Chuwong 3

Xac dinh néi lwc trong hé phang tinh dinh
chiu téi trong di déng
3.1. Bai giai. D& vd cac duong anh hudng, ta chon dudrng chuan vudng goc
v&i phuong cla tai trong di déng.

¢ D.a.h. phan lwc. Tlr diéu kién can bang clia toan hé. ta co:

yz =0, suy ra Ha =o0;
2Mb = 0, suy ra VI = (I-2)/1;
JMa =o, suy ra VB=-/1

Tir cac phuong trinh trén, dé dang v& duoc cac d.a.h. phan luc (hinh
31b, c, d).

¢ D.a.h. noi luc tai ti€t dién 1 (tiét dién & trong nhip cua dam)
» Khi p - | di ddng trén phan dam bén trai tiét dién | i —a <2 <d). Xét
can bang phan bén phai tiét dién i:
Mi=Vb(l-<1) =zil-d)I i:
Qj=-VBCosa=-z coscc / l;
Ni-VBSilla--z sinal /.
Tl cac phuong trinh nay ta vé& duoc phan trai clia cac d.a.h.
« Khi p = i di dong trén phan dam bén phai tiét dién | (d <z <I+b).
Xét can bang phan bén trai tiét dién | :
M/=VAd = (I-:) //;
Q!~v.\cosa =(l-z)cosa/ I;
Nl=-VAsina =-(l-z)sinal /.
Tlr cac phuong trinh nay ta v& duoc phan phai clia cac d.a.h.
Két qua tim duoc nhw trén hinh 3.1e, f, gb
¢ D.a.h. n6i lue tai ti€t dién 2 (ti€t dién & dau thira cia dam)
« Khi p = | di dong trén phan (Iam bén trai tiét dién 2 [-I/ <r <-jw-c)\.
Xét can bang phan dau thira bén trai tiét dién 2:

Mi=-1.\\z\-(a-c)\. Q2 =-l.cosa; N2=Il.sina.
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T cac phuong trinh rly ta v& dwoc phan trai cua cac d.a.h.

e Khi p —1i (li dong trén phan dam bén pluii tiét Ii6ii 2 ) <2 <
4+b)).
Xét can bang phan bén trai tiét dién 2:

M2 =0: cl2=0; N: = 0.

Tlr ca&c phuong trinh nay, ta vé duoc phan phai (trang voi dudng
chudn) clia cac d.adn.

Két qua nhw trén hinh 3.1h, i, k.

¢ D.a.h. ndi luc tai ti€t dién 3. Tiét dién 3 thudc loai ti€t dién & dau
thira cua dam va la truong hop dac biét cla ti€t dién 2. Do d6 co the s
dung cac d.a.h. ndi luc tai ti€t dién 2 dé suy rad.a.h. ndi luc tai tiét dién
3 bang cach cho c tién t6i khdng. Két qua nhw trén hinh 311 m. n.

¢ D.a.h. ndi luc tai tiét dién 40Tiét dién 4 Gtai gbi tua, tai d6 cd srdit
bién vé ndi luc nén can khao sat tach biét hai ti€t dién: bén trai va bén
phéi gbi tua.

» Tiét dién 4 & bén trai qobi twa: thudc loai ti€t dién & dau thlra clia dam
va la trwong hop dac biét cla tiét dién 2. Do d6 cé the sw dung céc
d.a.h. ndi lwc tai ti€t dién 2 dé suy ra d.a.h. ndi lyc tai ti€t dién nay
bang cach cho c tién té¢i a. K&t qua nhw trén hinh 3. lo. p. r.

e Tiét dién 4 & bén phdai g6i twa: thudc loai ti€t dién & trong nhip cta
dam va la trwong hop déc biét cla tiét dién /. Do dé co thé st dung
cac d.a.h. ndi luc tai tiét dién / dé suy ra d.a.h. ndi lyc tai ti€t dién nay
hdng cach cho d ti€n t¢i khong. K&t qua nhw trén hinh 3.10. g. s.

Nhan xét :

—Tai g6i Acd phan Iwc dudi dang IUCtap trung nén chigay ra sw ddt bién vé luc cét va
lrc doc ma khong gay ra sw dot bién vé momen ubn. Do do, d.a.h. momen udn tai
hai ti€t dién & hai bén go6i Atrung véi nhau.

AD G chiéu voi treong hop dam cé truc ndm ngang da nghién ctu trong phén Iy thuyét,
trong trwong hop truc ddm nghiéng so véi phuong ngang theo goc a va uc di dong
p =7 thdng d&ng, ta nhan thay:
 Cac d.a.h. mémen udn khong thay doi.

« Cac d.a.h. Ivc cat va lvc doc co thé suy ra tir d.a.h. lwc cit cla ddm ndm ngang
bang cach nhan VOl cdc hé s6 cosa va sina.

3.2. bap s6. Cho trén hinh 3.2.
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3.3. Chi danapuwa he V@ truong
hop dam don giadn dat trén hai
goi tuya: goi A va g6i gia tao B
[& giao dicm clia hai thanh tua
bén phai.

Két qua nhu trén hinh 3.3.

34EChi dané Thuc hién tuong
tw nhw trong bai 3.3. Trong
truong hop nay géi gia tao B &
xa vO cung nén phan phai clia
dah. song song voi duong
chuan.

Két qua nhu trén hinh 3.4.
365. Bap sd. Cho trén hinh 3.5.
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3.6. Chi dan. Luc p =1 di dong theo phuong th&ng déng nén phan Iwc num
ngang tai A ludén ludn bang khdng. Do do, khi v& d.a.h. ndi luc tai tiét
dién k c6 thé xem hé nhw dam congxdn véi dau A la dau tw do. Kct qua
nhw trén hinh 3.6.

3&. Bai giaiépé ve cac dudng anh hudng, ta chon duong chutn theo truc
clia cac thanh trong hé. Trwdc tién, can lap cac biéu thirc clia phan luc Ra,
Rd, va [iA khi tai trong p =1 di chuyén trén hé.

Tl diéu kién can bang cla toan hé, ta co:

zZX = -iia + p=0, suy ra Ha=P= I
iMb = Ra-l -Py =0, suy ra Ra=Py//=Vv/1
yjM.\\ = Ro-1 - Py = 0, suy ra RB=Py/I=yl/l

Tiép d6 lap cac biéu thirc va
vé d.a.h. ndi luc tai ti€t dién &hr ta
~ I " . Tt? 171 Ti-
k da chi dinh. Can chia
thanh bén trwong hop dé
xét:
¢ P-1 di dbng trén doan
AC (0 <y <éi; d ah.VE
Mk=RB-I/2=(y/l).l/2=y/2,a
Qk=-RR=-y [/;

Nk = 0. {

e khiy=o0:

Mk =Qk =Nk =0; ©
«khi y=h: Mic=hi24a

Qk=-hll; Nk= 0.
¢ P=1 di dbébng doc truc dahQ d-a-h Nu
thanh, trén doan CKk : Hinh 37

Mk = Rb.i 12 = (hi!) I/2 = fé12; Qk=-RBL-h //; 0.

