)+(MZ), - (6.7)
trong do:
(Mg o) — bidu d6 mémen udn do rleng cac thanh phan chuyén vi xoay cu@ng bic

gay ra trong hg co ban. Van dung cic s6 ligu cho trong bang 6 2 ta d&
dang ve duoc biéu dd nay;
(M%) - bidu d6 momen udn do rigng cac thanh phan chuyén vi th'fmg cuong
birc gay ra trong hé co ban, P& ve biéu d6 nay ta chn ve so dd chuyén vi
~ nhdm xéc dinh cic chuyén vi thing tuong d6i gitra hai ddu cic thanh
theo phuong. vudng goc vdi trug. thanh (xem 6.3). Ti€p do van dung cac
$0 ligu lrong bang 6.2 dé ve bidu dd.
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Trén hinh 6.19 trinh bay cach fim
cac bidu do (MU) va (M%) trong
hé co ban chiu chuyén vi- cu('mg
bire nhu trén hinh 6.192.

PE xac dinh Ry ta cong phantich. .-

thanh hai thanh phan tuong Gng.

v6i hai nguyén nhan ndi trén
Ruy = Rip + Ria,

trong do: »

Rip — phin lyc tai lién két the % -
dat them vao hé do cic thanh. -
phén chuygn vi xoay cupng , .../
- biec gay ra trong hé co ban, .

Ria — phan luc tai lién két thir k
dat vao hé do cac thanh phan )
chuyén vi thing cuong bic gay
ratr ong hé co ban.

Nhfmg thanh_phﬁn nay duoc xac R
dinh theo cac s6 ligu tuong tmg
trén céac bidu dd (Mé;) va (MZ)‘ S

Vi du 6.4. V& biéu dd momen uén
cho h¢ uen hinh 6.20a.

Hé c¢6 hai 4n so. Cac biéu do
momen udn do cac chuyén Vi .
cuong bic Z; va Z; bang don vi
gay ra trén hé co ban nhu trén
hinh 6.20b, c. Cac biéu do
moémen udn do cac thanh phin
chuyén vi xoay va- chuyén vi -
_‘thing tai ngam, tim dugc nhu,
trén hinh 6,20d, €. Cac h¢ s0 va

@ hang tr do tim'duoc nhur sau: . ; - Hinh 6.19 .

‘ 3 15
ry; = 3EL Fap=T1n2= '—ZEI,' v = —?—Z—EI;

1

o 3 3 3
_ [ Rojy=—— -_.;E[Az———E[A.
Ry = Elg EIA 2E1A R_g L Elo -+ 14= 75

He phuum_ {rinh chinh tdc: )
3 ! 3 15

N \3 IR oo
32— =Zs— —A=0; —ZZ1+ —Zy+ —A=0:
T 2. 27T 27 16‘1;0‘

Sau khi gi4i h¢ phuong trinh, ta duge: Z; = (4/9)rad;  Z =.—-(2A/9) m.

Biéu do momen udn 18ng cong dugc Xac dmh theo cong thirc:
, ,(MH)—(MJ)Z]+(M3)22+(M )+ (M%),
K&t qui tim duoe nhu trén hinh 6.20f.

Hinh 6.20

B. Cdch tim biéu do Mj;do sw thay doi nhigt dj gay ra trong hé co ban
Tuong ty nhu trén, la phan tich su thay ddi nhigt do thanh hai thanh phén'
<& Thanh phan bidu thi do (,henh léch nhiét do gita thd dudi va thd trén trong

pham vi mbi cdu kien, dugc ddc trung bdi Ar= 1r-1,.

< Thanh phan biéu thi su thay ddi déu cla nhigt do trong pham vi moi ¢du kién

duoc dic trung bang £ (su thay dQl nhiét do & truc ¢du kién).

‘Theo nguyeén 1y cong 1ac dung, La co:

(M}y) = (Mg) + (M} ), (6.8)

trong do:

" (M9, ) - bitu d6 momen udn do céc thanh phin Ar gay ra trong he ¢o ban. Sy
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chénh lech nhiet do A chi lam cho cac thanh bj udn (ong mh khong gay ra
su thay ddi chiéu dai ciia cac thanh. Do do, cac nit s& khong ¢0 chuyén vi
thing. Thanh phan nay chi gay anh hudng cuc bo trong pham vi mdi cdu
kién thanh. Van duhg'céé s& licu trong bang 6.1 ta d& dang ve duoc hidu dd
nay. Khi van dung cin chd ¥ la cac tho cang ciia biéu dd ‘momen udn ludn
ludn & phia nhigt o thay d6i thdp hon. P3i v6i hé co ban trén hinh 6.214,
biéu dd nay c6 dang nhu trén hinh 6.21b; R

( M,OL_ )— bidu d6 momen udn do cac thanh phan f gly ra trong h¢ co ban.

Thanh phén nay gay ra bi&n dang doc truc trong cac thanh, do d¢, n6i chung
cac it s& 'co chuyén vi thang. Su thay d8i.vi rf cla cAc it §& gay ra momen
udn trong cac thanh ciia hé co ban, Nhu vay, mudn vé dugc biéu db nay, ta
cAn giki bai toan xéac dinh chuyén vi thing tuong ddi gitra hai dau cic thanh
theo phyrong 'vuong goc v6i truc thanh, tire 12 tim so @6 chuyén vi cda he.

Ta s tim hiéu, cach-ve bifu dd (M,“_ ) thong qua hé co ban trén hinh 6.21a.

Goi Ic.ik 12 dO bién thién nhiét do & truc thanh ik. Thanh.ik c6 bién dang doc truc
vi nhigt [a ' _ A

Alik = a le,iklik
v6i lix 1a chidu dai ciia thanh ik; 2 h¢ s6 dan nd dai vi nhist.
Ta thdy cac diém g; b, ¢ n6i voi trai ddt nén khong di chuyén. Niit / chi co thé
di chuyén theo phuong dimg vi bi lién k&t thanh ngan cén chuyén vi ngang.
Dudi anh hudng cia nhigt do, thanh a—/ s& dan dai mot doan Ay = atelalia
va ddy nat 7 dén vi trf /' (hinh 6.21¢). '
Tim vi tri moi cua nat 2: Gid st dudi tac dung cta nhigt do, thanh 1-2 se dan
dai mot doanAdly2 = a1 12172¢0N thanh 5=2 co ngidn mot doan Alp= ot 2bl2b:
Néu xem nit 2 (hudc thanh /-2 thi nit 2 s ¢6 Vi tri ndm trén true ¥ di qua 2>
va vudng goc voi thanh /-2 dé bao dam diéu kién truc ;ﬁanh /-2 dan dai mot
doan Al;>. Néu xem nat 2 th'uf)c‘thanh h-2 thi niit 2 sé phéi ¢6 vi tri m6i nim
rén-truc X vuong goc voi thanh p—2 dé dam bao didu kién lruc'ihanh b-2 co
ngdn mot doan Alzp. Nhwr vay, vi tri moi 2' ¢lia nit 2 ddng thoi phéi nim trén
truc X va truc Y tirc 1a & giao diém cha hai truc d9.

Tim vi tri mot ct nat 3: Dudi tac dung cia nhiét o, gia sir thanh 3-c dan dai

mot doan Alze =a fe.3.- 30 va thanh 23 dan dai mot doan Al23 =a tc 23123 Néu

xem nat 3 thudc thanh 3—¢ thi sau khi thanh 3—¢ dan dai toi vi tri 3, nut 3 s&

o1 khoi vi tri 3 chuyén vi theo phuong Z vudng goc voi thanh 3—c.'Néu xem

nat 3 thudc thanh 2—3 thi mat 3 s& chuyén dich theo nat 2 161 3, ddng thoi

chuyén dich tai 33 do két qua bién dang doc truc ciia thanh 2-3, ti€p d6 ¢6
chuyén dich theo phuong W vudng goc v6i thanh 2-3. Nhu véy, vi i md
ctia nut 3 chinh 12 giao diém cla hai truc Zva W. ;

Néu chi ¥ la cac it khong cho phiép cac ddu thanh ¢o chuyén vi xoay, ta co
vé duyge dudng bién dang ctia cac thanh trong (mg nhu trén hinh 6.21d. Tir
hinh 6.21¢, d ta ¢6 thé xac dinh cac chuyén vi théng wong d6i gitra hai dau
thanh theo phuong vuong goc Vo truc thanh. Vi du, d6i véi thanh /-2 ta
A= Alja+Alap, d6i véi tharh 3-¢ 1a cO A3 = ‘Alzj+A11v2. Tié’p do, van d
cac s6 ligu trong bang 6.2 ta se ve duge bidu dd (M, ) nhu trén hinh 6.21¢.

b) SLip- X
), S )EL, ;o

12 2 /723("2"';)EI23.
72 2 ,

Aly |
"a— gj;j‘l‘iz AZI fj

Hinh 6.21

Cang ¢o thé xac dinh‘chuyén vi thing trong di gita hai dau cac thanh t
phuong vudng goc voi truc thanh bing cach dung so do chuy€n vi twong
da trinh bay trong muc 6.3. Tuy nhién, trong truong hop bai toan nhigt do ta

phai chi ¥ bS sung bién dang doc truc vi nhi¢l cia ban than mdi thanh. So
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chuyén vi ve cho bd.l toan he chiu sy thay ddi nhiet do duoc goi la gian: (1(5
Willior. Ta se tim hiéu cach v& gian dd Williot thong qua vi du vira khio sal G trén.

Chon diém bt ky O tugng trung cho cac diém bat dong. Trén gian do cac ‘diém
A, B, C tugng mmg cho chuyen vi cha cac diém bdt dong a, b, ¢ s¢ trung vOi

diém O.

pé tim diém / tuo-ng trung cho (,huyen vi clia nuit /, ta nhan thdy nat / chi ¢6 thé}.

chuyen vi theo phuorng song song v@ thanh a—1 mot doan bing Alja cho nén
trén gian d6 ta k& doan AI song song vGi thanh a—J va bing Al Ia.

Pé tim diém II tuong mmg ¢ho chuyén vi cha nit 2, ta co nhan xét sau: ndt 2 ¢o
lien quan voi nit 7 qua thanh /-2 cho nén vi tri ctia n6 phu thude vi trf clia nat
/. Sau khi blet diém 1 tir/ ta ke doan /-2 song song voi thanh /-2 cO gla tri
bing d0 dian Ai ) tha tﬁdnh 1 ~2. Ngoai ra diém 2 con thuoc thanh h— 2 nén vi

tri cha dlem 2 phal phu thuOc vi tri diém B, do do ta B ta ke doan B-23 song

song v6i thanh b2 co gia tri bang d0 co ngdn Alz, cia thanh h—2. Nhuvay, vi * -

tri 17 biu thi chuyén vi cia nit 2 la giao diém cha hai duo-ng duong 2511 ké e
25 vudng goc v6i thanh /-2 va duhm_ 24—1[ ké tir 23 vudng goc voi thanh h—2.

Cang lam twong tu nhu thé ta se xac dinb duoc diém tuong trung [I/ clia diém 3
trén gidn do. -«

Cac veclo A=1; I- 11 11 I V... trén gian dd cho ta b€t phuong va tri $6 ciia

chuyén vi tutmg doi’ gl[ra cac didm néi vecto A-1 I=1, =TT v.v.. . Mudn tim

thanh phan chuyén vi thing tuong ddi theo phuong vudng goc vai truc thanh la
¢An chiéu cac vecto tuong tmg xuong phuong ¢an tim nhu da thé hién trén hinh
6.211.

Pé xac.dinh RkH ta‘cing phan tich thanh hai thanh phan tumlg (mg vdi hai
nguyén nhan noi trén:

7 RiH = Ria + Ry -
Nhimg thanh phan nay dugc xac dinh theo cac s liéu twong tmg trén cac biéu
dé (MA,)va(M”) '
Vi du 6.5. Ve biéu do momen ubn trong h¢ da xét & vi du 6. 4 (hinh 6.20a).

Nhigt do ¢ bén trong khung va bén ngoai khung thay ddi theo, thar L 12 41 va
* 21. Cho biét i = const = 0,4 m.

He ¢6 hai 4n s8. Céc biéu d6 momen uén do-cac chuyén vi cudong hac bing
don vi gay ra trong h¢ co bén, cac he @ cla he phuong tunh chmh tdc da dugc
xac dinh trong vi du 6.4. :
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O ddy ta chi u‘mﬁmbésung’ AR

» Biéu dd6 momen udn do sy -
chénh léch nhiet 4o .gay ra -
trong hé co ban, van dung. .
céc s0 lieu trong bang 6.1

" s dugc két qua nhu. wén -
hinh 6.22a; '

« Biéu dd momen u'()'n"do' sir
thay di déu cia nhiét do°
gay ra trong h¢ co ban.
Mudn vay ta tim chuyén
vi tuong ddi gitra hai diu
cac thanh theo phuong

“vudng goc véi truc thanh

- nhu uén hinh 6,22, tiép : —_—
do van dyngﬁ' cac s0 liéu =5 336 erat
trong bang 6‘.J‘2‘.se duogc két - 36 ;
qué nhu trén hih 6.22c. ~ Hinhe.22

.Céc s0 hang ur do:

. R ~3 .
Rip= -i Elat + i Elat + EZElazt =-ZEIaz;
h h 4 4
s
Ropg = -——EI t-——ZZEIat —5—7E1at.
2h 8. 8

P 3 3
Heé phuong trinh chinh tac: . 3Z; - 7 Zr+ 77 at = 0;

! g i B
'——Zj+'1—522 —5—7—at 0.
4 32 8

43 . 4
Nghiem: =~ Z;=— atrad; Zr= E-ozt m.
36 9

Biéu dd momen udn tong cOng duoc xac dinh theo Long thic:

(Mn)= (M1)Z1+(M2)Zo+(MA,) + (MO)

" K&t qua tim dugc nhu trén hinh 6.22d.

Chu thich: Bai toan hé c6 cac thanh ché tao chleu dai khong chinh xac hoéc diéu chinh chleu dai
dugc quy ddi vé bai toan hé chiu sy thay ddi nhiét do tuong duong. |
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6.5. Cach tinh hé cé nut khong chuyen vi- thang chlu luc
tap trung chi dat G nut

Xeét hé tren hinh 6 23a. Ta thdy hé nay thoa man ha1 d1eu kién néu trén. Vi cac mit
khong ¢6 chuyén vi thang cho nén trong hé co ban chi cAndat thém cac lign k&t
momen (hinh 6.23b). Duéi tac dung cla luc tap trung chi dat & nat, mdomen udn

“trong hé co ban ludn ludn co gia tri bang khong tai moi’tiét dien. Do do, cac S}
‘hang tu do clia he phuong trinh chinh tic, biéu thi phan lue trong cac lien két
momen; cing déu bing khong. Nhu vy, hé phuong trinh chinh téc tr¢ thanh he
phuong trinh thudn nhdt ding cdp. Mat khac, ngudi 1a da:,ch&ng minh duoc la
dinh thuc cac he s6 clia he phuong trinh chinh téc.trong phuong phap luc cang
nhu trong phuom: plnp chuyen vi luon khac khong Do dé. h¢ phuong tsinh nay
chi thda man khi : . ‘

Z,=Zo..= Zn= 0
a) 5 b
- F
J'ﬂ mm
Hinh 6.23

Thay ¢ic Zg= () vao cong thue xdc dinh biéu dd momen uon lmng h¢ sieu dong
(Mp)= (M/)// +(M7)/7 +.. +(M,,) Ly +(Mp:).

ddng thoi chd y ta bidu dd (M7 ) khong tdn tai, ta thdy momen udn trong h¢ sicu
dong khong t6n tai. Do do Tuc ¢dt, dao ham cha momen udn, cang khong (dn tai.
Nhu vy, ndi lue trong hé chi con hue doc, nghia la h¢ s& lam vigéc nhu mot h dan
khop, trong do cic ndt va ngam déu duge thay bang khop nhu trén hinh 6.23c¢.

Két Juan: trong nhimg hé siéu do'ng €0 cac nut khéng cnuyén‘ vi thé'ng va chiu luc tap
trung chi dat & nut, ta cé thé thay hé do bang hé tuong duang vo7 cac nit va ngam
dugc thay bang khop, t/ep do tinh nhu mét dan khap théng thL/o’ng

bidu nay cho phép ta gi thich duye vi sao cac mdt ca dan trong thuc (€ la méi

cing fai co thé xem gdn dang ta cdc khop Iy tuimg, ndu bo qua chuyén vi thang

cla cac nut va lue chi dit & nat. . o '
T4l nhién két luan trén ¢hi 12 gan dang bdi vi trong gud trinh suyﬂmm ta da chdp
nhan gia thidt bd qua anh hudmg cia bién dang doc truc.
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01 ¢
! ‘.ﬂuPl ‘ dlnh th'(_ (.ac, h¢ 6 trong hé phuong trinh (6.9)

6.6. Cach tinh heé siéu dong chiu ta| trong di dong

vé nouym tac, LdLh tinh he sneu dom_ chlu ldl trong d1 don2 «cling tuong tu mr
cach tinh h¢ chiu tai lrong bat dong Trong pham vi muc nily ta chi cin nglut
¢y bai toan ve dudmg anh hu(mg ctia ndi luc va Lhuyun vi trong; hc siCu don
Van dé van dung dudng Anh hudmg da duyc d€ cap trong chuong 3. 3 '
Cang wong W nhu trong phmmg phap tue, truge Khi im d.a.h. ndi lu‘L va muyt
vi trong hg si¢u dong ta c¢an tim d.a.h. co ban tie 12 d.a.h. cha cac an s0.

A. Dwong danh hm}ng co ban

S
|
1
|

Khi h¢ chiu td trong P= -/ duy nhil di dong trén he hg phuorne umh thl]h L
ctia phuong phap Lhuyen vi cO.dang: .
"klZI + rk2Zz +.+ ThkLk .+ ThnZn + kP = 0, (6.‘9)§

voi k=1, 2, - ' o
Cac hL $O i van dum, Xac dmh nhur da trinh bay trong muc 6 2.
$& hane tu do rgp bidu thi phan luc tai lién k&t tha k dat them vao hé do tai Tr(f)r
di dong P=] pay ra trong he co ban. Phan lyc nay phu thudc vi lrl cha ta U()l
ngn la ham ciia 10a do chay. - : i
N&u van dung phuong phap hé s dnh huurng, ta ¢O thé um cac dll s0 co ban qn
¢ac $0 hang tu do rip nhu sau:

Zy=Burip+ Prarap ..o+ Bk .+ Brwp :

Z;= ﬂzl rip+ Boarap 4.+ Pourep+ o+ Pantup s b

.............................................. (6.10)

Berrip+ farap + .+ ,BA/. rep ¥ .+ B Tup ’

. Z,,=ﬂ,,/ ryp +E,B,,zl‘3p + ... +ﬂ,,/\-rk_]>+. .. fl.-ﬂ,,”r,,P,; !
trong do: '

; Bri — he s8 anh hmmg, x4c dinh theo cong thic sauh . i

e B= (—1fiEh Pii Dy ; Ly 3 (6.111)2

I) \ ‘x
B
., rong bidu thuc s& ma c¢o thé 13y ddu cong hoac lru
; “E\m Moot D ‘I’kil voi. k=1 2,..,navai=12_,n

- dinh thitc suy ra tir dinh thic D bing cach logi bd hang th& k ol thu
- (h()dl. han;: thir i Ot thu k).




Nhu vay, vin d&.moi cin tiép tuc tim hiéu 12 x4c¢ dinh cac s6=ha§'1g ty.do rxp..CO
th tim-c4c. ryp hoa(, bing cach tinh phén lyc tai lién két thtr & dat them vao do
tél uong di dOng gay ra trén hé ¢o bn theo quy cach da trinh bay trong muc 6.2
" Hoac bing cach’ van dung dinh ly twong hd gltra phén lyc don vi va chuyén vi
~don i, Thufmg nén dung cach thir nhat vi ¢6 thé sir dung dugc cac cong thic
hodc céc bang da thiét 1ap sén. ‘

Thuc vay, he ¢o ban clia phuong phap chuyen vi-¢chi bao gom cac phan tir miu
ghép lai v6i nhau tai cac nit ¢ dinh, cho nén luc P=1 di dong trén hé co ban
chi gay Anh hudng trong phén tir chiu luc tryc tiép ma khong anh hudng dén cac
phan tir khéc. Do do, néu biét ndi lyc trong cac phan tirdo tai trong P=1c¢6vitdi

bt ky gy rathi ta d& dang xac dinh ¢ac phén luc chn tim theo quy cach da trinh

bay trong myc 6.2

"[10ng cac bang 6.4, 6:5 v 6.6 cung cp cac 6 lieu can tmet cho vigc .xéc dinh
cic phin luc rip. Ngoai cac cong thic tdng quat ap dung cho s6 khoang chia hay

s diém. dét luc bat ky, trong cic cac bang con cung cp cac s6 lieu cu thé cho’

tnrong hop s6 khoang chia trong mdi phan tirla 2, 5 va 10.

v6i-méi diém dat luc P=/, ta s& xac dinh duoc cac pid tr1 ur(mg ung clia Zy theo
6.10, tixe 11 Gm duge cdc tung do tuong tng cha cac dlr(mg anh hudng co ban.

B: Pwong anh hwdng phdn luc, nji luc va chuyén vi

‘Sau khi tim duoc cac d.ah. co ban, 4p dung nguyén ‘I)’/ cong tac dung ta ¢d thé
ve d.a.h. cha dai lugng S (phan tue, ndi lm, hay chuyen v1) taJ mot tiét dién k bit
ky lht,o bidu thre sau:

Il)(l/lS]‘ = Sl‘/((j(,th]) +§k2‘(d,a.h.22)_'+ e +§/\n(dahZ’L)+ dath ,(612)
trong do: . ‘
— gia tri cla dai luong can vé d.ab. tai tiét dién k do riéng chuyén vi Z;=/

£ay ra trong hé co ban;

d.a.h. 8 — dudmg anh hudmg ciia-dai luong S tai ti6t dién k dang xét do téi trong
P=1 gay ra trén he co ban. ‘ ' ’
Vi du 6.6. Cho hé sicu dong nhu trén hinh'6.24a. Chia dudng xe chay thanh 10
doun mdi doan ¢t chidu=dai / m va dinh s8 cac diém-dat luc nhu uén hinh
. 6.24a. Yéu cAu: ve duong anh hudmg momen udn tai cac tiét dign & cic diém
chia 2 va 5. ‘
D¢ pidi bai todn naay ta tién hanh theo thir tw nhu sau:
1T 5@ an s valdp hé coban: s6 @n n = 3, hg co ban nhu trén hinh 6.24b.
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Bang 6:4

Mp= 2

My = —&(1-EP2I;

khi n<¢&;
khi 7>¢&.

(1-EI;
rg = E(3-28L;

[n(1+28)-&1

—<)

= (1-gP(1+28);
=(1=¢p

r'a
M

My =&1(1-n)(3-28)~(1-¢)ll
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A
7 EL

L L R T ST I

“Hinh 6.24

=

i Z)b,.- il 'an do cac Zl—I (hmh6 24(, d, e).

2. Ve éiJ 49 ‘mamen

o

» 3 Xac. dmh cﬁc,hé . cia h@ rphmo'm 8 trmh chmh tdc. Két qua:
rii =,8]E‘L r22 = IEI ‘ r{1—15FI
i3 —'7’!2*1"-"-),15\ ; === 1,5EL ra3=r32=—1,5EL

4. Ldp he phuong trinh chmlt de:
8EIZ; + 2EIZ~» -1, 5EIZg +rip=0;

. 2EIZ;+ IIEIZ') - 1 5EIZa + rap=0;
‘-'ﬁ——] 5EIZ; - 1 SEIZ> + 1 SEIZ; + r3sp="10.
5. Xac (J‘mh cac hé 56 anh huomg. Ket qué:
Bii = —19/123EL:* ~ fpe = ~I3/13EL - fr =112 /123EI
Biz=Par=1 /123EL;  Piz=Pa= —18/123EL Poa= Pr2=—12./123EL
6. Cac bidu thic tim dn 50 co ban: ' ' ‘ ,
Zy=(—19r1p +1r2p — - 18r3p)/]2?E1'
Zo=(rjp— 13r2p — ]2r?P)/123E1
Zy = {(—18r;p — 12r2p — 112) {P)/]ZSE[

7. Xdc dinh cac-s6 hang e do rep
+ Khi P=/ di dong trén nhip AB, sau khi van dung cac diéu ki¢n cén bing va
theo bang 6.4 ta tim duoc: '
rp=—Ma = E1=6P - rp=—Mp= - (1~ ﬁ)l rsp = 0.
Lin lugt cho & cac éld tr bang 0,2, 0,4; 0,6; 0,8 1a s& tim dugc cac gla tri
tuong (mg cila cac 80 hang ‘tw do. Két qua ghi trén bang 6. 7

‘ Béng 6.7
piém ' Tung.dé (d.a.h. Z) x 123El
dat lc e O Fa Z | Z
1 0128/ | o003l] 0 2 | o2 | 960 |
2 -0144.1 | 009/ 0 14,16 696 | 720 |
3 -0,096. | 01440 | 0 912 | -984 | 000
s | oozl | oml| o0 304 | -848 | -480
5 0 0000/ | 0 000 | 000 000
6 0| 01441 0 0,72 936 | 864
7 o | -01921] 0 096 |- 1248 | 1152
8 ol omel| o | -08¢ | 1092 | 1008
9 0| -009.1 0 048 | - 624 | 576
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Cang ¢o lhu xac dinh cac rpp va rap theo monmen udn. My dé sir dung Chc s
lmu bing s6 da co san trong bang 6.4. Luc nay, {a co:
qu = M; vm 77 0 (su dung hang dau clia bang sG lieu 6. 4)

+ Khi P=/ di dong tren nhip BC. sau khi van dung cac didu kién can bang va
lhw bang 0. i m tm dum

116

171) = ~M;voi n=1 (str dung hang cudi cia bang s6 litu 6.4).

P00t 234567890

7

12 48
10, 92
6,24

&
436

T
I NR IS Wp(ia.hzz)
N oy @
| |
<+ )
d) |E§§@§:9§:§
SN <
AT, =
el s NLLu
I A 123 (5'6/7.73)
Qoekq,lq
'|w'3§z'§5~\n‘:
6) IQ\Q\Q\%\Q{/—H‘F{T’I@TM\

Hinh 6.25

rsp= 0.

ac  T2p
ligu trén hang dﬁJ ciia b’éng 6.5
'8 Xac dinh ‘tung 86 cdé du‘ohg anh hubmg co ban. Sau khi thyc men cac phép
tinh theo c4c bidu thic da‘thiéf 14p' & budc thir 6, ta im duge cac k&t qué ghi

trong bang 6.7. Cic dutmg ‘anh hudmg co ban tim dugc nhy trén cac hinh
6.25b, ¢, d.

9. Tim duomg dnh hubng ngi luc. Ap dung cong thic (6.12) cho truomg hop

nay, ta co bidu thirc x4c dmh d.a. h momen udn tai i€t dién 2 va 5.
(ZahMa -M—;I{dahZI)+M27(dahZo)+M73(dahZ3;+ dath y
dahMs _M_;,(d.a.h.Zj)-l-I M_,g (d.ahZ)+ M53 (d.q.h.23)+ dah M?2.

- Cac dai lugng M,é,-"biéu thi'momen udhn tai ti€t dién k do Zi=/ gAy ra trong

h¢ co ban. P& xac dinh, ta van dung cic bidu dd momen udn da tim duoc
trén hinh 6.24c, d, e. Néu chd ¥ 1a mdmen udn tai tiét dién k bét ky trong
thanh ¢6 thé biéu thi theo memen u6n & hai dﬁu thanh nhu trén hinh 6 26 thi

lrong lruorng horp nay ta co: ; ’ '

—16E1:M;1=-;2E1; - S,

M = —04EI; Mq, = _?451; M, Ll -, ' [M, :
Mﬂ: 0:  Msz =0 ( T )M
. . v A

D.a.h. M5 vadah M$ 1an lugt ‘

= (17, Mo~ M,

12 d.a.h. mOmen uén tai tiét dién

2 va 5 trong he co ban. Hinh 6.26 _
' Bang 6.8
Diém ditlue | dah MO dah M] d.a.h.M, d.a.h.Ms
1 10,0302. -0,0320. | 0,320 -0,271
2 011521 | -0,0960.] - 0,778 -0,484
3 004481 | -071440./ | 0375 [+0,548
4 000961 . § -0,1280.1 0,115 -0,432
5 o 0L 0 0000 | .- 0,000
6 0 0 -0,040 -0,293
7 0 0 -0,053 -0,390
8 0 0 -0,055 -0,341
9 0 0 -0,026 -0,195
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L

Trong he co ban, thi trong P=
phén tir nén.c6 thé: dé dang Um cac tung
trong bang 6 A 6 5 Ket qua tmh duoc ghl uen bang 6 8

duyc theo cac cong thuc néu & trén ta se
anh hudng noi lyc_cin urn Két qua ghi
g ve t1e11 hmh 6. 25e i.

do cla chﬁng theo cac sO heu cho

~ Sau khi t8 hop céc 6, liy vira Gm.
tim duwoc; gig, tri cac. tupg. dd. dudng
tién bang 6 8. Cac duOng Anh htrﬁ'ﬂg tmmg {m,

 chumnontie.

LT

6.1. Triﬁh bay v‘a phén'-tich -nhtmg gla thlet co b%m c,ua phuong phap chuyen Vl

6.2, Trinh bay ¢ach xac d;ph ‘bic situ dong trong phuqng phép chuyen v1 (¢bo vi ,

du). Bac situ dong phy ! thuoc vao nhfrng yéu t6 nao? -
6.3. T rmh bay cach 'lﬁp he do bén cha phuong phap chuyén Vi.
| 6.4. Trinh bay ndi dung phucmg phap chuyén vi khi tfnh he ch1u t%n trong |
6.5. Trmh bay cach XAC dinh céc he so s0 hang ty do trong phuorng phép chuyen vi
khi tmh he chlu a1 trong &
‘6.6§ Tri nh bay ‘cach xac dlnh chuyen vi khl tmh he (,hlu tﬁ(, dung (,ua 1ﬁ1 trong theo
phueng phap chuyén vi. , :
6.7. Trinh bay cach X4C dmh chuyén vi thing ur(mg (101 gltra haJ dﬁu thanh theo

phuong vuﬁng goc v(n truc thanh trong he c6 cac thanh “dtmg khong song »

song.
6.8. Thong qua mOt vi dy, trinh bay noi dung phuong phépfc-huyen vj-ikhi:tinh he
chiu chuyén vi cuOng birc g61 tua. . ;
6.9, Thong qua mot vi dy; trinh bay noi dung phlrong phap chuyen Vi khl tmh hé
chiu su thay d8i nhiét.do. N

6.10. Phat bidu va giai thich két luén vé he co nit khidong chuyén vi thing chiu thi v

trong tap trung chi dat & nat.
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. chi gy anh’ hueémg cuc bd trén pham: Vi mdi

Phutang phap hén hop va
- phuang phap i é_-‘n_r; hop

Trong céac chuong tren ta da nghlén ciru phuong phép lm: va phucmg phap chuyén .
vi, do 1a cac phuon g phép co bin va dugc xem la chmh xﬁc tﬁng quat. Trong thuc
hanh, khi tinh mot he thanh cu thé; cén dat vén dé:-

% Nén chon dung phuorng phap nao?

ats

s Co thé phoi hop hai phuong phap d6 dé glém nhe kh61 Iugng Unh toan duoc
“hay khong? ‘

Do 1a ndi dung se dé (,ap den Lrong (,huong nay

7.1. So sanh phu’dng phap luc va phUdng phap chuyen v: -
Cach chon phuong phap tinh '

Pé thdy duoc w khuy8t diém clia tung phutmg phap, ta hay lap bang S0 sanh
(bang 7.1) hai phuong phap tuong (mg v6i cac ndi dung cﬁn thuc Inen trong qua
trinh tinh toéan rnﬁt két cdu siéu tinh ddng thoi 1a sieu dong. - ‘

Qua bang so sanh 7.1 ta thdy: phuong phap chuyen vi noi chung d(m gxan h0‘n S0
vdi phuong phép luc. Tuy: nhién cling khong thé két Inan duoc 1 phuong phap
(,huyen vi uu viét hon phwong phap luc: Can phéi cén ci vao bai toan’ cy thé va

*cong cu tinh toan cla ngudi thiét k& dé chon lwa phuong phap tmh Néu chi ¢o6
- cong cu tinh toan thong thudmg ttu_ngum_ﬂnet kg nién ¢in cr vao s& lugng 4n s6

dé quy€t dinh viéc chion lya: T4t nhién, d6i v6i mot bai toan cy thé; nén chon

. dung phuong phap nao c¢é 4n's it hon. Trong tm@ng hop s6 4n s8 theo ¢a hai

phuong phap tuong- dwong nhdy, nén ¢hon dang phirong phap: chuyén vi vi cac

- khau tinh toan trong phuong phap nay thuong don gian hon.

D6 voi nhimg he ddi ximg chiu nguyén nhan bt ky, ta c6 thé ap dung nguyén Iy
cong tac dung dé phan tich nguyén nhan tac dung thanh ddi ximg va phan xung
(xem muc 5.7). Nhu vay, co thé dua bai toan vé hai tnrfmg hop:

+ He¢ doi xung chiy nguyén nhdn tac dung ddi-ximg. NOi chung, d€ gii bai toan

' nhy ta nén vén dung phuong phap chuyén-vi vi DhU’()'llL phap nay thUO'ng cho s@
4n it hon. .
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4+ H¢ d6i xting chiu nguyén nhdn tac aun
phuong phap luc dé giai bai toan nay vi thuomg ¢0 8 4n it hon.

i

D4 chinh xac

Pham vi &p dung

[

1
L

d,ﬁng phan ximg. NOi chung nén dung

B"angb'f,]

" Phuong phép luc

Phuong phéap chuyén vi

Téng quat, ap dung cho hé
bat ky.

N&u chap nhan cac gia thiét nhu nhau thi két qua hoan toan gidng nhau.

Téng quét, ap dung cho hé bat ky,
thuéng chi nén ap dung cho hé
khung, dam.

S6 an b

Bing bac siéu finh (khdng :phu
thudc cac gia thiét).

Biing bac siéu dong (phu thudc
cac gia thiét, cau kién mau, so doé
tinh chép nhan).

vt

| Hé coban

« Loai bd bot lién két, bat bién hinh.
e C6 thé chon theo nhiéu céch
khac nhau.

khéi lugng tinh toan.

e Cach chon cb anh hudng dén

o Tham lién két ngan can chuyén
vi clia cac niit.

o Duy nhét, chi bao gom céac phan
tr mau, '

Bidu d6 My va Mp

Ngudi thiét k& ty vé (ton thdi gian, '
d cb sai lam).

V& theo bang mu (it sai lam).

Biu d5 do su thay déi
nhigt @ va chuyén vi
g6i tya trong hé co ban

Khong tén tai néu hé co bén 1a
tinh dinh.

Tén tai (phtic tap, d& oo sai lam).

Xac dinh cac hé s va
s6 hang ty do clia hé
phuong trinh chinh tac

Can thyuc hién phép nhan biéu a5
aé xac dinh (phic tap, d@ sai lam).

Tim theo céc didu kién can bang

(don gian, it sai lam).

Hé phuong trinh
chinh téc '

N6i chung day dl (cac hé s6 phu
khac khdng) nén t8n thoi gian han
khi giai hé phuong trinh.

NGi chung khang déy du (co nhiéu
hé s6 phu biing khng), dd ton théi
gian hon khi gidi hé phuong trinh.

Tuong duong (cling tim duoc bang

cach t hop cac biéu do da co).

Biéu dd M cudi cung

tap, kho phat hién.

\iié’m tra két qua

Theo didu kién chuyén vi nén phic | Theo didu kign can bang nén

don gian.

~ Trong thuc {8 1a ¢o thé gip nhimg h¢ (hinh 7.1), trong do ¢o bd phan thich hop
v cach giai theo phuong phap chuyén vi (phin 3CDEF), ¢0 b0 phan thich hop
v6i cach giai theo phuong phap luc (phin AB). Néu dung doc lap mot trong hai
phuong phap dé gidi bai toan thi s& phuc tap (s6 luong &n 16n). Nhu vay, d3i voi
nheng hé nay ta ¢0 thé ddng thdi phat huy uu diém ciia ¢a hai phuong phap do
hay khong? Nhmg phuong phap trinh bay dudi day s¢ dap img dugc vin dé nay.
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7.2. Phuang phap hon hgp.

é trinh bay n0i dung phuong phép, 1a xét he wen hinh 7.1a véi gih thiet e ¢
Chflu tac dung ciia tai trong. DG v6i nhimg nguyén nhan khac, nguyen't{l&;tvﬁ]
toan cung {uong ty. Ta nhan thdy, .néu dung phuong phap luc dé tinh thi he tr
hiilh 7.1a ¢O bay 4n s6, con néu dung phuong phap chuyén vi s& ¢ mudi 511 R
D@ gii bai (04n nay, néu van dung phuong phap hdn hop do A.A. Gvozdiev ki
nghi thi s6 luong 4n s& se gidm xudng khé nhiéu.

Trong pl’lmmg phap hdn hop ta chon he co ban nhu sau: foai b cac lién Két va ch
Iuc 1am &n sé trén cac bo phan thich hop vdi phuong phdp I, da'f thém céac lién |
ngéan can chuyén vi cla céc nut va: chon chuyén vi clia céc nut dé 1am an sé tr
nhiing bé phan thich hap vél phuong phap chuyén vi.

Hinh 7.1

Vi du, d6i voi hé cho trén hinh 7.1a, trong by phan AB thich hop véi phuong ph
fuc ta loai bb ¢di wra di dong A va thay thé béng phin luc X; chua biét: trong |
phan BCDEF thich hgp vdi phuomg phap chuyéq vi ta dat thém hai lien k

. momen tai nit B va nat C dong thoi nhan cac chuyén vi xoay Zz va Z; tai cac n

nay lam 4n s0. Hé co ban ciia phuong phap hdn hop ddi véi he dang xét a he
trén hinh 7.1b. Nhu vy, s8 4n s@ theo phuong phap hdn hop la ba. Tuong tu .nl
trong phuong phap fuc va phuong phap chuyén vi, dé tinh hé da cho theo pﬁirm
phap hdn hop ta cung thuc hién tinh 10an trén hé co ban dong thoi phai thiét |
cac didu kien bd sung nhim d4m bao cho hé co ban lam viéc gidng nhu hé da ch
Ciac ditu kign bd sung bao gom: ’
< Chuvén vi theo phuong cia cde lién két bi loai bo do cac luc-X, cac chuyén
cuong bite Z va do 1ai trong gdy ra trong hé co ban phai bdng khong. D;'Si v
hC trén hinh 7.1, ta ¢o didu kién: chuy®n vi tai A theo phuong thing ding do A
Z>, Z4 va do i trong gay ra trong he co ban phii biing khong, (uc 1a A= 0.

o 3 L. A e .,. 5 Py
% Phan lue trong cac-lién két ddt théem vaoe hé do cde luc X, cdc chuyén vi cut

btic Z va do 1ai trong gdy ra trong hé co ban phai bang khong. Doi voi he. da
X€1, ta ¢o didu kién: phan luc momen trong cac lign két & nat B va Cdo X, ;

I



=~

Z; vado tai trong gly ra pha.l bang khong, toc 12 Roi= 0, Ry =0,

Trén co s& nguyen lyicong:t téc dung, sau khi khai trién cac didu kién bo sung fa sE
duyc he phuong trinh chmh téc clia phuong phap hén hop dé xac dinh .cac 4n s6 X
vaZ. DOI vaihe dang xét, he phucmg qrinh.chinh tdc ¢6 dang: co :
511X14‘f'222+‘51323+AJF =0 , o
7"71X]+I’2222+1’7323+R’)P—0 _b ' (7])

;31X1+13222+’3323+R3P—0 |

Trong he phu(mg tnnh chmh téc ctia phuong phap hon hop co bon loal he 58 va

hai loai SO hdng . do Tahay tim hiéu y nghia va cach x4c dinh ching.

dik — chuyén vi twong ng 'vOi vi tri va phuong cda luc Xi do’ luc Xk-l gy ra
trong he co ban. Chuyén vi nay duoc xac dinh theo cong thirc quen biét:

Sik= (M My),
voi' (M I3 (Mk)la biéu dd momen uén lan lugt do X,—] vh do Xi= i igdy ra
- trong h¢ co bé\n

5 — chuyén vi twong ang voi Vi tri va phu(mg chiia lue X; do chuyen vi cu(rng bic

Z;=1 gay ra trong h¢ co ban (ky hiéu ddu chdm & phia trén d8 no6i lén chuyén
vi nay do chuyén vi cu'CYng birc gay ra, phan bigt voi chuyén vi do luc gay
ra). Co thé xac dinh cac chuyén vi nay theo dinh 1y twong hd gitra chuyén vi
don vi va phan luc don vi 5,1 = —7j; hodc theo cong thic chuyén vi (4 25),

hoac x4c dinh truc ti€p bang hmh hoc.

- phan luc trong lién két thit j do chuyen vi cu@ng buc ZA 1 gﬁy ra trong he o

ban. Phan luc nay dugc xac dinh theo cac diéw kién can bang nhu da trinh
bay trong phuong phap chuyén vi. :

rji— phan lye trong lién két thi j do Iuc X;=1 payra trong hé co ban (ky hleu dﬁu

chdm & phJa trén’ dé~n01 lén phan luc nay do lu'c gay ra, phan biét v6i phan
lyc do chuyén vi gay ra). Phan luc nay dugc xéac dinh theo cac diéu kién cén‘ ’

bing nhu da quen biét trong phuong phap chuyén vi;

Aip - uhuyen vi tuong ung voi vi tri va phuong chia lyc X; do tai trong gay Ta

trong he co ban, duge XaL dinh theo cong thuc quen biét tr ong phuong phap.

" luc: ;
AiP = (A—/], )(M?')}

v6i (M3) 1a bidu d6 momen udn do ta trong gay ra trong he co bén.
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T a giai bai toan theo thir ty nhu sau:

Rjp — phén lyc tai li€n ket thu Jjdo tai trong géy ra trong- hé co ban, duvc x4c dinh
theo ba(. didu klen ¢én bang nhu da quen blet trong phuong phap chuyen vi.

Sau ktn thiét 1ap. va gidi he phuong trinh chinh tac d& xac dinh cac 4n s6 X va Zta

© ve biéu dd nodi luc trong hé bang cach 0 hop céc bleu ds tu(mg tw nhu dar thuc_, ,

hién trong phuong phap firc va phu-ong phap chuyen vi. Vi du di voi he dang xet
biéu dd momen udn cudi cung tim duoc theo cong thic sau. o
(Mp)= (M, )X, +(M2)ZZ+(M3)23+(MP) 12

Pé kiém tra két qu ta cé cic dléu klen sau: chuyén vj theo phu'o-ng cilia cac lién
k&t bi loai bd va phan lye trong ¢ac llen két dat thém vao he, ph%u bing khong.

Vi du 7.1. Van dung phuong. phap hon hop dé ve bidu do mﬁmen udn trong hé
trén hinh 7.2a. . '

a) L 8m 3

1 m
’IA_._ P= ql

¢

Hinh 7.2

- 1 Lap hé co ban: Néu dung phuong phap chuyén vi dé gidi bai toan. 1hi s& co:-ba

4n 0, con néu dung phuong phap luc thi se ¢o. bon 4n 6., Ta nhan Ahdy, phan’
bén trai ctia he thich hop voi phuong phép luc con phén bén phﬁx ctia he thich
'h(rp voi phuong phéap chuyén vi. Do do ta s¢ chon hé co ban theo phuong phép
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' hén hop nhu trén hinh 7.2a, voi hai 4n s 1a X 1 vaZs.

2. Ve cdc bidu do momen udn don vi do Xj= 1 (hinh 7. 2@) do Z»=1/ (hinh 7.2d)
va hidu dé momen udn do tdi trong (hinh 7.2;:) gay ra trong h¢ co ban.
3. Xac dinh cac hé s6 va s& hang e do cia h¢ phuong trinh chinh tdc
) 1
L8828 1 g, 60,
E21 2 3 El 3E]

6],— —-/"g, = & (tach nut 2 cha bidu 4O M)); .

S11= (M (M))=

- i

7bl p SR 2 Xg
rez =7 EI +El = - (tach nut 2 ciia biéu do M;);

. 1242 ,_ 16
Arp= (M, (M5 8=-224
p= (M Mp)= EH 2 Zl

Raop = 2q — 3g = —q (tach mit 2 cla biéu dd M;’,)

4. Thiét Ldp ﬁé phuong trinh chivih tdc

0%+ 827-16—"_ ax B 7,y
3EI El
5. Gidi hé phuomg trinh chinh tdc. K& quic X) = 20 gkN: Zy = —og rad
. Lla f rinn cnimn . : = —— . = ad.
A PR WX =55 2T 0m !

6. Ve biéu dd momen udn 1déng cfng theo cong thic:
(Mp)=(M )X, +(M3)Zy +(Mp).
K&t qua tim dtforc nhu trén hinh 7.2f.

7.3. PhU'dng phap lién hgp

" Pé giai nht‘mg loai bai toan néu & trén, ta con (,(’) thé van dung phuong ‘phap lién
hop, trong do phdi hop song song phuong phap lut va phieong phap chiuyén vi.

Trong phuung phap lién hop, ta ¢6 thé thye hien theo mot trong hai huong sau:
+ Chon he cd bdn theo phuong phép luc nmmg khong loa/ b6 hét cac lién Kkét thug ma
chi loai bé céc lién két thudc bé phan thich hop vol phuo'ng phap ue.

Lic nay hé co ban 1a siéu tinh. D€ ve cac biéu dd noi luc trong hé co ban siéu
tinh ta s& van dung phuong phéap chuyén vi bdi vi bd phan 51eu tinh cia hé co
ban chinh la bo phan thich hop phuong phip chuyén vi.

- DE lam sang o, ta xet hé cho trén hinh 7.1a, Chon hé co bdn siéu tinh nhu trén
‘hmh 7: 3a Phuong trmh chinh tac co dang:

A 51]X1+ A[,D— 0.. . : (1.3)

ot
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biéu dd momen udn do :
" rieng luc X gdy ra trong .
g1 C A7 gay 2 . E L ‘

Hg s0 J;7 va sO.hang ty
do Azp la.chuyén Y IR
tuong Ung voi vi tri va
phuong clia luc X; lén
luot do lue X;=1 va;do
tai trong gay fa trong hé
co ban siéu tinh, '

Pé xac dinh cac hé s6 va
s6 hang tuv do ta vin sl

dung cong: thte chuyén - e tV
vi quen biét song chn y fa— H
phai ve dugc bidu dd ndi _ H—‘-;M ¢ D{
luc do X;=] va do thi . A Vl ‘ .
trong gay ra lrong hé co 1 F 1 E
ban siéu tinh. % 1 . -
S : . V(7 %1 F%2
Ching han mudn tim 4 M/ f ’V
c) r
H N\ T8 c DY

hé co béan siéu tinh thi ta N
‘s thyc hién nhu th€ ndo? "Hinh 7.3
Lic nay, trong bd phén tinh dinh cla h¢ ta vé biéu dd momen udn nhu thuomg 1é
¢on trong bd phén siéu tinh cla hé thi s¢ ding phuong phap chuyen vi dé giai
VOi cac ngoai luwe M, V, H dugc xac dmh theo luc X;=/ (hinh 7. 3b) Hg co ban
cla, bai toan phu nay o’ dang nhu trén: hmh 7 3c. He phuong trinh chinh tic
twong tng: . , ,
riZy + r1222+R1p= 0; r2121+ r2722+R2p 0. (7. 4)
Sau khi giai bai toan phL vGi cac 4n Z, ta se tim duge cac bidu dd cin thiét trong
hé co ban cha phucmg phap fye. DE tranh phai gidi nhiéu lan h¢ phuong trinh
(7.4) v6i cac nguyén nhan khac nhai, ta dung phuong phap hé s8 4nh hudng.
Biéu d6 noi luc cudi cung se tim dugc theo cong thic quen bigt trong phuorng
phap tuc sau khi gidi he phuong trinh (7.3). Trong trudmg hop he dang xét, ta co
(Mp)=(M})X +(Mp). a8

4 Chon hé co ban theo phuong phap chuyén vi nhiung khéng dat day du cac lién két
phu nhém ngén cén tét ¢4 cac chuyén vi niat ma chi dét lién két phu tai céc niit thuc
bé phan thich hop véi phuong phép chuyén vi. e

Lic nay he co ban la siéu dong, con ¢6 mot 6 phén tir khong phéi la phan tir
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L
miu. Hé ve cac biéu dd noi hue trong he co ban siéu dong, ta st van dung
phuong phap lyc bdi vi bd phan siéu dong (bd phan €6 cac phin tir khong phai
I4 phén tir mAu) chinh 1a bd phan thich hop voi phuong phap luc.

p |F

Hinh 7.4

Vi du, voi hé trén hinh 7.1a, ta 13p hé co ban nhu trén hinh 7.4a, trong d6 phan
tir AB khong phii [a phan tir mau. Heé ¢o hai 4n s6 1a Z; va Z. Truoc khi giai bai
{oan ity 1 cin thye hign bai toan phy: tim noi luc trong phén tir khong phéi la
phin (r mu (phin wr AB (rén hinh 7.4b) chiu tac dung cla tai trong.va chuyén
vi cuong buc tai cac lien két (chuyéﬁ vi xoay tai ngam B). Bai toan phu nay s¢
duoc thue hién theo phuong phap luc voi cac 4n s X (4n s8 X).
Sau khi gidi bai toan phu ta ¢o {hé d& dang giai bai todn chinh theo phuong phép
chuyén vi quen bhiét voi he co ban la sicu dong.
Nhu vay, trong ca hai cach thuc hién, phuong phap lién hop déu dua bai toan ve
hai-bai toan doc 1ap, mot bai toan duge gidi theo phuong phép Tuc con mdt bai
todn dugc eidi theo phuong phap chuyén vi. So voi phuong phap hon hop, s6 4n
s@ 13ng cong cha hai phuong phap nhu nhau nhung trong phuong phép lién hop
cac phuong trinh chinh tdc duge phan thanh hai nhom doc 1ap voi nhau. DO 1a wu
didm chinh ctia phuong phap licn hop. '

CAUHOI ON TAP
-1 So sanh phuong phap luc va phuong phap chuyén vi
7.21_ Khi tinh h¢ d6i xtmg chiu nguyén nhan bat ky, nén thuc hién nhu thé nao?

7.3. Phuong phap hdn hpp: e nén ap dung cho nhimg truong hop nao?
e e trinh bay ndi dung phuong phap qua mot vi du.

\3:4 PHuong phap lién hop: e nén ap dung cho nhimg trudmg hop nao?
: e trinh bay ndi dung phuong phap qua mot vi du.

7580 danh'‘Phuong phap hdn hop va phuong phap lign hop.
3 “f46 '

Trong cac chuong trudce ta da nghién ctru he phéng Ia nhimg he trong do truc cia
cac thanh d2u nim tropg cung mot mat phéing, chi can bang-khi thi trong tac dung
nim trong mat phéngiciia h¢.

Phéan I6n cae hé -_tl_'(_)n-é thuc t& déu c6 so dd khong nim trong cung mot mat phing;
eoi la h¢ khong. gian. Trong khé nhidu truong hop ta ¢d thé phan tich bat toan
khong gian dé dua v& cach tinh theo so dd phéng. Song, ciing ¢o nhimg trudmg hop
khong thé phan tich thanh so do phang hoc tinh toan theo so 4o phéng sg din dén
sai 6 1on thi nh4t thiét phai thuc hién tinh todn theo sO dod khong gian. -

Cong tuong ty nhu trong he phéng, he khong gian dung trong xiy dyng phéi la e
bét bién hinh. V& nguyén tic cich cfu tao hinh hoc cac he khong gian cong twong
g nhu cac hé phing nhung "c‘()-zpvhﬁh“ phuc tap hon khi van dung. Thay cho khai

* niem miéng cung dung trong he phéng, trong trudng hop hé khong gian ta dung

khai niém vdt thé.
VAt thé 14 mot hé khong gian bét bién hinh mét edch 1o rét.
Ngoai ra cn chd  1a trong khong gian mot vat thé ¢d sau bac tu do (ba chuyén vi
tinh ti€n va ba chuyén vi xoay) so-vei mot vat thé& khac dugc xem la bt dong.
8.1. Cac loai lién két khong gian

bé ndi cac vat thé thanh mot hé khong gian bét bién hinh; ta dung cac lien kél
khong gian. Tuong tu nhu lién ket phéng, lién két khong gian duoc chia thanh lién
k&t don gian va lien két phic tap. o :
A. Lién két don gian .

Lién k&1 don gian la lién két dimg dé ndi hai vat thé. Dudi day 12 mot s6 dang

lien két don gidn thudng gg‘l}f)‘j - ’

1. Lién két thanh khong gian ©

Lien k&t (thanh khong gian (hinh . la) dugc ¢u tao tir mot thanh (hodc mot-vat

th&) o khop cdu 1y tudmg & hai ddu. DE phan biét vdi khop phing (khop ban-
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. N
Hai hen k¢ hianh déng qd Hoh g duéng v():l g61 kh()'p chu dat trén cony 1an"
“hinh tm (hu;h 8. 2c) .:_ '{ g B

+ Trwbng hop hai. lten két thanh song wng (hlnh 8.2b):

18 hinh tru) da dugc k¥ ‘hiéu béng’ khuyen tron méu trang, ta se ky hiéu khorp
¢Au bing khuyén tron mau den. : :

1

Lién ket thanh khir dugc chuyén vi thang theo phuong truc thcmh ciia vat fhé B
SO vai vt thé A xer;yhhu 6 dinh, tic 1a khir duoc mot bac ti do. Llen két :
thanh vin cho phép vat thé B chuyén vi thing trong mit phing vuong goc voi
truc thanh (hai bac tw do) va quay dugc quanh ba truc bat ky (ba bﬁc ty do).

Llén két khi’r duoc chuyén v1 thing ‘clia vt thé doc theo truc ctia haJ lién két

- thanh va khir dugc chuyén vi xoay trong mat- phang ciia chiing tic 13 khtr dugc

_ hai bac w do Lien két cho phép vat thé chuyen vi thing theo hai phuong

vudng goc vai truc cla hai lién két thanh va chuyen vi xoay xung quanh hai

truc song song 'v6i mit phing ciia hai hén ket thanh tac 14 truc x va y trén hinh

8.2b. Trong: Jien két phat sinh mot phan luc cé phuong song song voi truc cia

" hai lién két thanh nhung c6 diém dat. chua bigt nén co thé dua v€ hai-thanh

. phan mot lyc song song V6i hai. lién ket thanh c6 diém dat xac dinh va mot
momen nam trong mat phang cla hai hen két thanh.

Trong lién kel thanh phat sinh mgt phan luc doc theo truc thanh.:

Lién k&t thanh 12 mot khai niém
m& rong cila g8 khop cdu di
dgong (hinh 8.1b) thudng dung dé
ndi mot vat thé voi trai dat.

Lién két thanh khong gian 12 lién
k&t co ban bOj vi, nhu ta se thiy,
tAt ca cad lien két khac déu c6 thé
quy v& thanh mot tap horp cac
lién két thanh. . Hinh 8.1

3. Llen két cau tao bdl ba lién két lhanh khong dong phang

R 4 Tru()ng h(/p ba lién két thanh khong (Zong phang, dong quy (hmh 8.3a):

- Llen két khu duot ba chuyén vi thang cua vﬁt the tire 1a khl.r duoc babic tr do,.
nhtmg cho phep vat thé .xoay duoc quanh ba truc bat. ky di qua khép chung.
2. Lién két cau tao boi hai lién két thanh aéng pharig :;21;gugfr; ;c:ltl fi{ ;:;nhh pli]jlt]h l;l’lmh(iih(:l]];d ﬂllc::gacgﬁﬁ(g;;;hggkcyé phuong bét k¥
. + Truomg hp hat lién kél thanh dong quy (kinh 8.20): Lién két gom ba lién két thanh ddng quy kh@ng cling Lrong mat phing tuong
Lien két khir duoc bai duong Vi gdl khop cAu ¢6 dinh (hinh 8. 3c). ¢
bac tuy do, cho phép vat
thé chuyén vi thing theo
phuong vudng goc vOi
mat phing hai lien ket
thanh va xoay dugc
quanh ba truc bdt ky.
Trong lién ké phat sinh
phén lyc n3m trong mat
phing cia hai lién két
thanh va di qua Kkhop
chung. Vi phan lwc c6
phuong ~chwa bi€t nén
thuomg duoc phan tich
thanb hai thanh phén
theo hai phuong nao do, -
ching han theo phuong z
‘va v tréft hinh 8.2a. ' Hinhg82 =

"Hinh'8.3

¢ Tmong hop ba lién két thanh khdng ddng phang, song wng (hmh 8.3b):

' ; Lien k&t khir dugc Lhuyén vi thang cua'vét thé doc, theo truc ciia cac lign ket
thanh va hai. chuyén vi xoay trong hai‘mat phéng tao thianh bdi ba lien két
~ thanh song song (hai mat phéng Ozy va Oxy trén hinh 8.3b) tc la khir dugc ba
. bac urdo. Vit thé cdn lai ba bac tr do'1a hai chuyén vi thang trong mit phéng

_ vu§ng £0C voi truc cia lién két thanh va mot chuyén vi xoay xung quanh truc
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n hinh 8.3b). Trong hen két phat

sinh mot phan e €0 phucmg s a cac lien két thanh nhung
¢o diém dat chua piét. Co thé dua phan luc nay v& mot diém xac dinh nao do,

ta s& dugc ba thanh phan phéan luc: mot thanh phéan luc song song voi truc cac
. lien Két thanh dat tai diém xac dinh va hai. thanh phin momen trong hai mat

phang tao thanh bdi ba lién két thanh song SONg.

ué‘uhémke“hanh (Lruc y e

rsbng:song: Wb
ong song voi tmc e

4 Lién ket han hay goi 1a moi han
Lien k€t han (hmh 8.4) khir duyc toan bo sau bac tu do. cia vat thé trong
khong gian. Trong lien két phat sinh mot phan luc ¢o phuong va diém dat chua
bidt. - ' L

Co thé dua phan luc nay v& mot diém xac
dinh nao do ta se dugc sau thanh phén: ba
thanh phin luc dat tai dlem x4c dinh hmmg
theo ba truc cia he toa dd bit ky trong
khong gian va ba thanh phin momen Xung
quanh ba truc ciia he toa do do.

Nhu vay, mot lién k&t han khong gian tuong: ‘duong voi sau lién két thanh néu

chiing duoc b tri dé sao cho €6 thé khir duge sdu bac do. Khi vat thé ¢o

dinh A la uld dat thi lien k& han duoc goi la ngant khong gian.

Ngoai cac lien k&t néu trén, ngudi la con’ ¢6 thé cdu tao nhidu dang lién két

khac bdng cach 18 hop cac lién két thanb. ’ o

& 6 luong gifra cac vat thé va cac lién

Hlnh 8.4

. Sau nay, khi khao sal moi quan he v két,
dé cho tién lgi 1a se quy ddi cac lien két ve llgn _ket thanh.

B. Lién két phuc tap ' e,
Trong thyuc (& ¢o thé gap trudbng hop llen k& hih hoac lién k&t khop cau (hai
thanh ddng phang, ddng quy hodc ba thanh khdng dong phang, dbéng quy) ddng
thoi cung ndi nhiéu vat thé (1r ba vat thé trér'1én) voi nhau thi lién k&1 do duoc

goi lalitn két phitc 1ap.
‘Tuong wr ahw trong hé phéng, ta goi do phic g
k&t dom gian ciing logi twong duong voi lién k&1 phuc tap do.
Do phuc tap cua lién két phuc tap duoc xéac dinh' theo cong thuc‘:
p=V-1, (8.1
uong do:
— 30 phuc tap:

V — s6 vat thé quy tu vao lién ket perL tap.
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p ca lién két phiic 1ap la 86 lign

8.2, Cach ndi cac vat the thanh mot hé khéng gian bét bién hinh
Tuomg iy ahut trong bai 104t ﬁﬁaﬁg khl khao sat sy cdu tao hinh hoc ta cin lin
lrdt xeét didu kién cin vh dleu kxen atl. -

‘ri! (]

A. Diéu kzen can ' -

1 He bét ky

Gia st he khong gian dugc cﬁu tao b&i V vat thé, trong $0 do ¢O V; vét thé chi
¢6 hai khop cau (’) hai dﬁu va duoc ndi voi nhau bd112 céc lién két quy ve T lién

két thanh.

Cha y lh mot vat thé bat k¥ trong khong gian ¢0 séu bac w do Mot val thé chi
&) ‘hai khop ciu & hai dau (hinh 8.5) ¢o thé quay xung quanh truc di qua hd.lv
. tch(j'phcau chklilyen dr?}?g (il:lay do khong anh hudng 21 dén su ciu tao chung cla
oan hé nén khdn att
e lg;, oy & phai khir. Do do, vat thé chi co hai khop cdu & hai
N“éu quy uoc chon mot vat
the lam vat thé bit dong thi
muon ndi cac var thd con lai
vao vat thé bat dong ta can
phéi khir duoc 6(V-1-V;) +
3Vj 2 6(V=1) - V; blc
_ dQ Do Ia yéu c,au

Hinh 8.5

-/Ve .kha ning, hg-co 6 lien ket ' ’
ong duomg voi T lign két thanh nén,
cOt
dugce T bac tr do. et

Cang lap luén twvong tu nhu & chuo’ng 1, sau khi so sanh s8 bac tw do co thé
khir dugc (kha ndng) voi s6 bac tw do can khir ( yeu ciu) ta co didu kién cén:

n=T-6(V-1)+V; 20.

(8.2)

i < _ A A7 1A RO . F .
»;" ‘,I\.Ieu n."— 0/. hg.a dti lien két va co kha ning bét bién hinh nén cin xét ditu
klen di. Néu didu kién dii thda man thi he 1a tinh dinh. ’

o ' Neu n > () h¢ thira lién ket va co kha ning bél bién hmh nen (,(m xel ditu
" kien di. Néu didu kién di thoa nan thi hé 12 siéu tmh ‘

P& cho don gian, tron
g nhidu truomg hop, ta ¢6 thé xem val 1he ¢hi ¢6 h
) ai ki
¢Au & hai dau nhu 12 mot lién két thanh. L
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2, He noi voi dat 3

Gla sir he khong gian dang x¢ét co V vt thé, uong $0.36 c6 V; vat thé ch1 co
hai khop chu & hai déu, duoc ndi v6i nhau bing céc lién két quy vé 7 lién két
thanh va ndi v6i d4t bang cac lién két ta tuong duong C lien két thanh

Coi trai dat 13 vat thé bst dong, muon n6i cac vat thé do voi nhau va  n6i v6i
tr4i d4t ta can phai khir duoc 6(V— Vi)+5V; = 6V-V, bac ty do.

Xet vé kha nang, s6 bac tr do c§ thé khir duoc 1a T+C.

So sanh s8 bac tr do c6 thé khir duwoc voi s0 bac d(, cln khu ta suy ra diéu
k_1_en cin: :

' | | n=Ts+Cc-6v4vi20 | . (8.3)

Y"fnghia clia cong thirc nay cing Wwong L nhur clia (8.2).

3. Hé dan khong gian : . s
Dan kibng gian la hé dwuc ¢ tao boi cac thanh lhang, hai dau c6 khop cdu:

‘CO thé dung c@ng thic (8.2) va (8.3) dé khao sat dleu kién cin cda he dan
nhung khii d6 c¢An phai cha ¥ dén do phut. tap clia cac lien két khop ciu. Dé
thuan tién cho viéc ap dung ta sé thet 13p didu k:en can rieng cho h¢ dan.

+ Dan khong ndi voi tr6i da. Gia sir trong h¢ co T thanh, M mét. Qum mem
_'mot tan gidc khop cla he la vat thé bdt dong, nhu véy trong h¢ con lai M-3
‘mdt cin néi vao vat the bat- dong va ¢é T-3 thanh dé ndi. Trong khong gian,
mdi diém (mat) c6°ba bac tr do nén s6 bac tir do cin khir 1a 3(M—=3). S3& bac
tr do ¢6 thé khir dugc 12 T-3. So sanh ¢éc s6 litu nay ta suy ra didy: kién can:

S on=T-3(M=3)>0,

hay | n=T+6-3M20 | (84)

Y nghla ciia cong thirc nay twong ty nhu clia (8.2).

+ Dan ndi véi trai ddr. Gia sir trong he ¢6 T thanh, M mét va duge ndi voi adt
bing cac lien két tra tuong duong C lién k&t thanh. Coi trai dét Ia vt thé bat

_ dong va cdn n6i M mit vao val thé d6.'S6 bac tw do ¢in phai khir la 3M con .

' s() bac tr do ¢o the khu duac la T+C Sdll ldn $0 sanh cac so heu nay ta suy
o ra dleu kién cin :

;1,='T+C;—_eM,é,o.' . N

Y nghia ci’la:chg thirc ndy cng fuong tu ahr clia (8.2).

7
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B. Diéu kign di

Pk g

Sau khi didu kién cﬁn du’or(, théa fodn, ‘td xét didu kién dd. :
D:eu kién di dé no: cac vat thé thanh mot hé bt bién hmh la cac lién Két phal
deo’c b tri hop Iy '
D& x4c nhan kha nang b6 m hop ly ctia cac lién két, ta lﬁn luot khao sat mot s6
trudng hop sau: R st

1. Cach nbi mot mat vao mot vat thé
Xét vat thé A, gia su,' cin ndi mat M vao vat thé A (hinh 8 6) dé tao thénh hé bt
bi€n hinh. ‘

Theo diéu- luen can, mudn ndi, mat M vao vit
thé A cén phai .chu durge ba bac ty do tic 12 phi
dang ba lién két thanh. Diéu kign dii 1a ba thanh .
khong duge déng phdng. That vay, néu ba thanh
ddng phing thi ba thanh do kht’)ng ¢6 kha ning

_ ngan can dugc (,huyén vi .cha mit M theo -

phumw vuong god voi mét pha.ng do - ‘ ‘, Hinh 8.6

Ba thanh khong déng phang dé no: mot mat vao mot var thé dudc goi la bd ba.

Tuong u nhu bd d01 trong ba1 toan phana bo ba tmng ba1 toan khong gian ¢6
tinh chat sau: .

BG ba khéng lam thay déi t/nh chét déng hoc cla he i
Nhu vay, cO thé van dung tinh chit nay @8 phat trién hoac thu hep hé kho sat.

Vi du 8.1. Khio sat sur c4u tao hinh hoc ctia hé trén hmh 8.7.

He da cho thudc loai hé dan ndi voi dit,
trong d6 T=21; M =9; C=6. Theo (84)

n=21+6-3. 9 0;hé du hen két.

DE xét didu kien di. ta sir dung tinh ¢hat ciia
bo ba, thu hep din he khao sat. Loai khoi h¢
b0 ba gdm ba thanh khong ddng phéng quy
-ty tai mét /. hé con iai vin kbong thay ddi
tinh chit dong hoc Trong hé nay, tai mit 2
chi con lai ba thanh khong d0ng phéng tic 12
bd ba. Loai b0 b0 ba quy tu tai mét 2 ta s
dwge hé con lai khong thay d6i tinh uhﬁt

dong hoc. ' ‘ o ; Hinh8.7
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Tiép do, 1an ot loai bd cac bd ba theo thir tu cac mit 3 456,789

Cui cing, con lai tréi ddt la he bét bién hinh nén he da cho ban dhu Ia bat

blen h1nh

2. Cach noi hai vat the
Theo. didu kién cin, mudn ndi vat thé I vao, vt thé 11 duoc xem la bﬁt dong, ta
cAn phai co sO lién ket trong duong voi sau lien két thanh.
Didu kién du dé nbi hai vat thé thanh mot he bat blen hlnh bang sau l/en Két
ﬁ  sa0 cho: :

thanh lé céc lién Kkét thanh dé phai duoc bé 1 :
& Séu lién két thanh khong duoc cung it n mét dirong thang.

“Trong s6 sdu fién két thanh, khong duac co qua ba thanh dong quy.@ mot diém.

< Trong s séau lién két thanh khong duo’c co qué ha/ thanh dong quy (hodc

song song) dbng phang

R ,fj S, o
Trén hinh 8; 8 giGi thigu cch noi hai vat thé khong th()a man dléu klen 4.

%

Hmh 8.8

Trong trudmg horp sau lien két thanh cing cit mot dutmg (hinh 8.82 va b) thi
tity theo cach sdp xép cic thanh vat thé I co thé quay vo cing bé hodc htu han
0 voi that thé II xung quanh dudong thing dé ma khong ¢ lién ket nao can
. Nhu vay hé sg blen hinh tirc thoi hoac b1en hinh.
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Trong trudng hop ¢6.qua ba 0% thanh ddng quy: & mot diém (be trén hinh 8:8¢ c6
bén thanh doéng quy) tm ) 111 két dong quy nay chi ¢o kha ning khir dugc
16i da ba bac tr do. SO thanh cbn la1 ‘se it hon ba cho nén khong thé khir duogc

ba bac tw do con lai. Nhu vﬁthf;se ién hinh.
Trong truong ’hgp c6 qua- hal fh_ | ‘d0ng phing ddng quy hodc song song,
chéng han c6 b thémh”song sof  nhat trén Hinh 8.8d thi ba thanh nay chi khir

duoc (6i dala ha;:bﬁc fr do. "S5 thanh con lai it hon bdn bac ty do cdn Jai cia
hé. Nhu vay h §% (

3. Truong hqp tong quat
Trong truomg hop téng quat, khi phan tich diéu kien di ta co thé van dung tinh
chdt ciia bo ba hodc cach ndi hai vat thé da biét & tren d phat trién timg vt
th€ dén muc 18i da cho phep Nho viy ta co the dua hé co nhiéu vat the v& he
€6 sG vat thé it hon. :

%+ Néu dua v& mot vﬁt thé thi ket luﬁn hé da cho la bﬁt blén hinh.

< Néu dua ve hai vﬁt thé th.l van dung dibu klén ndi hai vat thé da xét 6 trén
da& phan UCh »

Noi chung, phan 16n c4c hé khong gian gap trong thuc t€ deu co thé dung bién

phép noi trén dé phan tich sy c4u tad hinh hoc. Trong trutrng hop’ khong van

dung duoc bign phép trén, ta 4p dung cic phwong phap khac dé phan tich,

ching han phuong phap tai trong bang khong da nghién cuu trong chucmg 2.

Cang nhu trong, bai to{m phang, tiéu chi cua phuong ph(zp a8 trong bdng
khong trong bai todn khong gian duoc phat biéu nhu sau: o
Khi khéng co ta/ trong-tac dung trén hé:
% néu phan Iuc va ndi luc trong toan bé hé déu duy nhét béng khong thi hé la
bat b/en hinh. i
% néu phan /LfC va néi luc trong toan bd hé hoac trong moét bo phan nao.dé cta
hé Ia vé dinh thi hé khong bét bién hinh. :
Phuong phéap nay don gidn va ¢6 higu qua khi ap dung dé phan tich sy cdu tao
ctia cac he dan khong gian. Trong muc 8.3 dudi ddy, sau khi nghlen clru céch
xéc dinh noi lyc trong he khong gian ta se tim hiéu céch van dung phuong
phap nay (xem vi du 8.4).
Trong thuc t& ngudi ta cﬁng ap dung kha ph6 bién nhimg hé dan khong gian
2ol la dan lwoi.
Dan IUGi 14 dan khdng gian dudc hinh thanh theo c&c da dién 16i khép kin, cac
thanh déu ndm trong cac mét bién, mbi mat bién 1& mét hé phdng bét bién hinh.
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Nam 1813;A.L. Cauchy (1789 —1857) a chlmg minh’
Cac /da/ dan 16T thda man dinh nghia no: tren déu la nhUng he bat b/en hlnh.

Hinh 8.9

Dura vao ké&t.iuén cta Cauchy ta d& dang pha‘m tich du'oc su cﬁu tao ciia cic he
~ dan khong pian. Vi du, he dan ciu c6 duong xe chay. trén (hinh 8.9a) duoc
hinh thanh theo da dién 13i ¢6 sau mit bién: hai mit dimg theo phuong doc cau
1a bo phan chiu luc chinh, hai mit ngang lh bd phan giing chiu lyc gié con hai
. mat dimg ngang. cau Ia bd phan chong xodn. Cac mit bien déu,bit. bién hinh
" nén hé nay I3 hé dan ludi va bat bién hinh. Trong he dhn clu c6 dm‘mg xe chay
- dudi (hinh 8.9b) ngudi ta thay hai mat bién ngang cau bang ha1 céng cﬁu du(n
dang khung He nay cung 1a bat bién hinh thira lién két tuc la Sleu tlnh ‘

8.3. ‘Cach xac dmh phan luc va n0| IUC trong he khong glan :
tinh dinh '

V& nguyén tic, phmmg phép xac dinh phan lU'L va n()1 lu‘L trong h¢ khOng gian
ctng gidng nhur trong he phing nhung ¢ phé‘m phitc tap hon. Trong ‘muyc ny ta
chi nghién ctu cich tinh hé khong gian chiu thi trong bat’ d(‘)ng Sau khi biét cach
inh voi'tai trong bdt dong ta co thé dé dang tinh- duoc he khong glan ‘chiu tai
trong.di dong theo nguyén tic da biét trong chu'ong 3: ' -

Neéu hé khong g1a11 12 bit bién hinh va tinh dmh thi c6 thé vﬁn dung phuong phap
mat cdt va chi sir dung cac phuong trinh can bing tinh hoc cang di-dé xac dinh
phan luc va ndi tuc trong he. Tai mbi mat it ta ¢6 thé 1ap duoc'sau phuong trinh
¢an bang. Cac phuong trinh nay thuomg duoc biéu thi theo nhleu nhom khic nhau,
trong s0 do co ha1 nhom thudmg duoc ua dung SEREI N

1) Ba phuong trlnh hinh chiéu 1én ba truc X, Y z vh ba phu'ong trihh m(“)men (101
viibatrucx, y, z.

D0 e et Dheo Dheo Da=o

X, ¥, Z 1a ba truc bt ky trong khong gian mién la khong song ‘song hodc¢ cing

_ddng phing, cac truc 1dy momen x,.y, .z khong nhét thi€t phai tring vdi cic truc
: chitu X, ¥, Z, (,(3 the ldy bat ky mién la (,hung khdng song song hodc cung déng
phéng.

]
if

- 2) Sau phucmg tnnh cin bqng (quﬁ%ioxnym su truc

M =0; ZM; =0 z\:Mg@O&C 2Me=0; 27‘4’5=0,“: " 2Ms =0,
trong d6 1, 2, 3, 4,5, 6 fastutrie ehon thy ¥ véi didu kign: :
« Sau truc khong duge. cﬁng,cat mot, duomg thing.
+¢ Trong s8 sau tmlc aé khong ch qua ba. truc song song.: .
% Trong s& séu truc d6 néu d4 co ba truc dong quy tai’ mot dlem thi’' ba truc con
lai khong dugc song song : :

Néu cac truc chon khong thé)a man céc diéu k.lBIl néu trén thl CO the x3y ra trudmng
hep phuong trinh cin bing thda man nhung vat thé vin khong nim trong trang
thai can bang.

Trong céc bai toan cu thé, ta cén van dung linh hoax_céc .phu'cmg trinh cin bing dé

- xé&c dinh phan lyc trong céc lién két ndi v6i dat, tiép do xac dinh ndi luc trong he.

Dudi ddy ta se tim hiéu ky hon v& cach xac dinh ndi luc trong he khong gian.

A. Hé khiong gtan bdt ky

Trong truomg hop t8ng quét, ndi luc tai mot uet dlen trong hg khﬁng glan bao
-gdm sau thanh phén (hinh 8.10):

e Momen udn xung quanh truc x: M;. o Lyc cit theo phudng truc x: Qxi
« Momen udn Xung quanh truc y: My. - . Luc cat theo phuong truc y: Qy.
e MOmen xodn xung quanh truc z::M,. - - Lue, dee{heephutmg Fye 2 NZ

Cac truc x, y la hg truc
\quén tinh chinh trung
tam cha tiét dién, con
truc z hudng meo
phuong (iép tuyén. voi
truc thanh co
Khi xac dinh noi lyc tai
1iét dién bt ky k, ta cin
thye hign mat cit qua
ti€t dién k. Mat ¢d1 phai
chia h¢ thanh hai phén
“riéng bigt: phin trdi va
phan phai. ‘ : Hinh 8.10

Ldy tdng momen cha cic hec tac dung trén phin trai (hodc phin phai) déi véi
tryc x, y va z 1an luot ta se duoc gia tri clia My, M, vaM,. '
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Lay téng hinh chiéu cla cac lyc tac Aing” ‘trén phén i (hoac phan phal) 1én cac
_truc x, y, z 14 luot ta s& duoc gid tri cha Qs Oy A Ny

Chitu duong ciia cac thanh phan ni-lye quy uoc ‘chon nhu trén hinh 8.10.
' ICﬁﬁ 4c-ngoai. luc tac dung dudi dang

Néu gOI Qv 9o qo My, My, My la Cll‘@'ng

lyc phan bd va momen phan bd thi.gifaicac dai 1 ‘Vong nay va Q;mi thanh phin noi

buc ¢6 su lien he vi phan nhu sau:

d dQ P
dﬂ4r dﬁl RTINS oL

= = - my = 0 —2 - Fi ‘t Z ym =_-0; - 8.6
p Qy X e QA My @ dZ:" sl {5 (8. )

" Khi ve cac bidu do ndi luc trong he khong glan ta ctmg thuc hién 1heo nhtmg

nguyén téc da biét rong Stc bén vat lieu.’ Tuyf; an cu véo cac hen he vi
phan (8.6) ta ¢ thé suy ra cac nhén xét dé ve' nhanﬁ‘

nhur da drinki’bay trong chuong 2.

Ta s on lai cach ve biéu dd qua vi

du 8.2 dudi day.

Vi du 8.2. Ve biéu 46 n0i luc cho he
khung khong gian chiu thi trong
nhu trén hinh 8 11

K&t qua tim duoc nhu tén hmh
8.12. '

Hmh811

.‘" !

quz

TTOTT

%HHI]HN‘
~ .
LT

N

Hinh 8.12
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B. Hé dan khong gian

bé xé4c dinh ndi lyc trong he qan kh()ng ‘gian ta c6 thé van dung cac phuorng g
phap da quen biét trong chuorng 3 ‘nhu phuong phap mat cét don glﬁﬂ phuorng
phap mat cat phdi hop hay phuo’ng phap tach mat. _

N&u thue hien duge mat ¢t khong qué sau thanh chua biét noi lyc thi ¢ the st
dung phuong phap mét.cdt don gian. Voi mdi mat cit; néu van dung-khéo léo

-c4c phuong trinh ¢én bing-thi ¢ th&exac dinh dugc ndi luc trong c¢éc thanh bi

¢4t theo sau phuong trinh trong d6 c6:nhiéu phuong trinh ddc lap.: . ..+

Né&u chi co thé thyc hign mit cdt qua hon sau thanh chua biét ndi luc. méi chia
he thanh hai phan doc 18p thi n6i chung voi mot mat cét ta khong thé xac dinh
ngay dugc cac ndi hwe! do Trong trudng hop nay can 4p dung phuong phap mat
¢it phdi hop: Nguyén tic thuc hién cting tuong tw nhu trong bai todn phang

Trong thue hanh, phuong phap tach mdt thudomg duoc va dung khi tinh he dhn
khong gian. Theo phurong ‘phap nay ta tach tomg mit ciia dan dé khao sat ¢an
bang. Ung v&i mbi mét clia’ dan ta lap duoc ba phuong trinh can bing ‘doc 1ap.
Vi hé la tinh dinh nén $0,phuong trmh can bang doc lap tim duoc s€ vira div aé
xédc dinh s6 noi lue cdn tlm trong he.