¢ P-1 di déng doc truc thanh, trén doan kD &

Mk=Ro-1i2 = (h/l)1/2=h/2; Qk=-RRB=-hilé& Nk=p=lI.
¢ p=1i di ddong trén doan DB (Il <y <0)

Mk = Hali - Ral /2 = h +y 12; Qk=-Ra=y!Ti; Nk = p =1.
T cac biéu thire trén, ta v& dwoc cac d.a.h. Mk, QkéNk nhw trén hinh 3 7.
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3.8. bap s6. Cho trén hinh 3.8.
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3%&Chi dan. Trong truérng hop nay ta chon dwirng chuan vuéng goc voi tai
trong di déng p= 1 V&i ngudi quan sat quy dinh nhw trén hinh 3.9:
¢ Cac d.a.h. noi luc tai ti€ét dién k dwoc vé theo mau d.a.h. noi lwc tai tiét
dién trong nhip dam don gian v&i goi A la goi phai, g6i B la goi traié
Khi P=1 di dong trén doan AC, d.a.h.Mk la cac doan ck va ka (hinh 3.9d)
a.d.h.Qk la cac doan ck va k'a (hinh 3.9e).

¢ Céac d.a.h. ndi luc tai tiét dien m dwoc v& theo mau d.a.h. ndi luc tai tiét
dién trong nhip dam don gian véi gbi A la gdéi trdi, g6i B la g6i phai.
Khoang céch a,, tlr gbi trai dén tiét dién m cé gia tri &m nén tai di€ém (ng
dwéi gobi trai can dwng tung d6 amlén phia trén.

Khi p=1 di ddong trén doan AC, d.a.hM mla cac doan cm va ma (hinh
3.9f), d.a.h.§,,, la cac doan cm va ma (hinh 3.99).

3&10. Chi dan

¢ Cac d.a.h. ndi luc tai tiét dién / duwoc v8é theo mau d.a.h. ndi luc tai tiét
dién & dau thira (hinh 3.1, ©).

¢ Cac d.a.h. ndi luc tai tiét dién 2 duwoc vé& theo mau d.a.h. ndi luc tai tiét
dién trong nhip ctia hé ha khép. Khi P -1 di dong trén doan AE, d.a.h. la
doan vé dut nét trén cac hinh 3.10d, e.

¢ Cac d.a.h. ndi luc tai tiét dién 3 dwoc v& theo mau d.a.h. ndi luc tai tiét
dién trong nhip clia hé ba khép v6i chl y la doan DEC thudc phan bén
phai clia ti€t dién 3. Do do: khi P-1 di déng trén doan DE, d.a.h. la doan
thang de kéo dai ctia duomg phéi; khi p=1 di ddng trén doan AE, d.ah. la
duong trai, doan vé dit nét trén cac hinh 310, g.

3dl. Chi dan

¢ D.a.h. lyc doc trong thanh cing duwoc vé& theo mau d.a.h. lwc x6 trong hd
ha khép twong ng la A*CB*. K&t qua nhw trén hinh 3.1 Ib.

¢ Cac d.a.h. ndi luc tai tiét dién | duwoc vé theo mau d.a.h. ndi luc tai tiét
dién trong nhip dam don gidn twong &ng AB v&i géc nghiéng cua tiép
tuyén tai / la 45°. K&t qua nhu trén cac hinh 3.1 Ic, d, e.

¢ Cac d.a.h. ndi luc tai tiét dién 2 dwoc vé theo mau d.a.h. ndi luc tai tiét
dién trong nhip hé ba khép tuong ung la A*CB* v6i goc nghiéns cua tiép
tuyén tai 2 la goc B Cac diém khdng clia doan d.a.h. Ml. dah. G>\a
d.a.h. Ni. khi P-I di dong trén C2 lan luot la cac di€ém/ (hinh 3.11f) il
(hinh 311g) va h (hinh 311h) Utng dudi cac diem F, G, // trén hinh
31la.
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3.12. Bai giai
¢ Tiét dién k
e B.0.h. MK - Biém khoéng cha dudng phai la diém ¢ng du6i giao diém
D cua duwong BC va Ak (hinh 3.12a). NGi diém khdng nay v&i tung do

bang c ting dudi goi A s& duoc duomg phéi. Phan thich dung clia duong
phai twong &ng v&i khi p di dong trén doan kC.
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NGi diém cé tung dd bang khdong (ng dudi gdi A véi tung do cla
dwdng phai &rng dudi k sé duwoc dudng trai. Phan thich dung cda duong
trdi twong &ng v&i khi p di déng tr F dén k.

Noi tung do clia dwong phai ng dwdi khdp ¢ voi diém khéng (rng dudi
g6i D sé dwgc dwong ndi. Phan thich dung cla dwdng nay twong (rng
v&i khi p di déng tlr ¢ dén G.

b.a.h. Mk vé& trén hinh 3.12b.

« P.a.h. Qk - Diém
khéng cla dudng
phai 1a diém ung
duwéi giao diém B
cla duong BC va
duwong ké tir A song
song Voi ti€p tuyén
thanh
diém
khéng nay véi tung
dé bang cosa (trong
truong hop  nay,
a =0 nén cosa =1)
rng dudi gbi A sé
duoc dudng phai.
Phan thich dung clia
dwong phdi tuong
ng v&i khi p di
doéng trén doan kC.

~ e s A dI5/7L]177
Tw diém co tung do > d
béng khéng l}ng 1 h 4 iVt | * h 1
dudi g6i a ké duong 9 "JJIrTTIlimr< _
song song Véi duong © 1 1 ro
dah My,

phai dugc duong

rai. Phan thich 1) {f@ Jf|fffan|_ ldah NN

dung cua duwons trai 3
twong ng v&i khi p

di déng tir F dén k. Hinh 3.12

NG&i tung dd cia dudrng phai rng dwdi khdp ¢ voi tung dd bang khong
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trng dudi gbdi B sé dwoc dwong ndi. Phan thich dung cua dwdng nay
twong ng véi khi p di dong tlr ¢ dén G.
P.a.h. Qk vé trén hinh 3.12c.
* D.a.h. Nk - V@i moi vi tri cta luc p, ta ludn ludn cé: Nk — H.
Do do: d.a.ll. Nic=- d.a.h. H .
Nhu vay, d.a.h. Nk chinh la d.a.h. lwc x6 H da biét nhwng trai dau.

b.a.h. Nk vé& trén hinh 3.12d.
¢ Tiét dien m
« D.a.h. Mm- C6 thé thuwc hién theo mot trong hai cach sau:

1) Ap dung quy tic chung nhw da thuc hién véi tiét dién lc Trong
trvong hop nay, di€ém khong cla dwong phai la diém (ng dudi giao
diém E cla duwdng BC va Am, con tung do cua dwong phai (rng dudi
g6i A bang khong. Hai diém can tim clha dwdng phai trang véi nhau
nén chua xac dinh duoc duong phai. Trong tinh huéng nay can ar
dung tung do tng dwdi gdi phai cia duwdng phai. Tuno dé nay bang
-(j2-ym) /1 = -(j2-d) / ti- Cac buwédc ti€p sau, thwc hién twong tw nhw
khi v& d.ah. My.

2) V& theo d.a.h. luc x6 H da biét. V&i moi vi tri ctia lwc di dong p, ta
ludn luén c6: Mm= - H.d.

Do do: d.a.h. Mm= - (d.a.h. H).d.

Nhuv vay, d.a.h. Mm chinh la d.a.h. lwc x6 H da biét nhan v&i hang
lwgng cl nhwng trai dau.

b.a.h. M,n vé& trén hinh 3.12e.
 D.a.h. Qm - Bién phap don gidn nhat la vé theo d.a.h. lwc x6 H. V6i
moi vi tri cla lwc di dong p, ta luén ludn cé: Q,, = - H.
Do do: d.a.h. Qm= - d.a.li. H.
b.a.h. Qm giébng nhwd.a.h. da vé trén hinh 3.12d.

» D.a.h. Nm- C6 thé thyc hién theo mot trong hai cach sau:

) Ap dung quv téc chung khi v& d.a.h. lwc doc trong vom. Trong
trong hop nay, diém khong clla duong phéi la diém (ng dudi giao
diém B cua dwdng BC va duong ké tir A vuéng goc VOI tiép tuyén cla
truc thanh tai m. NGi diém khong nay véi tung do bang - sina =
=—sin 90° =-/ Ung dudi gbi A s duot dudng phai. Phan thich dung



cla duong phai twong ng véi khi p di dong tv F dén c. Buwong trai
khéng ton tai vi tai trong p khéng di dong trén doan Am. N&i tung
dé cha dudng phai (ng dwdi khép ¢ véi tung dé bang khong tng
duwéi goi D sé duwoc duwong ndi. Phan thich dung cta dwdng nay twong
rng v&i khi p di dong tr ¢ dén G. K&t qua tim dwoc nhu trén hinh
3.12f.

2) V& theo d.a.h. clia thanh phan phan lwc thang ding tai A trong dam
twong ng. V&i moi vi tri cha lwc di dong p, ta luén ludn co:

Nm==-V Ad
Do do: d.a.h. N,n = - d.a.h. VAd-
Nhv vay, d.a.h. N,n chinh la d.a.h. VAd nhung trai dau (hinh 3.120-

3.13. Chi dan
¢ D.a.h. M vé& theo mau d.a.h. mémen udn trong ddm don gian vi tiét

dién 1 chwa chiu anh huéng cla lwc x6. KEt qua nhuw trén hinh 3.13b.

¢ B.a.h. MT v& theo mau d.a.h. mémen uén trong hé ba khép A*CB*.
i mal Xcuadiém D so v&i khdp ¢ duwge xac dinh nhu sau:
2.tey

th/\%: /(Z-X)l. tgy -> X= — =J m.
tgP +tgr 3
K&t qua nhu trén hinh 3.13c.
3 r=n7T 2.
1 ) X=4/3 r E
ve .y ir
& T i
1 2m 2m [2m 2m
lga h m

Hinh 3.13

d)
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¢ b.a.h. Mi vé theo d.a.h. luc x6 (lwc cang trong thanh EF) cla hé ba
khép A*CB*. Néu chon chiéu duwong cia Mi nhw trén hinh 3.13e, ta c6

M3 =-//.] v&il= -7,5 m. Do d6, d.a.h. Mi = 1,5(d.a.h. H).
Két qua nhu trén hinh 3.13d.
Ch( y: Céc tiét dien 1,2,3 0 quanh ndt K. do do tir diéu kién can bdng ndt (hinh 3.13¢)
ta suy ra diéu kién kiém tra cac d.a.h. nhw sau:
dah. M2+ dah. M3=d.ah.

3.14. Chi dan. biém khong
cla duong phai (khi p di
dong tir k dén E) la diém
Umg dudi giao diém D clia
dwong Ak va duwong ké twr
B song song v@i phuong
cla cac thanh ndi gitra hai
miéng cuing AE va FB vi
khép nbi gitra hai miéng
cing nay @ xa vO cung.
Puong ndi song song voi
duong phdi. Két qua nhw
trén hinh 3.14. Hinh 3.14

3A5. Chi dan
Trong bai toan nay goi gia
A* & xa vO6 cung theo
phuong cla hai thanh
song song (hinh 3.15a).
V@i d.a.h.Mm, khi p di
dong trén miéng cing
AC, d.a.h. song song vo&i
duwong chuan  (hinh da h Mn
3.15b).
V@i d.a.h.Mk, khi p di IV o2
dong tr k dén c, d.a.h. cé
diém khong la diém tng  §7 iy dah
dwédi giao diém E cua d.tryt 1
duong BC va duong kA*. Hinh 3.15
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Ti-cée lién hé hinh hoc trén hinh 3.15a ta xac dinh duoc vi tri clia diém
E, cach tiét dién k theo phuong ngang la / m. BE vé dugc duong phai, can
biét thém mot diém thir hai trén duong do.

Can chu y dén dac diém cua d.a.h. mémen uén: phan tung do khép gitra
duonx trai va dwong phai lai mét vi tri bat ky luén ludn bang khoang
cach theo phuong ngang tir ti€t dién dang xét dén vi tri twong (ng do.

Nhw vay, trudc tién ta vé dang clia d.a.h. Mk, ti€p do can clr vao dac diém
néu trén ta thy phan tung dd khép gilta duong trai va dudng phai Ung
dudi A bang 3. Tlr phan tung do nay va vi tri diém khong clia duong phéi
ta tim duoc cac tung do khac clia d.a.h. Mk ¢ Két qua nhu trén hinh 3.15c.

Hinh 3.16
3)
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3.16. Chi dan

¢ B.a.h. C: phan lwc ¢ bang 1v&i moi vi tri cla lwc P=J ncn d.a.h. song
song voi duong chuan, két qua nhw trén hinh 3.16b.

¢ Db.a.h. A va D: hai phan luc nay bang nhau va c6 chiéu nhu trén hinh
3.16a, gia tri dugc xac dinh theo diéu kién can bang va bang z/3. Két
gua nhu trén hinh 3.16c.

¢ Cac d.a.h. nodi luc tai tiét dién k dwoc vé theo mau d.a.h. da xét trong
bai tap 3.5. Cac tung do clia d.a.h. Qk va d.a.li. Nk c6 gia tri lan luot
bang sina = 0,6 va cosa = 0,8. K&t qua nhuw trén hinh 3.16d, e, f.

¢ Céc d.a.h. ndi lwc tai tiét dién m duoc vé theo mau d.a.h. ndi luc trong
hé ba kh¢p OAD vé&i cac diém khong cla dwong phai lan lwot (ng dudi
cac diém Fm, Fq F/V trén hinh 3.16a. K&t qua nhw trén hinh 3.16g, h, i.

3.17. Chi dan

¢ Dm.li.Ni: thuwc hién
mat ca I-1, lap
phwong  trinh  céan
bdng momen déi véi iri \ 2fl PA |

diém K. Ta co:
N\ '
d.a.h.Nm — d.ahMp. 'Vﬂ_rrrrrr I 1 da
20 I 1 ia

k
Khi vé d.a.h.Mf, _
khoang cach tir K dén . .- *dé.h N,
e i s A I N i-Y ar\

gOi trai 0 bén trai goi o e 1 1
nén khodng cach nay J
mang gia tri am, can . tidah Ni
dung |én phia trén. @ 1 i |@,1

: .
¢ Db.a.h.NT: thyc hién I—|3n dah Nj
mat  cat 2-2, lap 1%gma RN
phwong  trinh  cén ! 11
bang mémecn ddi voi
diém K. Ta co: Hinh 3.17

h Ni

dd h M

d.a.h.Ni=——d.a.h. M H
ri
CAach thwc hién ti€p theo twong tw nhw trudng hop trén.