Pé giam nhe khoi luong glal he phuong trinh, khi sir dung phuong phap tach

mil ta ¢in cha y: ‘

4 Nén l4n luot tach cac mét theo thir tu' dé sao cho tai m&i-mit chi c6 ba thanh
khong ddng phing chua biét ndi lyc. Lic nay tai- mdi mat (a se 1ap duge ba
phuong trinh ¢an bang chi chira ba ndi luc chwra biét nén co thé xac dinh ngay
duge cac ndi luc-do. L

4+ Khi khio sat can bing cla mdi mit, mudn tim ngay dugc ndi luce chua biét
“trong thanh thir nhét ta nén diing phuong uinh can bang hinh chiéu len truc
vuong goc véi hai thanh ubn lai chua bi€t ndi lyc hodc dung phuong trinh can
bing momen doi voi truc khong di qua mit nhung cdt qua hai thanh con lai
chura biét ndi luc. Véi cach lam nhwr vay se khong phai giai he phuong trinh.

Ngoai ra, tir phuong phap tach mét ta suy ra hai nhan xét sau:
s Néu tai mét c6 ba thanh khong déng phdng quy tu va khéng c6 tdi trong dat & mat
thi Iuc doc trong tAt ¢4 ba thanh do déu béng khéng.

% Néu tai mat ¢é n thanh quy tu, trong dob n- 1 thanh nam trong cung mot mat phang

thi lue doc trong thanh con lai bang khong khi & mét khong co tai trong tac dung
hodc khi. tal trong tac dung trong maét pnang ctia n-1 thanh ké tén.
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"V6i hai nhin xét d6.ta co thé dé phat h1en nh&ng thanh co noi -hre bang khong.
Sau khi loai bo cac thanh ¢ ndi luc bang khong, so do tinh cda he se don gian
hon tao dleu klen ‘thuan l(n cho viéc xac dinh ndi luc trong céc thanh cbn 121

Vidu 8.3. X4c dinh n(’.’)l luc trong cic tho.nh ctia dan khong gian trén hinh 8. 13 khi
dan chiu Juc P=1 00 kN n3m trong mat phang 1- 3 7 5, vuong goc vOi truc z

Chon hé truc toa do nhu trén hinh ve va goi x, y, z1a hinh chiéu ciia cac thanh
dang xét 1én cac truc tuong ung: ‘Chiéu dai / va cosin chi phuong cila timg thanh
trong dan dugc xac dinh theo cac cong thic quen biét trong Hinh hoc gidj tich.

’ z

= \/x“ +y° +‘22 . cos(X, l)=§'; cos(y,l)——; ‘cos(Z, )=7
De Xac dmh noi luc trong cac thanh cla dan- khéng gian: ta vﬁn dung phuong
phép tach mét, bt d4u tach tr mét 9 ¢ ba 4n s6. Dé cho tign loi va do nham lin

talap bang tinh (bang 8.1).

Tach mit 9, gla thiét noi luc tac dung trong cac thanh quy. tu vao mit déu lﬁ luc

. kéova vitt phuong trinh can bing hinh chiéu cac luc 1én ba truc, ta co: .
JX=8y_gcos(X, Iy_g )+ Sg_g cos(%, lg_g)+Sg_ 7cos(x Ig_ 7)+Pcos(x P} 0;
© 2Y=8y_g cos(y, Iy_ 6)+So- gcos(y,lg 8)+Sg_ 7cos(y,19 7)+Pcos(y,P) 0;
2Z=8y_gcos(Z, Iy_ 6)+ Sy_gcos(Z, ly_g)+Sg_ycos(Z, 19 7)+Pc0s(z P)=0.
e Thanh 9—-6: Do dai.cac hinh chiéu ién

céc truc toa do 1an fuot la:
x= =25 Ly= 257 2= =5 nén

lo_g =(-2)% +224(=5)* =575 m.

Ca(, cosin chi phuong ciia thanh 9-6:
-2

X
co,s(x,lg_é)— - =———=—0348.. _
. 19 _,15 575 '
(3,1 ) .2 0,348,
COS‘ Y,tg—6 _—f-’:-—=
ly_g »5 75
- 'z -5
cos(Z,dy_g)=——=——2= -0.87.
. : lg;é - 575

e Thanh 9=8: Tir hinh 8.13 ta thdy cac
hinh chiéu 1én ba truc toa d9.cha thanh
JanJu la x=2; y% =2; 7= =5
Do do: )
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lgg= \/2 +( 2)

-

2

B2 5)‘?‘*15 75m' oS To_g )= —mm = = = 0,348,
lg_y 575 |
(,'US(;,I—Q_(Q) =2 —~£= ,—0 348 C()S(f,lg_g J=—= =3 = ;0,87. :
Yy g 575 lo_g 5,75 ;
* Thanh 9-7: Cang thuc hign tvong tu, 1a duoc:
cos(¥,ly_7)= 0,348, C'o:@,i,;J )= 0,348; cos(Z,lg_7) = —0,87.
* Lic P: Céc cosin ctﬁ_f)hlroﬁg: .
cos(%, P) :‘.‘.)"‘-4,50;%_2_; c'os.(_ii',[—’) =cos 450,_,: g - pos(Z,F)'zf):
. Bang 8.1
et etisuten] T T, T 1 | cosineti phuan-g’ tia zhahrl NG e
x|y z ' (m) | cosfx,1) | cosfy,1) | cosz, 1) (kN)
96 |-2| 2|-5| 4| 4|25)575| 038 | 0348 -o;_a7o’ jo1,5-'
98 | 2]-2-5 4] 4|z (575 0348 | -0348 | -0870 | 101,5
97 | 2| 2|-5| 4| 4|25|575( 0348 0348 -0870 | -2030
65| 0/-4| 0| 0|16 0|400| 0000 | -1,000 0000 | -354
67| 4| 0. 016 0| 0400 1,000 | - 0,000 0000 | 354
62| 0] o}-3| 0| o] 9|300]|. o000| o000 -1000 884
78 0|-4] o] ol16| o]400]| ooo0| -1000| 5,00 70,7
72 |4 ol-ale] o] s 500 | -0800 | 0000 -0600 | -1325
73l ol o|-3l 0l o] ola00| oo00| o000/ -1000 ]| -2553
85 |-4| 0ol o|1w6| o| 0o|400| -1000| 0000 | 0000 | -353
84 0| 0|-3| 0| 0| 9(300| 0000/| 0000} -1000| 1678
83| 0| 4|-3| 0|w.| 9|500| o000 | os0!| -0600]| -1326
54 | 4] 0(-3|16| 0] 9{500]| 080 0000 | -0600 | 441
s1 1o of-3]0] 0] 9|30 0,000 0,000 -1,looq“ -528
52 0| 4|-3| 0|16| 9|500| 0000 | 080| - 0,6_bO 44,1

- “Thay cic i 86 vir tinh duge vao he ba phuong trinh can bang clia mét 9 1a6:

IX = Su_a(—0.348) + So_s{0,348) + So_7(0.348) + 100%

V2

— Z G
2
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i

. ' : 2
3Y = So(0,348) + So-s(—0,348) + S9-7(0,348) + 100x —\/2: =0

57 = So_s(—0,87) + Sos(—0,87) + So-7(=0,87) = 0.
Tur do suy ra: . ' -
Sog= 1015 KN So_g='10L5 kN;  So-7=—~'203kN.

Cic ddu tim duye ching to noi luc trong thanh 9-6 va 9-8 phil hop Vi chilu
gia thiét (luc kéo) con ndi luc trong thanh 9—7 nguoc voi chidu gik. thi€t (uc
nén). ‘ '

Sau khi tach mét 9 ta chuyén sang tach mét 6, lac do chi con ba an.

Qua trinh nh toan dugc tiép tuc thuc hien
trén bang 8.1. Cong 1an luot thuc hién nhu
thé voi cac mét 7, 8 5 ta se ¢o dugc nodi hue
trong t4t Ch céc thanh clia dan.

L .

Vi du 8.4. Van dung phuong phap thi trong
bang khong dé xeé{ cdu tao hinh hoc c¢ia hé
(rén hinh 8.14. :

DP&i voi he da cho, ta co: M= 12; C= 12;
T= 24. Theo (8.5) ta thay:
n=24+12-3.12 = 0.

Vay h¢ di lien két. - ~ Hinh 8.14

Pé khao sat didu kign dd, trudc tien ta xet mit 8 va thdy ngay ndi luc trong
(hanh 3-8 bing khong (mét § c6 bon thanh trong dé ¢6 ba thanh ddng phéng
cho nén khi mét khong chiu luc thi thanh 3-8 khong cung trong mat phéng cia

ba thanh n6i trén s& c6 ndi luc bing khong). Tiép do, 1an luot xét cac mat-3, 4, 7
Clia he, ta thdy tai m3i médl nay (sau khi da loai bd cac thanh c6 ndi lyc bang

khong) chi ¢o ba thanh ddng quy khong ddng phing va khong chiu tai trong nén
noi luc trong tdt ¢d cac thanh quy vao cac mit 3, 4, 7 déu bing khong.
Chuyén sang mit 10, sau khi da Joai b cac thanh c6 ndi lyc bang khong, ta thdy
mit nay con lai bon thanh trong d6 ¢o ba thanh dong phéng nén thanh Khong

ddng phing 210 s@ c6 noi luc bang khong. Tiép d6, 14n luot xét cac mat 2, 5, 9

ta cong d& dang nhan thdy ndi luc trong cac thanh quy tu vao cac mal do déu

bang khong.
~ Nhur vaykhjdankh%mg chiu tai tibﬁg, ndi luc trong tat'cd cac thanh cha dan
déu duy nhdt bing khong. K& luan: he bt bién hinh.
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‘ “';,,.fQua vi du nay ta:thdy: sir dung phwong:phap fai trong  bang khong dé kh&d sét
- “icHu tao hinh hoc cho he dan'khiong Bian£at tien T o BT

SEA Y LT AR e T TP T P

8.4. Cach phan tich dan khéng gian thanh nhiing dan phang
Trong trudmg hop dan khéyg gian gbm cdc dan phdng bdt bign:hinh ghép lai vou
nhauthi co thé tinh toando"n gian hon b?mg Qééh phdn ttch dg‘zn‘ tha himg dan

phdng dé tinh riéng biet. ach phin tich qdoéf;muq"hi'én {ren co $0.nhan xét sau:

Trong dan 6ng g/a'n né
ghéng‘_bé?“b/éﬁ hinf néo'go vé.can bang vol i1-hodc can bafg vercac phan iuc

cua hé trong mat phang do thihgi-Iuc*thi phat sinh-trong nhing thafh, thudc dan
phang chiy tdi trong con cac.thanh khac cua dan khong gian kndng ham trong mat
phang do sé coé néi luc bé?ng khbng.

) T YRR L R R
15 16 o= 45°

D& lam vi du, ta tim hiéu cich phan tich dan khong gian trén hinh 8.15a.

| o *13 e o
Hinh 8.15 2p )’AN« ’,‘:v ) ;' pp\v, +,;~.Q
NOZAVES L v e N
Dr S ERTARBEN
‘{m | | AL’ | i 04»0»

" ‘Dan’nay cO cic mat bicn 1a nhting dan phing bt bign hinh, tAi trong tic dung

trong mat phang ciia cac dan bien /-2-14-13 va 3—15-16—4. Nhu vay, dé tinh
dan khong gian da cho ta chi'cén tinh hai ‘dign phéng doc.14p. Cac ndi lyc tim duoc
(ghi trén hinh 8.15b va ¢) trong cac thanh cda hai dan phﬁfng nay ctng chinh la
noi lyc trong cac thanh twrong Gmg cda dan khong gian. .Noi luc trong cac thanh
khac nim ngoai hai mat phing n6i trén déu bang khong. - *

Néu 1ai trong tac dung trén dan khong gian co phuong bdt ky thi c6 thé phdn tich
tdi trong thanh cdc thanh phdn ndm trong timg mdt phdng dé tinh. Vi du vdi he

"~ dan wen hinh 8.16a, ta ¢6 thé phan tich luc P thanh ba thanh phén Pj, P va Ps.

Thanh phin P; (hinh 8.16b) chi gy ra ndi luc trong dan phing /-3-6-4 con

"thanh phan P> (hinh 8.16¢) chi gay ra noi luc trong dan phing 7=3-9-7. Thanh

phan P (hinh 8.16d) chi.gay ra ndi luc trong hai thanh /-2 va 2=3. Cting c0 thé
xem thanh phén P; nhu luc tac dung trong dan phing /—~3~6-4 hodc trong dan
: 163



. e ; ﬁLe.@I!gﬁ; theo nguyén 1y cong tac dung, noi lfrc trong thanh
bﬁt ky 'cua dan kh()ng gian do thi trong P gay ra 12 tdng cac ndi luc trong thanh d()
do tn-ng thanh. phﬁ.n P,, P,\va P3 tac dung rleng e gay ra. '

*R)ﬂ“ rgh pi

Hinh 8.16

8.5. Cach Xxac dinh chuyén vi trong hé khong gian

Cach xac dinh Lhuyen vi trong h¢ khong gian cing dugc thuc hién theo nhimg
nguyén tic da trinh bay trong chuong 4. Tuy nhién, trong h¢ khong gian ¢6 nhiéu
thanh phan ngi lyc va bién dang hon trong h¢ phing nén cén bd sung cac sd hang
mang yéu (6 khong gian trong cac cong thic x4c dinh chuyén vi.
1. Xdac dinh chuyén vi theo thé ndng blen dang dan hoi
bé xac dinh Lhuyn,n vi trong h¢ khong gian Id ¢6 thé ap dung truc tiép biéu thic
th& nang ‘hoac ap dung dinh ly Castigliano nhu da trinh bay trong muc 4.3
chuong 4. Song trong he khong gian gdm cac thanh thing va thanh cong c6 do
cong nhd, thay thé cho cong thirc (4.12), ta c6 biéu thirc thé nang bién dang cia

hé nhu sau: _
M:.)ds' t/\ M; d\
U= !
! ZI 2E1, ZJ- ZLI Z". 2Gl,
N; d\ Q;cl.\‘ ) Qf.dv : o .
I A j 2GA +Zj Yy 26A ®7)
~trong do:

M., My My N O Oy — cic bidu thuc giai tich clia cac thanh phén ndi e da
dugc gidi thich trén hinh 8.10:

vy VA vy ~ cdc hg s didu chinh k& dén sy phan b3 khong déu ciia tmg sudl tiép
trén tiét dign, theo phuong x va phuong y.

lv. 1, — momen quan tinh cla GE dien d6i vai cdc truc chinh trung tam.x va ¥
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1, - mdmen quén tinh cia tiét d;en khi xofin dugc x4c dinh nhu sau:
< tiét dien vuong c6 canha: I ~0, 141a4

4
< tiét dién chir nhat o canh hxb voi h>b: I = hbj{—— 3,36 — [1 - LZH ;
Y 12h

' : . P :
- 4 tiét dién chir nhat hep ¢o canh hxb véi h>4b: I, = b?(h -0,63b);.

<+ tiét dién hinh tron c6 ban kinh r: [, = > ;

< tiét dién thanh moéng hd (hmh 8. 17) duoc hinh thanh tu n phﬁn tor chfr nhat
hep ¢6 cac canh bix t; VoL bi> 1;:

L z—aZb,-t,-3
3 i=1

Hé sd « phu thudc hinh dang tiét dign:
ehinh I: a=130;

e hinh L (thép 20C): a = 1, 00
ehinh [ 1,00< a < 1,30; v
shinh+: a= 117 Hinh 8.7
2. Xdc dinh chuyén vi theo nguyén Iy cong kha di
Trong. treomg hop hé thanh khong gian bao gdm cic thanh thing hodc thanh

cong ¢6 do cong nhd, tuwong ty nhu d2 winh bay trong muyc 4-6 chuong 4 ta co
thé thiét 1ap dugc cong thic xéac dinh chuyén vi nhur sau:

zRJAz,,ﬁzJMkam z;——u s 3 Hetlong

+ZJ—Z—I‘——d Is + ZIV Q"kQ"”‘ ds+z_[v kaQym dS+ZINzka lLemds +

+ZJM,\'I( h_(tan —II”I)dS+ZIM_ (t3m LimMs . (8.8)
. Y

Cach van dung cong thirc chuyén vi ciing tuong tr nhur da trinh bay trong muc

4.6 chuong 4. M0t s6 dai luong trong (8.8) da dugc gidi thich ¢ trén, & dﬁy chi
¢An gidi thich thém céc dai luong sau: v '
My, My,\., My Ny, O Q).k — cac bidu thirc ciia ndi luc & trang thai "k";

Mo, Mym, Mzpy, Nomy Qoo Qy,,, cac bidu thic Lua ndi Iye & trang thai "m _
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hy, hy — chitu LA() pua Uet dien theo phuong truc x va y:
[ LM L, L — do bién
thien nhigt do tai cac
thg chi dinh trén hinh
-8.18. Vi ta gi thiét biéu
dd -bién thién nhiét d0
theo luat mat phang nén
gitta cac dai lwong nay T
¢o lien hé nhu sau:

m”"ﬂll[l%
éiu
B
VNN

I

m + [ = 1M+ 13'” ‘ Hinh 8.18
- do bién thién nhlet do & truc, néu tiét dién co hai truc d6i xung thi
m= (11I7l+l4m) /2 = ([,,m_'_hm) /2.

Ngoai w(.an ¢hu y 12 cac dinh 1y vé nang lugng cting nhu cac dmh Iy tuong hd
da tranh bay trong chuong 4 d6i voi bai toan phang, vin ngmem dung voi cac hé

khong gian..
8.6. Cach tinh he khong glan siéu tinh theo phua’ng phap IUC

Pé tinh he khong gian siéu tinh ta cﬁng thire hién trén he co ban. He co bén c6 thé
12 tinh dinh hodc siéu tinh v6i bac thdp hon song phai bat bién hmh va phit hop
vdi khé ndng tinh toén.

S@ 4n s8 cta phuong phap e duoc xac dinh theo (8.2), (8.3), (8. 4), (8. ’5) ‘trong
dé n la bac siéu tinh. K.h.l tinh cac h¢ don gian ta co the phat hién ngay duoc. sd 4n
sd bing cach loai trir cac lien kel thira. Chéng han, d01 v6i he cho trén hinh 8.19a,
néu ¢dt cac thanh cia hé tai cic tiet dlen 1,2, 3 4thi se dum, mot hé Unh dinh bat

bién hinh (hinh 8.19b). Tai 1n01 mat Cal ta loai bd mot moi han tuong duong voi ]

sdu lién k&t thanh, do do6 bac 81eu Lmh chahéla6d= 24

Hinh 8.19

boi voi he sieu tinh ¢O béc 12 A, khi chon hé co bém tinh dinh ta ¢6 he'n phuong |

trinh chinh tdc: -
OA1X1+(§A7X7+ A+ O X +.. +<§/\,,X,,+Akp—() ) (89)

vai k=1, 2 ..... n.
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; -:ﬁaﬂ@@wwq,@g@mmg nr-do van ¢6 y nghfa vat ly nhu da -

trmh bi¥ 4fong;cHeng 5. Tuy nhiern; cac hé s& va s0 hang ty do-cla he phuong
rinh ¢ nr&ta(y can dum x4 dinh theo (,ong thu(, chuyen vi cia h(, khong gian
| (é‘ % 11]‘1 y i

Cone G ;U,mnfl i

Gr £l 06D obr grony o

L] Hyun g

by zy-‘%ﬂd . Zf——dﬂf’”"" s+
"ZJ ‘. (8.10)
AkP Z_‘.
_[NkNP +ijl:a)—n—— Yy |v ol ind L7 1 (8.11) |

"DC)}‘;vOl cac, he khung va didm khong glan thm‘mg duoc phep bo qua énh huong
: ,(,ua bién dang truot va bién dang doc truc so voi nh hudng-cia bi€n dang udn khi.

xac dinh chuyén vi, do do cac hé s va s6 hang tw do clia he phuong trinh chinh

- tac duorc xéc dinh theo cong thic d(m gian hon nhuw sau:

= Zj MaMn +Zj—ud Zj—ﬂ—d T 61
“ o1

b

' dep= j *"M +Zj———d Zj _'(8.13)-

Cang tuong tu nhu trong he phéng, ta o thé tinh cac mh phan trong-cac cong
thitc trén bang cach nhan biéu do theo Verexaghm

D3di véi hé dan khong gian, trong do chi ton tai lyc doc c@ng terL xac dmh cac hé

" @ va sd hang tr do clia hé phuong trinh (,hmh tic ¢6 dang don gian hon nhir sau:

L L
v Gm= 2 NyNiy i Mp =Y NyNip——:
v k Z ik™Nin (L‘\) kP ; ik 1P(EA)l

Sdu khi thiét lap va gidi hé phuong trinh (,hmh tic. de tim c4c 4n Xj ta tim noi luc

(8.14)

trong hg siéu tinh khong gian theo cong thirc quen. biét sau:

(S)=(\/ )X/ +(52)X2 +.;.+(Sn)Xn +(SP)' t (815)
Y nghfa ctia cac dai lugng trong (8.15) da giai thich trong muc 5.2, chuong 5. '

Trmrng hop dic btet Poi voi nhimg hé siéu tinh phang chiu, ta/ trong knong gian

(khong nim trong mit phing ciia hg) ta o thé dwa vao nhimg nhan xét sau dé lam
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dom gién tinh ,.toan;‘,_ﬂnﬂng'én sé.ndm trong mat phffng cla hé chi gdy ra chuyén vi

¥ \rong mét phang:hé. - : )
Vi, vc’nhé o trén hinh 8.20 ta ¢0 sau 4n s6, trong d6 cic in s6 X, Xz, X3 ndm
trong mét phdng ciia he ¢hi gy ra chuyén vi trong mdt phéng he. Do do, cac he s6
Sa1, Guz, Gus, 51, 52, 053, O6. S62, 63 bidu thi chuyén vi ngoai mat phing hé do
cac luc tac dung trong mat phang he se bang khong.

Hinh 8.20

Nhu vay, mic dit tii trong tac dung bat k¥, bao gidr ta cling ¢O thé phan tich hé
phuong trinh chinh thc thanh hai nhém: mot nhom chi chira cac 4n nam trong mat
phing heé (X, X2, X3) vamot shom chi chira cac 4n n3m ngodi mat phéng he (X4,
Xs, X6)- Khéi luong gidi he phuong trinh chinh t4c s& dugc gidm nhe rdt nphigu.

thanh hai nhom: nhom tai rong nim

Mit khac, néu phan tich thi trong da cho
hing h¢ nhu

trong mat phéng h¢ va nhom tai trong tac dung vudng goc voi mat p.
trén hinh 8.20a, b, thi ta thdy nh
trong mat phang hé con nhom thir hai chi ¢6 anh hudng dén cac 4n s6 nim ngoai
m#l phing he. Nhan xét nay cho-phép don giﬁn'h(’)a cach tinh cac s6 hang tr do
rrong hai nhom ciia he phueng trinh chinh téc. ' ' o

Vidu 85 Ve biéu dd momen udn va mdomen xodn cho he trén hinh 8.21a.°

B& qua Anh hudng clia bién dang tm'&ﬂ va bién dang doc tryc.

Che biét: Iy = 0,51 L ="12(1+p)l G.; 212 .
Hé da cho c6 bac sieu tinh bang ba. Chon he co ban nhu trén hinh 8.21b. Chiéu
g tam tuong tmg vOi mdi thanh chon nhu
d, e, f 1an lugt V& cac biéu dd momen udn
%0 bidu thi bing cac duong k& song Song
nhan X;= 1, Xo= 1, X5= 1 va ta

duong cha truc quén tinh chinh trun
rén hinh 8.21a. Trén céc hinh 8.21c,
va momen xoin (bidu d6 momen xo
v6i truc thanh) twong vmg vGi cac nguyén
rong. ’ . .
Sau khi thyc hién cac phép nhan bidu dd, ta xac dinh dugc cac hé s6 va sd hang
_(u do cba he phuong trinh chinh tc nhu sau: . C
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6m thr nhat chi ¢6 nh hutng dén cac 4n s0 ndm |

© A

s
., He phuong winh chinh téc:

L

o s
A1

.
'-f),ZPZ l}' 2P

X_,:/t ﬁ—-

T LT UIT
5

3 @ ' ~4PL

f 2

4PL

("IL(UHIHI\H
~
@ o
R
o~

Kap1

" ' Hinh 8.21

19X+ 7X3 — 3X3'+ 8P =0;
7X;+ 9Xo + 6X3— 24P =0;

LI” - ' ~ 3X;+ 6X; + 26X3-73P=0.
»5.1 . ""Nghiém cha h¢ phuong trinh: o '
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4=

- 03504P Xz = 1,0333P; X3 = 2,8587P.
Theo (8. 16) cac biéu dd noi luc duge xéc dmh nhu sau:
(M)=(M})X;+(M,)X, +(M5)X3 +(MP)
K&t qua tim dugc nhar trén hinh 8.22.

b  06829P1
a) 2k

chuyen Vi -

luong tu phu trong bai toan phéng, tre¢c khi nghién ciu cach tinh ta cln xéc dinh
bac siéu deg clia he. Cong thirc xac dmh bac siéu dong vin c6 dang

n-n1+ng_, T (8.16)

Vtrong do: . : A
ny — s0 chuyen vi xoay chura biét tai cac nut, m61 nat cﬁa hé ‘khong gian cO ba

chuyén vi xoay cho nén, noi chung, n; dugc tmh bang ba lan $8 nit cha he;

" ny—s0 chuyen vi thing doc lap chu'a blet tai ca(, nu’[

Néu chip nhan gi thiét bd qua Anh hudng ciia bién dang doc truc trong céc thanh
thi cing twong tw nhu trong bai toan phing ta c6 thé xac dinh 1> nhw sau: thay cdc
ngam va nit cua he blng cdc khop, ta se dupc so dé moi noi chung la bién hinh,
1iép 36 dat them cac lién két thanh vao hé moi dé ngdn can 1dt'ca cdc chuyén vi
thdng cha cdc nut, s lién kér 161 thiéu phat dar thém vao hé moi chinh la s6
chuyen vi thdng ny cdn tim.

Chéng han d6i vi hé ve trén hinh 8.23a, sau khJ dat khép tai cac nit va ngam ta
duge he moi nhu trén hinh 8.23b, ti€p do ta can dat them vao hé mai nay bdn lién
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. két dat them vao hé phdi bing

-qua hé phuong trinh chinh tic ciia

két thanh dé ngén can chuyén vi Lhang tai cac nit nhur trén hinh 8. 23c Nhu vﬁy sO
chuyen vi théng doc lap chua b}et cfia cac nat1a 4. e

2

Hinh 8.23

Sau khi xac dinh bac siéu dong tirc 12 56 &n sO clia phuong phap, ta 18p he co ban
bing cach dat tai m6i mit mot lien két momen khong gian va dat them cac lién két
luc (lién k&t thanh) dé ngan can tét ch ¢ac chuyén vi cia cac mit he. Mbi lién k&t
momen khong gian ngan cin dugc ba chuyén vi xoay quanh ba truc toa do, nhung -
khong ngan cin dugc chuyén vj thing. He ve trén hmh 8.24 1a he co ban ciia he
8.23a theo phuong phap chuyén vi.
Ppé dam bao cho hg co ban lam viéc
giéng he da cho, ta cho cic "t
chuyén vi cuong birc v6i cac gi4 tri
dé sao cho phan luc trong cac lién

khong. Piéu kign nay duoc thé hién

phuong phap chuyén vi: . .. C " Hinh 8.24
rk121 + ripZs +...+ 'rkak +o..+ rann + Rpp=0, 8.17)
véi k=1,2,.,n . o -
Phuong trinh chinh tic, cac he s va s6 hang ty do vin c6 § nghia vat 1y nhw da
trinh bay trong chuong 6.
P& xac dinti cac he sG va s6 hang tir do ta cAn ve cac biéu dd §,,; Sp va van dung
cac diéu kién can biing nhung cin thyc hién theo quan diém khong gian.
Khi ve cac bidu dd §,, S}’, ta st dung cac s@ lieu da co trong céac béng 6.1,6.2va v
céc s6 lieu vé& phan tir mAu thanh chiu cac nguyén nhan gay xodn trong bang 8.2.
Sau khi thiét 1ap vh giai he phuong trinh chinh tic d& tim cac 4n s6 Z,, ta X4c
dinh noi luc trong heé siéu dong theo cong thirc quen biét sau:
(Sp)=(8,)Z; +(85,)Zy +.. (S )Z + .. +(S)Z, +(S5).  (8.18)
Cac dai luong trong (8.18) van c6 ¥ nghia nhwr da trinh bay trong chwong 6.
' - 17




Vi du 6".“6. Ve biéu 6 momen udn va momen xodn cho khung trén hinh 8.25.
_Cho biét khung c6 ti€t dién khong ddi, hinh tron 6 ban kinh r; G = 0,4E.

" Ta nhan thdy t&i trong P chi tac dung - . _
trong mat phing ABCD cha he cho nén , 2
néu chdp nhan gi thiét bd qua 4nh hudng PARA ___Ep
_ciia bién dang doc truc thi phan khung 12~
ABCDchi bién dang.trong mat phéing c _Fe
ABCD. Mt khac, can cif vao tinh chdt 18
~d6i xtmg ciia bai toan da cho ta thiy cac :
mit C va D khong thé c6 chuyén vi thing ' v,.L7A
ma chi co chuyén vi xoay bing nhau va )
nguorc chiéu trong mit phang ABCD. . Hinh 8.25

Nhur vay, khi tinh hé theo phuong phap chuyén vi ta Chl cin mot 4n s6, do 1a cap

chuyén vi xoay d6i xtmg tai bai nat C va D xay ra trong mat phang ABCD
He co ban tuorng img nhu trén hinh 8.26a.

De ve bleu dd momen udn do chuyén vi Z;=1 va do thi trong gy ra trong he co
ban ta sir dung cac 3 ligu cho trong cac bfmg 6. 1 6.2 va 8.2. Trong trudmg hop
" nlly ta ¢6:

4’ : 4
Ix=EIy=E”; =El; GlL=GZ

=08EL

K&t qué nhu trén c4c hinh 8.26b va ¢. Cha § 1a d€ thé hign biéu 46 momen xodn,
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ngom hinh' thic bléu thi bing c4c duomg k& song song v6i truc thanh nhy d
thyc hién trong vi du 8.5 ta con ¢6 thé diing hinh thie khac nhu da thuc hién d6
v6i cac thanh CF, DE trén hirih 8.26b.

£ ayEEENERNEEEANANEN
SAUNENERENREERSEDN

AT
aNBZaRNRERAN
LT T ITT]

0086P1]_

g
2078P1 eV

003.9PL @
né*’ 003951 .

Hinh 8.26

Tir cac biéu dd vira tim dugc, ta xdc dinh cac he s0 va s0 hang tu do clia phuong

. trinh chinh tic. K&t qua:

ri= 2(4i+2i+0,4i) = 12,8i,
trong do i= EI/, dGi véi tiél dien (ron ta ¢ GI/21= 0.4i.

Pl Pl
Rip=—-2—=——.
S 4
- R . . ) Pl
Phuong (rinh chinh tac: 12812 - —-= 0.
4
. PI°
Suy ru: Z; = ()()195— = 0,0195 R

Biéu dd momen 18ng ¢ong duyc xac dinh theo cOng thic sau:
(M) = (M;)Z; +(M}.}.

K& qud tim dugce nhur irén hinh 8.26d.




8.1.
8.2.
8.3.

8.4.

8.5.
8.6.
8.7.

8.8.

8.9.

1174

Neéu tinh chat cla cic loai lién két khong g1an
Trinh bay cach néi hai vat thé thhnh h¢ khong gian bat blen hmh

Néu tinh chdt cia bd ba va trinh by cach ap dung b0, ba d& khao st su cdu tao

hinh hoc cila he dan khong gian.

Trinh bay diéu kién cdn vh d&" dé céu t20 he khf)ng glan bat ky thanh he bit
bién hitih. : : Ao

Néu nguyén tic tinh hg khong g1an tmh dmh
Neéu nguyén tic tinh dan khong glan tinh dinh.

Néu sy khac nhau gma cach tinh chuyén vi trong hé phang va hg khong gian.
Gidi thich ¢ nghia cfia céc dai lugng trong cong’ 1huc chuyen vi clia he khong
gian. R

Trinh bay céch tinh h¢ khong gian siéu tinh theo phqoﬁg phép luc. So v6i he
phang, cach tinh he siéu tinh khong gian phuc tap hon ¢-bhtmg diém nao?
Trinh bay cach tinh hé khong gian sicu dong. theo phuong phap chuyén vi.

| Phu'o’ng Ephap |
_phan phoi T ‘mémen

AN

PO
SRR NS

Phuong phap phan phdi momen thuﬁc logi phuemg phép t1nh ‘dang d4n, cho két
qua cang sat voi k8t qua tmh chinh x4c (the,o phmmg phap luc ‘hay phuo-ng phap
chuyén vi) néu qua trinh thut hign-tinh toan cang kéo da. :

Hién co nhiéu phumlg phap tinh éung dhn 4p dung cho céc két ¢ s1eu tinh hodc
siéu dong dudi nhidu hinh. thirc khac nhad. Noi (,hung noi dung ciia cé(, phuong
phap nay dugc trinh-bay. dugi dang: phian phdi momen hodc phan phéi bién dang
theo hinh thic nay hodc hinh thu'c khag.. « SR »‘

Trong chuong nhy Lhung i ch1 nghlen cini' hai phuong phép phan phoi momen:
phuong phap H. Cross va phu(mg phéap G. Kani 1a nhimg phucmg phap duoc 4p
dung nhiéu trong thuc & dbng thoi cling 12 nhimg phuong phép co ban ding dé
lam co s& cho viéc nghién ciy cac, phwomg phap tinh ding déan khac. .

9 1. Perdng phap H. Cross
NI

Phudng phap H.Cross duoclxay dung tren co so nhimg gla tlnet glong nhu nhfmg

- gi4 thiét cda phuong phép Lhuyén Vi S
© V@ thye chit, phmfng phéap nay 13 mot hinh thirc khac ctia phuong phap chuyén

vi, trong do viéc gi4i hg phurong trinh chinh tic dugc thuc h1en theo phuong, phap
ding dan ¢ mang ¥ nghia vét_ly C :

Phuong.phap H. Crosa co nhung wu diém sau:

% Tinh toan don gian. Hau hét céc phép tinh trong phuong phap Cross chf 1a
nhﬁng phép tinh ¢ong va nhan do do chi can dung may tinh pho lhong cﬁng da
dé thuc hién. ( .

¢ Phuong phap Cross chi yéu cdu phai giai mot s6 lwpng phuong trinh.rdt it s0
v6i s6 luong phuong trinh theo cic phuong phép "chinh xac”, ¢6 trudng hop
khong cin phai gidi h¢ phuong trinh. Do d6 phuong phap nay thich hgp cho
nhting hé siéu tinh bac cao ching han nhu hé khung nhiéu tang, nhleu nh1p

Tuy nhlen phuong phéap nay cting ¢On ¢O nhimg dlem han che tuong tr nhu
phuong phap chuyén vi, thudmg chi ap dung &) h1eu quh cho nhfrng he khung
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) -‘.'-‘r : L
hoac didm. Hien nay cting -da co mC)I 'sd phuang phap 'cai tlén phuong phap

Cross" nhim mé rong dién 4p dung va nfmg cao hleu qua. Trong giao trinh chi
gidi thiéu phuong phép Cross “thufintay”. - B
o X

" A. Khal niém va quy u’éc vé didu

1. Khai mem vé hé co nit chuyen vi thang va khong chuyen vi thzemg

v

Dudi tac durg cha cac nguyén nhan bén ngoai nhu tai trong ching han noi
chung (,ag niit cha hé ¢o thé o c,huyen vi xoay (ndt bi xoay nhung khong thay
ddi vi m) va chuyen vi thing (thdy déi vi tri).

Trong qud trinh bién dang, néu mot hodc mot s6 nat cua khung co chuyén vi
thdng thi khung dupc goi ld hé c6 nit chuyén vi thdng, con néu 1dt ca cdc nut
khong chuyén vi thang thl khung dugc goi- 1a hé ¢ nit khong chuyén vi thdng.

Dé phan bigt. hai loai hé nay ta c6 thé van dung bién phap quen biét trong muc
6.1 chu‘m& 6 khi tim & 4n s6 ciia h¢ theo phuong phap chuyén vi vi thuc cht

ciia hai van dé la mot. Nhimg hé ton tai so 4n s0 chuyn,n vi thing na la hg ¢o

nuit LhU}’Lﬂ vi than;, Nguoc Tai, h¢ ¢o n> = 012 h¢ ¢6 nat khong Lhuyt,n vi

thing.
2. Ky hiéu va quy udc vé dau ciia mémen udn va luc cat

Pai luomg cdn tin trong phuong phap C ross la momen udn 1ai tiét dién & cac
ddu thanh. Nhimg momen nay duyc ky higu bing chir M ¢6 mang theo hai chi
0. Chi s¢ tha nhit bidu thi vi ti cla ti¢t dign chiu m(“)men udn, chi s0 thi hai
k&t hop voi chi sd thr nhit bidu thi thanh ¢hiu momen udn do. Dai voi lue cit
ta cang ky hiéu twong . . B /

AB
dien A thudc thanh AB (hinh 9.1):

mmv ' B( i
. < L w 3in M
QOap doc ta luc cat i udt dién A A Ba

thudc thanh AB. ' Hinh 9.1

Vi du Map doc 1a mOomen udn tai GEr

UL Quy uee v diu clia ndi lue trong phuang phap Cross cung khac vai cach quy
uoe vé ddu trong Suc bén vilt éu.

. 88 Mémen uén tai nut duge xem la duong khi noé Iam cho thé gitia cua thanh, quay

'—" theo"chiéu kim dong hé va dudc xem 14 am khi no |am cho thé gida cua thanh

quay nguo’c chiéu kim déng hé (hinh 9.2).
it

% Luc cat duoc xem la duong khi né lam cho phan thanh chiu luc quay theo chiéu .

tn
mmk/m dong hé va duoc xem la am khi n6 lam quay ngug'c chleu kim dong ho
}él(ﬂng SBVI). (hinh 9.3).

avh

o | ’ﬂ{o
M>0 M<0 HTT - , a<0 _
o <+>“>” g har

Mo 3’““' l—‘ﬁ 7

Hinh92 R ‘ Hinh 9.3
B. Sw phdn phdi momen xung quanh mot nut

Pé chuin bi nghién ciu phuong phap phan ph01 momen ta khéo sat bal toan co
ban: .sy_phdn phdi mémen xung quanh mpt nut'khong c6 chuyén vi thdng.

Xé’t he chi ¢6 mot nit A khong ¢o chuyén v | |

thédng nhu trén hinh 9.4. Gia sir dat tai nat A )
mot moémen ngoai luc M, yéu clu xéc dj'nh .‘
cic momen udn Mag, Mac, Map do momen .
M phan phdi vao cac tiét dign & dau A rong
mdi thanh va xac dinh moOmen udn Mga, i
M va Mpg tai cic ddu dGidién voi miuA. .