¢ B.a.h.Ni: dé chuén bi vé d.a.h. Ni, nén vé d.a.h. Ni trwédc. B.a.h Ns



duoc V& theo mét cat 2-2 va phuong trinh can bang mémen ddi voi diém
K/. Tiép do, tach mat K2, 1ap cac phwong trinh can bang hinh chiéu 1én
phuong ndm ngang x va phuong thang ding y:

yx =0 -> Ns=Ns-; yy =0 -> NT7-~ 2Nssina.
Nhu vay, d.a.h. N3 chinh la d.a.h. Ny nhan v&i hé s6 - 2sina.

¢ D.CLILN4: 4p dung phwong phéap tach mét.
Két qua tim duoc nhw tren hinh 3.17.

3.18. Chi dan. Céac d.a.h. NI, Nj, N4 duwoc vé theo d.a.h. ndi lwc trong dam
don gian tuong Ung qua cac biéu thirc sau:

d.a.h.N d.a.hME&;d.a.h.Ni=—-—d.a.hQ" -d.a.h.N4=—d.a.liM( .
h sina h
Két qua nhw trén hinh 3.18.

1 1 K k

I ' 1 d 1

— STATTWrn TTAMITTHITTTTTATT M~ ga hne
I i 1 1
Id-alllTﬂ = I """""" u ah NI
1 i >

| | |
itEI,N"
Hinn 318

3.19. Dap s6. K&t qua nhuw trén hinh 3.19.

3.20. Chi dan. Céac d.a.h. can tim duwoc V& theo d.a.h. ndi luc trong dam
cdngxoén twong ng v&i chd y: khi P=1 di dong trén CD d.a.h. twong ng
vOi duong phai ké tlr mat cat dwoc dung dé tim d.a.h. Do do, khi tam
mdmen vuot ra ngoai hé, vi du véi tdm E, can hinh dung dam congxon
twong Umng cd chiéu dai Ién hon, di chita E dé vé duong phéi trong dam,
ti€p d6 kéo dai dudng phai vé bén trai va strdung doan Ung duti CD.
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Hinh 3.20
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3.21. Bai giai

A P.a.h.N/ vail.ah.N2: trong trwdng hop nay khéng thwc hién dwoc mat

cat don gian nén can vé trwéc mot vai d.a.h. hd tro hodc van dung céac
mat cit phéi hop nhu sau:

¢ Mat cét bao quanh mét 9 (tach mét), 1ap phwong trinh can bang hinh
chiéu theo phuvong ngang (hinh 3.2la):
yx=N Aosa+N2cosa=0, vi a/ (0 nén N /--N 2-

9 1 2 i (s 7] i35iple 7

y K N e OK
rc (€ iSv v

I °w\

| I—an& y £ 1 fNi4-~-4

b) o 1 i d.d. h. Ni
“tmMmSHDPI™ (N2 =-N<)
- ,Iw ,-||||||||,1'\ ] I d.a.h.Nj
d
) d & h N
9
d.a h /s
2d/h
v . — IArrTTTTITITIM \da h.No
N;--"T |
9 iNrTigTiTiwgr o 1d a.h Ng
| | *
i_-rrrﬂ::‘ré“ dahNj
Hinh 3.21 h

¢ Mat cét /-/. 1dp phwong trinh can bang hinh chiéu Ién phwong thang
ding:
« Khi p =1 di ddng & bén trai mat cat /-/, tr mét / dén mét 2:

yy tr=/V/sina - M?sina-P -0, hay 2Njsina-J=0.

Suy ra NJ = -N2 = J/ 2sina.
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Nhu vay, d.a.h. NI trong doan nay song song v@i duong chuén va cé
gia tri bang / / 2sina; con d.a.h. Ni = —d.a.h. Ni.
« Khi P— di dong & bén phai mat cat /-/, tr mat 3 dén mét 7:

yy " = N/sina- N2sina =0, hav Ni= —N2=0.
Nhw vay, d.a.h. NI va d.a.h. N2 trong doan nay trung véi dudng
chuan.

« Khi p=1I di déng trén dét bi cat 2-3, 4p dung quy tic "dwong ndi"
trong hé co hé thdng truyén luc: ndi hai tung dd cua hai phan dah.
vira tim dwoc & trén, (ing dwdi hai méat 2 va 3 bang mét doan thang.

Két qua nhu trén hinh 3.21b.

A D.a.h.Nj: Thuc hién mat cat 2-2, 1ap phwong trinh can hang mémen

déi voi diém A

« Khi P-1 di dong & bén trai mat cat 2-2, tir mat y dén mat 3:

¢Mallh=N3lIl+B.2d=0, suyra Ns=-B.2d/h,
+ p=1dattaimat3: B=0 —Nj = 0;
+P-i dattai mat5: B=1 —Nj=-2dIIl.
Phan thich dung clia dudng trai tir mét y dén mét 3 (hinh 3.2Ic).
« Khi P -1 di dong & bén phai mit cat 2-2, tr mat 4 dén mat 7:
iM A" = - N3.11=0, suyra Nj =0,
Do do, d.a.h. Nj s& trang véi dudng chuén, tir mat 4 dén mat 7 (hinh
3.21c).

« Khi p=1 di déng trén dét bi cat 3-4, ap dung quy tic 'dwdng néi".
Trong tredng hop nay dwong ndi tring véi dwong chuan. tir mat 3 dén
mat 4.

Két qua nhw trén hinh 3.2lc.

Dx1.ti.N4: Tach mat 3 (hinh 3.2la), lap phuwong trinh can bang hinh
chiéu lén phuong thang ding.

« Khi P -1 di ddng & bén ngoai cac dét bi cat, tr mat 1 dén mat 2 va tir
mét 4 dén mat 7 (hinh 3.2la):

= - N4-Njsina =0, suyra Na= -Njsina.
Nhu vay, d.a.h. N4 = -(d.a.h. Ni) sina. Phan thich duna cua cac phan
d.a.h. nay tr mat | dén mat 2 va tlr mat 4 dén méat 7.

e Khi p=1i dat ngav tai mat 3:



yy = - Nd-Nisina - p=0, suyra N&= -(1+ Njsiria),
nhwng khi p=1 dat ngay tai mat 3 thi N/= 0 nén Na = -1 mDo do, tai
mét 3, d.a.h. N4 co6 tung do bang -/.

« Khi P-i di dong trén cac dét bi cat 2-3 va 3-4, ap dung quy tic
"duong ndi". Trong truong hop nay duong ndi gdm hai doan: doan ndi
tung do bang -1 12 Ung duGi mat 2 véi tung dd bang -/ Ung dudi mat
3; doan ndi tung dd bang -1 (mg duGi mat 3 vGi tung do bang ti ting
dudi mat 4.

Két qua nhu trén hinh 3.21d.

A D.CLILN5: Tach mat A (hinh 3.21a), lap phuong trinh cin bang hinh
chiéu lén phwong thdng ding. V&i moi vi tri cha luc P -1 trén duong xe
chay, ta co:

yy = N5+ Nisina +/4 =0, suyla N5=- (A + N2silla).
Nhw vay, d.a.h. Ns tim dwgc bang cach cong d.a.h. A trong dam don
ia bi€t sau khi nhan véi -/ v&i d.a.h. N2 da biét sau khi
Két qua tim duwgc nhu trén hinh 3.2le.

A D.a.h.Nf): D& chuén bi vé& d.a.h. N6, ta v& d.a.h. Nx theo mat cat 3-3, 1ap
phuong trinh can bdng mémen déi véi mét 5 (hinh 3.21a).
« Khi P=1 di dong & bén trai mat cat 3-3, tr mat / dén mat 4:
yM<|ph - _ /v#8i =0, suyra = 0.
Nhw vay, d.a.h. N$ trong doan nay tring véi dwong chudn, phan thich
dung cta dwong trai tr mat 1 dén mét 4 (hinh 3.210-
« Khi P -1 di dong & bén phai mat cét 3-3, tr mat 5 dén mét 7:
ZMs = N$.h -A.2d =0, suyra Ng=2d.A/l.
+p=I dttanmat3: A - i, N Ns =2d/h;
+P-l ditta mats5: A =0, N Ns =0.
Phan thich dung clia dudng phéi tir mét 5 dén mét 7 (hinh 3.21f).
« Khi p-i di dong trén dét bi cat 4-5, ap dung quy tac "dwong ndi".
Trong trwong hop nay doan ndi trung véi duong chuan.
Két qua tim duoc nhw trén hinh 3211,
Sau khi c6 d.a.h. Ns . ta v& d.a.h. My theo mat cat 4-4 va lap phuong

trinh can bang hinh chiéu Ién phuong Il vudng géc véi hai thanh xién
song song v&i nhau, thudc mét cat 4-4 (hinh 3.2la):



« Khi P=1 di dong & bén trai mat cat 4-4, tr mat 1dén mat 3:
Xu P1 = - Nf) cosa+ /V?sina + Ns sina + B cosa = u.
suy ra N6 = (Nj + Ns) tga + B.
Tinh céc tnnil dd twong &ng tai cac vi tri:
+p=Iltaimdtl:Nj- 21ih- ctga; Ns=0;B = -/ — Nf)=0.
+ P=J tai mat 2: Nj = d/li = (ctga)/2; Ns=0;B - -H2 —» N = 0.

+p=1ltaimat3: Nj=N*=B=ti; -» N6 =0.
Nhw vay, d.a.h. No trong doan nay trang véi dudng chudn, tir méat /

dén mét 3 (hinh 3.21g).

Khi P=J di dong & bén phai mat cat 4-4, tir mat 4 dén méat 7:

Xu = No cosa - Ni siria - Nssina + Acosa- 0.
suy ra Nfy = (Nj + Ns) laoi -A.
Tinh clc tunil dd (rng tai cwc vi tri:

+ P=1 tai mat4: NT=Ns =0; A =y/2—> NO6=-U2.
+ P=1 tai mat5: N3- Ns=A =0; -> Nii = 0.
+ p=1 tai mat 6: Nj= 0; Ns=-cl/h =- (ctga)/2; A =-i/2 -> N() =0.
+ P=J tai mat 7: .N3 = ti; N$ =-2dlli = -ctga; A=-J; -> Nf)=3m
P.a.h. No trong doan tir mat 4 dén mét 7 c6 dang nhuw trén hinh 3.2lg.
« Khi P-J di dong trén d6t bi cat 3-4, ap dung quv tic "dudng néi".
Toan bd d.a.h. Nf) tim dwgc nhuw trén hinh 3.2Ig.
A P.a.h.Ny: lan lvot cho P -1 dat tai tirng mét trén dwdng xe chay dé xac
dinh céc tung dé cua (J&.h.

« Khi P=1 di déng tr mét / dén mét 6 (hinh 3.2la): van duns cac hé qua
suy ra tir phwong phap tach méat, ta dé dang tim dwoc A7 = 0.

« Khi P -1 dat tai mat 7 (hinh 3.2la): van dung phuong phap tdch mat. ta
tim duwoc /V7 = -d /i

Toan bd d.a.h. N7 tim duoc nhw trén hinh 3.2 Ih.

3.22. Chi dan. Lan luwot dat lwc p=1 tai trng mat thudc duwdns xe chay,
(ng v&i moi vi tri dat lwe xac dinh gia tri cac nodi lwc tire 1a tim duwoc céc
tung do twong ng cla cac d.a.h. can tim.
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Trén cac hinh 3.22a-3.22g trinh bay cac trwong hop dat lwc P=J tai ting
mét thudc duwdng xe chay va gia tri ndi lwc twong rng trong cac thanh can
tim- cac thanh v& bang dwong dit nét co gia tri ndi lwc bang khong. Két
qua nhu trén hinh 3&2h.
3.23. Bai giai
¢ D.a.h. Nj: thwc hién mat cét 1-1, v& d.a.h. Ni theo d.a.h. médmen>udn
tai ti€t dién C trong dam don gian twong &ng. Clng c6 thé vé d.a.h. Ni

theo d.a.h. lyc x6 trong hé ba khép ACB cé thanh cang AB. K&t qua nhuw
trén hinh 3.23b.

Hinh 3.23

¢ B.o.i N2: thuc hién mat cét 2-2, chon tam mémen A, ta co:

d.a.h.N] = - —id.a.h. MAd) = --------- — {d.a.h. M
p 2asina
Nhw vay, d.a.h. N2 dugc vé theo d.a.h. rndmen udn tai ti€t dién A (ngoai
dau thtra) trong dam don giadn twong ng. K&t qua nhu trén hinh 3.23c.

¢ b.a.h. N3: thwc hién mat cat 3-3, méat cét di qua bén thanh nhung néu
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coi luc doc trong thanh ngang nhw luc x0 thi ta cé thé vé d.a.h. N3 theo
d.a.h. luc cat trong vom ba khop ACB, tai tiét dién nam trén doan song
song voi phuong clla hai thanh 1K va N&, trong pham vi clia cac thanh
bi cat boi mat cét 3-3.

Ta co: d.a.h. N3 =------—(d.a.h. Qv).
cos a

Két qua nhu trén hinh 3.23d.
¢ D.a.h. N4: lap luan twong tw nhw trvong hop d.a.h. N3 ta cé thé vé
d.a.h. N4 theo d.a.h. mémen ubn tai ti€t dién K (tdm mdmen) trong hé
ba khé¢p AKCB.

Ta cé: d.a.h.N4 = — (d.a.h. Mfev) = ----------(d.a.h. Mfcv).
p 2asina

Két qua nhu trén hinh 3.23e.

3.24 - 3.26. BDap sb. Cho trén cac hinh vé twong (rng.

~t~T
6mj 12m | 12m idm
1 N [ da-h.H | . 10177
U or 3T T e 1
YM-TTHHIHHY dann’
da h. Ni 1 dahN, 1
| |
1 ~ ~
0 [_ " %S4
1398m | u ‘
1 ew ITITT T T rrE £ *
\ o w @ afTrrm 7 .Zil2cos<x
eZI(;lm°'3555 d.ah.aj “AN rn 1T m rror A~
d.a.h. Nj
Hinh 3.24 Hinh 3.25
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Hinh 3.26 N
In .
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£ il 1
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P y 18 a h Nab
1 1 1 Srojocl 1 I].
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3.27&P&ap s6. Cho trén hinh 3.27.

" i L J 27 D b B F ¢ G
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3.28-3.30. Dap so. Cho tren cac h'inh tuang ung.