T4t nhién, cac momen udn Map, Mac, Map -~
phdi can bing véi momen M, taco:  Hinho.4

M,43+M,4(‘+ MM_)+M () : . NN
Dudi (ac dung cha momen M cac ddu thanh tai_nadt A bi xoay.. ( an Lu an cic €
licu tim dugce trong bang 6.2 chuong 6, theo (]uy.Au(Yc vc diu clia'Cross ta ¢o:

4 Vi thanh AB ¢6 ddu déi dién B lg ngam: S R
M/\B MA‘B';“'“ Ce e - RSN

QA= ——— = T, !
o 4Bl ARGp 0P
Iap i :
trong do K — do cimg don vi quy udc clia Lhanh o dﬁu d01 dién la ngam
Il ' : =
Rw=DAE ey
. . AR L T . : o
+ Vidi thanl AC 6 ddu d6i dien la khiop: e |
Pac-=— AC AC - AC_ T 04 ‘
B IRRE Y P T P
lyo A J&C. |

trong do Ry — dd amy dqrn vi quy udc clia lhdnh ¢o dau ddi dién la khop,

12-C B . EEE o R . :
2- CHKC.T2 ’ 17-):




E o

3 Elac 9.5)°
4 Lac .

+ Vi thanh AD c6 ddu ddi dign 1o ngam truot dudt dang hai thanh song song
- h ' ' ' . .

Rac =

voi truc thanh:

__Map _ Map __Mac 9.6)
PAD ="l 4! Elap  4Rsc
/41) 4 lap

trong dO Rap = d0 cing don vi quy uoe cia thanh ¢o dau doi dién Ja ngam truot
dudi dang hai thanh song song voi truc thanh,
LEap oo 9.7
"1 Ly | o

S¢ di m6i loai thanh ta quy.dinh mot loai do umg don vi quy uGe khac nhau Ia

dé ¢o dugc w lien hé gma goc X0ay @'va momen M th6ng nhat vé hinh thic.

Theo ;;14 lhlt_l nat A la nat cing laco: q/)AB —q)Ac (pAD (/)

Thay (9.2), (9.4) va (9.6) vao diéu kién trén: |
o =- M 4p :_MAC :_MAD - (9.'8)
4Ry 4Rac 4R,p . .
Theo tinh chit clia ty 1& thae dong thoi chui y dén (9.1),1a cQ:
_ Map + Myt MAI). - .M i ) (9.9)
4(Rup +Rac+Kap) 4(RAB+RAC+RAD) .

So sanh (9.9) vai (9.8) ta suy ra:
Rap

Mg =— M
AT Ry +Rac +Rap v
M _ RA(,“ M: S (9.10)
AC Ry +R ’ ‘
Rag +Rac +Rap
' Rap
Map =~

RyptRac+Rap

Nhu vay, momen M dat tai nit A s€ phan phdi ?a.nh hudmg vao cac déu thanh quy

tu tai nGt voi nhomg gia tri xéc dinh theo (9. 10) Ta goi nhimg momen nay la

monien phan phoi.
'De x4c dinh momen tai cic diu thanh ddi dien ta ¢6 thé van dung két quﬁ trong
bang 6.2. Ap dung quy u*(m vé du cia Cross ta co: .

Mpa =3 Map; Mca=0; MDA = -MAD :(9.11\)..
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C. Cach tmh hé co nut khong chuyen vz thang

Ta goi nhimg moOmen n%ly 1a momen truyén.

Trong trudmg hop téng quat khx nit A gom nhidu thanh quy tu ta CO the suy
rOng cac cong thic trén va duoc

«* Mémen phan pho: tai déu- A thuoc ihanh AX co dau dO/ d/en X

MAX'5 —J’Ax M. - 9.12)

* Mémen truyén: '

PR ,Mx-‘,;=ﬂx,, Max. | 9.13)

-'1‘:‘

T

R 4 o
R ‘\\ '

Trong do
Pxa .- he s@ truyén ciia thanh AX,
7ax — he s3 phéan phoi ciia thanh AX:

= EZ—R" R R}

Rax — 4 cing d(m vi quy udc cua thanh AX,
2R — tdng s6 do ctmg don vi quy uée cla céc thanh quy tu tai nut

Ty theo diéu kien lién két tai dﬁu ‘thanh d6i dién X, cdc do cing don vi quy uodc
Rax va he sO truyén fxa se co tri s6 khac nhau (xem bang 9.1). Trong trudmg
h(rp dau ddi dién X 1a d4u ty do; ta d& dang nhén thdy cac tri s6 nay barg khong

Ban991 :
Lién két tai déu ddi dién voi it R PBxa
Ngam ' - e oo - Bl o2
Knop T sE/4 |00
Ngam lruot dusi dang hai thanh song song voi truc thanh ‘ EI'/"4I ' -1“ ‘ _
_ Tudo.- _ ‘ A

Pé trinh bay duoc don gian ta se ly luan véi he cho trén hinh 9. 5a Tuy nhjen

cach lap luan vén Ia t8ng quét va 4p dung duoc cho he bdt ky c6 mit khong

chuyén vi thing. e

Trong phuong phap phan phdi momen ta chon mdmen udn tai cé(, dﬁu thanh
lam cac dai lvong cin tim. Sau khi bi€t mOmen udn tai cic diu thanh, ta de
dang suy ra noi lyc tai tiét dien-bét ky & bén trong thanh.
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. - Hinh 9.5

Gid s ns_an can chuyén vi xoay cla cac nut bing Lﬁch dat vao mdi nut hai (,h6l
(hinh 9.6a). Hinh 9.6b bidu dign nt F rong truong hop bi chot.

f.ic nay cdc ddu thanh quy tu 0 it ¢6 thé coi nhur N
bi ngam (khong xody duyc) va 1a ¢6 thé d& dang
(im duoc momen udn tai cac dAu thanh theo bang .
6.1, <huong 6. Thit vay, sau khi da dat chdt vao -
cac nat thi trong he, ¢hi bao gdm nhimg phén

miu la nhimg thanh ¢ dang lien k&t va chiu @i

trong da duge nghicn cuu (gidng nhu hé co ban -

Hinh9.6

ctia phuong phap chuyén vi).
‘T4 nhién, nhimg momen vira thu dmm khong phai la momen cin tim d6i voi hb

han diu. Hinh 9.5a va hinh 9.5b biéu thi so dd cla hc thuc va hé O nul bi chdt,

noi lue trong hai hg nay khac nhdu

It nay trong cac mit b chot se phat sinh nhimg phﬁn luc, momen (tuong ty nhir -

cac Rep trong phuong phap chuyén vi) goi la ngdu luc cheén. Ngau lue chen phai

¢an bing vai cac momen udn L dau ciia nhimg thanh qu
{rong tac dung trén he co nut bi (,hol pdy ra. Chﬁng hdl] voi nul Firén hé 9.5b ve

riéng trén hmh 9.6b, ta ¢o:
M[ +M“/+ M[( +MF}--—()

Do do: ' '
 Mp=—(Mpc+ Mre+ MHI) G R

1R0)

y ty vao nit do do tai -

Nhu v ‘ .
u vy, ngdu luc chén tai mot.nat nau do bang m’ng daz A5 cdc momen udn tai

dd” Cd(, Iha”l‘l { u\ lu )
] Ial "ul (jang xét d() tal l} Ong d
e ¢ réen ”é C(j ”ul bl cnot
() 8 g a l e 6

NL; thay cac (.hol cla he érhmh 9.5b bing nhtmb ngﬁu lre chen vira tim dugc t'a
Isu ugc he o it khﬁng bi chol tuong duong nhur trén hinh 9.5¢. T4t nhién noi
ye trong he trén hinh 9.5¢ cl}ng khac vdi ndi lyc trong he Lren hinh 9.5a.

:ay £id ta xét he phy (hinh 9 5d) chi chiu nhimg ngau lm dat tai nit ¢ gia tl‘lv

A/}ullg ng;; luc chen nhu'ng ngugc -chidu. Ky hiéu nhimg .ngiy luc nay la
= - LS

" BI ~Mp: M*c= -Mc... va goi ching m nhtng momen nit cung Goi nhu

];]v a [\}/]1 L;la tri ¢ha nhﬂ-ng momen nay’ la téng dai s6 cac momen udn & dau

nhing thanh quy tu tai nit dang xét do 14i trong ga

e g gay ra-trong he cb tﬁt ch cac mit

M"“ -Mrp= Mlc+ MFrE+ Mry .

Theo nguyén ly L,Ong tac dung, ta co:

‘Héthuc hi & kho : |
"Hé thuc chiu tai Hé khdng chiu tai trong, chiu nhiing

Hé chiu taJ trong va nhiing
. trong da cho = .

(hinh 9 5a)

ngau luc g’jhén dit o cac nit + mérnen nlit citng dét tai cac nit
(hinh_j9.5b hoc ) | (hinh 9.5d)

'

Nhu viy, mudn tim ndi hre tron
ghetrenh1nh95ata h?
h¢ rén hinh 9.5¢ va 9.5d. phsm e lUL uong hdl

P0i voi h¢ rén hinh 9.5¢ ta de dang tim ngay duvc ndi luc bing cach st dung
9‘12 $0 ligu trong bang 6.1, chuong 6, bdi vi he nav tuong duong voi he trén hinh
b la he gdm nhong phén: tu miu da duoc nghién ctu (biéu .45 moémen udn

trong hc thl\h lh bleu d6 M P trong phuorng phap chuyén vi).

Vin d& moi can phai giai quyet 12 tinh he 9.5d chi (,hm ¢dc momen nut umg Ta
sE tinh hé nay theo phuong phap ding dén.

- Trudc tign glé thiét 4t ca caL nit cia hé deu bx chét. Nhung van dé cin giai
- quyét Ja phii tinh hg vdi cacnit duge ty do. Vay mudn di tir trang thai dau (cac

alit bi chdt) dén trang thai cudi cliing (cdc nit duorc tu do) chang ta phii i qua
qua trinh lmh Loan nhu the n'ao" : :

Neéu thao chdt tai tdt ca cac fit chng mot-1dc thi s& khong gii dirge bai todn vi
> k;?::goc‘ohsoaln két q;é miu. Boi vy ta cAn phai 1An luot thao chot & timg nut. Gia
o <o Lo,ddn o nuét cdn cic nit khac vin ch6t cing, lac nay b phan BACE cla
mm ¢ giong nhu bai toan ‘mAu da xét & diém 9.1B, vi bd phﬁn dd chi c6

nit B ty do ¢dn cac dﬁu thanh ddi dién dcu la ngam hodc khop. Ap dung két.
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& didm’ 9 lB ta’ xac dinh duoc cac momen phén phoi va momen truyeny

5 momen aitt cang M *p pay ra. N _ i
Sau khl thao chol & nat B, nit ndy st xoay dén vi i can bing moi, ta lai cho

nul B G vi tr1 Lan ping mai, tiép do chuym sang nat khd(, va cing thuc hién nh
& nut B. ”llong qué trinh théo chét nhidu 14n & tat ca cac nit, goc xoay S& gian
dan dan. Tat nhién, ¢an thue hién nhidu lan nhu vay cho dén ‘lfhl flhfmg 26
xoay nay tr¢ thanh khong dang k&, nghia la khi thao tdl ca cac chot thi tat ca cé
Nt kh(‘)ng xoay nira va trang thai nay la trang thai cudi cung cin tim.

SR T AT ﬁy‘
,Ei)amau

Y

i yen Mcp vira tich- lay them tlong qué trinh m&
M 121 'mt‘)fnen téng’ cong tai mit C trong 14n phﬁn ph01 thir

M~1‘— M*c+ Mcs.

Hung (,ua M(l nut C xoay t6i vi tri can bang moi. Ap dung cac Long

Méomen 1 ruven

{)e nam duoc ti€n trinh phan ph01 momen ta xét lwmlg hop he trén hinh 9. Sd 5 ..
| ' Mgc = fes MCB = -5}’13( Mcl;

Ddu tién, thao chot & nat B (hinh 9.7a), dum tac dung ctia mOmen nut cun,

My, nat B xoay 101 vi trf can bang mdi. Ap dung cac cong th.uc (9.12). (9.13) tag .v—é’C.F Mcl; Mcr = ﬂcf Mcp =:— é YCF Mcl; )
dugc: )
, Mpmen_phdn phdi M_(mﬂ_r_uléﬂ ot nut C.& vi'tri can bang moi va chuyén sang thao chot & nit F. Luc nay
Momen pndn phot
,  Mun =y M Man = Sas MBA = & {6 cong M/ tai nat F trong 1An phan phdi thir nhdt bang: -
o , ] YTES - Mp! = M*+ Mrpc.
Mpc = —ysc M5 Mcp = e MB(‘— —EVBcM'B' : <
; S e M 13- momen ntt cing sin ¢ con Mpc 12 momen moi tich 1oy thém
M E—vE ' Mgg = B Mpe = — 1 yBE M*B; {F trong.qua trinh m& chdt tai ndt € (mdémen truyén tir niat C). .
BE = —YBE : - 2

b ch hai 1a k&l qua ; dung clia Mp! mit F xoay t¢i vi tf can bang méi. Két qua tinh cac
i J
T4l nhién nhimg momen vira tim duge tai cac dau thanh chua pha w han phéi va momen truyén ghi trén his 1h 9 7c.

rieng nat B duyc ty do con cac nat khac van bi (,hol i _ ‘ .
L‘UOJ cune. ¥ nay o ’ t*fu’n F&vitri can bing mai va chuyén sang thio chdt & nat: E. Liic nay; tai:

AN gn momen pat.cing M *i sdn O con ¢6 momen truyen tu nut B va nul F

Gi trong qua trinh'md chdt & nat B va nit F. Goi Mg! Ia momen tong cong, lcU E
ong:lan phan phdi thir nhdt. Duodi tac dung cita Mg/ nat E b xoay 01 vi tri can
jing m6i. Ap dung (9.12) va (9. 13) ta s& xé4c dinh dloc cac momen phan ph61
a mormen truyén (hinh 9 7d). ) . B

;ép d6 chdt nit E lai & v1_ tri cin bing moi.

au'khi da thao va chét tat ca cac nat mot lugt, ta thdy tai cac dau thanh, momen
_q(, (,h luy din din. Ching han nhu & ddu B thudc thanh BE, (6i giai doan nay
i ¢o momen phan ph01 khi thao chdt & nit B (hmh 9.7a) va ci¢ momen
tﬁlyén tir mit C, nit E t6i trong khi théo chdt & it C va nut E (hmh 9 7b va d)

Nhﬁ'ng mdmen do chua phii 12 momen cin tim bdi vi o uang thal nay tﬁt ca céc :
gml (trir it E vira duge thao chét) van chua duoc can bang néu ta thao tdt ¢a cac
chot ra. That vay, chéing han & nut B, lic ndy con chiu hai momen truyén tir nut
& Va nut £ 161 khi nat B con bi chdt nén hai mdmen nay s& lam cho nat khong
¢4n bing néu ta (hao chot. v o
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\“L“"Tal it C: yCB yee= 0, 50EI/(0 SOEI +.0. 50EI +0,25ED)= 0400;

!
~

Muon cho cac nut tién o1 (,an bang ta lai phii: uep tuc phan phdi cdc momen

© khong can bang tich lfty trong-qua trinh trudc. Laniphén phdi thir hai nay. goi 12,

chu trinh thit hai. Chu trinh thir hai cing thyc hién nhy chu trinh thir nhit nhumg
Jic nay cAn chu § 12 momen cin phan phdi tai mot ndt nao do,, ching han nut B
la Mg chi gdm cac momen truyén tir cac nat 1an cin 161 ¢hir khong bao gém
cac momen phan ph01 hay momen nat cung Mz Vi nhimg mﬁmen nay d’cl duoc
phan ph01 tir ¢chu trinh thd nhit.

Sau khi:thuc hién chu trinh tha ha1 noi chung & cac nit van con ton tzii momen
lam cho nat khong can bing nhung nhtmg momen & cudi chu triph thir hai s&
nhé hon nhimg momen & cudi chu trinh thir nhdt. That vay, moi 1an phan phoi
moOmen tai MOt nat ta ¢a nhan’ voi mot he s8 ¥ nhf) hon I va mdi 13n truyén

" moOmen ta ]a1 nhan voi he s8 ,B nho hon 1 do do momen 1am cho nat khong can

biing se-giam xuong kha nhanh.

Cur tién hamh- trong ty ahw vay ddi véi chu trinh thu ba va thir tu v.v... cho tGi
khi nao cac momen lam cho nat khong cin bang tré thanh khong dang’ k& nira
thi két thac.

T4t nhlen momen udn tai cac dau thanh ciha hé trén hmh 9.5d chinh 1a téng, dai
§6 momen phan phéwaﬂiemul truyén tich 1ty dén trong céac chu trinh. -

Mudn tim momen u6n tai cac déu thanh cba hé cho ban dau ta chi cin 1’.iy téng
dai $6 momen nit cung M*, momen phﬁn ph61 vh mﬁmen truyén tich 1ay dan

rong chc chu trmh v v

Ro rang la c,ang thm hlén nhléu chu trmh bao nhiéu thi d0 chinh x4¢ cang tang
baynhleu . : y
Ta s& tlm hiéu thu wr thuc Inen th@hg qua vi du cu thé.

Y Vidu 9.1 Ve bidu do momen uon cho e trén hinh 9:8a-

I. Xac dmh dp cimg dom vi quy woe cua cac thanh theo bang 9 1: _
wiRAB= Rep= EI/4 025E1 RBC—- Rce= E21/4 0,50EIL RBF 0

2 Xac (Imh he 56 phdn phm cho lung ddu thanh quy tu vao cdc nut theo ©. 14)’
va ktem tra clc hé 56 phdn phm theo didu klen téng cac hé so phan ph01 xung_

quanh mot nut phai bing don vi:,
B VT rmt B yga = 0,25E1/1(0, 2551 +0, 5051) 0; 333;

S 1
AR s = 0,50E1/{0,25E1 + 0. 0.50El) = _ 0,667.
m\m,.m‘q Klémtra 0,333+ 0,667 = 1,000. :

yep = 025E1/(o5051+05051+ 0,25ED)= 0,200. 7. &
Kiém tra: 0400+04oo+0200 1,000,

3 1'717‘ 4m [ 4 ' ' 25,00
2kN T.gk?v?/% b 20 20017 )|

m AJ 101 1,00» f'ﬁ :

< (TTTITEe (SRBCuc N

o 'mlL ﬁ; 7

950 (kNm)
Hinh 9.8

3. Xac dinh cac mémen nar cung M* tai cdc ddu thanh do 1ai trong gay ra (su
dung bang 6.1 voi chd ¥ 4p dung quy uﬁc vé dﬁu cua phuorng phﬁp Cross)
frong trudng hop nay, 1a co: :
M*cg= —M*Ec qu/IZ 342/12 4kNII1 M*Bp=-—2 KkNm..
Trén cac thanh khac khong co téu trong nen khOng co m(’)men nfit cu'ng

4. Phdn phdi va truyén mibmen. Qué trinh phan p1161 va truyen mOmen dugc
thuc hign trén béng tinh (bhng 9. 2). Céch lap béng nhyr sau:-

o thz thir nhdt ghi ky higu cac mit va cac d‘éu thanh c6 lién két ngam nghm
truot (d6i v6i ddu thanh co kh(rp khong cén ghl vi momen udn ta1 d6 ludn
luon bling khong). - L

< Hang thirhai ghi ky hiéu nbimg i thanh quy W taJ cac nit tuorng {mg. Nut
130 ¢6 bao nhiéu thanh quy tu thi c6 by nhiéu cot. '

<+ Hang thi ba ghi cac he s6 phﬁn ph61 turong (mg Voi cac dan thanh quy tu
vao mit (theo két qua tinh & budc thyt hai). Dudi hang thir ba, k& dudng hai
nét dé sau nay khi:cong cic momen udn khoi 13n voi cAc he s phén. phéi.

% Hang tha tu ghi gia tri momen nat cang M* tai cac diu thanh (theo két qui
tinh & budc 3). ‘

+% Tir hang thi ndm v& phia dudi ghl két qua phén phox \Z} truyén mOmen lar
lugt tuong mg v6i cac nit duoc thao chot T ren cot thu nhit cua m61 hang
‘nay ghi ky higu nut duoc th4o ¢hot. -

P6i voi bai toan dang xét, qui trlnh thuc hién nhu sau

4+ Chu trinh 1:

o Bt d4u thao chot tal nit C. M@men khbng cﬁn bang M *c =4, 000 kNm

Vin dung cac cong | thuc (9 12) va (9 13) 1a co
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4+ Chutrinh 2: . .
« Chét nit B va thao ‘chdt & nat'C - SRR R

Momen thn Qhé’l . Mémen\tnu y}éﬂ v
Vo= ~0.4.4 = ~LEOKNM  Mpc= (12)(=1,60) = =08 kNm;

Meg= —0,4.4=-1,60kNm:  Mec= (1/2)(~1,60) = = 0,80 kN
Mcp= —0,2.4 = —0,80 KNm; Mpc= (1/29,‘(;.9,30)' = —0,40 kKNm..
Kiém t;a theo diu kién tong cic momen phan phdi bing momen it cimg

nhung tréi ddu: < —1,60 ~1,60 =0.80= ~4,00 KNm. ,
Ghi chc s lieu vao hang thi 5 trén bang 9.2.

Momen khong can bing tai C laMd? = + 0,93 kNm. Ta c&:
Mémen phdn phdi .- - - Momen truyén v
Mes= -04.093 = =037kNm;  Mac= (1/2)(~0,37) = =019 kNm;.
Meg= —0,4.0,93 = —0,37kNm;  Mgc= (1/2)(~0,37) = = 0,19 kNm;
Mcp==0,2.093 =—0 19 kKNm; ,M.z.)_c= (1/2)(=0,19) = ~0,09'kNm.
« Cht nit C va thao chdt & nit B. o
Momen khong can bing Mp2) = — 0,19 kKNm. .
Mé/ﬁen >Q_ ‘hd;;,. Q h é’z ) | _ Mémgn. »zfuyéﬁ o
Mg = ~0,333(~0,19) = +0,06 KNm;  Map= (1/2) 0,06 = + 0,03 kNm
Mpc= ~0,667(=0,19) = +0.13 kNm;  Mcp = (1/2) 0,13 = +0,06 KNm.
4 Chu trinh 3: e - o |
* o Chgt nut-8 va thao chdt §nat C- o
Momen khong can bling tai C Ta Mc® = + 0,06 kKNm.

Momen phdn phdi . . Momen tricyén

Mcp= -04. 0,06 = —0,024 KNm;  Mpc= (172)(- 0,024) = —‘O,OJ‘IV(NmY;‘

Mep= ~04. 0,06 = ~0,024 KNmiy. M = (1/2)(~ 0,024) = = 0,01 kNm;
 Mep=—0,2. 0,06 = 0,012 KNm;  Mpc = (1/2)(= 0,012) = ~0,01 KNm.
e Chét nit C va thao chot:d nit B. - _

Momen khong cin bﬁng Mp3)= - 0,01 KNm.
. Momen phdnphdi: . Mpa= ~0,333(-0,01) = 0,00;
7 , Mac= ~0,667(-0,01) = 0,01 kNm.

Cac momen phan phdi da khﬁ“!nh'(’)_,‘ néu tiép tuc‘,ti'uyvén di nfra thi mémgn
truyn 1on nhét chi bing 0,004 kNm nén c6 thé bd qua duge va dimg lai o day.

« Chit nt C va chuyén sang tho chot tai ndt B.

Momen khong can bing: M*p = ~2,00-0,80 = =2,80 kNm.

Ap dung cong thirc (9.12) va (9.13), ta duoc: L
Momen: phan phoi . Momen truyén -
Mps = -0,333(-2,80) = +0,93 kNm; . Map= (1/2) 0,93 = + 0,47 KNm;
Mpc = —0,667(-2,80) = +1,87kNm;  Mcp= (172) 1,87= +0,93 kNm.v
Ghi k&t qua vao hang 6 trén bang 9.2, L o
Nhu da biét, khi thao chdt & cac nut roDg chu trinh thir { nao do thl nguyég
nhan 1am cho nat khong can bing la cac momen truyén tir céc vnut khéc t?’l
trong chu trinh thir (i—1) chit khong ‘phai momen phan phot. 3B(.nl'vay, trong 1ar’1
phan phdi thudc chu {rinh th i thi nhimg mdmen da phéan phéi & chu Fl.'llnh thé.
(i-1), 18, v& trude s khong tham gia. DE tranh nhim 1?1} ta ggch duolxnhtrng
pia {rj momen phan phi. Diéu d6 co nghia 1a trong chu trinh pban phdi thi i
_ta khong xét dén nhtmg momer & phia trén K& ti gia tri gach dudi.

Cong dai 0 t4t ¢4 cac mOmen trong mbi cot trén bang 9.2 (k& tir hang tha. tu
r& xudng) ta s¢ dugc momen udn tai cac diu thanh. That vy, tir hinh 9.5 ta
thdy: momen udn trong h¢ cho ban dau (hinh 9.52) bang mdmen uén trong he
chiu thi trong nhung ¢ c4c mit bi ¢chot (hinh 9.5b hodc 9.5c) ghi & hang thi tu
trén bang 9.2, cong voi mdmen utn trong hé chiu cac mdomen nut ’Cl’mg dattai
" ndt (hinh 9.5d) 1a tng cac gid trj ghi tir hang thir nam trd xung trén bing 9.2.
5. Ve biéu dd noi luc. Sau khi bi€t momen udn tai cac dau ma‘rihl_ta VE, dudc_ééc
bidu db noi luc theo quy cach da quen bi€t trong cc chuong 5 va 6 song cin-
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’ luu ¥ 1a quy-uéc v& dﬁu ciia momen udn ttong phuong phap nay c6 khac trudc.

Keét qua v& bidn dd momen udn cho truong hop
6. Kiém tra cdn bdng. nds.” Nut B -2 0() +099+ 101 = (cﬁn-bz‘mg);
' NutC _1.00 + 2,01 -1,00 = 0,01 =0.

Thuc T4 tai’ nut i¢*van chua can bang ma con phii nhan them mot momen
Nhu vay sai s8 tuong dsi

khong can- ba_ng I 0,604 KNm truyén tir. nut B t0i.

nay nhu trén hinh 9.8b.

0,004
161 kit s0 v6i rnc’)men ubn bé nhét tai nut Cla 00 100 = 0,4%.
Chif thich: '
% Co the bt dAu thao chét & nlt ndo trudc
khong can bang M' I6n nhét lam nit khdi didm
tot tal cac nit trong mbi chu trinh ¢ thé chon bat ky

cting duoc Tuy nhién, nén chon nit nao co momen
lht qua trinh phan ph0| 56 tht nhanh hon. Thir t

W ﬁ {inh’ he chiu tac dung clia sy thay ddi nhiét ﬂo hay chuyen vi cudng bl clia cac lién ket

trinh bay & trén. Cac budc tmh khong-co gi thay déi.

cling tuang W nhu céch tinh voi tai trong
g nhy khi tim

. Rleng & bute thir ba, khi xac dinh cac mdmen nut cling M'ta can thuc hign glon
bidu d6 (Mey) da trinh bay trong muc 6. 4 chuong 6

" D. Cach tinh hg co nut chuven Vi thang

Noi dung ‘¢cach tinh he c() nat chuyén vi thang 12 thay .thé viéc tinh hé c6n
ong chuyén vi thdng.

chuyén vi thdng doc ldp bdng cdch tih n+1 hé c6 nat kh
PE trinh bay duoc dom gian ta 1ap luan v6i he tren hinh 9.9. Tuy nhién, ly luan
vin mang tinh t8ng quat va ap dung dugc cho hé bat k.

f‘f")

Cac it chia he 9.9a co hai :
chuyén vi théng . doc. 1ap.. a)
Du6i tac dung cha tai trong,

" hé bién dang theo dudng dirt
nét. Cac nut thudce ting dudi
chuyén vi ngang 4, Cac nit
thudc tang hai chuyén vi -
ngang 4. SR

D& dua he nay vé& hé ¢6 nut khong chuyen 'vi thing ta cﬁn dat
loai mot nhu trén hinh 9.9b. Tét nhién lac nay cach lam viéc cu
& khac nhau. Mudn cho hai he lam vi
chuyen vi cuong bue theo phuong ngang tai chc lig

— L Hinhg9 -

g1a tr1 vira dung bang A va Ao N(n kh
188 - "

them hai lien k€t
ia he 9.9b va 9.92
gc giéng nhau ta can- ph?u gﬁy ra cic’
n két méi dat them vao voi
éc di, ta pha1 cho nhtrng hén két nhy

Lhué ) . o A‘ i » R .

o lywl; ; ; :glinhg bt thear phum}lgn;’;gaﬁgkaé §a0 cho phén luc trong nhimg liér
ong, vi trén hg!9 a khong, ton tai nhi

1On tai phan lux. Ta co dleu klen" Blom o e renK do e T Khon

; RI__

“(9 15)

A E ‘
ldJpldung m_u(yn.n ly cong tac dung ta thay phan luc va ni lyc trong he 9. 9b (vc
rén hinh 9.10a) bang tong cac phan lU’L va ndi Juc trong ba he:

4 Heé c6 nat khong chuyen vi thang ChlU 1a1 trong (hinh 9. 10b)

+ l-:le ¢o nul khong chuyén v1 1hang, khong chiu tai trong nhung lién két da
thém vao (i 1ing mot chJu Lhuyen vi cudng birc bang Ay (hmh 9, IOL)

+
HE ¢O nil khong chuyen vi thdng, khong chiu tai nong nhmlg lién ket d
" thém vao (i tang hai chiu (,huyen vi ur()m_ buc bang A’ (’hmh 9.10d).” :

A :
e !
‘ _ ‘: LT R - _,RZP R2A, 1"—‘1‘ RzAz
4 k :
_L_L., . Ry V—&\—» Rep - 13 Ria, ol 'R14/1

, Al:ii.'; :+ . | . e RO
o a) : | n‘n‘.b) ’:ﬂL ‘ 7‘.1r7 ‘C).”L . ,.”‘7 .d) rL:

Hinh 9.10

Cac ditu kién (9.15) co dang:

Ri= Ryp sy =Rip+ Rigy +Rygy =0 ;
R7: RZ(/ i ‘ZIZRJII’V;‘-RZZI'{PRQAZ»:;O (9 16)
Bleu dd momen udn trong he Y.9b hay 9.10a la (8ng céc bleu do sau:
M) = (M) £ (Mg +May) ©.17)
Trong (9.16) va (9 17) A | !'

Rip ~ phén lyc tai lien ku di
a Iht,m 1vao (T k dotai tr
ong gay r

khong Lhuyn,n vi thing; ' : g yratone he cons

IM |) ”l mei u “ d() ld] “() | d ra tI m ht‘, (4() llut kh()“ (,lll.l eI] V

R —
k4, phan luc tai lih két & do (,huyen vi cudmg buc tai lién k&t ¢ gia (r
bing 4, gay ra.’

M. -
K A, biéu d6 momen udn uong hc ¢6 nit khf)ng chuye,n vi thang d() chuyu*

vi wOug birc tai lén két m c6 gid trj bing 4, gay ra.
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4
g tinh toan (a biéu thi:
- . 18) :

m chon Wy ¥ (co thé chon bang

chua biét nén-dé cho tig”;n- 191 tron

Nhung cac chuyén vi Ar-n
; A’Tl = k’"é"”i’

lién két m co gid
trong do On 1a chuybn vi tai
don vi hay’ Kkhic don'vi) cOn Ky a mOt he 50 chua blet gitr vai trd 4n sO.

oot

Dong lhf)l néu goi:

5 gia
phén luc tai lien két k do rien

g chuyén vi cuong buc tai lien két m €O

Tkin =
tri bang Sn Ay 12! - L
i thé én
( M ) - bu,u do mOmm uon trong b co nit khong (,huyen vi thang dq i_(:h\'ly
) vi umn;, burc tai lien ket m cO giatri bang Sm g:ay ra,
thJ Lheo nguyén 1y cong tac dung, ta co: . (91 9)
RkA = Tkm Kms ) .
.o T ‘ (M4, )=(M ) K (9.20)
Thay. (9.19) vao (9.16) va (9. 20) vao (9.17) ta duoc )
. k +T17k7—0
4+ Hg huvng trinh: Rip+ ik
P Raop + 121 kj + raaka= 0. (9.21)
©.22)

4 Bifu dd momen udn: (M) = (Mp) + k1(M1)+k2(M»,)

Qua bidu thie (9.22) ta thdy biéu asd momen udn (hay gia tri m()mgn u(?n) ltrE(ng

- he cho ban diu bing téng cac bidu dd (hay cac gid tri). .
en udn trong hé c6 nut khOng chuyén vi thing chiu

hay gia tri) mom
< Biu 0 (hay & ) ta da nghién ciu & diém 9.1.C.

tai trong da cho. Cach tinh hé nay
<> Biéu do (hay glé tri) momen udn
(_M]) nhan véi hé so k. Cach
fim (M) duoc thyc hign nhu b
diém 9.1.C, trong hé co nut

. khong chuyén vi thing do lién -

k&t tua thudc tang mot chuyén-
- Vi cuong bic Vé‘l gia tri tuy v o1

gﬁy ra (hinh 9. 11a)

< Bxeu a0, (hay gié tri) ;md

dugc thue hién nhu & diém.
lien két twa thudc tang hal Lhuyen vi cudn,

(AR 1b): -
Nhu. vay, van de cOn phﬁi:_'gi'éi quyét 1a tim céc hé $6 k; va ka.

Hinh'9.11

men uon.(l—VI_Z) nhan voi he s6 ka: Cach tim (M2)
9.1.C, trong he c6 nit khong chuyén vi thapg do
g buc voi gia tri tuy v 02 gﬁy ra
‘Cac he s0 nay la
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- 1 Xac dinh do cung don vi quy ugc cua cac thanh

nghiém clia he phmmg trifik’ (9 21)' Sau khi unh clc he 9.10b, 9.11a va 9.11b,
thue hién cac mat ¢t té‘se wmag’{yp o -via Ryp 12 nhimg he s& va s6 hang tu do
chia (9.21). Giai he phuo-ng trmh (9 21) ta se xéc dinh duoc k,, ko.

Trong trudng hop tong quat, ‘cac put. cua hé co n chuyén.vi thang doc lap thi cac
biéu thie (9.21) va (9 22) o ﬁéng w
Rip+raki+roks+  +ryki+ .0+ rinky="0 vO1 i=12,..,n (923)
(M) = (M) Jlrvk‘{(ﬁ]).+ ko Mo )+..4ki (M) + ..+ kil My ). (9.24)
Chd thich: v
it Truong hdp hé cho ban dau co cac thanh ding khong song song hoac chiu tac dung clia sy

bién thién nhiét do, chuyen vi clia céc g6i tya, nguyen tc tinh toan van khong cb gi thay déi,
" song can chi v 1a khi xac dinh moémen nlt clng tal cac}dau thanh ta can thuc hién nhing yéu
" cau tuong tu nhu khi vé cac biéu dé ndi ILfc trong hé co ban clia phuong phap chuyén vi (xem
cac muc 6. 3 6.4 trong ¢chuong.6).
sk Néucho é‘k O i g = k.
sk Ngoai céch tinh vifa trinh bay trén, ban doc co thé tim hiéu thém cach tinh khac khéhg doi hoi
phai giai he phuong trinh dai sb°(xem [1] [10])

© Tasé tim hJLu th tu thuc hién thong qua vi du

Vi du 9.2. Ve biu dd momen udn cho khung trén hinh 9.12a, El=const.

Khung da cho ¢é tinh chdt doi xtmg. Sau khi phan uch tai trong thanh do6i
xing va phan xing ta thdy:

... 4 Truong hop thi trong d6i xung: trong h¢ khong phat sinh momen udn ma

chi ¢o luc nén 2,5 kN trong thanh CC' vi ta bd qua bién dang doc truc. Biéu
dd6 momen udn trong trudmg hop nay bang khong.

4 Truomg hop thi trong phan ximg: ta chi can tinh v6i nira hé nhu trén hinh
9.12b. He ¢6 hai nat va hai chuym vi théing doc 1ap.

, ‘De tinh hé 9.12b ta thuc hJen theo-thlr tu nhur sau:

'

RAB—RBC E]/["E]/5 ’ Rpr=Rcp= 3E1/4l 3E1/10

. 2. Xac dinh cdc hé s6 phdn phoi -

o Ell5 3EIILO .
Nt C: yep=— =04 yem= =
(EL/5)+(3EI10) : (E1/5)-i—‘(3E1._‘/M1())
o CEIS. ‘
l,l}lut B: ¥BA = ¥YBC= =.0,268;

(EI15)+(EI/5)+(3EI/10)
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[EN

Lo SERET 7 |
YeB = 5 ‘5)+(E1/5)+(3E1/10)
o SkNaG D ASKN
N T _ | :
S N 20 R,
i B -

" %@s

BAI

ST A"["ﬂ ,’-’L’ o 199 :
3 %"mlz he co nil khong chuyén vi thdng chiu 1ai trong (hinh 9.12¢).

Vi tai_trong dat & nt nén cac momen ndt cimg: déu bing -khong. Do do
" mOmen udn irén 14t ¢i cac thanh cong bing khong (trong trudmg hop dac biét
nay ta khong cAn 1ap bang phan phdi). Thuc hién, _chc 'mat citavab (hmh

9. 12@) ta dg dang xéc, dinh dwoc” Rip= 0 Rzp.-'—2 SkN.
én vi thing ‘chiu Lhuven vi cuomg bitc’

gla m chon tuy & (hmh 9. 12d)

4. Tinh he co nitt khong chuvé)
a) Lién k&t dat thém ta1 tang 1 c,huyen vi voi
. Xac dinh cac momen-nal cing: tuimg urorng L,hol Lac it va Lh() »!1.en két
dat tai tang | chuyén vi voi gid tri &1, sirdung bang 6.2, fa co:
M AB—MLBA GEI®; /- M'BC—M*~B=.—6E151/Z’

Néu chon d; = 12/6E1 llﬁ M*sp= M*p BA = }1,, M‘” pc= M*cg="—1"
. Lap bang phén ph01 mmnul (béng 9 3). ’

o Xac dinh cac phan lye i vara.,

, hang 9.3, xac dinh luc ¢l nnm_ cac thanh dung

Can clr vao cic's6 heu um dugc trong

Opa=
Osc= Qcp = (~0,853-0,618) /5= =0,294.

(0,970 +.0,941)/ 5 = 0,382;

Thyc hién cac mat citq, b (hinh 9.12d), tur phuorpg trinh can bang hinh chi&
theo phuong ngang, ta duoc:

r11= Qa—Qpc= 0,382 + 0,294 = 0676

v721_ = QCB = — 0,294.

~ Bang 9.3
Nut, ngam A B v »
Piuthanh|  AB BA BE BC CB.,.|. -cD
a , 0,286 0,428 0,286 0,400 0,600
M* £1,000 | +1,000 ' 1,000 | trooo] T
c ' +0200| s0a00| Y0600
B 0029 | -0057| -0086| .0057{ -0029"
C +0006 | +0012] +0017
B 0001 | -0002| -0002| . -0002| 0001
c | +o0000| +0001
40970 | +0941| -0088| -0853| ‘--0618| +0678

b) Lien két dat theém tai tAng 2 chuyén vi véi gia trj ch(_)ﬂn' tuy y &> (hinh 9.12¢)
M*gc= M*cg= 6El5/ I2.
2/GEI  thi Mpc= M*cg=1.
« L4p bang phan phdi momen (bang 9.4). ~

¢ Xac dinh cac mdomen nit cing:

Néu chon. &.=

" Bang 9.4
Nut, ngam A B A LD ‘
Pauthanh| AB | BA | . BE | BC | . cCB - ¢CD
4 0,286 0428 | 00286 | 0400 | 0600
M* : 1,000 | #4000
¢ , . : 0200  -0M00| - 0600
B. 0114 -0229| -0542) : -0229) -0114| -,
c | +0023| -+0046| 10068
- o003 | -0007| -oot0]| - -0007|  -0003{ - |
c S ol #0001 20,002
g 01174 -0236| -0352{  +058| - +0,530 ] 0,530

¢ 13- CHKCT2:

‘e Xéc dinh cac phan lue 772 va 2.
lyc ¢t trong cac thanh dimg.