B \P=1
r-J— i

mH -’

Cc

@] n 1
2 i | ) 1
| i ! !
2\ 2 ! \'a[a [ 2s \ 2a L3 L
______ - 1 1
1 Tt w | f*]
Prfif~NTrrerrnNi( |
1-1
J; L wE Tmyj f>
hM, vi®
da h.Q2_2
Hinh 3.28 Hinh 3.29
N
11
Ho ‘e &8
I s 2 ‘ N I T
Hinh 3.30 - =
j 4m [ 4m 5m \Jm ,2m
EE L ! i da h MUL
i“m Mullir \d,a h QLi

I
i A

iTrfe g4a h,of

|
dah Qrh
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3.31&Chi dan
¢ D0oi vdi d.a.h. momen udn tai cac tiét dién 1,2,3 thudc hé chinh:

« Khi p =1 di dong trén CD thudc hé chinh: c6 lap hé chinh dé vé dah.
D&u cla -.a.h.M,? lay theo vi tri cla nguoi quan sat vé trén so do hé.

 Khi p =1 di dong trén dam phu AB: ndi luc trong BC bang khong (vi
luc p thang ding), do d6 khong anh hudng dén ndi luc trong hé chinh.
e Khi p =1 di dong trén BC: ap dung nguyén tac duong ndi.
e Khi p -1 didoéng trén DE\ lién két khdp ndi voi trai dat & xa vd cing
nén d.a.h. song song véi duong chuan.
¢ DAi v&i d.a.h. mdmen ubn tai ti€t dién 4, 5: tham khao cac bai tap 35
va 3.6.
Két qua tim dwoc nhw trén hinh 3.31.

3.32. Chi dan

¢ Hé phu EF duoc néi voi hé chinh CD bang hai thanh déna quy tai /.
Xem khép | nhu khép gid tao ndi gilra cac miéng cimg EF va CD. Do
do, cac phan d.a.h. twong ing véi khi p di dong trén hai miéng cimg do
phai cat nhau tai diém (mg dudi |.

¢ Hé phu AB néi v&i hé chinh CD bang hai thanh song song nén khép

gia tao ndéi gilta cac miéng cimg AB va CD & xa vO cuns Do do, cac
phan d.a.h. twong Ung vai khi p di dong trén hai miéng cing do phai
song song v&i nhau.



Két qua tim dwgc nhw trén hinh 3.32.
A B c

Hinh 3.32 1 Ué dah M

1
I I \y (¢4 +8"«5Q)

|l ~m W TaiE ~ L =

— U-rimmu rtifiTAr'J dhi\k

3.33. bap so6. Cho trén hinh 3.33.

Li/2i /2 L |
D
0 © e\
oo A y8 c Bdhw
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384. bap s6éCho trén hinh 3.34.

Hinh 3.34
3.35. Chi dan

¢ Doi v&i hé da cho ta cé thé van dung cach vé d.a.h. trong hé coé hé

thong truyén lwc. Trwdce tién vé d.a.h. Mk va d.a.h. Qk cho dam AB véi
gia thiét luc P"di dong trén AB. Xem lién két tai K nhw mét truyén luc,
gilv lai tung dé ng dudi K la tung dd twong ng véi khi lwc p dat tai ¢
trén dam CDE. Ti€p d6. ndi tung do vwra tim dwgc véi tung dod bang
khéng ng dudi g6i D. Khi lwc p di dong trén EG, &p dung quy tic vé
d.a.h. trong hé ghép.

¢ Doi v6i d.a.h. Qk can vé hai d.a.h. twong ng v&i hai treudng hop: tiét

120



dién K & bén trai mat c , tiét dién K & bén phai mét C.
Két qua tim dwoc nhw trén hinh 3.35.

0 E r |
A X y ~ rA
T X
ImVim | int | ¢iP- 211 4m
Hinh 3.35 | : | 05\q
{’$ !L -ofe VT Jda.h.M
I L - H - e .
idah. Oi
clp F
1 9T
ETFPiTran-T"— Jda.h GEh
én hinh 3.36.

¢ D.a.li. Mm (hinh 3.37b): vé theo d.a.h. mémen udn trong hé ba khép
y4*CO* (hinh 3.37a) v&i miéng ctirng bén trai 1a EAC va miéng cirng bén

phai la CBG.

¢ b.a.h. Mk (hinh 3.37c¢): Khi p di ddong trén phan FEAC (hinh 3.37a)
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miéng clrng CBG chi chiu tAc dung cla ba lwc: lwc dat tai G c6 phuwong
/iG, luc dat tai B c6 phuwong thang diéng va luc dat tai C. T diéu kién
can bang cla miéng cirng CDG, ba lic d6 phai dong quy tai B*, do do,
lwc dat tai ¢ c6 phuong CB*. Xem FEAC nhu moét he ba khép: FEAI
(A/ la giao diém cla B*c v&i phwong phan lyc thang ding tai A) va vé
d.a.h. Mk theo cach vé d.a.h. trong hé ba khép. Khi p di ddng trén CBG,
ap dung quy tac vé d.a.h. trong hé ghép.

3.38. Bai giai. Hé da cho la hé ghép (hinh 3.38a), bao gdbm ba hé ba khép

ghép ndi v&i nhau, trong d6 LMN la hé chinh con EFG la hé phu.

¢ Khi lwc p di déng trén dwong LMA, tic la trén hé chinh, ndi luwc tai k
va m déu bang khong, do dé d.a.h. Mk va d.a.h. Mm trong doan nay
tring v@i duwong chuan.

¢ KlU lwc p di dong trén dwong ACRE, ap dung cach vé thwc hanh cho hé
ba khép ACB ta dé dang vé duwoc d.a.h. Mk va d.a.h. Mm. Riéng déi vGi
d.a.h. Mmcan lvu y la luvc p khdng di dong trén tnB ma chi di dong trén
ACRE, do d6 can kéo dai phan d.a.h. twong ng v&i khi p di dong trén
CR téi diém &ng duéi E.
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dong trén doan EF, d.a.h. la dwdng thang ndi tung do da

hép E v&i mot tung dd thdr hai nao do6 sé dwogc xac dinh.
Trong thuc hanh ta thwdong tim diém c6 tung dd bang khéng cua phan
d.a.h d6, hay noi khac di la tim vi tri cda lwc p khi n6 di déng trén EF
dé sao cho mémen uén tai tiét dién dang xét bang khdng. Céach thuc
hién cu thé nhu sau:

* D.a.h. Mk : Luc p dang di déng trén EF nén miéng clrng AC chi chiu
tac dung cla hai lwc dat tai A va c. T diéu kién can bang cia miéng
ctrng AC, hai lwc nay phai tric d6i, néu cac lwc nay ton tai thi mdémen
ubn tai ti€t dién k s& khadc khéng. Muén cho Mic = 0 thi hai lwc nay
phai bang khéng. Do d6, miéng cing CRBE ciing chi chiu tac dung
clia hai luc dat tai B va E. Phuwong cua lwc dat tai E chi cé thé la
phuong BE. Mat khac, miéng cirng FG ciling chi chiu tac dung cla hai
lwc dat tai F va G, phwong cla luc dat tai F la phuong GF. Tro lai xét
miéng cirng EF, miéng cirng nay chiu tac dung cla ba luc: luc p, luwc
dat tai E c6 phwvong BE va luc dat tai F c6 phwong GF. Tl diéu kién
can bang clia miéng cing EF, ba lwc nay phai dong quy. Do d6, muén
cho Mk = 0 thi lwc p phdi di qua giao diém H cla hai dwong BE va
GF. Diém khong clha phan d.a.h. khi p di dong trén EF la diém (ng
duéi H.

e D.a.h. M,n- Mudn cho M,n = 0 thi phan lyc tai B budc phai cé phuvong



Bm. Lic nay, miéng clrng CRDE chiu tac dung cua ba lwc: lwc dat tai B
c6 phwong Bm, lyc dat tai ¢ cod phwong AC va lwc dat tai E. Tl diéu
kién can bang cia CRBE, ta thdy luc dat tai E phai c6 phwong El voi |
la giao diém cla hai dwong Bm va AC. Miéng cirng EF chiu tac dung
cla ba lwc: lwc p, lwc dat tai E c6 phuvong BE va luc dat tai F co
phwong GF. Tir diéu kién can bang cta EF, ba lwc nay phai déng quy.
Do d6, mudn cho M,n = 0 thi lvc p phdi di qua giao diém J cua'hai
dutng IE va GF. Diém khéng cha phan d.a.h. khi p di dong trén EF
la diém (ng dwdi J. Phan thich dung ndm trong pham vi EF.

¢ Khi lyc p di déng irén doan FG: ndi cac tung do da biét (ng dowi
khép F voi diém co tung dd bang khéng tng dwdi gdi D.

K&t qua tim duwgc nhw irén hinh 3.38b, c.

3.39. Chi danéKhi p di dong trén BC, ciing ly luan twong tw nhuw da thuc
hién trong bai 3.38 dé tim diém khong cla cac phan d.a.h. twong (ng.

K&t qua tim dwoc nhw trcn hinh 3.39.

Hinh 3.39

UTMM 1

dah nk

3.40. Chi dan. Céac thanh BC, CD va BD duwoc lién két v&i nhau thanh mot
miéng cirng BCD nén phdn d.a.h. twvong ng v&i khi p di don2 trén DCD
la mot doan thang lién tuc trong pham vi miéng clrng d6. Cach um diém
c6 tung dd bang khéng cla dudng thang nay ciing duoc thwc hién twong
tw nhw trong bai 3.39.
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Kct qua tim duwoc nhuw trén hinh 3.40.

/ \
/
Hinh 3.40 / c
\da.h-N-,
dahn}

\da.h Nij\
2sin°(.

Hinh 341

3.41. Chi dan
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¢ D.a.h. Nj: thuc hién mat cat 1-1, 1ap phuong trinh can bang hinh chiéu
lén phuong y cla phan bén trén mat cét (hinh 3.4la). Khi lwc P=| di
déng trén thanh 1-2, phan hé khao sat can bang nhu trén hinh 3.41b.
Khi lwvc P=1 di dong tir mat 3 dén méat 5, phan hé khao sat can bang nhw
trén hinh 3.4lc.

¢ DP.a.li. NT! thwc hién mat cét 2-2, l1ap phuwong trinh can bang mémen
d6i voi diém c clha phan hé bén trén mat cét (hinh 3.41d). Nhuw vay,
d.a.h. N2 duoc vé theo d.a.h. Nj.

Hinh 3.42
F7tnA"
\da h A
@
dahB
dahc
S 1 [

* h n2-
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¢ Db.a.h. N3: tach mét 3, lap phuong trinh can bang hinh chiéu I&n
phwong y. Trén cac hinh 3.41e, f l1an lwot v& mat 3 can khao sat can &
bang twong ng v&i khi lwc p=1i di ddong & ngoai cAc dot bi cét va khi
P=1 dat tai mét 3.

Két qua nhu trén hinh 3.4la.

3.42. Dap sb. Cho trén hinh 3.42.

3.43. Bai giai
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¢ D.uh. H: tvong tw nhw trong hé ha khép, d.a.h. H dugc xac dinh theo biéu thic:

d.a.h. ii =-fci.a II. Mcd,

vGi [ 1a khoang céch tir mat 2 dén dwong ndi 0-4 twong tbng vGi vi tri cla
lwc x6 // w= 6 m).

Nhan cac tung dé d.a.h. mémen udn tai ti€t dién ¢ trong dam don gian
twong ing véi ///sé tim duoc d.a.h. H. K&t qua nhw trén hinh 3.43b.

¢ Db.a.li. V'a (hinh 3.43c¢): d.a.h. V'a

d.a.h. Va -ti>a .cl.a.li. Il.

¢ D.a.h. Noj (hinh 3.43d): d.a.li.Noi = (ci.a.li. H) Icosai
vei COSaj= 0,89.

¢ D.ali. N/2 (hinh 3.43e):  d.U.li. N12 = (d.a.h. H) /COSO?2
veéi COSai = 0,97.

¢ D.Ali. Nj5 (hinh 3.430: d.U.li. YWI5 = (tga] - tga2)(d.a.h. H)
véi tgai = 0,5; tgc(2= 0,25.

¢+ b.a.h. Mk (hinh 3.439): d.a.h. Mk = d.a.h. Mjd- id.a.h. H).yk
v@i yk =5 m.

¢ D a.ll. Qk (binh 3.43h): d.a.h. Qk = d.a.h. Qkd-(d.a.h. H). tgak
vei tgak = igC(3 = - 0,25.

3.44&Pb4ap sb. Cho trén hinh 3.44.
3.45. Bai giai
¢ D.a.h. //. thwc hién mat cat |-1 qua ba thanh 3'C, 3C va 6C rét gan bén
trdi khép c. Phan tich Iyc doc trong thanh 3'C' thanh hai thanh phan:
thanh phan thang ding V va thanh phan nam ngang H.
Khi p di déng trén CB, lap phwong trinh can bang mémen cua phan bén
Irai doi voi diém c.
yMclr=vd,- + H.f=0, suyra H:-Va.—f_:f Mcd
2

Vay: d.a.li. H = —d.a.li. Mccl-

Khi p di déng trén AB ta ciing lay dwoc bi€u thic twong tuw.

Ta thay bi€u th&c d.u.h. H c6 dang twong tw nhuw d.a.h. lwc x6 trons vom
ba kh&p nhung trdi ddu. Do dé. néu twédng twong moét vom phu tro cd ba
kh&p: hai khép noi voi trai dat o -4, D va khép ¢ twong &ns véi dwon® tén
/thi ta c6 thé vé cili.h. H theo d.a.h. lwc xd trong vom ba khép phu tro
ABC va doi dau. K&t qua tim dwoc nhw trén hinh 3.45c.
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¢ Dah Nr-3'wTach mét 3', 1ap phwong trinh can bang hinh chiéu lén
truc ndm ngang X
y x = N3'-C'Coscq -N 2'-3'Cosa3=0, nhung N3-C'cosiQ =H nén:
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NT-3y= cosad

Vi thanh phan ngang H cla lwc cang trong tat cAd cac doét day xich nhw
nhau nén lwc doc trong moi thanh clla day xich déu dwoc xac dinh theo
cbng thirc:

Ni=

. Do doé: d.a.h. N2'-3' = — — (d.u.h.H).
cosdi cosa i

K&t qua tim dwgc nhw trén hinh 3.45d.

¢ D.a.h. N§-6 : thic hién mat cét 2-2 qua thanh 2'-3’ rdt gan bén trai méat 3'

clia day xich va qua ba thanh 2-3, 5-3, 5-6 cla dan.