Theo cac so heu trong bﬁng 9. 4 xéc dm
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=

Ocs = Onc = (0,530+0,587)75 = 0,224;
Dpa =(-0,117-0,236)/5 = = 0,071.

9.12¢), tir phuong trinh can bing hinh chiéu

Thye hign cac mat cit a, b (hinh
theo phuong ngang, {a dugc:

Ops —QOpc = ~0,071-0,224 = _0,295: rea=Qcs= 0,224 s |

riz=
phiueong (rinh xdc dinh caché s6k

5. Thiét lap va gidi he
2.5 -0,294 ki + 0,224 k2 = 0.

0+ 0,070 k; —0,294 ka = 0

ka= 26,2.
Au thanh trong he cho ban ddu

9.5 Cac giatri M; va M, gy

© Nghigm:. kj= 11,4;.
6. Xac dinh ‘niﬁmen udn tai cac d
Qua trinh tinh toan dugc thuc hién trén bang

theo bang 93va9.4.

>

ng bén trai nhu (rén hinh 9.12f. T do 12

Bidu do momen udn vé cho nira khu
ho.nira khung bén phai theo nguyén tic’ |

dE dang suy ra biéu db momen uén ¢

_phén xtmg.

" 9.2. Phuong phap G. Kani.

Kani duoc ap dung rong 1ai tron,
furnhyr wu diém chia phuong p
ne dong khie duoe nhing sai lam xdy r

o tinh toan k&t cdu vi ngoa
hap H. Cross con cO wu diém }
a trong cac.chu trinh 3

Phuong phap G.
phimg wu diém twong
ndi bat nira 1a ¢o thé
tij}ﬂl‘_‘wén. ' ‘

" That vay, ban chit ctia phuong phap G.. Kani 1a phuong phép chuyén vi trong a6}
: %,‘gg'iﬁi“.zlié phuong trinh chinh téc theo cach 13p Zeidel Ia cach gidi cO khd nang tywd

Vd@l}g‘khrﬁ nhomg sai 1am (néu mfic.phé'n') trong qua lr‘mh thuc hién phép tap.

VigiPnhimg he co chujén vi thiing, phuong phap G. Kani khong y&u cau ph'ﬁi i
¢ phuomg trinh nhu trong phuong phap H. Cross, song cung ¢hi han ché trongs
sifpham vi khung, ¢ cac thanh dimg song SONg, khong léch tang (cac thanh ngan

5.

’ khong bi pian doan trong mdi tang).

[T

A.-Cong thiic mﬁmeﬁfﬁiﬁﬁ(»W‘ ﬁ'{gﬁu ﬂmnh@ D
PE thiet Iap cc tohig it Ml txer ™
mot thanh ik bat k,c6, dootmg: BT+ — !

Khiong d8i tach.ra iy he o cac ndt- . ,
chuyén vi thing va CéC:,—v‘h.a.-”’;: dung b

song song, chiu tai trong bt ky (hinh —]

9.’13). Dudi tac dunig'¢da tai‘trong, ¢ac :_315 — LTI

nut 4, k‘ cuaﬂhé‘(?o chuyéll vi'X0ay @i hik E o t I %bgr
ok va chuyén vi thing tuong d6i 4w T [ . ‘
theo phuong vuéng goc v(i truc ban . : »

diu cda thanh (hinh 9.14a) dong thoi ) LT 3 ’L.” -

tai cac- ddu thanh phét sinh cac.

momen udn My va My - * Hinh 9.13

C:ch ky higu mc}men uén & diu thanh cing twong u} nhwr cach ky hjéu trong
p }rong ptlap H Cross nhung quy udc vé ddu thi nguoc lai. Theo G Kani
mkozi.nenauon 1ai chc ddu thanh duwoc xem la. duong khi qua).) thudn chi.éu kin;
ddng hé. Chidu clia Mk va My; ve trén hinh 9.14a Ja chidu duong '
Phan tich bién dang cia thanh ik ta thdy bié |

; 1 ik ta thdy bién dang nay 12 (6 tia bon bié
e téng big ’ y lang nay 12 t& hop ciia bon bién

1) Céc diu i, k cha thanh b1 ﬁg"ani, 3

_dugi tac dung cba tai trong dat trén " ik ,
thanh, thanh bj bién dang. Tai dui ' N
va k clia thanh phat sinh cic (‘ ~F T -___ e ?
momen M, va My; (hinh 9.14b). ;k . % —lf; )_)_ ik
2) Dau k c_i'la thanh bj ngam con diu ) : .. : M
i xoay cudmg buc vdi goc ¢ Nhu - 4z W - _,l JZ )_
da bi€l (xem bang 6.2), khi thanh > cf)k I: | ki
bién dang, tai diu k (khong bi o S M : P ) .
~ xoay) phal sinh momen udn biéu Mg 1 memrm T T
. thi bﬁng‘ M'iy con tai diu i (bi ibéy) a? a| Co b I |
phat sinh momen udn c6 gia tri 1on. M T A u2M
pdp doi M’y bidu thi bing 2M'i e)f() ! :
(hinh 9.14¢). P&i chifu véi s0 ligu i 3*“\\\ v N
cho trong bang 6.2 ta thiy M'ik pﬁu . M“‘ I IR + }ik
. thudc ¢ va bang 2Rikoi vOi Rik M
dugc xdc dinh theo bang 9.1. Hinh 9.14
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™

. t nhu
1) iu i ciia thanh bi ngam con dau k xoay «..uorng bl vGi-goc ok Taong W

(rén, Jac hay tai dau i vA k pht sinh cac momen Mk, V2 My (hinh 9.14d).

1 vi thing Luo'n}: aci 1a A,k thed. phmmg vuong goéc voi truc

k chuyés "
4) Hai dau i, k chuy sinh cac momen M"ik V2 M"ii (hinh

ban diu cita thanh. Tai dau i vak phal
9.14e). Tir bang 6.2 12 thdy M"ik=M" K= 6R,1\A,L/ h,k

ac. -
Cang 13p ludn wong 1y cho trudmg.hop dau % (,ua thanh ¢6 dang hen két kh

Theo® nguypn ly u)ng tau dung, mome

nhu sau’
< Khiithanh ik ¢0 hai ddu lanat (nganiji .-

Mik;-= M+ :2M'ik .+.,M’k,' + Mk :

, (9.25)
o My = Mki +M','k-|_-'2M'[‘<i_+ M. o
< Klu thanh ik ¢o dﬁu i la nat (ngdrh) cén,d(iu k la'kh.épf' :
ML= Mk+ 2M1k+M ik (926) .

Mii=0.

., . N ‘ . . . . ] 5 :

D& chidu voi s0 ligu trong bang 6:2 va 9.1, trong trutmg hop nay ta th y.‘
M'ix = 2Rikpis M" ik = 4Rindik/ ’l:k

an) c(m ddu kla ngam trugt cho ph(’p ddu k

o h ik ¢6 déu i la ndt (ng
e (’)c voi truc thanh!

chuyén vi thdng do theo phmmg vu()ng i

9.27)

D()l chiéu véi s0 hea trong bang 6 2 v’a 9 1 ta thay M ik = 2R,krp,

Cac dai lugng M; L M yi trong’ ‘9. 25) ‘(9 26) va (9.27) biéu thi momen udn

do ti trong gay ra tai cac dau thanh
va dugc xac dinh theo bang 6.1, N
dinh cac momen M, M'i do cic’ goc xoay qo,
do xoay) va momen M ik do chuyeh vi thang luon

hu vay mu6n xac dinh Mik ta (,ﬁn phal Xac
vh Ok gﬁy ra (gm la cic momen

do chuyén vi thing). N
B. Cong thirc tinh momen do xoay M .k

I didu kién can bang moOmen tai nat i: tong daJ $
‘thanh ik quy tu tai i phai bing khong, ta c0:.

2196

1 -Lal dau i va-k cha thanh ik duoC x4c dinh

tmmg ng véi didu kien lien k€t da chi diph

g d6i dik gﬁy ra (goi 1a momen

& momen tac dung tai dhu cac

- XMy —ZM1k+22M,k +zM S My =
) i) () . e
Ca‘ ddu tdng 4p dung chio it ca cac thanh quy tu tai nat .

Ky higu M =Y My -
. : )
Taco: -~ Z’M'-.z—é[M +3 (M +M";/\ )J
(i) S )

.- V& trdi biéu thi tdng cic moOmen do xo0ay tai nut £ long momen nay- se phin

phdi vao dau cic thanh quy tu tainut { theo cong thitc phan phdi mdmen da thiét
lap trong 9.1.B. | ‘

M= -_7;k[M +Z(Mk, ML,
vGi 7 1a he sG phan phdi vao thanh ik, xac djnh theo (9.14).

Cong thic tinh momen do xoay M it duoc viét dudi dang:

My = p M+ 2 (Mg + M7 )], : (9.28)
wm | _
trong do6: - ’ o
o o Ry ‘ '
Ly =—Syy =— : o
R ETITR T T Ry (9.29)
(0

1a he 56 phan phdi mémen do xoay va{) ddu i cta thanh ik quy 1u tai nit i (cOn
g£0i 1a hg 56 xoay). o .

Lay 18ng céac hé s§ xoay quanh nul i, [d <0 ditu kién klem tra két qua tinh ,u,k

ki
S == | (9.30)
W 2Tk 2 »

(1)
C Cong thuc tinh momen do chuyen Vi thang M

Cong thirc tinh momen do chuyén vi thng chi lién quan tryc tiép: den cac thanh

dimg. Trong thyc t€, cac thanh dimg thudng -1a thanh c6 hai dau 1a ndt (ngam)

hodc thanh ¢6 mot diu 12 ndt cdn mot déu 12 khop. Gié sir cac thanh ding thude

tAng r bao gdm n; thanh ¢6 hai diu Ja nat (ngam) va n ‘thanh ¢6 dAu i 12 nut con

ddu k 12 khop. Xeét dieu kién can baug ciia phin he bén trén mat cit ngang ¢ di
"qua tAng r c6 thanh dimg ik dang xct (hinh 9.13), ta cO

3Py~ 0w =T =0, f 9.31)

ny .:v ) ny
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) LV A

&S

aﬁ hg duie citira d€ xét (phén trén thng thi r) voi quy udc chidu
Sysatrai sang phai:

i'v!:&:.‘: g : i ' -
S +6 hai du la nat (ngam) va trong cac thanh dimg ik co dau i 1a nat con diu k
ni‘;ndakhqrp, thudc tAng r b cat. Quy woc chidu duong cua lyc cdt la. chiéu lam
Bhiichophdn bi cdt co.xu hutng quay thudn chiéu kim dong hd. -
e e . . ' ‘ ‘ ) .
V6i quy uoc vé ddu cia momen theo phuong phap G. Kani, luc cit trong thanh
ding ik duoc xac dinh nhu sau; ' :

: ' . N . M + My .
% Thanh-c0 hai dau 1a nat (ngam) Qik = Qflic - —iﬁ, - (9.32)

o o LMy
< Thath co dAu-i 12 ndt con dau k la khop:  Qik = o4 _# ©(9.33)
.‘ . i C ’ : ik ‘
trong do: -
Qlfi. — Yye cit do tAi trong tac dung trong thanh ik khi coi thanh ik 1a dam dat tu
do trén hai khop tua; '
hix — chidu cao ciia thanh dimg ik thudg tang r.

Cac momen Mk va Mg dugc xac dinh theo (9.25) hoac (9.26). Thay (9.25) .>

(9.26) vao (9.32) va (9.33), ti€p do thay K6t qui tim duoc vao didu kign can -

bing (9:31), ta duyc:
~ ; S A E— =7
WA DX +ZQZ]+[ZE(MM+Mki)+ZI—fMik]+
ny- <

ny ny M oom ik )
3. . 2 .. 2 I
D ::A-+M-/at)+27—M ik]+[27—M ik"’ZT‘M wl=0 ©34)
nj ik . J ny Lk ny Tk ny Lk . )
Ba sG hang dau cita (9.34) bidu ihi hiél ciia tharh phan tAi trong theo phuong
ngang & phan trén tang r Vi lyc ¢4t do thi trong gy ra trong;ting r néu coi cac
mit cha he khong Chuyén vi. Ky higu dai luong nay 12 Or.
L v e ind PR I (— -~ — Y- ] —
Qr =P~ [ZQik +2.0 ] f[,Z;l—,(Mm + Mkf)+2thtk] -
_ ) g oy iy Tk . b C o Tk ' ‘
N&u chi'§ 1a khi thanh c0 dAu K 1a khop thi Mj; = 0, 12 ¢6 thé vidl cong thie Oy
Jdudi dang 16ng quat hon nhu sau: , ‘ ' - _ o
Q"':ZPHS-ZQ‘-:. +Z"—(Mlk+Mk1) E v . (935) )

L /

] — —
(r) (r)lik
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¢ ,&m ! 6u'theo 'phﬁb'flg x clia tit ¢A cac tAi trong tdc

o an Tuot 12 téng dai s8 clia cac luc cil trong cac thanh dimg ik

Diu t8ng theo r ap dung cho tt ¢ cac thanh dimg thudc Léng r.
Ta dé dang xac dinh duoc O theo cac sG licu da cho trong bang 6.1.

Pé ¢o duoc cong thic téng quat ap dung cho truomg hop cac thanh ding thugc
tng r c6 chidu cao khdc nhau va didu kién lién két khdc nhau, ta st dung cac he
sO sau: ' o C '
< Thanh ¢o hai du 12 nat (ngam): K

aik = b/ hik mig = 1; ‘ (9.36)

< Thanh ¢o mot dau 1a ndt con mot dau 1a khép: .
ik = 2hy/ 3hik mik = 3/4, : 9.37)

lrbong do: .
h, — chiéu cao chung cia ting r, thuomg chon la chidu cao cia nhimg thanh
dung bang nhau chiém da s3 trong thng; '
aix— he so quy ddi phu thudc chidu cao va diu kién lién ket chia thanh dang ik; -
mik — he s8 phu thudc diéu kienlien két clia thanh dimg ik.
S3 hang thi tu cba (9.34) dugc bién ddi nhir sau:
3, 2 3 o 3 ,
[>—ry+M ki)+zh_Mik]=ZT“ik(M iktM Ici)"'ZT‘atkM ik =
ny Lik ny "k ny Y ny b :
3 , N
= Tzaik(M M)
(1) '
S& hang cudi cha (9.34) duoc bién ddi nhu sau:

2 oo L L2 ,
[ZT’M ik+Z’I—M ik]=27—aikM Kt
ny lik om lik ny CN "

3 4
ey My =
2/7’,- lk4. ik "

2 " 3. .
= /—[Zaik-1~M'ik+zaik ZM wl=

oy ny
2 L2 ;
= S oM+ 2 igmigM ik]—.l—zaik'ﬂikM ik -
- 1 njy : .nz I () : ’
biéu kien (9.34) co dang _ »
3 C g 2 5 g
O + =S ag M+ M)+ — TaumaM =0 (9.38)
o hy (1) ’
T . o ohn " .
Nhan ca hai v& voi A, /3 va gol: M, = = L (9.39)
1a momen tdng thivr. Tr(9.38) tasuy ra: _ ‘
D aimpM == Z[M, + Ty (M y+M W)l (9.40)
(r) 2 (r) |
VE trdi clia (9.40) biéu thi 1dng cac mémen do chuyén vi thdng tai ddu i ciia cac
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‘-
thanh ik thupc tdng r D_ T, lé 'nay Sé d“‘jc phan ph()l vao tmg thgnh dung o
tang r. RS m '

pé lap cong thud i ;_rﬂ%méfn M

trong bang’6. 2 xéc&dmh rdinen do ¢
ik, trong ung vGi hai tru(mg hop sau

ik cho urng thanh ta cin’ st dung cac sO ligu -
huyén vi thang tuong ddi ik theo phuong -

vudng 2oc¢ véi truc thanh
“ Thanh.c6 hai dau 2 ndt (ngam):
6El;

M= M'ki= - Elit gy =~6Ry
iy o f h’lk

+ Thanh ¢6 mot dﬁu 12 nit con mot dau 12 khop:

'1- . i‘ ‘ ‘;* M'” A 11311111{ AI\ gFI‘k 3 2 Alk ‘4leall\_%_i .
j » lm\ l dhy 2 Shy 5

Zik
hr

Nlm vﬁ;f - Eong!
Vi céc thanh dung cha he song song nén €ac
nhan trong mbi tfmg chiéu cao h, thudc tang r

I SRR L B XN

chuyén vi thing tuong d6i Aix nhu
1a dai luorng khong ddi nen ty 8

‘4 e \ ' le(llk - h,
‘kh()ng ddi vbi vmoif thanh thudc tang thirr.
Lap téng cic moren db éhﬁyéﬂ vi thing tai diu i cha cac thanh‘ ik thuoc ting
thu r va chd y dén (9.40), 1a co: :
LM ik = =6 25 S R = —-[M + Za;k (M k"’M kz)]
(r) B (r)

3[M, + 2 i (MM )]

Suy ra: ,____m,_____—:_aé& o ©942)
e Zalk'nllle/& By

) (r). ': . o 1 - .
bai theu (9 41) va (9.42) ta sE duoc cong thirc xac dinh M trong thanh ik bt
ky thudc tang thu r: i v

=t R, T o (M M)
' 2 Za LmlkRm - (r)

(r)

Hay M"ik=Vik[M-}?+Zaik(M'ik+M'/éi)]v B AR
. (r) - ,

) - 3 ok o T (944)
v{i ViR =~ . N

2 ZalkmlLle
(r)
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\hie Kac ‘dinth M"’ j:déu c6 mot ddng chung cho ca hai loa1 thanh.

ik 1a h¢ s6 phan phor do chuyén, Wi 1hang ctiq thanh zk (con goi l1a he. 80 chuyén
vi thdng). |

T (9.44) 1a dé dang suy ra cheu ]uén klem tra cac hé so Vik:

Z'":katkvlk o ' : (9 45)
) 2 § ‘

Nhu vy, g€ tinh tri s§. momen udn Mik & dﬁu cac thanh “ta cin phal tmh .duoc
cac momen do chuyén vi xoay M'ik theo cong thic (9 28) va momen do chuyen
vi thing M i theo cong thirc (9.43). Trong céc biéu thu'c tinh M ik va M ik laJ c6
chc gia tri momen chira xa¢ dinh va c6 quan hg fuong hd vé1 n}uu nén 6 thé
véan dung phuong phap ding din nhu sau: : ’

Khi tinh My theo cong thire (9.28) thi cac gia tri M,/? va M"; chua biét, nhung

“néu gdn cho ching cac gié tri gin dang bt ky thi c6;thé tim dugc gia tri dung
“hom clia My rdi lai dung l'et qui do dé xét nut k& uép va dugc gi4 trj din dan

ding hon ciia momen do xoay tai.cac nut.
Khi tinh M "y ta:cling dua vao cac tri sG gan dung cha M ik va M'iva (,ﬁng dat
duogc tri $0 M ",k ding horn S :

Bing cich tinh lién ti€p tir nig nﬁy sang nat-khéc, tu tﬁng nay sang tﬁng khac'
theo mot thir ty bit kY ta se dat duge két aua dung dﬁn Co s0 cia cach, g1a1 nay

" dugc xay dumg theo cach gidi 1ap cia Zeidel.

Dudi day la mot.s6 vi du d€ lam sang 0 noi dung va thit tr thuc hién. clia
phuong phap G. Kani. ' '

Vi du 9.3. Ve bidu dd

. e . q _mv/m
momen uon  trong lihung ot % umrmnn 3.
¢ nmat khong: chuyén vi R=3 |- -R=3
thdng, cho biét cac do cimg SR ;
don vi quy woc nhu trén g k= R=2 Re2 ] -
hinh 9.15. B
e % S t
I'a s& giai bai toan trén so 2m 12m 1
d he (hinh 9.16) va tién , N ’
hanh theo thu tu nhu sau: : Hinh'9.15

1. Xéc dinh momen nit cimg do tAi trong gdy ra trén hé khi xem cac it Ia
ngam. Trong trudmg hop nay tai trong chi tac dung trén thanh 2-3 nén theo

cac s§liéu trong bang 6.1 va theo quy udc vé ddu cia'G. Kam ta cé

2 2 ' ;2

M,_; SN Y N M,; P =+£_ +12 kNm:
12 12 - 12
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Trén.so dd khung ghi hli’(mg glé tri nay
thanh ngang thi gthkva My; tai dau
thanh dung, ghl nhfmg gla tri

ngang dat nét dé tach big¢

L

tai ddn cac thanh tucmg mg. Néu ik 1a
; va diu k & phia trén thanh. Néu ik 1a

nay ngang sat it hoac ngam 16i- dung duomg k&

t vOi cac momen M'ig se gh1 tiép sau (hinh 9. 16)..

Momen nt ctmg tai c4c nat:

OTaznat‘Z M2"‘M21

Foc TR

Tren so dq Khung,
tuong tmg (hinh 9:16). -

‘M_; = + 12 kNIIl
ghi hhfmg daJ Juong nay vao vong ubn trong,

+M23+M25—0'—12 +0= —12 kNm.

tai cac nat

2 Xaa dmh he &6 xday p;k theo cong thac (9.29)

K1ém tra theo ditu.

T2

_,'_Rﬁ‘——'_i._i..___»(),g’l -
R]2+R16 2 2+3 .
,——}EI—Q————-—i —-—2—2—0,2, 7_.".'

oo ST Ry R R 20243 |
kien (9.30): pu2+ p16 =~ 0,3 02 = e05 (dung)

B Thuc hien. tuong; tu v6i cac nat khac, ta duge:

‘o Tai'nit 2:° % 121 = 123
e Tainit 3. up= ‘—0

o Treri"s‘o as khung gh1 nhtmg dai lugng nay vio vong trbn ng

= -0,1875; pos = =0, 125,
3, tza=—0,2.
oai, tai cac diu

3. Tmh cdc momen, do x

Hinh 9.16
oay My theo cong thuc (9.28), ap dung cho trudng ho-p

he ¢6 nit khong chuyén vi thing:

202

Mlk lulk(M +ZMkl
(i)

Tifth dang dan tri s3 M’y bing cach s dung 13p di Iap lai nhiéu 14n cong thic
trén khi xét tir nat nay chuyén sang nut khac theo mot thir tw tty 9. D€ chong

" dat 161 kEt-qua, co thé bt diu tir nit c6 momen ndt cing 16m v& trj tuyét ddi,

chdng han, xét nat 2 truc. Lic d6 ta tw.cho trudc momen do xoay tai cac diu
thanh d6i dién v6i nat 2 nhimg gia tri gan dong bt ky. Néu du doan trudc
cang sat thuc t€ thi t8c 40 tinh toan cang nhanh, song thuomg chua biét 1o nén
6 thé gia thiét bang khong; nghia la cho
ZMk,—M12+M32+M52—-0+0+0 0

. (2)
trong d6 M52 =0 vi diu 5 12 ngam cimg khong X0ay, cbn M va Maz bing
khong 12 gi thiét. Do do, ta c6: :

M2y =z Mz—( 0,1875)(— 12)-+225kNrn

M3 = 23 MZ— (—0 1875)(—12) = +2, 25 kNm

Mzg-/,io5 MZ—( 0125)( 12) = +1, 50kNm

. Ghi céc s0 ligu nay tren so dd khung tai cac dau thdnh trong u-ng quanh nut 2

“Sau do, chuyen sang xét cac nat khac theo mot- trmh tr iy §, chang han theo '
thu ty3-2-1-2... _
* Tai nat 3, luc nay M'»; da cé gm tri tim dugc 6 budc tren nén

M'sp=pusaf M3 +M'23+ M'43) ==0,3(12+2,25+0) =0, 3(14,25)==4,275 kNm; - |
Misg=pissl M3 +M'33+M's3) ==0,2(12+2,25+0) =—0,3(14,25)==2,85 kNm.
Ghi ¢4c s liéu nay tai cac ddu thanh tuong tmg quanh nat 3.
o Tainat 2; |
M'ay = (—0,1875)(12 + 0 + 0 — 4,275) = +3,05 KNm;
M's; = (=0,1875)(—=12 + 0 + 0 ~ 4,275) = +3,05 kNm;
M'ss = (=0,125)(=12 + 0+ 0 - 4,275) = +2,04 KNm.

eTai i I
M]g—( 0,3)(0 + 0+305)— —0915kNm
M= (-02)(0+0+3,05)= —0,610kNm. ,
Cu tjép tuc nhw vay.theo thir tur xét céc nit 3-2-1-3... ta s¢ dugc k€t qua ghi
trén so dd khung (hinh 9.16). Cac gia tri M tai céc ddu thanh s€ tiém can dén
gid tri chinh xac. Qua trinh tinh toan két thuc khi cac gia tri M’y trong 14n tinh

“cudi cing (rimg hogc xdp xi bang cac gla tri M'ig tuong u'ng trong lan tmh

trudc trong pham vi sai 80 cho phep .
: 203



=

— '()256 0642’

= -1017 KN

71 g_g_g =
231 - 21,29 - - :
S (5)a20 2o ,,6.2,' RN
()8 0256 06247
'0'007 g = =1, 283 kNm, et
; %.gg 12 ()- . E .
‘: a0’ | « Tainit2: =1, 283 11,500 = 0,750 = =0, 967k kNm
220 o o Tai nat 3: Mg— 0, 750 3 000 = = =2, 250 kNm , j
220 : -3 ,
0.00 (KNm)" . 0,00 it 4 - : s
_L 0% AR e« Tainit 4:  My= 3,000 KNm; :
5 .. P g e Tai nt 5: M; = 1,500 kNm . ? ’
o 17 e e Trén so dd khung (hinh 9. 20) ta ghi cac glé tri M,k va M vao nhrmg vi tri
n
o nhu da chi din & vi dy trén. - ‘ :

4. Tinh momen udn 1gi cdc ddu thanh Ap dung (,ong thuc (9 25), ta c0:
M,A—M,k+2Mk+Mkr Mk+Mll\+(Mlk+Mnl)

2. Xac dinh cédc hé s6 xoay theo cong thuc . 29)
R . | 0,5
Vi du tai NGt 20 o) = Pas = P23 = = o ——
Q¥ _ H2p = M2s }1‘73 05405405 _
K& qua tinh cac hg s6 p duoe ghi trong vong tron ngoai trén so dd khung
(hinh 9.20).
3. Xac dinh hé s6 chuyén vi thdng theo cong thuc (9 44)

“ e Tdng II cac thanh dimg ¢6 chidu dai bﬁng nhau va (,(3 hai dau deu 12 nit nén

= -0,167.
Qua trmh thuc hlen duoc trmh bdy Lren sa do khung (hmh 9 17) o

Tai’ m&i diu thanh trén so 40 . o 999 517

., khung ta thuc hién phép téng -
cia ba gia tri 1an luot la: My,

My va (Mic+ Mki).

5. Ve bigu do momen udn theo kél = 6'm; aik= 1 mik = 1. Do do::

qué tinh toan m(“)rn_en udn & cac 4 Vai= Via = __f_"' R3y - 3 0.5 =y 83’3
dau thanh. Két qua nhu trén 066 o ' 2 Ry +Riys z 0, 5+04
X o : Hinh9.18 __3 L
hinh 9.18.- - : " R Vsi= Vas== g Ras - _ 3 §)4 = 0,667 .
Vi du 9.4. Ve biéu dd momen udn trong - o 1kN /m 32+ Rys 0,5+04
khung co mit chuyén vi thang, cho bit ¢ § k=05 Kiém tra theo dicu kién (9. 4'5) Vag+ vas = —0,833 =0, 667 = —l 5 (dang).
cac do cumg ‘z‘m vi quy ude R= EI/ nhu § N e Tdng I cac thanh dimg ¢6 didu ki¢n lien ké nhur nhau (hai ddu la nit hodc
trén hinh 9.19. S ngam) nhung chidu dai khac nhat. Néu chot by = hjp= 6 m, ta cO:
. Xac dinh momen nt cing -‘ S 2kN Mz = mse = I oqu,_ I; as6— h[/ hsg=6/4 =15 '
M =My =Mgs= 0 - - 3 05
s = Mg = M = Mo BT UL B . T = 0,535 ;
162 . N : 2 om0t R17+m,,,oc,()R,(, 2 1 2 0, §+1 1 52 ()4
By, = Mgy = - - ==3,000kNm; 964N —tda | v
T B ]2 . Ty Sl ? V56~—£- . a56R’(J d . =__‘i ] § ()4 , ——0644 .
i — 206 1500 kNm AR RERREEE 2 m/7a12R17+mgéa5(R5( 2 1. 1 U 5+1 15 ()4 ;
25 ="Ms2=="—0m =75 T g ‘ -
: & - % o Lf R Kiém tra theo diéu kign (9.45):
i Mi o 0,25.6% 0750‘1(th'-#; S Mok 919 S My 02 Viz + Mse Os6 Ve = 1. 1( -0,535) + 115(0644)— ~1,5 ; (ding). .
23 =M= =-0U, 3 Gy TINRSEASE
- 12 : :
4 . -205
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khoang gifra thanh dimg ik trong tng (hinh 9.20).

W |e|, -3438

4, Xac dinh cac momen 1dng theo (9.39) va (9.35)

e Tdng I: Duang mat cét ngang sél dudi-cac nit 3, 4; theo (9.35) ta o

' I o000
“oess 0| .00 ,
R 1= S (0, 40 )+[ <M,3+M37)+T<M45+M54)]
| .
U 0] 0.25 _
084 =0- [— )’22“ & +0]+[%(—0,75 +0,75)+é(0+0)} = 0,75 kN.
B -0
- 0,540 .
9
;gga S :gggg Theo (9.39): M= Q11hi1 /3= 0,75:6 /3 = 1,5 kKNm.
21625 8 . .
gggg < * Tdng I: Dung mit cit ngang sat duoi cac nidt 2, 3; theo (9.35), ta co:
2.825 . ) 1 >
: :%ggg 0900 - Ql:z ny - (Q +Q )+ (M7]+M17)+l—( 56+M65) =
© 0837 0900 - 12/ 156 :
| © Gbes 0256 064 ] _
0886 =0,25.6-| - 2222 227 Lol —(1,283.—1.()]7)+—(()+()) =2 694 kN.
0.862 . 2 6 6 4
g'ggg ' Theo (9.39): - M= Q;h;/3 = 2,694.6/3 = 5,388 kNm.
0327,
0,000

Trén so dd khung ta ghi cac gi4 tri momen tAng vao & chir nhat bén (,anh tang
tuomg tng (hinh 9.20).

-4.157

(kNm)

Hinh 9.20

L 206

5. Tinh mémen do xoay M'ik va mémen do chuyén vi thdng M"ik theo cac cong
thire (9.28) va (9.43):

ﬁl‘

0,992 -0,154 .
0.000. - Vi . " . "o y ' g
]%i N 0357 My = Hig I+ 3 (M M7 ) MY ye=v [ M, + Y oo (M M7, )]
1,115 0,650 : (1) : (r) '
1,120 - 0,796 —_ . , " . N . foe an a
1,122 Oggg Ihi tw tinh M'ix va M "y truéc hay sau, tir nit ny sang nat khac, tir tng nay
122 0, ' A ol T
E 0,894 sang tang khac la thy y. Can 4p dung xen k& hai cong thic trén va thyc hién
g'ggg nhiéu chu trinh cho (6i khi k€t qué tinh hoi ty vdi mic do chinh xac cén thiét.
e 0,900 Nén cin ¢ vo mirc do anh hudmg cla tai trong d6i v6i momen do xoay va
2'23? E momen do chuyén vi thing 1on hay nhd dé tinh M i tru6c hay M " trude.
-4 ©
'33333 - Trudc khi budce vao cac chu trinh tinh toan ta ¢6 thé chuén b bing cich phan
Ja9%e phdi nat ¢co M; 16m va tang ¢ M, 16m trude. Trong vi du nay, ¢ thé tinh My
'2'882 tai nut 4 va M”,-k Lai tang /.
75,060 . .
A Irong 1dn tinh dau tién, cac rj 0 chua blbl €06 thé gia thiél bang khong. Vi duy,
6 lmh My ta nat 4 :

M a3=pqga( M4 +M 34 +M'sq +M"45)=—0,278(+3+0+0+0) =—0,834 kNm;
M'ys=pys( M4 M3y +M'sy +M"y5)=—0,222(+3+0+0+0) =—-0,666 kNl'I].

C o207

Trén so dd khung ta ghi cac gid tri vik vira tim dwoc vao céc 0 chtr nhat daf & - '



e Tdngl:  M"2;= —0,535[5,388+0,774+1,5.0.650}=
= ~0,5357, ]37] = —3,8/8 KNm:
M"ss= — /! 644{'%7‘1371'.;—-‘”4 396'kNm.
Cang thuc hién tuong tu nhu lren déi voi cac chu trinh ép sau. K& qui tinh

(bat dau tir chu lrmh 1) ghl trul By do h¢ (hinh 9. 2()) ’r)w chu mnh lhu 9 ku
qua da hoi tu nén 6 (hé két 'thad qua trinh phan phdi. '

: lmhM,kldlmngl it 4k
M= V17|M1+a1—;(M]7+M 7])+a56(M56+M65)]—"0 535.5, 388———2 883 kNm;

M "sg=vselM+a(M 17+M 71)+a56(M 56+M65)]‘—0 644.5, 388——3 Y70 kNm.

- Sau budc chudn bi, ta bat d4u thyc hién chu trinh thir nhit theo tha tu tuy ¥,
chang han theo thu tu cac nut 3, 2, 5, 4, tang /1, tang. L :
e Tui nul 3 M 34 = M'yr = =0, 25[-2, 25 -0,834}= 0, 771 kKNm. .

o Tai it 2: M'ss= M'2s = M'21 ==0,1671-0,967+0,771-2,883)= 0,514 KNm. o
x 'G’\ +3000 .. - 3,000 /A
o Tui nit 5: M's2=-0, 19.»3[1 540,514-0,666-3 4709— ) /1358 -0,67314
‘ 0,750 0.685 0.685 0,000
——0,192[-2,122}= 0,407 kNm; 1388 | -oes7 a0z | -osse
M'sy = Miss= =0,154[~2, 122) = 0,327 KNm. iy - |orem
« Tai ndtd: M'ys = =0.278 [3+0,771+0,327) = = 0,278[4,098) = ~1,139 kNm: ‘ oses il e (575
. Miys= -022214,098) = 0.910kNm. Hinh 9.21 ss [ (Nm) ) 2my
- o c . . S s 10362 '
A u - 1,033 . "Aany
e Tdng ll: | M%) =—0,83311,50+0, 771+0 514+0,327-0, 910}= 0750 dz\ 1 500 s A
= —0,833[2,202)= —1,834 XNm: 1,238 °/ 1083 A 0000 -
) 66T : 1,033 PR VAT I o'g'og .
M'ys= —0,66712,202] = —1,469 KNm. 1(1)?3 1,688 4777 0900 ¢
“eTdngI: M"ay = —0,535[5,388+0,514+1,5.0,527} 0808 y e
4,104 '
= ~0,53516,3925) = ~ 3,420 KNm; 504
= - - -4141 0.000
Mss= — 0,64416,3925) = - 4, [17kNm. vl 000 | g
' Lhu {rinh thit hai cang thuc hién theo thir tr da néu & chu trigh thu nh’.it o000 -
o Tai nit 3: M'sq= M'sy ==0,25[=2,25-1;139+0, 5141, 834]— 1,177 KNm. 1] 101
Tai -imt 2 M»'2-3=M'2-5_M ,,_'-0 167-0,967+1, 177+o 407*1 834 3 420]— 6. Tinh momen udn & ddu cdc thanh 096 -1 - ;{{‘3 o1
: : theo ¢O e ) - 5 ’
20 774k1\|m : ) cOng thie (9.25) N N< 4 N\
. Taz mzz 5: M'sy==0, 192[1 5+0,774-0,91-4,117-1, 469] Mik=My + 2M'ik + My + M" = !
U = -01920-4222)=081 1 KNm; 5 = Mit Mkt (M M i)+ M ik 7”2&%3
Sy i M54— ,M56- -0, 154[ 4,222] = 0650kN1n Qua trinh tinh toan dugc thuc hién t 7 . /_// 7
o Tainird: Mars —027813+1, 177+0,650-1 ,469)'= trén so dd he (hinh 9.21). . mlf]:/ (3 320
e s 6945 1,58
= —,278(3,358) = —(0,934 KNm; 7. Ve biéu d6 mémen udn trong hé ’ H
s o M =.-0,222(3,358) = +0,754 KNm. y UTCO két qua tinh momen uén & diu // i’,”
«Tdng Il M3 ==0,83311,50+1,177+0,774+0,650~0, 745)= v o DI 92D K& quanhu "
. cn 22, 4
A - = ~0,833(3,356]= ~2,796 kNm: | ~ 1A= (M) (knm)
A 3 M gs==0,667(3,356) = ~2,238 KNm. - 44
; S o Hinh 9.22
14- CHKC.T2 209




CAUHOTONTAP

9. 1 Trinh bay ndi dung bai t {o4n co ban: Sy phan phdi momen xung quanh MOt

nat".

9.2, "Trinh bay noi dung phuong phép H. Cross @& tinh he co nut khong chuyén vi

thing. ,
9.3; "l‘h()n‘g. rqh:a vi du don gian, trinh bay thi turthue hién khi p dung phuorng phap
© . H. Cross 'c:‘ié»tinh he co nit khong chuyén vi théng:
'9.4. Trinh l‘jayﬂ»néi dﬁng phuong phap H. Cross @& tink he ¢o nat chuyén vi thing.
9.5. Trinh bay“cach thié l1ap cong thire xac dinh m()mel‘l.yu(’)'n tai Giét dién & dau cac
- thagh \heo phmmg phap G. Kani.
.,9.6. I‘nnh bay «cach thiél 1ap cong thire xac dmh momen do xoay trong phuong
‘phap G. Kam :
9 7. Trinh bay cach thiét 1ap cong thire xac dinh momen do chuyén vi théng trong
phuung phap G. Kani.
98 Neu thir ty thye hién khi ap dung phuo-na phflp G. Kani dé tinh khung ¢0 nit
* chuyén vi thiang. :

1 0 Phu‘&né phap dong hoc

10.1. Khai niem'

Cac phuong phap xﬁc dinh phan lyuc vé n01 hrc trinh bﬁy trong ‘cac chucmg trén Ia
phuong phép tinh hoc vi duoc xay dung trén co s& cac didu. klen can- bang tinh
hoc. Trong chu@ng nay dé cap ‘them mot phuong phap ¢6 higu’ quﬁ dung dé xae
dinh phan lyc va noiluc goi 1a phuong. phap dang Iwc ’

Phuong phap dong hoc xay dung trén co SO nguyen Iy cong kha dl

NoOi dung, phmmg phap dong hec nhu sau: a) A4

1. Logi ‘khoi he lién két cdn xdc dinh. " %’ T
phan luc trong 46 va thay the 1ae dung - ,& —
cua lien két bi loai bo bang phan lue- ro
teong tmg cdn Lini. : SRR Hlnh 101

bé im phan lu'c tai g01 B ciia he trén- hmh 10 la, 1041 bé llen két ‘ »
10.1b. B8 tim luc doc trong thanh ab clia dan ve. Arén. hmh 10 2a ta c() 1hé xem :
thanh ab nhu lién két loai mot va loax bo nhu UPn hmh 10, 2b '

Hinh102 o - Hinh 103

" -Pé bidt cach logi trirlién k&t khi ¢An xac dillh n01 le tai’ tiét dnen m m trong
mot thanh’ clia he bt ky, ta cO thé xem thanh. nay nhu hai: mlcng cung ndi vm;
nhau bing Jien két han (hinh 10.3a va b) va xem cac thanh ph?m n61 hrc nhu cac
lhimh phén phdn luc trong lién k&( han.

Ve mat dong hoc cing nhu tinh hoc, lien ket han t\.r(mg duong V6 ‘ba lien kél :
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1
-

thanh hoac mot kh(rp va mot thanh (hinh 10.4a, 10.5a, 10.6a) bs tri hop 1y
Do do: ' : ‘_ “ N
< Khi xac dinh luc cdt tai 1iét dign m—m trong mot thanh nao, 4o }ac()‘{hé f"
nbur tai 16t ditn m—m co ba lien két thanh bo-trijnthiien hinh;10.4 va-loal
i lien ke”t qumg theo phuong vuong goc voi truc thanh (hinh'10.4b). Trén
sur do tinh ta ky higu lién két con lai lai tiét dien m—m sau khi da loai trir lién

ké( twong tmg voi luc cat nhu tren hinh 10.4¢. :

3)

Hinh 10.4

< Khi xac mnh“iu'c doc tai 1ié1 dign m—ni, 18 Xem nhu tai n
thanh nhu trén hinh 10.5a va logi triv lién k&1 theo pfum-n g dgc truc¢ thanh nhu
wén hinh 10.5b. Trén so do tinh ta ky hi¢u lien ket tai m—m sau khi da loal

{rir lién k&t tuong tmg vai lue doc phu trén hinh 10.5¢. -

1—m ¢6 ba lién két

b
Hinh 10.5

< Khi xac dinh momen udn tai tié1 dign m—m, ta xem nhur tai m-m ¢o mot lién
k&t khop tai trong tam (i€t dign va mot lien ket thanh a-b '}]ﬁh:u (réq h?nh
10.62. Sau khi loai bd lién k&l a—b ta thay vao d6 hai lue N = M/e (hinh
10.6b) voi M la.momen udn cin tim, tiép do chuyén cac lu-LN v& khop ta se
duoc momenudn co gia tri bing M. Trén hinh 10.6¢ vé ky higu tién k&t con
lai tai m—m sau Kii da loai trir lién k€t tuong tng voi momen uf)n

b) , 19

,,,,,,,,,,

194 not nA i pe
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- 2: Gay cho hé moitha;duir: der“c;hu}@;.,\l'j.k/za di vo cung bé. Chuyénivi kha di la
chuyén vi do nguyén nhan bt ky pay ra ma lién két cho phép. -

3. Thiét lap diéu 'kij i Can bang theo nguveén I$ cong kha di:

“Néu mét hé bién dang “43n héi c6 1ap can bing dudi tac dung cla chc e thi
{5ng c6ng kha dT clia céc ngodi Iuc trén nhiing chiyén vi khd dT vé ciing bé tuong
Ung va cong kha df cta ¢éc néi hic trén nhing bién dang dan héi khé.of tuong
Ung phéi bang khéng". _
Trong biéu thic cong kha di ¢6 chia dai lumg ¢an tim, do do ta ¢o thé suy ra
dugc gid trj dai lwong nay tir didu kién can bing. '
Co thé ap dung nguyén ty cong khd di dudi nhimg hinh thic khac nhau nén
cang ¢o cac phuong phap dong hoc tuong (mg.
Trong cac muc didi day ta st 1an luot nghién ctru cic phuong phap dong hoc dé
‘tinh két-cdu chiu téi trong bt dong, 14i trong di dong va d€ nghién clu su cdu
tao hinh hoc ciia nhimg he ¢6 dit 56 lien két.

10:2. Cach tinh hé phéng tinh dinh chiu téi-trgng bat.déng -

Trong cdc h tinh dinh, sau khi loai bd mot lién k&t h¢ trd thanh bién hinh mot an
va duoc 20i I co cdu. Khi gay cho co cBu mot chuyén vi kha di, cac phén tir ciia
he bién hinh khong bi bién dang, do d6 cong kha di cia cic ndi luc ludn ludn
bing khong. ’ s ' o S
Nhur vay, trong trudmg hop nay didu kign can bing theo nguyén Iy cong kha di chi
yeu clu: "1dng céng kha di cia cdc ngoai hue trén nhimg chuyén vi khd di vo cing
bé teomg tmg phai bang khong'. ‘ o '
Ta s& nghién cu n_.;(_‘)t vai phuong phip ap dung nguyén 1y cong kha di.
A. Phuwrong phdp dp dung truc tiép nguyén ly cong kha di

NOi dung cla phyong phap nhu da trinh bay ¢ muc 10.1.

Thif ty ap dung: . _ _

) ‘Lvu_('u' ho lién két cdn tim phan luc S trong do.

2. Gdav cho h¢ mdt chuyén vi kha di vo cing be.

. 3. Thiét lap dicu kin cdn béing theo l;gu}'élz Iy cong kha di:
. S A+ XPidi=0. ~.ao.
trong do: . . .

as

=

S — dai lugng cin xac dinh:




4
Pi — ngoai Jye tac dung trén he (Pi c0 ﬂlé e tap rone: phan b3 hodc
momentaptrung) . SR T

Ai, As ~ chuyén Vi kha di'vo cung bé tuong, ung yoi.didm dat va phuong clia

ca(, Tuc Pis Juc S. Cac 4i, As la chuyén vi t.hang hay 8oc ,X-\an tay theo Pi

va. Sla Iyc tap trung hay momen tap trung.

Vi dy 10.1. X dinh phan luc B uld dam ghép tinh dmh trén hinh 10.72.

Hinh 10.7

' Loai.bd ¢ tva B va thay hé téc dung. bing phan e cin tim B (inh, 10.75).
Gay (,huyen vi kha di it ky phu bop vai diéu kién lién k&t nhu dufmg du’( nét

'b tren hmh 10.7b. Ap dung nguyénly. cong kba di, ta co:
o B.Ap + M. doi — P. Ap - q(l- a) 4r = 0.
- .Tutrenhmh ve ta thiy: (l-a) dips = (I+a) dor;

- _ . a .
AB—dem, AP=—~d¢1i AR=,—5—df/?2=,Td¢’1iw

: Do do dleu kxer\ can bing o dang

Bl der + M. der - P. - d¢] q(l a) S d(pj = 0
Suy ra: S = £-l—'-—‘—(l“r—'aﬁ‘)——l-"/l—.'-
: 22 1

B. Phuong phdp cuc

‘ thmg phap cuc duoc xiy dung trén co 8O nguyén 1y cong kha di nhungﬁp b

dung duorl dang khéc.

Xeét mot nneng ctimg m bét ky cia he bién hmh Glh sit trén mléng ctmg c6 dat :

cac e P, va trong qué trinh he chuyen vi kha di, miéng cing m quay xum,

-qumh mot tam quay tic thoi Oy goi 12 cuc (hinh 10.8) v g6c vO cung bé 12

d qom Ta hay tinh cong kha di ctia luc Pi trén chuyén doi kha d1 tuong ng.
P[A[r—Pl dbl(.()ba ’
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. Trong truomg hop-dac b1jct, khi cuc
On cla mi€ng cimg m & xa vO

~ miéng clmg s& chuyén vi tinh uén

‘bing (10.2) c6 dang vo dinh.

Nhung  dsi= pi.-dgm= (hi/COSd)ld(Pm S
nén Pi.A;i=Pi hi dgm = M() dem,
vdi M, 12 momen cha lyc P; lﬁy d61 voi

cuc Oy, ciia miéng cung m c0 dit lye Pi.

Nhu vay, cong khé di cua luc Pi tac dung
trén miéng cimg m co thé biéu dién dudi
dang tich cua momen cia luc Pi daei voi
cuc Om va goc quay khd di dom cia

miéng cung.m. - . . : ’ “Hinh.10.8
Do do, ta ¢ thé phat bxéu diéu kién can bing nhu sau:

Néu hé bién hinh c6 mot. béc tsdo & trong trang thai can bé“hg thi téng mémen cla
14t cé cdc ngoai luc thc.dung trén méi miéng cimg 1dy dbi véi cuc cla miéng cing
tuong (mg nhan %) goc quay khd df vo cung bé cda mfeng clmg tuong dng phai

_bdng khong. .
}:MO dop=0, ‘ (10.2)

trong do: Mg, -~ momen cia cac lyc tac dung trén miéng cing m liiy doi voi
cuc O cia miéng cang m.

Dau t6ng lay theo s6 luong cac mi€ng cung rong hé.
Tich s6 M), dgom duong khi Mg va d(pm xoay ciing chiéu.

cung theo phuong X nao d6 thi

theo phuong vudng goc voi
phuong X. Luc ndy -didu kigén can

That vay, tir hinh 10.9 ta thdy:

M(),,,:Rmhm'—'Rm o=,
d‘s'm _ Am CO‘ a _ A — Am
P m cosx hm ‘hm ®©

d%nz

~ trong ao:

Ry~ hop luc cla cc luc tac dung trén miéng cng. m;




gcuq mlen;: cung m.thieo phuong’cia. ho'p luc Rm e

A4,
mh,, ta s& duoc: M('),' d(Pm = R hin = R Am:.

m

: N()l d‘ ‘n : :pté.-‘.’{ {L phdp cre cang gi(mé nhu n01 dun0 phmmg phap ap dung lan
liép gugq,n l?tonv kha di nhung ap dung digy’ kien can bing dudi dang (10.2).
Qua hleu ki¢n f\l() 2) u thdy: dé sir dung phuong phap cuc, can phai biét cuc va

2AOC \c‘oay khi dl clia urng miéng cung trong he.

Dudi day la le sO quy tdc tim Lll’(

1. Néu ha m/enq cung néi vél nhau bang khdp fiodc hai lién két thanh thi cue tuong

hé cua har m/eng cling dé d tai khdp hodc khdp g/a lao (g/ao diém cua ‘hai //en ket.

thanh). SR e e

2. Khi chuyen vi kha o, ba cuc tuong hé. cua ba m/eng cung trong hé bién hinh nam
itrén cung mot derng manq : :

‘A
.

n

. Hinh 10.10

ST 1.3)

HE chung minh quy e 2. ta x&t ba micng cing £, 17°v& I (hinh 10.10) thudc
mot he bicn hinh. -Cue twong hé (1.2) pitra miéng cing. I'va .l & khop A. Cuc
twong 1o 72.3) pita mi€ng cimp M va 1T & (ai khop ya tao B. Ta sé chitng minh
riing cuc u-uno hdy (1,3) gitra miéng cang / va H] phz’u nim trén dubng ndi lién
hai cye (1.2) va(2.5). Gia thict cue (/,3) khong ndm trén dudng (1,2)- (2 3) ma
G tai diém C ngoai duimg (/,2)=(2.3). Lic nay, khi xét chuym dong ciia miéng
cung /va I dm voi miéng cimg /17 ta nhan thiy miéng ctmg./ va Il quay quanh
cie cue (1,3) Vi (2,3). Piém A thuoe miéng ‘cing 1.5t chuyén doi theo dudmg
cung /=7 voi tam qudy C:nhung diém A con thude miéng ‘cimg I nén ddng
thoi cong chuyén doi theo duomg cung 2-2 vai tm: quay 1a ‘B, Hai dudmg cung
/=1 va 2-2 ¢t nhau nén chuyén dong ctia dicin A khong thé xay ra duge. Nhu
vay trdi voi dicu kién h¢ bién hinh co chuyén vi kha di. Diéu kién nay chi co thé
thda man khi hai duomg cung /—/ v 2-2 mp xuc \m nhau (i 12 khx dlem Cuc
C nam trén duong AB. Do 1a didu ¢an chung mmh

Dua viao hai quy tie trén ta co thé Gm duoe cue trong lm cia cac miéng umg
trong h¢ bicn hinh dong thoi tim duye quan he ly |L ElU'd um goc xody d(p,,, cua
¢ic miéng cting.

216

Thir ty giai bai toan theo phUo'ng phap cuc: :, TS S A o K '

+ Loai bo lién k& cin x4c dinh phan hre hodc ndi lye § trong d6 (xem muyc.
10.1). Thay thé tac dung cia lien két bing phan l- hoa(, ndi luc S twong {mg
dit theo chiéu duorng .

+ Phan bigt va danh s cac miéng cimg. Chon miéng cfrng bﬁt dong.
+ Xac dinh cue ciia cac miéng cimg d6i véi mleng umg: hdt dong va eyc tuong
ho gitra cic miéng cung.

S Gay cho he mot chuyén vi kha di, xac dinh goL xoay cua cac mJeng umg co
dat luc theo mot goc xoay chon tuy y. : :

4+ Thict 1ap diéu kién ¢an béng (10 2) vh lu do suy ra dai luo'ng Ldll Um S
Vi du 10.2. Xac dinh ndi luc S lrong thanh EF clia dan Xukhov (hmh 10 lld)

¢
) '
B ‘\\\.
1ZP 2 o

"Hinh 10.11
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erng ‘bat dong, trong hé cdn c¢o -hai mleng cing
wmengu wadl (bish 1011b). ' :

ke dinh cuc fia miéng’ cung ivall Mieng cimg I nGi v6i trai dat bing g6i
- p nefitouce (0;1) & tai F. Miéng cimg I va I nGi voi nhau bing hai
4B.va CD. ‘nén cyc, tuong ho (1,2) 12 giao diém H cia hai dufmg AB va
CD V4n dé con t6n tai a phai tim cuc (0,2).

Ta lap Juén nhu sau; MJeng cung II-n6i véi miéng cung o bang thanh AG nén
"cuc (0,2)budc phii ndm trén dudong thing AG. Mi€ng cing /1.¢6 lién hé vOi
m1eng o(mg I qua cyc tuong hd (1,2). Mleng ctmg I c6. lién he voi rmeng umg

o) qua cuc tuong h (0,1). Theo quy tac vé ba cuyc. tucmg hé cua ba miéng cimg -

‘trong 1i¢ bi€n hinh thi cue (0,2) buoc phai ndm trén duong:- ndi lidn (0,1) va
(1,2) tac 12 duO'ng FH Nhu vay (0,2) 1a giao diém J ciia hai dudng GA va FH.

e Cho miéng cu'ng I quay quanh cue (0 1) mot: g6c dqp; thugn chiéu kim dong
h3, dlém (1, 2 ) thudc miéng cfmg I st chuyén doi, mf)t doan 4 theo phuong

vu0ng géc voi FH. Do két qua chuyen ‘dong cua rmeng ‘oing 1, miéng cing /I

cing chuyén ddi quanh cuc (0, 2) ctia n6é mot goc des. Vi diém (1,2) cung
thudc miéng cing I/ ma chuyén doi clia diém (1,2) nay bling'A = FH. dg; nén
6 thé xac dinh dugc dg; tir didu kign: A =FH. dp; = —-JH. dgz , suy ra:

d _———d ———d ,
(0’_ JH @1 3 (01,

dsu trirbiéu thi dgz quay nguge chidu véi doy: (hmh 10.11b).
"o Ap.dung didu klén can bang (10.2):
—(_P4a +P3a)d(p] (P3a+P4a +Sr)dqu 0,

“hay . —7a»P,dqo; —(7aP+ Sr) %dqo;-o.
__10Pa

Suyra ' o S=-

N : _
Diéu trir ching td Tuc S ¢o chléu nguoc voi chiu da gia thlét tic 12 luc nén.

Chui thich: B&i véi nhiing he ndi voi dat béng cac gdi tu'a tuong ductng ba lién két thanh va €6 thé .

dé dang xac dinh phan lyc trong cac gdi tua b‘ang cacphuong phap da quen biét thi tién loi hon
c& la nén loai bo trai dat va thay the bahg caclp' “tyal Luc nay sd luang miéng cting can

phai xet s& giam bét, do dé tlnh foan s&'don’ glan horn

Vi du ddi v6i dan Xukhov vira xét, sau khi bo trai dat vh thay nhé bing cac phén
Iyc (hinh 10.11c) ta dugc mot he chi gdm hdi mleng cing ADE va BCE. Néu coi
miéng cimg ADE la bt dong (ky hleu 13 miéng cimg 0) thi h¢ chi con mot
218

; ‘ thé tac dung bang‘luc §:phu trén hinh 10. ll(b L

' trong d6: , ) kR

miéng cimg chuyén dong Ia BCP‘ (ky méu B Cuo (0 i) cua rmeng cimg [ la

giao diém ciia hai thanh AB va.CD. Cho, \rruengrcu:ng 1 chuyén vi kha di mot. gOc

de; quanh cuc (0,1) theo chléu k.1m dbng ho va viét diéu klen cén bang, ta co:
. 7Pa ’

Cting nhu phuong phép cuk':” phuorn )
co s nguyén 1y cong kha d_J nh 'g dléu kién can bing dugc{hé hlén du(n hmh

hép diém tuong tru'ng duor(, xﬁy dung tién '

DLy e

thuc khac tién loi hon.

Xét miéng cing m bat ky ciia he blé'n hinh trén do ¢o dat céc luc P: Glﬁ str -
trong khi he chuyén vi kha di, nuéng cimg m quay quanh tﬁm quay tic thtn Om ,
didm dat k; cha lyc P; chuyen doi theo phuong vuéng goc 'v6i ban kinh quay p,
mot doan ds; v6i van toc 1a Vi (hinh 10.12). . p;. :
Vécto ‘vin t6c vuong goc v(’n bém ' ]
kinh quay pén: - it o L

Cdsi=Videy ... LT A P\

'S

LAt

Vi —vﬁnloccuadlemdallucP,, 22 T N W
¢ — thoi gian. i o -5

Ldc nay, ditu kign cﬁn bang theo ’ .
nguyén ly cong kha df viét nhu sau: E Hmh 10.12

SP 4= ZP ds; cos(F;,ds;) ZP th cos(I’;,Vl) 0.

m

Vi diu kién nay thba man v6i moi di nén ta co'thé udc 1uoc dt va c6 dleu kién:

ZPV(‘OS( Vi)=0. ' (103)
m

Biéu thuc nay bidu thi dleu klen ¢an bang dudi dang céng 5udt kh.a dz

Néu quay vécto van toe Vi (ve theo mot t§ 1& nao d6) thuﬁn chléu kun déng hd
mot goc 90¢ cho trung voi ban kinh quay va goi déu mut k’; cha vécto V; sau khi v
quay 12 diém tuong trung cua diém dait ki cha lyc Pi-thi tr nhfmg phép blén ddi -
hinh hoc ta c6 thé bleu din didu kién can bing (10.3) nhw sau: ’
ZP v cos(P,,V) ZP, V; cosa; —ZP /l‘ 0.
m

Ky hieu’ My = Pi A Ia mdmen cha. lu-c P; 461 voi dlém tuorng tnmg k, ciia dlém
dat lu‘L P, (quy uoc . My, la duong khi P; quay quanh k thuﬁn chléu k1m dong
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hé dé phu hop:voi:§ nghia cong sufit), ta co diu kién can bing: SO
S ZMk =0 ST (104)

PE ISR L A .t . oY L : Sl
Nhu vay, néu mét hé bién hinh cé mét bac tv do & trong trang théi can béng thi téng
mémen cla tit ¢4 céc Iuc tac dung trén hé doi vér cac diém tuong trung cua
nhiing didm dat luc tuong tmg phéi bang khéng. ‘

a

Néu trén h¢ ¢6 momen tap trung M thi thay momen nay bang mot ngu luc

tuong duo'ng gom hdl luc P nmroc chiéu dat tai ha1 diém cach nhau 13 A trong
pham vi migng cimg do. Lac nay méi luc P ¢6 gia trj 1a M /A R

. bé ap dung dlt}u luen (10.4) ta cin biét uu,h xac dmh cac dlun Luo'ng trung
Dudi day m mot ] quy tac dé xic dinh: s

1. D/ém tdo'ng mfng k i cua d/em k, nam tren ban k/nh vector cua dlem k, (the() dmh .

nghxa) . . o :
2. Diém fuo’ng#nmg cla diém bt dong trung vdi chinh drem dé. That vay, khJ dlém
ki bét dong thi‘Vi = 0 do do theo dinh nghia k'; phai tring véi k;. -

3. Hai o'/ém Mo‘ng trung a’, b cla hai diém a, b cung trong mét mleng cimg (hoac
knong cung trén mot m/eng clmg nhung khi hé cb chuyén vi khd of ta biét chae

) rang khoang cach gia a va b khéng do;) nam trén duing thang song song vor
duong thang noz lidnava b (s& chmlg minh ciing voi quy tic 4).

4. Méi hinh tren mét m/eng cimg co hinh tuong trung Ia mét h/nh dong dang V07 no :

bé Lhu'ng minh quy lac 3 vad4,

ta xét ba diém a, b, ¢ trén Mot

miéng cing nao do va vé cac-
diém (wong trung clia ching
(hinh 10.13) khi miéng cimg
nay quay quanh tamm quay i
thdi 0 v&i van 18¢ 20C w. Ta'¢o:

Va= piw:
V p/; @ . .
Ve=pw. .. Hinh1043 .
Quay cdc véclo van tdc mot.goc 90¢ theo chidu kim ddng hd ta dugce diém
tuong trung ¢, b, ¢'voi: - aa’=V,  bb'=V, = V(-.
o aa’" bb

Keét hop voi cdc biéu thic tién, suy ra: @ = —
o s et SR A 7 Pa pb ‘ p;
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“Thir ty gidi bai toan theo phiong phap d'e"‘ tu’o‘ng trung

" nhu trén hinh 10.14b.

i Cacty sOnay chimg t: - a'baby: blevbe;  clallea.

Do d6 tam giac a'b'c dong dang v6i tam gjac abe Do 1a dléu can chung minh,

* Loai bo lién két can Xac dinh phan luc hoac ndi luc S uong do "lhay the tac
dung ciia lién ket bang dai hrong S twong (mg dar theo chleu du'()‘no R

4+ Phén bigt cic miéng cing va (.hnn mleng cumng, bt dong Panh s cic dlem
trén cac miéng wng

+ Gay cho hé mot “chuyén vi kha di va x4c dinh cac diém tu&_mg trung clid cac
diém dat luc. Mudn vay ta im mot didm c6 kha ‘ning ¢huyén dong va tu cho
trude di€m tugng trung cBa no trén ban kinh quay (tic 1a cho didm nay chuyén
doi kha di véi van ¢ da chon). Ti€ i€p do xac dinh dlem [u'o'ng mmg LUd cac
diém khac Lheo diém da chon bang cich sir dung bon quy 1a¢ da neu & tren

+ Thiét 1ap’ didu kien can bing theo (10. 4). Tu dléu lqen (,an bang nay suy ra
dai lugng § can tim.

Vi du 103 I‘1m noi lyc trong 3
thanh 7 8 cua h¢ Lrén hinh
10. 14a o

Loai bd lién k&t va dat luc S

P S B N - LTI A

Chon trai ddt Jam miéng cimg . ~ Pl S , o )
bdt dong. Theo quy téc 2, cac . |28 . p & | 25 dea
diém wong mrng I 2 3 4 ‘
tring voi cic diém 1 2 3 4. :
biém 5 1a didm c6 chuyén
dong nén diu tién ta chon’
diém tuong trung 5’ ciia nd tai -
vi trf cich duong 5-6 mot
khoang 1a p. Tiép do xéac dinh .
cac diém tugng tnmg cba 6, 7. S ,
va & nhu sau: . " Hinh 10.14
o Tim dlem 8" : Diém & thudc nneng umg 2-8, miéng ctmg nay Quay quanh
tam 2 nén &' 'phai niim trén ban kinh quay 2-8. Piém 8§ thu(’)c mxeng (,ung 5 -
8 nén theo quy tic 3, diém &’ phai. nim trén dudng thing 5'+8&’ song.song véi
5-8. Viy diém &' Ia giao diém chia dudmg 2-8-va duimg 5'<8" k& tir 5 ‘song
song vit 53-8, :

o Tim diém 0. : Cﬂng 1y luan twong l_l_}', diém 6' 13 giao_ diém cﬁ‘a haj‘:duimg-
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thing: dudmg 5'-6' k& tir 5* song’ song vOi 5-6 (vi diém 6 cung chung motv

" miéng cmg voi.5) va duomg 4-6 (vi4-6 1 ban kinh quay clia diém 6).

o Tim diém 7" pidm 7' 12 giao diém ciia hai dudng: dudmg thang 6=7" ke tr 6’
song song v&i 6-7 va dudng thang 3-7. 7

Nhur vay la da tim dugc diy di cac diém twong . trung cla nhfmg dlem can .

thlet Ap dung ditu kién can bang (10.4) ta co: ) .
Pp+Sr—Sp=0. S
Tuhmh 1014blath§y r=p+x=p+plga= p+p(2a/3a)—3p/3
Sau kkn thay vao didu kién can bing ta dugc:
S=-3P/2.-

e Dm chleu cac perdng phap dong hoc

<« thmg phap 4ap dung truc ti€p nguyén ly (,ong kha di chi thuan tién d61 v(n
nhﬁng he'oho phép d& dang xac dinh cac chuyén vi kha di, chang han nhu' doi
vai nhCms_ he dam.

R Phuong phap cuc cho phép d€ dang xéac dmh chuyén vi'khi di vi &

& d’iing

dinh 1y ba cuc Luong hd dé x4c dinh cac cue. CO thé ding phuong phflp n/y»
,cho nhtmg hée phirc tap nhung cing chi nén dung cho nhtmg he gém )t{'ﬁ' eng

ctimg bdi vi khi he¢ ¢o nhiéu mleng cing thi vigéc xac dinh: an’He ty & gitra
cac goc de st gap nhidu kho khan.

<> Phumlg phap diém tueng trung thich hop vdi-nhtmg he gom nhiéu -miéng . -

umg, dé dang xéc dinh duoc vi tri ctia tdt ca cac diém. tuong tnmg chnthiét.

= Don chneu cac phuong phap dang hoc vai cac phUdng phap finh hoc

Khi tinh cac he don gian thi phuong phép tinh hoc 16 ra (,o nhidu tien loi hon
nhu’ng khi tinh cac h& phirc tap thi phuong phap dong hoc lai t0 ra ¢6 nhiéu

diém wu viet Hon. Mot dic diém ctia phuong phéap- dong hoc la trqng dléu kién-

can bang luon lu6n chi chira mot 4n s0.

Trong thm hhnh nén linh hoat 4p dung phuong phap thich hop cho tirng hé.
Trong mot he véi mdi dai lugng cin tim ta cing O thé chon mot phuorng 1:hap
thu,h hop.

10.3. Bleu klen bat bién hlnh cua he thanh co du so hen ket

Trong muc nay ta s¢ nghién ctu them mot. phuong phap tién loi dung dé XAac dmh
su:cu tao hinh hoc uld. hé thanh phang phirc (ap ¢6 dirsg lien két.

Tién chi vé sy bdt bién hinh theo pllu(mg phép cuc. cang udn dén quy tac la bu
cue ong hé ctia ba miéng clmg khong duoc ndim: trén cunq mor. dw(mg tha’ng,
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blul hifh. -

nén cing khong co gi khac vai nhimg didu kién da xét & chuong 1

¢y day chi dé cap dén phuong phap diém tuong trung 1a phuong phap ¢c6 hiéu: quﬁ .

d6i voi nhong hé phic tap. Tiéu. (,m vé su bat bién hinh va khf)ng bﬁt bxen hmh
theo phuong phap diém tuong tnmg ‘nhu sau: o

Sau khi da loai b6 khoi hé moi l:en ket thanh

+ Néu cac diém tuong terg ciia cac dau thanh bi loai bé ndm trén duo’ng thang
khodng song song véi chinh thanh dé thi hé bét bién hinh.

+ Néu cac diém tuong trung clia céc déu thanh bj loai bé ndm trén duong thang
song song v&i chinh thanh dé th/ hé khéng bét bién hinh.

That vay, néu cac diém tugng trung'a’, b’ clia hai déu thanh ab- bi 1oai bo song
song voi ab thi theo quy tic thi ba dung dé xac dinh diém tugng trung (xem muc
10.2) ta ¢o thé k&t lugn: trong quad trinh heé chuyén vi kha di, hai diém a va b vdn
gl nguveén khoan ¢ cdch. Nhu vay, néu lai dat thanh ab vao vi tri ¢a thi thanh nay
cang khong ngan cin duoc chuy@n vi kha di (vi thanh ab chi ngan can duoc
chuyén vi theo phuong ab ma khoing cach nay lai khong d6i) va toan hé van tdn
tai chuyén vi v ciing bé wic 1a h¢ khong bat bién hinh. Con néu a'b’ khong song

" song vai ab thi trong qué trinh he chuyén vi kha di, khoang cach gitra hai diém a

va b ¢0 thay déi. Su ¢6 mit cia thanh ab trong h¢ s& ngan can su thay d&i khoang

cich gitra a va b. Do d0 h¢ khong chuyén ddi vo cung bé va bt bién hinh.

Vi die 10.4. Kiiao st su o tao hinh hoc cita he ¢6 @@ sG lien két cho trén hinh
10.15a. - o

Hinh 10.15

Loai bo thanh 7-8 va xac dinh cic diém tugng trung theo quy céch tucng tw
¢ 3 (hinh,10.15b) 1a tha

Ao xung) nén hé khong bat

Vi du 10.5. Khao sat su ciu ,t,ao'h'inh hoc cla hé c6 da sd lién két cho trén hinh
10. 14a.
Loai bod lien k&, va xac dinh cac diém tuong trumg nhu trén hinh 10. 14b Ta
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hai diém tuong trung 7' va 8'nam
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‘hd)’ diém 7' va 8 nim tren dudmg thing khong song song voi thanh 718 Viay
.. hé bdt bién hmh Y . o

10.4. Cach tlnh he phang t|nh dinh ch|u tal trong dI dong

( ach tinh he chiu tai trong di dong (vé duong anh hudmg) theo phuong phap dong
hoc cang dya tren co sO 1y luan da trinh bay khi tinh hé véi tai trong b’a’t dong
nhung & ddy thi trong luon ludn chi 1a mot lyc P= /di dong trén he. o

© Sau khi loai bo lien k&t can tim dudmg 4nh hudng clla dai lugng S trong 'd6 va
thay tac ding clia lién két bing cac lue S ta ;:ay ¢ho hé mot chuyén vi kh di roi
thiét 1ap didu kién can bang. Ta co:

a JPi. A=

Trong {rudng horp nay trén hé chi ¢cd mdt luc P= 1 va cac luce S nén ta c6 thé khai
lnen bleu thuc tren nhu sau:

L LA+ Sds=0,
'trong g v T
As - chuyén vi kha di 1heo phuong clia cic lyc S, vi S khong thay déi vi m ‘nén
4s khéng d61

Ap - chuyen vi kha ai vo cung be theo phuorng cua lyc P=1. Vi P=1 di dong
nen Ap u’mg thay d8i theo vi tri cha luc P= 1 )

| Nhur vay, khi P=/ di dong trén dudng xe chay, néu ta xac dinh glé tei Ap tuong
g voi tmg vi tri chia P va dung thanh dd thi thi s& dugc bidu dd chuvé’n vi Ap.

Do do: _ . »
dﬁa.h.S:-Al, , . 05)
A : >

Bidu thirc nay chimg to:

» Btfdng anh huorng cla dai luong.S dong dang v b/eu dé chuyen vi theo phuong
cua huc di dong P=1 trong hé da loa/ bé lién két va cac tung do cla d. a h. 8 cb gia
tri ty 18 véi tung do cua bidu db Ap theo hé s6 ty Ié -1/4s.

.. Néu As >0 (cnuyen vi.cung chiéu véi S) thi d.a.h.S nguoc déu vor biéu db Ap.

. Neu As <0 (chuyen vi nguo’c chiéu vér S) thid.a.h. S cung déu vér biéu.db Ap.
Dau cla Ap duoc xem la duong khi Ap cing ‘chiéu vor /IJC P=1. ‘
Nhu vay, mu6n im d a.h. S ta can tlm duge biéu dd Ap va glﬁ tri cua dai lu(mg As.
Ta s& 1an luot nghién ciu cach xéc dinh nhimg dai luong do6 theo hai phuong
phap iphieomg phdp cuc va.phuong phap diém tegng trumg.- : :

‘.22;;:.

' img vda vi tri llen ket bt ldhf. ‘
2. Phan bigt v déntitsg Cdd[ mif c.fu;g’ "Chon trai ddt lam mi'e”lig cing bdt
dong. (Ctmg ¢o thé chon't ’éng cﬁng khac nhung bat tién vi sau khi ve dugc
duong anh hud'ng “d6i” Voi rméng cung bit dong dé ta lai pha1 diéu chinh vé

d.a.h. d6i v6i miéng cimg ‘bt dong 1a trai d4t).

3. Xdac dinh cuc. cua cac mzeng ctmg %61 voi trc‘u ddt va cuc quay tu(mg hé gma

cdc miéng cung e

4. Ve biéu do chuyén vt i theo phu’ong cua lu'c P 1 tu(mg [mg 124/ (,ac Vi tri ciig
luc P=1 di déng trén cong trinh.

bé ve bleu dé 4p, ta cin dva vﬁo nhtmg nhﬁn Xét sau:

% Duong chuyé'n vi cia miéng cing bdt dong trang voi du()'ng chudn cua bleu
ds Ap (du'o-ng chufn dat vuong goc vdi phu'o'ng ¢ta luc P=1).

o owng chuyén vi cua méz mté’ng clng chuvén dong la mét dw(Mg thdng cdi
d‘u’&ng chudn tai diém {mg dm?t cuc quay caa mzeng cﬂng dé ddi vdi trai dat
(d6ng 1heo phuong song song voi lm P=1] )

" % Hai ducmg chuyén vi-clia hai mzé’ng ctng cdt nhau tal diém ung dum cuc
tuomg hé cha hai miéng umg dé (dong theo phuomg song song vm lye P 4 )

Nhu vay, néu da biét cic diém cuc thi sau khJ cho mGt mléng cung chuyen vi

tiy y ta se¢ v& dugc dm‘mg chuyen vi clid ‘cic miéng cing cdn lai, tac 12 ve
dugc biéu dd Ap. Tung do cla biéu dd hudng theo chiéu cia P=]7 mdng déu

duong.
5. Xdc dinh chuyén vi 4. CO the xay ra hai tru(‘mg hop ‘ )
<> Pgi luomg S la cac mémen: 1Gc n2y lién két bi loai la lién k&l momen (cach

loai lién k&t nhu trén hinh 10.16). Chuyén vi As chinh ld 1dng dal §6 cdc goc
xoay ctia hai miéng ctmg k va m ¢é dgt luc S (hinh 10.16).

. _ 4y = tdgr don, : (10.6)
dq)k hoac de: se duong khi nhimg goc xoay nay quay cung chiéu voi momen
§ dat trén miéng clémg tuong tmg. : :

Cang co thé quan niém Ag 1a goc xoay (uong di gitra hai miéng cimg ¢ dat
dai luong S khi hé chuyén vi kha di. Tir hinh 10.16 ta d& dang thdy:-

‘ AS = idwl,i' (lv)’”-: id¢k}n' (107)
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Hinh 10.16

~ —
Jl‘l“ P - 6 T .
% gtfo’ng chudh />)’e",5 A
AL I > G A
2 <
NG
>

P . < . e AL Voehn :
bé xac dinh ddu clia Ag theo quan niém chuyén vi tuomg ddi, ta gia thi€t coi
mot miéng cumg k hoac i 1a ¢0 dinh, Lhang han coi mleng cimg k @ dinh va
y ,ng cang chuyen d()ng m so
vdi miéng cimg ¢d dinh k. Néu miéng umg m quy (,ung chiéu v6i momen S
dat (rén migng cang m thi Ay mang dau duorng b61 vi luc nay momen S sé

sinh coRg dum]L : . B T R B R
B IR IO PR IO
Trong thuc hanh, ta ¢6 thé llm lung do bleu thi (,huytﬁ'w As uw blw do Ap

“dua vao bidu do 4p @é xc,m chidu’ quay eua

nhwr sau: "Néu trén biu do c/zuven Vi AP tiv dzem ung dué’l u c
hai miéng crmg ¢6 ddt cac momen S 1a d(mg s(mg wng vm dz mg chudn mjt
dogn hdng dom vi thi tai vi tri nay phdn lung d() nam‘ gif hai du(‘mg chuym
Vi cria hai miéng cting <6 dat mdmen S (Ilmh la lung dp' l)zen thl glc‘l 1/'1 A5

lu(mg “hé cia

‘That vay, tir trén hinh ve 10.16, ta thiy phan lung do

T 1.doy +](/(/))n—+/d(/)““._A

Zr Pai luomg S 1o Tue: Wi nay 1ién kEt bi loai bdé 1a Tien: kéf thanh va A chinh
la 1dng dai’ _s() cdc ('(71-4) én vi theo phuong S ctia hai diém ddt luc S hay ‘noi
khde di léedo bien thién khoang cdch gt hat diém datluc S.

o NEu quan nigm A4g 1a tdng che chuyén vi théo phU(mL chia moi Tue S ueng=
biét thi (hinh 10.17): : ‘
AS = ipL(IWA ipm.d(ﬂm,v o (]()'8)
trong do: '
doi va dgy, — 20 x0ay clia miéng cing & va nico dat luc S:
A va oy — khoang ciach tir cae cue cta midng cimg k vi m 0} vabi Arid, dat
dw phuong tic dlll]L clia cac lye §. : '
Tich 86 pdgr-duge xem La duong khi-duimg chuyen vi clia miéng cimg. k
quaty mot g0¢ doy gung chi¢u vaoi chidu quay ctia luc S dir trén miéng cung
k guanh cuc (0, k). . )
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Trong thue hanh ngudi ta itdung cach xic dinh Ag theo kidu pay.

Hinh 10.17

s NGu quan niégm Ag la chuyen vi tuong doi clia hai diém dat lyc S theo

phuong cua S thi khi coi mot mlu1L cing ¢O dit luc S la bat dong, ching

¥

han miéng cing &, ta ¢

=t 0. dQun , -(10.9)

trong do: R ~
d@gm — 20C x02y 1mmg -hd gitra hm miéng urng k va m co dat cae lue S

trong qua trinh hé chuyén vi kha di:

p — khoang cach tir cuc tuong hod (k, m) cha hai mi€ng cimg k va m dén
phmm;: tac dunsc t,Ud LdL luc S.

Dc xac dmh dau (,ua As, td u)l mol miéng ums_ ¢cO dat luc S (Lhang: han

miéng cang /\) la bal d()m_ rdi tren bidu do Ap ta lu‘ons. uong qu‘ly miéng-

cing con fai (mmw climg iy micng cuing bat dong dén vi l11 clia no ren

hmu ) Ap N«,u chitu quay nay cling chicu voi lue S da uw lmuw cung

LhU)Ln dong thi 43_9() pid i duong.
Trong thyc hanh ngudi ta thubng dung cach “xidce dinh As theo guan nigm
chuyén vi tuong ddi vi dom gitn hon cich ren. ‘
im-dudic lunu do bidu (hi chuyén vi 4y trén biéu dd Ap ta thuc
hién ohu sau:’ “N& trén bién do Ap. tir'cue quay fiong hé cia hai duomg
chivén vi cia hai lmeng cimg co ddr lue S la dong song song vou duimg
chudn mot doan bdng khoang cdch tir cuc tong hé cra hai niiéng cing 1rén

hé thuc dén phieong tac dung cria cac luc S 1hi & 1ai v tri néry. phdn tung do
g ctinrg dang xel chinh 1§ tung di

Ngoai ra, dét

ndin gitta hai duomg: chuvén vi cria hai mic
hiéu thi gid iri Ay

ir hinh 10.17 ta thdy phin tung do may biing pd g e 1a bing Ay .

T h.z_ll vay. 1
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Trudng hop dac";bie[, khi cue tuong hd (k,m)-clia hz_ii miéng cimg k vadn 6

dat lye § ¢ xa vo cung, tie 1a khi hai micng cing nay duoc ndi voi nhau bing

hai thanh song song, ta ¢0 p = con - dgyn =0 b&i Vi hai duomg chuyén vi

cia hai micng cung nay song song vdi nhau (hinh 10.18). Do do As = p.d gy,
= 200, Viv 4y ¢o dang vo dinh. Ta s¢ tim cich khir dang vO dinh vi dé ra
cach tm Ay cho vuong hop niy.

Hinh 10.18

Gia thict tam quay (km1) khong & xa vo cung ma ndm & mot vi tri gia dinh-

nao do en dudng kéo dai clla mot trong hai thanh song song ndi lién hai
micng cime, ching han & thanh rén cach giao didm C cha lyc S voi thanh
nay ot khodng tay y 1a @ Lac nay duomg chuyén vi cta hai micng cimg
phai ¢t nhau dudi cye gid dinh (&, m). N€u gitr nguyén duomg chuyén vi ciia

mot micng cimg (chiing han miéng cung &) va ve lai dirimg chuyén vi ciia

mifng cimg thir hai (miéng- cimg 1) d¢ sao cho hai dudmg nay cat nhau tai

diém tmg duti cuce gid dinh (k, m) va sao cho wng do ing dudi diém ¢
khong thay doi thi ta co th¢ xac dinh dai luomg Ay theo quy cach da trinh by

LN voi e twong ho gid dinh (k. m) v cie duimg chuyén vi i dinh
(Iunh 10.18). HE xdac nhan cach T nhu viy la dang ta chi ¢an Lhun" nnnh
i |
¥t ngay ¢d khig =

That vy it hai 1am giac dong dang rén bidu do Ap. ta co: As A pleosa
) nhum_ p = asiny, nen:

.,l i Ay .m, I

1§y i theq cich niy luon ludn khong doi vai bat K¥y gia tri nao ¢l u'

RN T ER R N Toonanrcosu L

4, a vaiy khong phu thuOc‘a nén Ay cing khong phu Lhuoc a va bleu thirc
Ny nghiém ding véi bt ky gm tri nao cha a, ngay cikhi a = . Do 1a didu
Ldn chum_ mmh " ‘
Trong thun hanh khi eap trutmg hop cuc tuon}: h6 ciia hai miéng cimg c6 dat
luc Sdxavo cung, ta cothé khono ¢an xic dinh tung do biéu thi Ag ma chi
c¢én bidu thi phdn tung do nam gita hai duomg chuyen vi song song theo 4y
Lﬁng du'ovc Phan tung doé nay bing: :

'As‘— .Au!.s‘i‘fzy-;;.i-s e (10.10)

(().\(1
A= -

siny

A_g'. . ‘ (10.11) ..

trong do;
- g0c¢ nghiéng ciia hai thanh- song snm_ s0 voi dmmg Lhuan

¥ — £0c hop gitra phuong ciia S va phuong cita hai thanh song song

6. Ve duomg anh hueomg cia dai lumg S
Theo biéu thic (10.5), mudn tim d.a.h.$ ta chi cAn nhan cAc tung do cia.biéu
dd 4p voi he $6 —1 / As. Nhr vay ta o thé v& d.a.h.S theo quy cach sau:
< Dang d.a.h.S: da. h.S ddng dang vii bidu db Ap
% Don vi cia d.a.h.S: Phan-tung do nao bidu lhl gi{l iri As trén biéu dd 4p
chinh la phan tung do bu:u thJ don vi cta d.a. . S
< Dau ciadahS:  enéu As > 0thi d.a.h. Sngum dﬁu véﬂ b1eu do Ap;

e néu 4s < Othi d.a.h.S cing ddu vei bidu dd Ap.

Vi du 10.6. Ve dudng anh huong cua n(n luc trong thdnh ] 2 clia dan trén hinh
10.19a khi dudmg xe chay dud6i.

1. Loai bo lién kéi va ddt luc S nhu trén hinh 10.19b.

2. Ldy trai ddt lam miéng cung bdt dong, trén he con hai mléng umg (,huyén
‘dong la / va Il ' :

3. Xac dinh cue cua cdc mié%g ctmg. Cuc (0,1) & tai g6i ¢d dinh A, cuc tirong
h6 (1,2) 1a giao diém ctia hai thanh ndi hai miéng / va /], hai thanh nay cit
‘nhau tai K."Cuc (0,2) la giao diém cda hai duomg thang dudmg kéo dai truc
cla g6i tua di dong va duong lhang n(')’l. hen hai cuc tu(mg ho (0 1) va (1 2)
‘Giao diém nay & tai diém B.

4. Ve biéu 46 A4p. Cho miéng cfrhe 1 quay quanh cuc (0,/) mot goc d¢; ngudc
chiéu kim ddng hd thi dudng chuyén v1 clia miéng cimg nay c¢it dudng chudn
tai diém umg dudi cyc (0,1) va horp Vi dutmg Lhuan mét géc. dqo; nguoc '
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chidu kim dong 1o (duomg ak (rén hinh 10.19¢). Puomg chuyén vi cla miéng
cung [/ cit dudmg chufin tai diém g dudi cuc (0,2) va ¢t dudmg chuyén vi
clid migng eangditdl diém ung dug’ri cuc trong hd (1,2) (dudng kd trén hinh
10.19¢). ‘Khi. P=1 di.dOng trén dudmg bitn dudi, phan thich dung cia cag
ducng chuyén vi cha miéng cimg / va Il la nhimg doan ab va cd vOoi b vac
lan luot, Ja ;diémzﬁng;ﬂ_uéi mit 2 va mal 4 trén duong chuyén vi cia miéng

cting 1 va I]; Phin; bidu do 4p gl hai doan ndy, tc la gitra hai miéng cimg [

v Il duyy ;;;.a(;‘ diph bang doan be vi didm b va ¢ 1an luot xac dinh chuyén vi
cila didm 2 va didm 4 thuoc miéng cing 2—4. Nhu vay la da ve xonngiéu do
Ap. Phin bidu dd nam dudi duomg chudn mang dau duong ¢on phén nam trén

manyg datram.

w{? .5"’ .
22008

7
,

Hinh 10.19 .

5. Xdc dinh ds : Trén bidu do Ap, (i diém k g duoi cc fuong ho (1,2) dong
song song Vo duomg chuin mot doan bing khong cach tir cyc (1,2) trén hé
thuc dén phuong cha lyc S (doan nay bing 2d), phan tung 36 nim gitra hai
dudng chuyén vi cha hai miéng cing Ivall tai vi tri d6 chinh 12 4.

PE tim ddu cha As trén biéu 'd(*)_ Ap ta :tu("y'ng‘ ti'ro'ngv coi Jri}i'éi)g cing / ﬁhﬁ,bét
dong va quay dudng chuyén vi ciia miéng cung II tr dutmg chuyén vi clia
miéng cimg 7 toi vi trf cda no. Chitu quay nay thuan chitu kim dong ho.
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1a don vi cha céc tung do d.a.h.S.

, thing ndi cuc (0;3) véi cuc (2,3).
Dé ve biéu dd Ap, ta cho mi€ng
_cing [ xoay thusn chiéu kim -

chitu kim dong hd di voi miéng cimg /. Chiéu quay ny nguoc chiéu voi

“I'ren he bi&n hinh, dimg tai: cuc uong hd (/,2);:tudng  tugng quay miéng

- Gitng I thyan chity kim ta thdy chitu quay nay nguoc chidu voi luc S dat Lai
- migng cimg /1. Vay Asla dm. o

6. Ve dahS: Vids amnén d.dh.S ddng dang vdi Ap-va cang déu. Phin tung
do trén d.a.h.S twong tmg v6i phan ung do bidu thi Ay trén biéu d6 4p chinh

[ R |

Vi du 10-3. Ve d.ah momen uén, luc cdt va lue d()c.ta;i;xiét dién k trong vom ba

' kh¢p trén hinh 10.20a.

1. Pudng anh hudng My

Loai bd liéen ké va dat cac-
momen udén M, nhu trén hinh
10.20b, Coi trai ddt la miéng "
cimg bat dong va danh 8 0, tén
he con ba miéng cimg chuyén
dong I, I.va'lL.Céc cyc (0,1) va.
(0,3) & tai cac khop A va B. Cic’
cue twong hd (/,2) va (2.3) G tai k
va C. Cuc (0,2) 1a giao diém cia
hai duong thing: dudng thing ndi
cuc (0,1) v6i cuc (4,2) va duong

ddng hd mot goéc de; quanh cuc

(0,1). Trén biéu dd. Ap duomg. . Fpgh '
- chuyén vi cha miéng cimg nay.ia . - - i
dudng ak: Co Hinh 10:20

Pudmg chiyén vi clia miéng cing I ¢t dudng chuyén vi ¢hia mi€ng cing I tai
diém @mg dudi cyc (/,2) va cit duomg chudn tai diém tmg dudi cuc (0,2).
Puong chuyén vi ciia miéng cimg III cit dudng chuyén vi cha miéng-cimg I/ .
tai didm tmg dudi cuc (2,3) va cdt dudng chuin taj diém tmg dudi cuc (0,3). |
Biéu dd 4p ve trén hinh 10.20c. , .

DE xdc dinh Ay, trén biéu A Ap, tir diém tmg dudi cyc (/,2) ta dong song song
voi dudmg chufn mot doan b... dom vi rdi ve phan tung d0 khép gilra hai
duong chuyé{n.: vi cha hai mi€ng cuw. 1I. Phan tung do nay chinh 12 am.
Néu tudmg tuong chbrmé’ng cimg I ¢ duus, 12 lhéy n:):x'é’:ng cing II quay. hguoc
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“chiéu quay mdmen M dat trén miéng cimg I/ nén Ap. < 0. L '
Trong tmtmg hbp nay, da: h. My ddng dang va cung ddu voi biéu d6 4p (hinh
10.20d). Pon vj cha d.a.h. My 12 phﬁn tung do tuong {mg v6i ph’an tung do biéu

thi Ay trén ‘bleu ad Ap. .

- 2. Du’dng anh hu‘dng O«
Cach loai bod lien két, cach dit cac luc Q va cach phan biét cac mléng cu'ng
duoc trinh baytrén hinh 10.212.
Cac cue (0,1), (0,3) cha miéng [ @ 12
va IIl & tai khop A va B. Cyc /p(oz)
tuong hé (2, 3) & tai khop C. Cuc -
tuong ho ¢1,2) & xa vO cung theo
phuo:ng cila hai thanh song song
noi-hai miéng cimg / va 1. Cuc
0, 2) la - giao. .diém cia hai
dLr(mL duO'ng thang nGi cue (0,3)
vmcun(Zj’)vadutmgmﬁngnox et e -
cue (0,4)° vei cuc (1,2) ke la ¢ log® .. “mak'-l ;
duomg. di qua cue (0,1) vh song 3 g =——b

¢os

1| 4

N
=N

song voi phuong cla hai thanh
song  song (nghiéng SO voi )
phuo-ng ngdng mot. g()c ). . " Hinh 10.21

bé ve bleu do Ap, ta cho rrueng cimg I quay mot goc bit ky d@, vi've dudng

'Lhuyen vi ae tuong ung. Dubrng chuyén vi cia miéng cing 11 ‘cit dudng
chuyén v; clia m;éng ¢img { & diém img dudi cue (1,2), nhlmg cuc (1,2) & xa

vO cing nén hai dudong nay phaJ song song voi- nhau. Ngoai ra dudng nay con

phii ¢dt dudng chufn ¢ diém ung dudi cuc (0,2). Budng chuyén-vi cha mi€ng
cung I/ ¢dt dudmg chuyén vj cia mi€ng cing /I & diém img dudi cuc (2,3) va
it dudmg chudn & diém g dudi cuc. (0,3). Biéu. d6 Ap ve trén hinh 10.21b. -
Trong truong hop nay, cuc (1.2) R xa-v0 cung, ta ¢o thé khong-cin xic dinh
tung do biéu thi Ay ma xac dinh gia trj clia phan tung d0 ndm gitra hai dufmg
Lhuyep vi song song cha hai miéng cimg / va /] theo tong thitc (10 11):

‘cosa pU e R

- Ao . ‘

siny - A G e RN

Oday: y= 900 con o = Qi nen ‘A= AQcosak

A=

" Dé xac dinh ddu clia d.a.h. QA ta ¢An biét dﬁu clia AQ Tir bleu do Ap ta thﬁy haJ '
meng cimg I va Il quay thuan chleu knn dong hé quanh cuc cua no. chléu-
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quay nay cung chidu v6i chidu

quay cla cac luc Q dat trén miéng cfmg 1uong
ung qllanh cac cuc nén Ag duong.

Vay d. a h.Qx ¢6 hinh dang gi6ng vai-biéu dC) Ap nhu'ng trai dﬁu Phén tung dC)
nﬁm gma hai dudomg song song trén d.a.h. Ok 6 gia tri bing AlAg = cosoy,
(hinh 10.21¢). . )

3. Pudng anh hudng Ny

Hinh 10.22

Cach tim cac cuc vﬁ céch ve biéu b Ap trinh bay trén hmh 10 22a vab. Ctlng
glong nhu trén, trong trudng hop nay ta ¢6 thé xéc dmh gia {fi cha phén tung
do khép gifra hai dudmg chuyén vi song song ciia hai mleng cung Iva II theo
cong thic (10.11). Nlumg & day: y = 900 con @ = 909-0 nén: A= Ay sinay.
Tir bidu dé Ap ta thdy trong qua trinh he'chuyen vi, hai'miéng ‘cimg 1 va Il
quay thun chidu kim ddng hd, cang vdi chidu quay oua cac lge N quanh cuc
clia (,ac miéng cimg tuong tmg nén Ay > 0. ; :

‘Vay dah. N ¢6 hinh dang gidng va nguoc dﬁu v6i bléu Jolo) Ap Phﬁn tung do

- gitra hm dudmg song song trén d.a.h.Ny €O giatri bang AN smak /AN =sinay.

B Phw(mg phap diém twong trung ‘
Trong phuong phap dibm tugng trumg, ta blén d61 cac daJ luo'ng Ap va As nhu

sau (hinh 10.23): ‘
' A  4dp= d_\pcosa-Vpdtcosa :

Nhumng 'VP =KK'nén: . Ap,-_ KK cosa dt = /‘Lp dr.
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Tuong W' Ag=Ag dt
Biéu thac (10.5) co dang:

o dahs=-L, o doay”
trong do:

‘Ap — hinh chiéu ctia doan tuong
trung KK’ len phuong vudng-
goc véi luc P, VE.y nghia vat
1y, Ap bidu thi van tc chuyén
vi cia diém dat lwc P theo
phuvﬁg- cha lyc P. Khi P-di
dong thi Ap ctng bién thién
theo vi tri cha luc P va tao
thanh bleu a6 van toc theo_ _
phucngg (‘,ua Iyc P. ' Hinh 10.23

As — hinh chléu cla doan tuong trung clia diém dat lye 'S 1én phuong vudng goc
vei e 37 Ve ¥ nghla vat 1y, As.biéu thi van tdc chuyén vi clia diém dat luc §
theo phuong clia Ige S Vis khong thay d8i vi tri nén As cing khong ddi.

Co the xac dinh dau ciia Ap va Ag theo quy téc sau:

Dat ngwo'z quan sat dimg zheo phuong cia luc P hodc S, néu diém tuo'ng

‘trung ¢ Bén 174l nguoi qian st thi chiéu cia van 1c huong xudng phia dudi

nguoi quan sar va nguoc lai, néu d‘zem tupng trung ¢ bén phdl thi chiéu cia
‘ :'vdn tée hu g len trén. Néu chteu van téc huong theo chzeu cha lwc P hoac S

'thz ip hoac As .sé ducmg (theo ¥y nghla ve cong) con neu hwéng nguoc ial vé'z
' ,chteu cua luc P ya s thi Ap haac /15 aé ‘am. '

it

Thir tu ve dudng anh hudng theo phuang phap dlem tugng trung: sy

‘

1. Loat bo lienkétedn timd.a.h. caa dai luong k) trong déva. thay the tac dung .

ctia lien két nay bang cdc luc S. - : -

2. Phan bigr cd¢ miéng climg va danh s6 mot s6 diém ddc biet trén e, Cﬁn dénh
s0 cac diém co dat cac lue S, trén mdi 1meng cung ¢6.lyc P= 1 d1 dong, t01 thiéu
cing phéi danh s6 hai diém.

3. Ty chon diém tupng trung cia mot diém chuyén dong nao dé va fim dlem
~tugng trung ctia cdc diém con lai theo diém tuong trung da chon SR

4 Ve biéu dé Ap. Biéu d6 Ap bao gdm céac dudng van tdc theo phuorng luc Pciia
“cac lmeng cung trén dudng xe Lhdy Dudng van toc clia mbi rmeng cung duoc
xac dinh bang van t6c theo phuong lic P cha Hai diém thudc micng cung dang
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|'-;‘v - ; 2 i ‘,h‘,’v, :

x€L. (na""l Hoird th%mh phan van lou theo phu(&ng clia luc P'tai mot diém nao do
bang Hinti ¢hiéu cia doan trong trurg clia diém dang xét'1en phuqng Yuong
£0¢ Vol hrc P. Dfu clia Ap Guge xac dmh théo quy tic neu & trén.

5. Xac dmh dai luong As . Gia tri /15 bing téng da1 s6 hinh chleu clia ha; doan
tugng, u-um ciia hai diém dat lyc S 1én phuorng w@ng 20C v01 l\,rc S D u cua
As cﬁng duoc x4ac dinh theo ‘quy tic néu & trén, o v T

6. Ve d.a . S. Nhan cac tung do ciia biéu dd Ap v(n he s6 ty 16'-1/2,3 se‘cllugc
d.a.h. § cin tim. : o

Vi du 10. 8. Ve duomg anh hudng cia

Trén hinh 10.24b trinh bay cach loai bo lién
m;éng ctmg va danh sO cac dlem cin thlét

phén e C: trong he uen hmh 10. 24a
két, cach dat luc C céch phén blét '

Hinh 10.24

4 tien ta ction vi trf diém twong tnmg 4
n6. Trén hinh 10. 24b, ta chon 4' tai dlem 5.
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Pé xac dinh cac diém tuorng trung,
cita diém 4 trén ban kinh quay cla




Nhu vay, dlem tuong trumg 3 trtlng voi-diém 5 vi 3’ la giao dlem cua hai

dudng: ban kmh quay .5-3 cla diém 3 va duomg 4" —3' song song VO’l 4-3.

Cang ly luéin twgng tu, diém tuong trung 6’ cling triung vdi d1e1n 5. Dxem tu'orng
tnmg /' cha dlém 11a glao diém cta hai dudng: ban kinh quay cha / va dudng
3= song song v6i 3-1. Diém tuong trumg 7' 12 giao dim clia duomg /-7

song song véi 1-7 va dudng 3'~7' song song Voi 3-7. Piém tuong trung &' 1a

giao diém cda dudng 7 8 song song voi 7-8 va dmmg 6'-8' song song voi
6-8: :

PE ve bidu db Ap ta nhan thdy luc P di dong trén hai miéng ctmg / va /I nén

~chi cin tim kdn(“rn'g van t6c theo phuong P cha hai miéng cimg nay (hinh

10. 24(,) »

Dudmg vﬁn t6c theo phuorng P clia miéng cung I dugc xac dmh bang van 16¢
theo phuong P cha hai didm / va 3. Hinh chi€u ciia doan tuong trung /—/"1én
phuong vudng goc v6i luc P bing khong nén tung do clia diém / trén biéu d6
Ap bing kh@ng ‘(diém ‘@), Hinh chifu cha doan twong trimg 3-3' 1én phuong
vudng goc: vb'l luc P bing 3d, nén Ap €O gia tri bing 3d. Néu dit ngudi quan

. st theo phu'crng P i chan huérng xudng phid dudi thi ta-thdy- d1ém 3' & vé phia .

ben phai nén ’vétzto van t6c clia diém 3 huong 1én trén tfrc Ta huémg ngugc
chidu vai lu\t P. Vay tai diém 3 tac6 Ap = —3d. Tai vi tri tvong img voi diém
3 trén bidu dd Ap 1a dong mot tung do bing —3d se duoc diém e. N&i a—e biing
dudmg thang se dugc dudng van 16c theo phuong P clia miéng cing 1.

Puomg vin t&¢ théo phuong Picha mléng umg 1. duorc xac dinh bing van tdc
theo phwong P cua HKai didm 2 va 4. Van tdc theo phucmg P ctia diém 3 da tim
:dugc & budc trén (didm’c trén bidu dd Ap). Van tdc theo phuong P cba diém 4
bing khona vi hmh chiéu cia 4~ 4'lén phuong vuOng g6c voi P bing khong.
Do d6, tung do tuong tmg voi diém nay trén bidu dd Ap c6 gid tri bing khong
(diém b). NGi e v6i. b s¢ duge duong van t6c cua miéng cing II. Nhu vy la da
ve xong toan bo bidu-dd Ap.

Gia tri cha Ac. duorc xéc dinh bang hlnh chiéu cla vécto 8- 8' 1én phwng
vuong goc voi phan lyc C. Gia tri nay bang d. Vi&' nam & phia bén phai nguoi
quan sat ‘dimg theo phuong ciia bue C hén van t6¢ cla diém 8 huo'ng 1én trén,
tire 12 hudmg theo chidu ciia Iuc C. Do d6 Ac = +d '
Nhén cac tung do biéu dd /lp véi thua so l/lc '—I/ld,‘ ta duge d.a.h.C chn
tim (hinh 10.24d). ' :
Qua nhtng vi du trén ta thay: khi ve d.ah; ciia cac dai lugng trong h¢ tinh dinh;
st dung phuong phap, dong hoc s¢ nhanh chong va tién lgi hon so véi phuong
phap u_nl} hoc.. . Phuong phap. (Téng hog, cho phep ta hmh dung dwoc hmh dang
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ctia d.a.h mpt ctich d# dang. Nhihg wu diém clhia phuong phap dorig hoc so voi
- cac phucng phap tmh hoc cang duoc phat huy kfu he khfio sat cang phuc tap

fa

10. 5. Cach tmh he S|eu tlnh

Ve nguy&,n tc, cach tinh he siéw tmh theo phuorng phap d@ng hoc (,ﬁng tuong 1
nhu cach tinh hé tinh dinh nhung ndi chung khong tign loi bing céach tinh theo '
phuong phap tinh hoc. Trong trufmg hop nay, phuorng phﬁp dﬁng c6 nhimg
‘khuyél diém sau: . .

‘4 Xdc dinh chuyén vi kha di trong hé siéu tinh rat ph(rc tap That vay sau khi

~ loai bd mot lién két ra khoi hé, he con lai khOng ph’cu la he! blen hinh nén chuyén
vi chha hé khong thé X2y ra duoc néu khOng 6 bién dang cua hé Do do v1ec mn
chuyén vi kh df ctia hé ¢ lién quan dén vén aé x4c dinh dutmg dan hoi clia he.
Nhu da biét, xac dinh' dudng dan hdi cia he khf)ng phii 1a dé dang ngay CA khi
hé 12 tinh dinh.

+ Sau khi da nehzen clu xong mot dat lugmg nao 6 theo phu'ong phdp dong hoc,
néu mudn nghién ciu mot dai lugmg khac 1a khong thé si dung dugc cdc s& ligu.
cria ldn nghién cin truoc ma phai tink lgi toan bg.-Cung da- €6 bign phap khéc
phuc khuy8t diém nay nhung lic nay phuung phap dong hoc cﬁng chua duge -
tién loi bang phuong phap.tinh hoc.

Tuy nhien, phuomg phép dong hoc ¢6 mot wu diémiquan trong la giap ta hinh

dung ngay duge hinh dang cua duomg dnh huimg. D6 Ta mot wu diém ma phuong

phap tinh hoc khong thé co duoc. _

Trong muc nay, ta chi nghién ciu nguyén téc ve d.a.h. clia cac dai lgong trong he

sicu tinh theo phuong phap dong hoc. Trén co s d6, d& cap dén cach i dang

d.ah. ma khong di sau vao cach xac dinh gia tri clia tat ¢l cic tung do d ah.

Sau khi loai bd mot lién két kh01 he siéu tinh nhu da lrmh bay m)ng muc 10. 1 ta

duge mot hg mai bat h;en hinh. 1ac nay khic v0_1_ trudmg_hop _hg: tinh dinh, ta

thay: : v P

% Chuvén vi ctia h¢ xay ra l\ém theo ca hién dang dan hdi caa hé. Bt vay khong
nhirng chi co ngoai luc P=1 va cac luc S sinh cong trén nhimg chuyén vi kha di
mi cac ndi liee cang sinh cong trén nhimg bién dang dan hdi cha hé.

2 Trong hé siéu tinh, dang chuvén vi kha di khong phai la duy nhdt ma.co nhilu
dang khac nhau. D& thue hign wong tu nhu trudmg hop he tinh dinh, ta chi xet
chuvén vi khia di la chuyén vi dan hoi do cdc luc S ¢6 qla tri blng d(m vi va dar-
theo phuong cua lién két bi loai bo gdy ra. v

Vi du, d6i véi he siéu tinh trén hinh 10, 254, gi thi€t S 1a momen udn tai k, ta
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loai bé lién két . va, dat lye nhu trén. hinh 10.25b. Gay cho hé mot chuyen vi kha di
1a chuyén vi dan. hf)l do cac momen S ¢O gia tri bang don vi gay ra nhu trén hinh
10,25¢, 6 ap dung nguyén ly cong khé di cho erng hop nhy, @ co:

5‘3“”51’5— fMM\—+ZINNx——+ZJvQQ\ ds a1y

trong do: Gapn oo
Oss = ohuyen vi theo phuaong ciia cac lue S.do cac luc S=1 gay ra trong he da lodi

b6 lien két. Pai lugng nay khong ddi.
Ops — chuyen w theo phuong P do cac lyc S=1 gy ra trong h¢ da loai b() lién ku
. Dal lu g nay bién thién theo vi trf cla cac lue P,
M N Q - nol luc trong he da loaJ bd hen ket do cac lyc SvaP ;:ay ra n6i khac
; dl 121 nCn luL uong he cho ban dau do tai trong P (hmh 10. 25D, a) ‘
an lun tI()ng hé da loai bo lien ket d() céc lue S=1 (hmh 10. ZSL)

Hinh 10. 25

lheo cong lhm, xac dmh (,huyen vi cla he thanh,. vé phan clha (10 12) blbu [hl
chuyén vi tuong (ng véi vi tri va phuong clia cac ll.lL S trong hé siéu tinh cho ban
dAu. Trén hinh 10.25, chuyen vi nay la goe xoay tuong hé ciia hai tiét dién dét hai
hen 'khdp k. Thuc ra trong hé cho ban diu, q\mvm Vi nay bang khong fien vé ph¢u
cua (10. 13) [udn 1i6h bing khong. Tinh chac mav 1a mot diém cia dang Lhuyun
vi kha di ta da chon.

Vay: o S8+ 1.0opy =10 e . (10.14)
A "2—”— o (10.15)
AR

Ta thdy, duwomg dnh huomg coa dai luong S la biéu dd chuvén vi theo phuong P do
cdc lue S=1-gdy ra trong hé daloai bo lién k&t sau khi nhan voi hé s6 —1/8ss.

%) Ciing co thé thiél Iap biéu thiic nay dé dang ‘hdn theo dinh 1y tuong hd cla cong kha di. Song, nhu vay sé
_mét tinh nhat quan vé cach mph_,bayrphuqr;g:pbapvdgpg hoc trong ca hé tinh dmh Ian siéu tinh.
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Nhu vay, mudn t1m d a.h.S trong hé siéu tinh ta phai tinh mot hé sigu tinh ¢6 bac
thdp hon hé da cho mot don vi va chiu céac lue S=1. Tiép d6 tim biéu dd Sps va
xic dinh &g, Cudi cang nhan bidu 4o dps voi he s6 —1/8ss se dugc d.a.h.S.

NéEu khi pay ghuycn vi kha di twong ng véi vi tri va phuong clia cac lyc S ta
khong ¢ho S= / nhu rén ma cho cac lye S co-gia trj dé $a0 LhO 655 = A(p = 1 (hinh

.10 25d) thi Lhuyen vi theo phmmg P su Ia S*ps va la LO

S= —b',.s o o (10.16)
Cang ¢o the xem bidu dd §*ps nhu bleu dd (,huyen vi theo phuong P do chuyen vi
cuong birc bing don vi (6\3—1) tmmg img voi \11 lu va phmmg clla llen két bi loai

bo (phuong ciia §) gy ra. Nhu vily, ta ¢o thé d& ra quy tic vé duo’ng dnl‘; hudmg
cua dai luong S trong hé siéu tinh theo phmmg phéap dong nhu sau:

ey e R

~.Sau khi da loai b lién két cdn vé d.a.h cua dai IL/orng S trong do neu gay,cho he
mot chuyen vi cudng bifc bang don vi njdng L/ng %) VI tr/ va phuo’ng cua llen ket bi
loai b thi b/eu dé chuyen vi theo phuang P cua hé chmh Ia d a. h S can t/m nerng

nguo’c dau.

Vi du 10.9. Ve phic dang d.a.h.Mk d.a.h.Qk dath vﬁ dah cla phan lue C
trong dam lién tuc trén hinh 10.26a.

Hinh 10.26

‘Tren cie hinh 10.26b, ¢, d va ¢ trinh bay cach loai b lign k&t cach edy chuyén

A

vi'eomg biie v cie k&t quiedn i,
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CAU HOI ()N TAP o

A

10.1. Phu'(mg phap dong hoc dugc xay dung trén co s(y nguyén ly nﬁo” Khi ‘xéc
dinh phan lyc va ndi lyc ta cin thyc hign trén he nhu thé na0? Tnnh bhy tach

lap he do tuong tmg voi timg thanh phén noi luc.

10. 2 Thong qua mot vi du, trinh bay thtr ty thyc hién khi x4c dinh phé.n lgc va ndi
" lyc trong hé tinh dinh chiu tai trong theo cach ap dung e’ t1ep nguyén ly
“cong kha di. i

10.3. Phucmg phép cuc:
* NOi dung phutmg phap.
» Néu cac quy tic tim cuc cla cac miéng cung
+ Néu th ty thuc hién khi x4c dinh phéan hre va noi lut, trong he tinh dmh chiu

tai trong bat ddng.
e Néu thir tir thue hién khi ve duémg anh hufmg clia phﬁn 1u(, va nol lyc trong

hé tinh dinh.
» Tiéu chi bt bién hinh va khong bét bién hinh ca phuorng phap

10.4. Phu'orng phap diém tuong tumg:
o NoOi dung phuong phap

* Néu Ld(. quy tac tim dxem lmmg mmg
e Néu thirty thu-c hién khi xac dmh phan luc vh nHi lUL trong hé tinh dinh chiu

tai trong bt dong.
e Néu thi tv thuc hién khi ve duong &nh hudng, ciia phfm luc va nol e trong

he tmh dinh.
e Tiéu chJ b4t bién hinh va khong bt b1en hmh clia phuong phap :
10.5. Uu khuyet dlem cia phmmg phap dong kh1 tmh ¢cac he tinh dinh va khi tinh
cac he siéu tmh :
10.6. [‘rmh bay cich ve phéc.dang duong Anh hudng trong hé siéu tinh. Ty chon

mot, khung siéu tinh 6 ba nhip, vé phac dang cac dudomg &nh hudng: pth luc
tai mot lién két; momen udn, hoe ¢it, luc doc tai mot tiét dién.

- (3} s Yo P
e o

2t

oy el de v_Ur.,!i’f::‘fﬁ TR E NP Y

Kha| nlem ve cach tlnh

.v )w

‘theo trang thai gioi han

11.1. Khai niém

‘Trong cach tinh k& ciu theo tmg sudl ¢cho phtp ta chi dung. mot he s an toan
chung dé danh gia do.bén cia k&1, clu ma khong xét mot.cach chét ¢ht. v khi
nang lhdy ddi daL lrtmf. ¢ hoe va ddL bigt Ja unh du) cia vaf liéu, Lung nhu vé
khi nang thay ddi tai n()ns_ Thuc ra do ht,n cla val ligu lam mau lhl nthun duns_
“d¢ xic dinh (mg sudt cho phép khic trong’ ddi xa do bén cha vai lieu 15m kEr ciu
ddng thoi 1a uung tac dung trén k&t Clu cing co lhc ¢O hhimg sii 1Ec,h kHac nhdu

Do do mum ta da xay dum: cach danh gid khac Vt, kha nané cua ku cu. D() la
cach tinh két cdu theo trang thai gioi han.

Trang thai giéi han cla két cdu la trang thai x3y ra do ng suét hay do chuyén vi
. phat trién qua muc 1am cho két céu khdng thé 1am viéc binh thuong duoc niza.

‘Trang thai gioi han ctia k&t cdu khong nhdt thict phai Ta trang thai k&t cdu bi pha
hoai, ma chinh I3 trang thii k& ciu khong thé Tam vice binh thwoing duoc nira.
MOt k&t cu khong (hé Tam vied Binh thuimg ¢6.thd 1a do imdt khi nang chiu luc
(chang han khong dis do bén, khong di 8o dinh.hay.do.chiv moi, hodc do. bicn
dang qua mtc, hoic do phat sinh cac vEL nit. Do do co thé chiaira hai nhom trang
thai gii han: . .

% Trang thai gmz han vé ciong do, xac dinh iheo khi nanU (,Inu lue cida kel (,dll
(v& a0 hén, do dn dinh v do dnu moi). ' c

i

% Trang thai givi h(m vé st dum.,' Xac dmh theo sy ban dam_ qua mir, clia k&t
¢llu (do cung). s xudl hign cac dao dong. Ve ni..

«So sanh vai cich tinh theo tmg sudt cho phép. cach tinh k¢t ciu theo trang thi
2ioi han ¢d x¢t dén tinh déo cta var ligu. thuomg kinh (& hon vir rong kha nhitu

’

truomg hop fai don gidn hon. ’ , o v , .
Theo cich tinh nay. ¢o ba logi he sO an tan;.

1. HE S vt 160 (hé s6do tia cav) n, k¢ dén khi niang thay déi cha 1ai trong’so
vari Jai trong ticu chuding e 1 x¢t dén sursai 18ch ngdu nhién gitra (i trong tac
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" dung v tdi trong tieu chuén. Tai trong tinh to4n Py se bang tai trong tiéu chuén
Pic nhan v6i he s¢ vaot tai n16n hon dcm vi. : :
P 4 Pr Prc # o

Khi tinh v& do (,lnu m&n theo trang tha1 g161 han vé (,uong do vak

(,huﬁhl(n—I),.
2. He s¢ ddng chdt k cua var lidu, ké dén kha ning thay aéi tmh chdt va giam do

bén cla vt ligu-do anh hudng ciia hinh dang va kich thutc cua ket cﬁu gay ra. .

HesGk > 1.
3. H¢s6 didu kign lam viéc m cta két cdu K& dén anh h\rérng cla nhﬁng yéu 18 bt

l0i cho s lién két khong chinh xac cic céu Kien v.v... Tuy timg mrong hop cu -

thé hé 56 nay co gxa tri tuong ‘img khac nhau 10n ho-n’hoab nh(") hcm d(m v1 o

Dac trung d@bén cua vat heu 1a siic chiu unh toan R; vn-a phu thuOc su. déng chﬁt
cla vat l;éq.vﬁa phu thudc diéu kién lam viéc.cia két ¢, du'oc xéc dinh bing suc

chtu neu chudn Ry (t0C gidi han (,hﬁy, hodc gioi han bén hay g101 :han m()l tuy‘

timg trirorig hop) chia cho he s6 khong déng nhit k va nhan ¥6i he, 56 didu ki
lam vigc m (m < 1): '

R = Rz( e

Ly thuyu tinh toan, ket cdu theo cac trang thai gidi han ¢o nhtmg noi. dung phong
phu va tuy, theo vat ligu don hay vit Jiéu dan déo, két qua S khac nhau. Trong
‘gido; tr1nh nay ChJ glé’l han ngmén ¢l vGi vat ligu dan, deo

‘y thuyéttrang thai gioi han dugc xay dung trén bidu do. Izen hé gitta vmg sudrva
bién dang cia varligu trong trang thai cang mot truc. Do v0’1 vat ligu dan-déo ly
tudmg, khi tinh ton ngudi ta thuong dung bleu dd Prantl nhu trén hinh 11.1a.
Theo bleu 40 pay, trong mién dan hoi guan h¢ .gltra mg sudt o va bi€n dang, t1.dGi
£la quan he dudng thing OA, con trong mién dan deo bleu .d0.c6 dang. dudmg
thang nim ngang AB trong do glm han Lhay Och tmng v glm hdn i ]b 0',1
D6i voi mot'sd vat lieu nguoi ta'lai 2
dung bidu dd trén hinh 11.1b, ll()llé
dé mign chiay AB biéu thi bdi dudmg -
thdng nghiéng: ‘
Dudi day ta xét cach tinh toan mot
& k&t cdu lam bang vat liéu dan deo -
tuan theo bi¢u dd bién dang Prantl

“ ¢ ¢hid ¥ dén bicn dang déo.
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in_; gl(n han-vé su dung, tln trong, ﬁudc lﬁy bang tai trong\,“ fieu

11.2. Cach tinh dam tinh dinh. .
“Ta khao st su hinhi thb:ih bign datlg d&b trong dam tinh dinh chiu udn thuin tay

(hinh 11.2a). Biéu 6 161 Tuc &4a ddm nhu trén hinh 11.2b, c. Tang din momen
uon cho dén khi xudt hign glé'l‘ “han Chay och tai c4c tho bien cla dim, luc d6 cac

tiét dien ddm (hinh 11 Sa) c6 Bidli dd g sudt phap nhu' trén Hinh 11.3b. Momen
udn Mqp twong tmg duoc xac dinh theo cong thic da biét trong Stc beh vﬁI ligu:
Mch = och W,

trong d6 W la momen chdngrudn cla tiét dién. Lac nﬁy dim cdn ¢6 khé ‘nang chiu
tai trong thémn vi tdt ci cac tho ciia dim trir ChcC thd blen con nim trong pham vi
dan hdi, ¢chua dat téi ‘glm han chay.

D e
%' :y %_E
) AT HUJJ @
¢) 1 ) @
"~ Hinh112 o Hinh 11.3.

 Ncu 1ep tue 1ang (A trong tac dung sao cho M > My, 1a nhan thdy ngoai cac tho -

bi¢n ctia ddm, mot O tho khac ciing dan dan bi chéy déo, tlét dién Chl con ton tai
mot phan ¢o chidu cdo K, 12 nim u ong mién dan hoi. "l a g01 phan cbn nim trong
pham vi dan hoi nay 12 nhdn dan hoi (hmh 11 3c) 'llep tuc tang thi trong len ntra’
thi dén mot tac nao do toan bo tiét dign cla dam se”dat 10 gioi han chay (Hinh
11.3d). Luc nay didm khong o kha nang chiu 141 trong 1om hon nfra, do vong tang
16n rit nhanh va momen udn dat toi ia trj gidi han: ' ‘

M= Mgp

Nhir viy gia tri Mgp la gia tri momen udt cid dam tuong ung v6i hic ddm mét
khi nang chiu luc binh thuong: toan bo'tiét dien c¢lia dim bi chdy déo, dim tro
thanh mot he bién, hinh, tai tiét dign do phat sinh mot khép goi la khap: déo.

Khup dito ¢o dac tinh khic voi khop thong thuong La khdng thé ngdn can kél cdu
1iép e bién dang theo huimg hinh thanh ‘khop deo, nhumg lgi ¢6 kha ndng ngdn
can bién dang cia két cdu theo huing ngupc tré lai, lam cho var ligu dang <
trang thai chay deéo trévé trang thai dan hdi. Do do1a goi khép déo la "khop mot
chiéu”. ‘Trong vi du cy th¢ nay moi (i€t dién cia dam déu dat (161 trang thai chay
dio déng thoi, ngha ta déu phaf sinh cic khop déo m& v& phia duoi (hinh 11.4):
Nhung khép déo nay phan bo trén dAm vi khong ngan’ ¢in-duoc dam’ bién ‘dang
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v phiz dudi 1a huong hinh thanh khép déo. i lm ohung &6 thB mgah éé’%{‘duoc

bi¢n dang, nguoC Jai-cua dam. V& mit chiu luc,. khop deo cing, khac vai khé'p
thong thlnmz: a ;Léu 'tal_, 1ié1 dlé’ﬂ phat sinh khop dé() 1a. thay khop déo bdng khop
thong llzuong ihi con phai Jal tllem vao do mOt cap ngdu luc ngu(/c cluéu 0 haz
ben ltel dl(’ll w}z q'ta 1ri bdng madmen gion han Mgh (hmh 11 5) ' '

M o My Mah
i ‘vl_ . I, 5 oeT - . = ;og
o (T Age

Hinh 11.4 7 Rinh 11 5

Ta xac dmn M, tai ti€t dlen cO khop déo theo cac phu'(mg mnh can bang (hlnh
11.3d}. Tir diu kien tdng hinh chiéu cla ci¢ ung suft phap jén phuong z, ta co

.

P 2Z= Jou, da- _[o-chdA 0.

)

i K A/‘ . A,, T .
Tir didu kién lom_ momen cila cac: ung sudt phap bang ‘momen gidi hm ta (.6
Mgh = j\a(,, dA + jyach dA,
. Ay An
trong do Ay, A, — tan’luot 12 phan dién tich bi kéo' v’rl b1 nen cua tiét dién.

u phmme umh thir phét ta’ suy ra A/.‘— An, ng‘ma lﬁ taJ Uet dlén cé kh(yp déo

phan d1 ) l](,h b| keo dung ban& phaq dlt‘J'l nch b1 nen

lu phuomg lrmh thur hai ta xac dinh dum , ; : e
Mg/,.—:[vcrhdA+ [0, dA=20,, jvdA ZGch;jydA e
Ak Agoo . AR Lt A Ce s
Vay ' ' Mg =20,
trong qp Sk va S,, lén lugt la. momen lmh cua phan dlen tlch chju kéo va momen

- tiph (,Ha.phﬁn dlen lich chiu nén, d(n Vi u'uc trung hoa.

2UL/1

Thong tpithae ba1 to4an trong giti hdn dan hoi, ta bleu di8n' Mgj-théo c@ﬂg thiire -

qk‘e“ 'i’l SRS SR Gy -

Méh=_ _o'c;,Wd, T ,_.(_11..11,.) |
& =Ypfee L ALY
: qhwﬂﬁlen‘chﬁhg ubn deo Lua uet dien, e
Qiéi‘

TV R R ' , y
28irviinft %e.”: ho "/1(31 Wd -.bh /4 So VO, momen chong udn trong glm

LN

o PO vOi 1761 dién chir I Wy=(1.15+ 1.17)W.

< PSi vai Liél dién tron: CWa= 1TW.
“ DA Vo 1él dign-hinh dng: Y W= 1.27W.
- n « . . " E . H/zl Mgh
I'a nhan thay co su lién hé: — ===
oW M1

Pai voi dam tict dién chir nha, l? $0 nay bdng 1 3. Nhu vay khi tinh dam uu dwn
chir nhat chiu udn thudn tdy theo trang thai g]m han 1a duge phep tang kha nang
chiu momen udn trong dam I&n 50% so vdi khi lmh dam theo tmg sudt c,h() pth
nic 1a khi xem dam 'mat kha néng chiu luc mzdy i kln mm <,0 mg \lldl & thor b]t,n

dat 161 trang thai uhéy déo.

Trong trudng hop dam chiu udn ngang phan;:, ngoai ung: sudt phap tac dung trén

© cac tiét dién con co ing sudl iép. Luc do bai toan sg phirc tap -hon; céac ung sudl

phéap trong ddm khong thé hoan toan dat tdi- trang' thai chdy deo! nhu trén hinh
11.3d, b&i vi ngoai img sudl phap ddm con chiu ing sudt. tiép cho nén trén it
dién ludn tOn tai mot phin vl ligu nim trong gidi han dan hoi (Rinh 1.1.6), Ngow
ra & day con chua x¢l dén hign (uong cung ¢ cta vat licu. Tuy nhién-hién tuong
nay cang gy anh hudmg nho dén k& qua tinh toan nén duoe bo qua. - b

pé dam bio cho dam chiu udn ‘
ngang phing khong bi ¢hiy dto. Juc G, l
gidi han Pgp bao gidr cang phili nho -

P
rsch

g'WM/en cﬁay

hon Pg L lue tuong img khi ¢t dign | ,é -

nguy hiém nhdt trén dam co g sudl
phap hoan oan chiy déo. Do do su
phan bd cia Gng sudl phap trong
dam chiu udn ngang phing thue (&
¢o dang nhu trén hinh 11.6, trong do
mién gach thing dimg la midn vat

licu dat (i trang thdi chay déo. E T Hinh 11.6

‘Trong thue 1E, anh hlm'nu clia hye ¢t doi vai ku L]le tinh toan nho cho nén thudng
duyc bo qua tuy mnu Fam nhur v.ly thi Ln lan 10 hm P /, sC Iun hon mol thll

11.3. Cach tinh dam siéu tinh vk e

Cang nhu h¢ tinh dinh, su pha hoai clia ddm sicu- tinhr dmrﬂae—duﬂﬁvwa i tr ong
phu thude vao tinh chit vt ligu ¢h& (a0 'ddm va kha ndns_ phdl ‘sinh bién hinh &
mot ho phan niwo do cda dam. Dudi day ta.st numn,n ciu cy thé rudng hgp dén
mol nhip va trudmg h(_rp,dam nhicu nhip.
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A. Ddm mét nhip

i

1. Dam c6 mét dau ngam va mot dau khop. Gia sir cAn tim momen udn idT
han cda dﬁm siéu tinh mot nh]p nhulrun hinh 11 7a. ; '

3)

Bidu 46 m()mcn ufn khi dam con’
lam vige trong trang thai dan hdi
nhu trén hinh I] 7h. Ta nhan thiy,
dam s dh?: thai gioi han
khi n() lm th‘mh‘nml h¢. hién hmh
.'khong o khé n.?mg thu thém' tai
trong, nghm I3 khi trén ddm phat
sinh hai khop déo & hai it dien d¢
sao:cho dam.cd ba khop tirong hd . -
1hdm_ hang s Cac, 1iér ditn 'dE phat
sinhr khn'p 1déo 1a tiév dien B Vi tict
dign C"‘\l cae nu dign nay ¢ i 88
mdmen ‘dudng: va momen, am Iom
~hon eacidtdien khace (hinh 11.7¢).
Khsp déo B¢ trong. nhip mor ve
phia dwdi v khop du) C & ngum

md ve phiatien. . Hinh 11.7 -

Khi dain dat 1o lrgn!, lhdl glO'l han, momen udn tai cactiél dign phat sinh khop
déo B,-C,to giatr ba11&' Mgh. Bigu dd momien udn tuorig Gng nhw trén hinh’
1. 7d luhmh 11. 7d lalhﬁy cic ldm giic ABB' va ACC d()ng: dang nén-co:

MB 3h+BB Mgh+M I v o

trong do M - moan udn ldl uu di¢gn B do Idl lmng ;,ﬁy 1a tron}= ddm dtm
gian ¢6 hai khop 0 hai diu. . ey

Do do e Mg =M e (113

gh l+a

Nhu de, ua i ‘mémen ;,lm hdn Mq/, lmm: dam hnan l(mn xdc dmh duuc nLu
bigt vi tri XUl hign khap déo trong dAm.

Trong (ruing hop dim chiju nhidu tii trong hay 14i trong: phan b, ndi chung'ta

chura bict ngay vi tri xudt hign khop déo, Lac nay, vi m kh(rp du) duou xic
dinh sao cho hiéu thuc tinh Mg/, ¢O gia tri c,uu dai..

Vi dull.l Xac dinh vi tri xudt hign khop déo B trong nhlp dim chiju tai trong.
phin b déu vai cuong dO ¢ KN/m (hlnh 11.8a). ‘
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Tai ngam C xudl hign khop déo mdy vé phia trén. Gia sir khop déo B st xudl
hi¢n & vi tri ¢o hoanh do « nhiu trén-hinh 11. 8b. Pitu kien dé xac dinh vi ui

xudt hign khop déo b im- gid 1rj cta o $a0- <ho Mgh ¢O gia tri cyuc dai.

Trong” truimg hop nixy,"g'i‘*& i My wong  d) 9 :
cong thae (11.3) la momen udn tai tiét di¢n - 1 :_
¢ hoanth’ 4o « trong ‘dam’ d(m yan do iai 9
trong g pay ra . R '
N N A
Mg q_a-.»_qia?
2 2
S . : .
bodo: . M, =dedzal o Hinh 118
8 - 2 .v:7+a R R S LiaT .

bidu Kign dt, Mgh cue dai'ta dao ham cha Mgh lhu) a bang khOn}D
dMg _ql (1=2a)(1+a) - a(l )
da 2| (l+al

0 Quy ra a.= ()4/4[

nghia ld khap deo B st xudt hicn cach khop A mot kho(m;; a= !) 4/4/

Sau khi tiph duoc gid ll‘l ctia momen gioi han Mgp trong ddm ld Xéc dmh dum
ldi trong gidi han ‘tinh to4h ndu da bict GEt dién cda dém, ho;u, o lhc chon
durore G dién chia ddm néu da bi€t (ai trong tinh todn thco dxeu ku,n (11 1.

Vi du 11.2. Xac dinh & trong giod han ciia ddm siéu tinh cho trén hinh 11.9.
Cho biét dam lam bang thep ¢ ge = 20 kKN/cm?; 1ié dign 1.18.
a) R=P B=2P

rhang <0 B TD VL iy sz e o
momen inh cua nra Net dlL}ﬂdOl vl (ruc uon 1; L8 3¢

B §, = &1.4.cm?, Do do, theo (11.2): : 1 2m | 2m | 2m
. BN
Wy=285=2814=163cm

Tai ngam A phat sinh khop déo md v¢ phia k
tren. ‘Ta ¢An Gm vi (i phit sinh khop déo. 9T ‘
(rong nhip dam. MuGn thé (a ve bidu db . ;QE\D? Bn. ;j:, {
momen udn do tai trong gy ra trong dam don

gidn co hai dau [a khop (hinh 11.9b). Qua bidu

Tir bing s licu (hép hinh, vai tiét dign 1.18,

dé 1a thiy khop déo co (he & dudi ti trong P2 Mgy, =2p
hode dudi tai trong Py, Hinh 11.9

o NCu khdp deo xudt hién ¢ dudi thi trong Pa ta co:

0 0P
o= O opkum,
[ +u 6+4

o Néu khop déo xudl hign & dud thi trong P taco:

Myh =
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| % gzéézx%_ZPkN .
Hai ket qua M oh Ny bing nhau c6 nghia 1a bdt ky tiét.dign nao cia dﬁm nim
trong khoéng gitra haJ luc P, P> déu & trang thal g]é-l han phﬁt sinh khop déo
(hinh 11 9(,)

D€ xdc dinh thi rong gid¢i han clia ddm ta viét d;‘éu kilé-,n‘_(:l 1.1): Mgh = crd,_. Wa.

Mgh—

’l‘rong lqu‘ug hop ndy ta ¢6: Mgp = 2P kKNm; o = 20 kN/em?= 20.104_

kN/m2; Wy = 163 cm3= 163.10~6m3. D0 d0 2Pgp = 20.104.163.10-6kN.
Vay Pen= 16,3 kN.

2. Dam bj ngam hai dau. Ddm bi ngam hai dau nhu trén hinh 11.10a se dat dén

trang thai gioi han khi & trong dim xudt hién dii ba khop déo;:hai khdp A, C &

hai d4u ngam, con khop B & trong nhip dam (hinh 11.10b).
Vi tri ctia'’khdp déo B ¢ trong nhip se 3 P
trung voi (&t dign ¢6 modmen udn lon A ‘B ¢ Ee

nhdl M§ do thi trong gdy ra trong ddm &)
don gian (hinh 11.10c). Mgh
" Tuhinh 11.10b, ta thdy:

o Mgn
trong 40 My — mOmen udn tai Gét -
dién B trong dim don gidn tic 12 tiél L TMg
dién ¢6 momen udn lém nhal : ‘Hinh 11.10

Do"do diéu kién dat dén trang thai gidi han trong trufmg hop dim co hai dau bj
ngam sé la

1 ;- P -
Mg, =3 M} =qc,,Wd. ; (11.4) :
Vi du 11.3. Chon tiét dién ch nhat cho dAm trén hinh 11.11. Cho biet 15 56 gita

chidu cao va bé n_gdng clia tiét digh h /b = 2; he so vugt taJ np= 15 nq

© 1,1; gi6i han chiy og = 20 KN/cm2,

Momen udn lon nhdt tai tiél dién B & ‘ P =20/<‘N
gitra nhip dim don gian 4m ke A SkN/m
e 2 . . ‘ £
/ I B O O N K
M[; = Il[)P +”(]“[ll 3 s . . 1=8m v

Tir didu kién dat dén trang thai gidi .
han (11.4) 1¢6: ‘ ‘ Hinh 11.11

04y

M = 20Wq4.

g BT T 8
Suy ra W= 260 cm?. Nhung Wa= bh2/4v6i h/ b= 2.
Do d6 b.(2b)%/ 4 = 260 cm3 Suy ra b = 6,38 cm. ‘
“Ta chon tiét dién cha nhﬁt co Cd(, canh b= 6 4cm; h=2b=128cm.

- =2 2
5.1072.8002
1y ] {1,5.20.80_() L 1151078

B. Dam lién tuc cé tiét dten khong dm trong tirng nlup

Trang thai gioi han cia dﬁm lién tuc xay ra khi trong pham vi mot nhip nao do
cia ddm xudt hién ba khop deo ldn lugt. mo vé cac phia khac nhau. Thong

thudmg hai khép xuﬁt hién & g01 ‘ta, con kh(rp thu ba xuat hign trong nhlp dam

Ta s& xac dinh tai trong gl(n o B
han ¢lia dim lién tuc véi gia 3 .-§17-7 i o w_’: P

" thi€t dam bj ph4 hoai hoan g‘“H“HH”*. —
toan trong timg nhip mot. o } L,=4m 7, =3m ’§7 |
- Gia sir xét ddm lién tuc trén ; b
hinh 11.12a. Tru6c hét ta =
cin phai biéu thi tat ci cac b) . Wd{’)= 250cm’
14i trong tac dung trén dam <

theo mot thong sd chung,
‘ching han theo t4i trong P,
ta<co P;= P; q = P/6.:Tiép
do tim gia trj cha thong s P
sa0 cho dam dat t6i trang
thai gigi han. : Hinh 11.12

JUREE ; K
&.f" = 204N /erm ; 6(2)= 25kN/c.
W(Z)

400 e

D3i vai timg nhip chia dAm ta da biét trudc vat ligu (oes) va tiét dien (Wg), do.do
tim dugc momen udn gidi han theo cong thie (11.1). Chéng han trong vi du nay -
ta tinh duoc momen udn gici han trong timg nhip mot nhur sau:

« Nhip thirnhat: MG =olWS = 20.250 = 5000 kNem = 50 kNm.

o (2 <
o Nhip thahai: M) = oW, = 25.400 = 1000 KNem = 100 kNm.
Momen udn lai g8i trung gian phai biing gia tri nhd nhét tic 12 50 kNm. :
Sau khi tinh duge cac momen uon gigi han cho timg nhip mot cda dim, ta ké
dudng momen udn gi¢i han tuong (mg (dudmg nit nét trén hinh 11.12b). "Treo”
bidu dd momen udn do thi trong dit trén nhip gy ra rong dam don gian vao do
ta s& duoc k& qua nhu trén hinh 11.12b. Tir hinh nay ta suy ra cac i trong gioi
han trong timg nhip:
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/2 / ~

* Nbip 12 mlp) + MY "7: = S0+50= 2gh= 2.~ Pgn = Py=300 KN,
_ , 3P, 3P, - ' o

* Nhip 2: = M)/ + M) —-4—3"; = 254100 = 4*" ( = Pgh= 167 kN.

Nhu vay, d()] vai toan dam ta phai 1dy tai trong giot han img voi gia ln lye nho
nhit vi ta xem rang ddm dat (i trang thdi giot han khi thp thir hai cla dim dat
(i trang thai gioi han (mac di 16¢ do nhip thi nhdt cha ddm chua dat t6i trang
"uu‘;:um han), tae la chon Pep = 167 kN.

" 4 Cach tinh dam co tiét dién thay don

\u thay adi tict dién thuomg lém cho hm toan phirc ldp hon vi .cac ly d() -gau; kho
xic dinh vi tri cia khop déo, c6.kha ning xudl hi¢n bd khO'p deo lign” uep m(’y vé

cong mot chiéu, ¢o khit nang xudl hién nhiéu phmmg an bu kh(rp dLo Ién lu01 md

v¢ cice phia '\hd(_ nhdu
i

Tuy nhicn, nang thai gigi han cia ddm chi xay ro /\/u (4] Aud’t hién Jba kho'p déo
lan len HI(I vé cdc phia khdc nhau va wong img. Vi plzu(mg an : LII() gld trl 1ai
trong gioi han nho nhdau. . R

Nhu vy, dé pidi bai toan cho trudmg

hop naty ta can thuc hién nhu sau;

L. Can cir vao kich thide cia cic it
di¢n, ve bidu d6 momen udn gidi
han (néu bd qua anh hudmg cia lue
¢dt) theo biéu thu:

Men= oy Wy

NEu trong ddmy' ¢o khit nang xudt
~hién ca momen duong 12n momen
am thi- ¢dn vt bidu dd momen udn
gidi han v¢ ¢i-hai chidu (duomg nét
dit trén cic hinh 11.13),

2. "Ireo bidu 46 momen u6n do tai
trong gay ra trong dam d(m giin d¢
sa0 cho bibu dd nay nam trong
“pham’ visbitu dd momen ubn gioi
hai va Gép xuc taf mot sd'difim aé
“kaor cho hinh thanhi ba khop déo'1ah
“RECind v hai-phia khae nhay!
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DQI voi dani don glan trén hinh 11. HA ta-can cho bidu do momm udn trong
dam don gian di qua hai khap bicn va uép xuc-tai mot diém nao 46 & phan dudi -
voi bidu do m(‘)lnua uon gim han (diém 2).

Poi vai ddm ¢h mol diu ngam, mot ddu khép nhw hinh | 1.13b, bi¢u dé momen
uon trong ddm don gian phéi di qua khap 7 va iép xtc vii hiéu d(‘) momw udn
pidi han tai hdl diém 2 va 3 & hai phm kha«. nhdu

‘D1 voi dim bn nghm & hm dau nhu. lwn hmh 1. I3c bidu do mOan udn U()n;,
dim don giin phai tiép xdc voi hidu do momen unn 2iti han 1ai ba diém 1, 2 3

Hn luot mdr vé hai phld khac nhau. oo s
3 Tir dleu ki¢n hmh hoc, Iup dwu kich xdly Ta trang. thil e hin. Vidy, vaoi Lac'

hé trén hmh 1. I’m b, .t Co Cic L]ILU kitn x‘w T lhll]L {h.u um Imn nhu sau:
[){I a) ' . : B A Lo

* Hinh T1.13a: e = Mg , T

. . /- P (N o
e Hinh 11.13b: _P(_I_a_);: Menit Men3 E . I
e Y Pa,, o cad=e)
* Hinh 11.13¢: o —I—(I'T_C)z‘ZMvth"*(M‘gh.l"M‘g.if.‘.?) -

T cac didu kign 1gn, ta d€ ding suy ra gid (i can 1im cha 11 trong gidi han.
DS voi dam lieh fuc ¢o Gt dign thay ddi, cach thue hign cang twong ty song
can cha y phat hign diy ait cic phuong an hinh thanh ba khop déo (hodc hai
Khop dio doi vai nhip da ¢ san mot l\h(m lhuc) fAn lwot md vE hai phia khac -
nhau cho timg nhlp déam. ‘ ‘ :
NCu cd nhiu phuong an hinh'thiinh ba l\hnp déo (hoda man dmu kign néu trén thi
¢in thue hién tinhtoan cho timg phmmu an dc i ra phmms_ an cho gid tri ldl

rong }:Jm han nhn .nhal.
i

11.5. Cach t|nh khung va vom siéu tlnh

Tinh khunb via vhm lhu) lrangs llnu le lmn (er(m;: phU'L tup vi khnm_ phai lUL
nao ta cang thdy duge 10 rang vi tri.xudl hign khop déo. Vi tri xu.u hi¢n khop dw,
clia khung va vom ) thé xay ra vdi nhitu phuong .m ‘khac nh.:u va phu lhum vao
-cac id tri ni luc M, Q. N lmm_ hé.

Trong nhidu trung hnrp d¢ dom pian hoa tinh 1an mi vin tim duge k&t quit gin
ding (tham dn u) khl ¢hinh X.l(.) ta lhuu nhan HhDI'IL le (hidl sau; S

.h hm’mL cia llI’L ¢,

e Khom_ xCt dun v _ ‘
% NI tue duoc xac dlnh theo s dn khong bién d'mL (thuc ra, n trang Ihdl vl(n'
hdn h¢ co Lhuyt,ﬂ vi 1¢m v ndi lue sg thay ddi nhicu). :

251




% Khdp déo chi khong ngdn-cin he. ¢q:chuyén vi v& phia kkop md, ) Co tae
. dung giam bdot.mot bac siéu tinh clia. he ~

Hai gia tmcl dau thudmg lam ting do an toan clia ké’f cdu so vai thuc té.
BE trinh bay chi uel hon ta: xu khung s1eu tmh trén hmh 1.14..

Cac Gl dign ¢6 thé phal sinh khop dé() B
thuomg la (ét dién ¢o gia trji moémen udn 3 7 -
duong hHodc am I1én nhét. Do do, trude hét ta ey K 7
cin nhan xét biéu dd momen udn cha he tm - - o
duoc khi vat. liéu lam viec trong giai doan
dan hoi. He chi ¢6 cac t4i trong.13p trung tac -~ - ’
dung cho nén biéu d momen udn chi gébm. I }
nhimng doan thing. Nhl'mg gia trj momen udn . ’J 5J
duong va am lén nhdt chi ¢6 thé phat sinh & o - S H
cac tiét dién /, 2, 3, 4 ghi trén hinh ve. Tai A
khop 5, gia tri momén udn bing khong. - Hinh 11.14
»

HE se dat t61 trang thai gi6i han khi tr& thanh he bi€n' hinh ¢6 mot bac tr do
khong ¢O khé ning chiu thém tai rong, nghia la khi trén hé siéu tinh phat sinh

2L

s

!
A -

mot $6 khdép déo 1on hon $6'bac sieu tinh ciia he ' mot don- vi: Cu thé trong truomg

hop nay he s dal t6i trang thai gii han khi xudt hien thém ba khop déo bdi.vi-he
nay 1a he sieu Unh €0 béc bang hai. .

Ciéc tiét dien co thé phat sinh khdp déo 1a cac tiét dién 1, 2, 3, 4 vi tai.d6 mO6mén
udn co gia tri duong hodc am 1on nhat. Trong sG bdn tiét dien nay chi ¢dn c6 ba
tiét dién phat sinh khép déo cang da lam cho h¢ dat t6i trang thai gi6i han. Cho
nén, v¢& mat 1y luan s¢ ¢0 ba phmrm_ an to hop. kh()'p deo khic nhau dé blen h¢
thanh bién hinh ¢6 mot bﬁc tw do nhu trén hinh ve 11, 153, b, c. Nhung lron}= Ihut
(€ chi ¢O mot trong ba trudmg hop ké trén x4y ra. Do d6 cén phéai phan tich xem

trudmg hop nao trong ba t8 hop k& trén 12 duy nhat phit hop vi.thye t€.- Mot trong .

nhum cach ydl quyét vin dé nay la xudt phat tir viéc tinh toan ¢ac gia tri momen
udh cla hc tim duge khi vat liéu laim vige trong giai doan dan hdi. Sau d6 §o sanh
cic gid trl momen uon 16m nhdt vé& trj s6 tuygt 'ddi véi gla tri momen gufn han Mgh
phal sinh & cac vi tri khop déo ta s& x4¢ dinh diroc gla tri (.ua tél trong gl(n han '

Goi V va H la hai thanh phén phan lye thang dimg va nim ngang & khop tua 5,¢6
chiéu nhu tren hmh 11. 14. Ta se tinh dum, cac gld tri m(’)men udn M;, Mo, Mj, M4
¢ cac tiet dién {, 2 3, 4 ciia khung khi Eam viéc uong glax doan dan hdi.

My= =2HI: My=~2HISV: My= ~2HI+2VI-2PL M) = 2V1-2P1-6PL
KhquaHladuoc R e

292,

-_M2:+2M3;M4'=2Pl; k S O\
-M]+M2—M4 = 6P]‘ . o R :‘;f_(B)., :

| M==12M;p,
€

Hlnh 11.15

Sau khi tinh dugc cac gia tn meen udn duorng va am lOn nhét cla ht, ta st phan
tich vi tri khop déo c6 thé xudt hien. - .

1. Gia sir khung bi pha hoal theo t6 hop. ba khop déo nhir trén hmh 11 153, lic d6
momen udn tai céc tiét dign 7, 2, 4 dat téi glém £i6i han Mg ERNEIS
M]- —Mgh, ' M2—Mgh M:]—_Mgh S
Thay céc gia nay vao phuong trinh (b), tase tinh duoc tai trong gi¢i -han tng véi
trang thal £i6i han trén hinh 11 15a.

Mgh
Mgh+Mgh+ Mgh 6Pl Suy ra P=7
Thay céc gia tri vira tim dugc vao phmmg trmh (a) 1a s& tim dugc M3
M P
gh

~Mgh + 2M; + Mg = 2——1 Suyra M_3-—2— L

Bi€t cac gia tri M), My, M;, M4-va Ms = 0 clia.hé, ta dé dang vé duoc biéu do
mdmen udn cho toan hé nhur trén hinh 11.15d. Ta thdy gia tri mOmen udn tai -
moi tiét dien (trix ba tiét dién 1, 2, 4) d&u nhd hon gi4 trj Mg, nghfa 1a khi ba tiét
dién 1, 2, 4 bi chéy déo thi cic tift dién khac con lai cha hé. chua bi chay déo.. :
Nhu vay, ba khép déo 1, 2, 4'1a ba khop déoe xudt hién ddu tién lam he-dat téi
trang thai gi6i han. Dén day ta thiy gia thiét lic diu khong gap mau thuin gi.c,
do d6 t6 hop ba khép déo 1, 2, 4 phit hop véi thic t&, S
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A
) thdy-r0 hon ta tiép tuc gid thiét khung bl pha hoai theo t8 hop ba khop deo
nhl{ trenhinh 11.15b, nghia la cac tiél.dién 2; 3, 4 bi chjy déo dau tién. Ta cO:

o ‘M = —Mgh. M3—Mgh. My= -Mgh
Vin dung cac phuorng trinh (a) va_ (b) nhu trong truOrng hop trén ta 58 t1m dum

Can cit vho nhmg sO lleu trén ta Lun;, ve dugc biéu dd: momen udn (’7 {rang thai
gioi han lmmg ‘tmg nhu tr(,n hinh 11.15e. Ta Lhay momen udn tai il (ilen 1 {va

tai cac tiét dién khac nna) ¢o gia trj fom hon imomen udn gioi han. Do do ba

khop 2. 3.4 khong thé la ba khép deo @#Au tién dua hé tm trang thai giGi han
duge vi khi ba tiél dién 2,
chay de() ‘

‘. ‘ 7'5

). N&u ticp, tuc gm thlél khung bi. pha h()aJ theo t6 horp ba khdp déo nhu Iren hinh
11.15¢ ta cang st thdy vo'ly. lhut vay, khi cac tiét dlen 1, 3 4 xufl men khorp‘

dto ta ¢o: ‘. : o r.
A M] = —Mgh; Mj = Mgh,‘ .M,’,":E—Mg’?‘{:,w._ \"
Cang tir cac phucmg trinh (d) va (b) ta ¢o: SR

va v duoc bidu (36 momen udn (uyng tmg nhu trén- hmh 11.15f. Tir bidu' dd: nhy.(
ta thdy 18 hop ba khdp déo (rén hinh 11.15¢ khOng thé ’xéy ra diu uen dugce vi

llu dign 2 (va Lac tlét dién khac) xuﬁt hi¢n kh(rp deo lrm‘rc

,)uu phan tich & (rén.ta c6 thd ket luan 16 ho;n ba khop'déov trén hmh‘ it ISa v
e dd momen udn tuomg tng. trén hinh 11. 15d la truimg Imp duy nhdt xdy ra

M
rong thuc 1€ khi hé dat 10l trang thai gioi han:; LUL ddg, gla trizcia P =~ 2’;" Ce

NEu so sanh cac gia trj clia tai trong P tinh dum. u()n;, ba trutmg h(rp gia thel 4
rén, ta cong thiy gia tri cha (i trong P trong truomg hep nay lh gia tri nhd nhit.

Nhimg ly luan trén chinh 12 co s& @8 gidi cic bai.toan phuc tap khi Unh két (.éu
heo frang thai gioi han, Tat nhién vi¢e phal lu(,n cac nhan xét trinh bay «& trén

hanh nhtmg 1y luan tdng quat con doi hoi phii-co nhiéu ¢Ong SUC hon nitra,

I'rong bai toan khung, ngoai momen: udn ¢dn-¢o lue cdt va lu¢ doc. ‘Anh hudmg

ia luc.cdt thuimg duoe bo qua. Khi xé1:dén anh’ huimg: cha lye doc, 'diéukjen
‘hay déo-ciia ié1.dien chiu-udn va chju kéo hodc nén d(nigth(ﬁi‘cﬂn’gzmr(ycflhjél

3, 4 xudl hign khép déo thi da c() cic il dlen khac

]

ap theo.nguyén tic trong trnhy da trinh bay trong muc 13.2 (xem phin bai tap). -
[rén thyc (€, phin Anh hudng cia lue doc thuomg nho so voi phé.n anh hmﬁ'ng cla

nomen udn nén (,(m;: thudng dum bo qud:

Zich llnh vOm siéu tinh thu) lldn& lhdl glm han u‘)n phuc lap h(m (,d(.h tlnh :

254"

11.6. Cach tmh dan SIeu tmh

khung vi thudng phaJ xét den 4nh hudng cla luc cdt va lue doc, ngom rd, lu(, doc
thay d8i trong vdm cting gay kho khin cho viec xac dinh vj tri clia-khap de() Noi
chung ta c6 thé u6c dinh vj tri ghn ding ca céc khop déo theo biéu do momen
udn trong giai doan dan hdi, da(, biét 1a trong tnrdmg hqp vom ¢ momen udn kha
lém. Sau khi xac dinh dLl’QL vi m khop déo ta ti€n hanh tinh toan tu(mg tu‘ nhur
truong hop khung mEu tmh el R . _ ;’

LY
.

Trang thai gioi han cua dan dum xac (Imh the() dtéu ktén chay deu clid n}mng '
thanh nao ma khi logi chng ra khoi dan thz hé tro thanh bién hinh. ;

Co thé xéc dinh i trong gioi han cla dan theo nhxéu cach, ching han hang s.av.h
khao sat sy can bing theo cac dang phé hoai khac nhau cha dan tic la bing Ld(.h
khao sat sy can bing cha nhong dan bi bi€én hinh khac nhau do loai di tur dan da
cho mot $6 thanh va thay thé tac dung clia chung bang ciac lue doe lrnng cic
thanh do khi da dat tGi trang thai chay déo. Ta s& chon Hy gia ui! nhd-nhil uong ‘
1t ¢ nhimg tai trong gioi han tim duoc. Thudmg thudmg nhtmg thanh dat rran;,
thai gioi han d4u tién 12 nhimg 1hanh c6 ung sodt l(’m nhdl khl xac dmh lhu) nm%

thai dan hoi. ‘
Vi du 11.4. Xac dinh tai trong glm han cho dan ve trén hinh 11, 164. Cho blL(
A= const =15 cm?, ac;, =24 kN/(,m2 h=dm: l=3m; E= 2110 kN/(,m2

Hinh 11.16

He ve trén hinh'11.16a'c6 bac siéu tinh bing 1 Do do, khi dat 16 trang th.n glm ‘
han trong he s& ph{n ¢6 hai thanh chay d2o. Vi chira'biét hai ‘thath n2o cod dan- -
chay deo, cho nén tase tim nhrmg thanh ¢6 ndi luc 16m nhdt theo cach tinh tfrong—

trang thai dan hoi. . ; 1 . Gy

:
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@Mgmnhchmhtac . 511X1+A1p—';-~‘04, L o . 7{"1';'--;:'_-?'

i 1»5‘»‘ Y N N No . o ,75!:"‘ R
do S e NitlNig ;. NulNip. .
trong = Z(EA), is 0 A= Z (EA),

- 'Nu— luc doc trong thanhthuzcuaheoobfm dolu'cXI 1 gﬁy ra

' N - luc doc trong thanh thir i cda he co ban do tai tlong P gay ra. :

He co ban va céc so dd tinh noi Iyc do X; =/ va do tai trong P gay ra trong hé co

bénnhutrénhinh 11. 16b, ¢, d. Cacphéptmh dugc thuc méntrong béng 11 1.

Bang 11 1

Ap _ _189P 25 _
511 s 4()5
K&t qua tinh ndi luc trong he theo trang thai dhn h01 ghi trén. béng 11.1.

Tacs: . Xj=- 0778P

Tir bang 11. 1 ta théy thanh AC 1a thanh (,hm kéo 16m nhat: NAc- N,,,m = 0,889P.

Thanh nay chinh 1 thanh ddu tien dat t6i trang théu glGl han lac dé ndi luc

trong thanh se la; .
+ NoC=OchA = 24.15 = 360 kN

Tai trong twong u’ng voi Lhanh AC bi. Lhay déo-dugc.xic dinh tu diu kién:
‘N9 ac = 0,889P = 360 kN

'

Do do P 405 kN

Kai thanh AC dat Loi lrdng théu £i6i han, he van con kha nang chju luc vi chira
(ré thanh mot he bién hinh. Mu6n cho dan dat &1 trang thai gidi han ta phai tang
[4i trong P dé ¢ thém mot thanh ntra ciia dan chiy déo, hic d6 hé mdi rd thanh
bi€n, hinh vil khOng ©6 kha ndng chiu thém tai trong. . Thanh bi chiy déo tiép sau.
Lhanhi AC, lh thanh 0 001 Jug, l(m nhal Sau khi da l(w b6 thanh AC va thay td(,j

jgngeulaané bang Juc. dog, N oF 3( 0 kN. Lac nay dan xem nhur 12 mot he tmh

jlnh chiu tai trong P va lue NA( = 360 kN (hinh 11.16¢). Ta tinh noi IU'L Lron}=
756r

Thanh | f(m) | W, . Nop o | Ny Ngh | RN k| M= N o+ Wy X
A8 | 400 | a5 | o | e | o T oe2p
A | 50 1| sps3 s | mpa | osmep
8 |50 | 1 | o s | 0 | -omse
8o | a0 | a5 | o |z | o | . osmep .
0 | 400 | -ass | -aps3| ewszs | eapris | oiomnp |
' ' 405/25 * | 189P/15 e

-hdi, momen udn tai tiél dién dudi

cac thanh cua dan nﬁy bang phuong Pth tach mit va duge k& qua nhu sau: -

NAB - (4P/3)= 288kN NAG = 360.KN; Npc = P-216 kN;
NBD- ~(5P/3)~ 360kN .Ncp =—288KN;

« Gia thiét thanh BC 14 Lhanh bi chy déo ngay Sau thanh AC. V1ét dléu kign
chay déo cia thanh nay ta dugc:

Npc=P-216= achA 24. 15— 360kN. ~Suyra Pgh = 576kN

T Neu xem thanh bi chéy__déo ngay sau thanh AC la thanh AB ta co:

NAB = (20P/15)-288 = ocn.A = 24.15= 360 kN. Suy ra Pgn= 486 kN. -
* Néu xem thanh bi chay déo ngay sau thanh ACla thanh chiu nén BD, ta coi
Npp =—(5P/3)+360 =—Och.A =—=24.15=-360 kN. - Suyra Pgp= 432 kN.

~ So sanh cac két qua, ta chon gi4 tri Pgh nh® nhét [am tai trong glm han cha dan

Peh = 432 kN ,
D6 1a gia tri nhd nhdt dit dé Iam cho haj thanh AC va BD ciia dan chay déo va
he tr¢ thanh bi€n hinh, khong ¢6 kh nang. chiu thém tai trong (hinh 11.167).

Cén chu Y 12 ngoai vigc xét h¢ dat t6i trang thai gi¢i han, ta con phéi xét xem
khi Pgp = 432 kN thi dan c¢6 bi m4t 8n dinh khong. N&u dan bi m4t & on dinh thi
tai trong gioi han cha dan s do diéu kién &n dinh quyét dinh.

11 7. Anh hudng cua lién ket dan hai, sy chuyen vi cu’o‘ng buc,

su thay doi nhiét do dén gia tri cua tai trong gidi han

Pé tim hiéu 4nh hudng cia cac
nguyén nhan ndi trén d6i véi gia tri a) A B
cla tai trong gioi han, ta xét truomg
hop hé-co lién k& dan hoi Fam vi du.

Xét dam lién e hai nhip chiu tac
dung cha luc P; va P> nhu trén hinh
I'1.17a. Gid sir rang°¢ giai doan dan

diém a3t luc P; 16n hon mOmen uén
tai i€l dien dudi diém dat luc Pa.
Khdp déo diu tién phat sinh tai tiét
dién img dudi P; con khép déo tha
hai phat sinh trén 26i wa trung gian
(hinh 11.17b). Hinh 11.17
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s Néu gOl ura trung gian 12 gGi dan hoi (hinh 11.17¢) thi ta cfm b sung vao bidu dd
mOmen uon cia dim trén g6i cing (hinh 11 17b) phﬁn bléu dd momen udn do
anhl hu(s-ng ciia lien k& dan hdi nhu trén hinh 11.17d; Tuy nhién, tai trong, giti han
' vfm’ khong thay ddi. That vay, ¢ trang thaj giGi han, nmp thir nhdt clia dam chi tré

,vihimh pién hinh khi biéu d6.momen udn trong dam:don gian dugc "treo”. dé.sao
Lh() momen am 1én nhit vira ding bang momen glm han & phia rén-con’ momen
duong 1on nhét vira ding ba.ng momen gidi han & phia dudi, nghia la nhur (rén
hinh 11.17b. Cach thyc hién nay 1a duy nhdt. Do do, tuy.co b() sung phan biéu dd
do anh huémg clia lien k&t dan hdi thi vi trf ciia cde khap déo vﬁn khong thdy adi.
Nhu vay, i trong gioi han khong phu thutic tinh dan hdi cua cac lien ket :

Lung Iy 1udn tuong ty, nguot ta chimg minh dugc V4 tai trong giti-han I\/mng phu
Ilm??( e sudt caisdn frong hé siéu tinh cang nhukhang: phuthude g sudt phat
sinh do cac nguvén nhan khac, ‘chdng han do su thay déi nhiét o, su: dmw'n Vi
uurng btee ciia cde goi tu ve ché 1ao khong chmh xdc.

-

- CAU HOI ON TAP :{‘ STe T TR e

1.1, So sanh cich tinh theo ung suft cho phép va cach tinh theo. trang (hai gidi
hdn ' '

Ladl |mh theo nan;: thadi gioi han dum xay dlmL l’an o s hu,u d('& th hL :

itratmg sudt vi hu,n dang ahu thé na()’ PRAIE R

1. \ Néu nhimy di¢m gidng nhau vi khic nhdu gifra: "khﬂ’p thue” v "khn'p déo™.
. 4 Phat bidu mu chi xay ra trang thai giod hdn Nuu cu the cho (.dL UU(rn}__ h(rp
. Dz‘im inh dmh ’
 Dim sicu lmh ‘mot. nhip.
e Dam licn lm
g S ‘Trinh h.ay Ldbhlll’lh khung siéu tinh theo trang thai g han.
I 6 Frmn bay cach tinh dan si¢u rmh theo trang lhd] gidi han

1.7, (nal thich tai sao lrong he siéu (inh tai trong gi®i han khong phy thudc lmh ‘
gjan hdi cta lign két, img sudl ¢é sin, ing, suft phat-sinh do su thay ddi -nhigt
19, chuyén vi cuong bie ciia g0i*twa va ché tao khong chinh xac. ‘
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