Chuyén doi lwc doc N2'-3' theo truc thanh 2'-3' dén vij tri 3' tbing trén mét 3

va phan tich lwc doc N2'-3' dat tai 3' thanh hai thanh phan: thanh phan

thdng dirng V va thanh phan ndm ngang H. Xét hai trwdrng hop:

« Khi P -i di dong & bén trai mat cét 2-2, tir A dén 2: Lap phuong trinh
-1 hdang mémen ddi véi diém 3 cla phan bén phai, lic nay thanh phan

;fe:0 ;  lwc N2'-3' khéng tham gia phwong trinh can bang, ta c6:
y \i3ph= /v56,p - VB.(I-z3)-H.y8B = 0,

suy ra N5-6 = —[Vb(1-z3)+H-V'i]-
p

Nhwng Vb (I-zi) = Mid, nén N56=—[M + //>"?]. (@)
p
« Khi p=1 di dona & bén phai mat cat 2-2, tri dén B: Lap phuwong trinh
can bang moémen déi v&i diém 3 cda phan bén trai, lic nay thanh phan
thdng dirng cua luc NT'-38khéng tham gia phwong trinh can bang, ta cé:
y M /r= N56-P-Vaz3-H.y3=0,

Suy ra Ns-6 =—Wa-3
p

Nhung V(123 = M id, nén N5-6 =—[Mid + H.y'3]. (b)
Céc biéu thirc (a) va (b) cé thé quy vé mot dang chung:

N5-6 =— [Mid+ H.y'3]. (©
p
Twéng twgng mot vom phu trg cd ba khép AC'B va cé truc di qua diém 3'
thi biéu th’c mOmen udn tai ti€t dién 3 'clla vom phu tro c6 dang:

Miv= Mid-H.yy. (d)
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POl chiéu (c) voi (d) ta thdy thira s6 thr hai cua (c) c6 cau trdc nhu vé&
phai cta (d), chi khac nhau vé dau cla //, d6 la do lwc x6 H irong (d) da
dwoc quy wéc gay nén la dwong con thanh phan ngang H cua luc doc
trong (c) lai duwoc quy wéc gay kéo la duwong. Do d6 ta cé thé biéu thi:

Ns-l) = — , suyra d.ah. NS-6 = — (ci.a.h. ). (e)
p p
Nhw vay, néu lwc doc Ni trong dan dugc xac dinh bang phuwcmg trinh can
hdng mdémen doi véi thm moémen k va néu sir dung vom ba khép phu tro
c6 hai khép ndi véi trai dat a A, B va khép C' tvong rng véi duong tén/
va c6 truc di qua diém k * thi tr bi€u thirc (e) ta c6 thé suy ra biéu thirc
viét cho lwc doc Ni nho sau:

d.a.h. Ni = +— (d.a.h. Mj* ). )
p
trong dé:

k diém c6 hoanh d6 twong (rng v&i hoanh d6 cla tdm mdmen k va co
tung do tinh tlr dwong néi hai gdi A, B bang khoang cach tir tam
moémen k dén vj tri cta luwc H;

p - khoang céach tlr tAm mémen k dén phuong cla lwc Nj.

Trong bi€u thic (f) ta chon dau (+) khi mémen cla lyc doc duong N,

dat & phan hé bén trai quay nguwoc chiéu kim déng hé quanh tam k, néu

qguay thuan chiéu kim thi chon dau (-).

bé tim (L(h. theo cach vé thyc hanh, tirc la tim di€ém khdéng cla

duwdng phai, ta c6 the xac dinh hoanh do zJ cia diém khéna bang cac

suy luan vé hinh hoc hodc theo cong thirc da bi€t trong phan ly thuyét
nhw sau:

Zj = 3+ 12 (yk*/1Zk*)" (9)
trong do:
-A\ VA* - hoanh d6 va tung do clta diém k* trén vom phu tro:

[/ - duong tén cha vom phu tro;

[/ - chiéu dai nhip vom;

h -chiéu dai nhip cta phan vom bén phai (néu mét cat thuéc phan

vom bén trai).

Da&i voi trwong hop d.a.h. Ns.f) : tam mdémen k ¢ tai mat 3; p - 0,836(1
(x4c dinh bang hinh hoc); k* & tai mat 3'; zk*= 2? =3(1; Vvi*= Vi'=
= 2/ni; f =3d; 1=8(1; 2= 4L
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Sau khi ap dung cbéng thic (g), ta tim duoc Zd = 3,71(1. N6i tung do
bang khéng cé hoanh dd zd = 3,7Ul v&i tung do bang 3d /p - 3,59 g
dudi goi A s& duwgc dudng phai, phan thich dung cla dwong phai luvong
tng v&i khi p=1 di dong tr 3 dén c. NGi tung dd hdng khdng (ng dudi
g6i A vG&i tung do cha dudong phai tng dwdi mat 3 s& duoc dudng tréi,
phan thich dung cla duong trdi twong &ng véi khi luc p=1 di dong tw
A dén 2. Khi P -i di ddng trén dét bi cat tir 2 dén 3, ta c6 dudng noi
gilra hai tung dd cua dudng trai va duwdng phai rng dwéi mét 2 va mal 3.
Khi P -1 di dong tir ¢ dén B, ta c6 dwong ndi gitra tung do cua dwong
phai trng dudi ¢ voi tung dd bang khéng (ng dudi goi B.

K&t qua vé d.a.h. Ny-t) nhw trén hinh 3.45e.

¢ D.a.h. N2-3 : ta van st dung mat cit 2-2 nhw trén. Trong lrudrng hop
nay, tam momcn la diém 5; canh tay don p - h - 1,3J: kmo lai diébm
2" ¢c6 hoanh dd z¢*= 2z = 2d , tung d6 tinh tr dwong AB bang khoang
cach tir thm mdémen 5 dén cao do cla lwc Il &¥ng trén thm modmen 5:
VI*—/id-w- [ ¢&/+ 2d = 3,3d; /'= 3d; | = 8cl; 2= 4d.

cdng thirc (g), ta tim dwoc Zd = 2,5cl.

(0 ta chon dau (-) vi mémen cua lwc doc dwong Nj dat
& phan hé bén trai quav thuan chiéu kim déng hé quanh tam 5.
Céc budc ti€p theo ciing thwc hién twong tw nhu tredng hop trén, két qua
vé d.a.h. N2-3 nhw trén hinh 3.45f.

¢ b.a.li. Ni-O : thwc hién mat cét 3-3 qua thanh C'-3' cia day xich \'a ha
thanh 3-C, 3-6, 5-6 cla dan. Chuyén doi lwc doc Nj'-C' theo truc thanh
3'-C' dén vi tri m* (rng trén giao di€ém m cha hai thanh 3-C, 5-6 \'a phan
tich lwc doc NjI’-Cé& d&t tai m* thanh hai thanh phan: thanh phan thang
dirng V va thanh phan ndm ngang H. N&u chon m lam tdm mémen thi
thanh phan thdng dirng W va lwc doc trong cac thanh J-C, 5-6 sé& khong
tham gia phwong trinh can bang va ta c6 thé st dung biéu thirc (f) dod
tim d.a.h. /V2-6 . Trong trwdng hop nay, vom phu trg s di qua A, m . ("
va B nhw trén hinh 3.45a, diém m* tuy léch vé bén phai klibp C' nhuwna
van thudc phan miéng cing bén trai cia vom phu tro.

Trong tredng hgp nay, cac sb liéu tinh toan khi 4p dung céac biéu thirc
(0 va (g) nhu sau: tam monien la di€m m: canh tay don p = 2,25ti; k* &
tai diém c6 hoanh doé = 5,25(1 , tung dé tinh tlr dwdrng AB bang
khoang cach tr tdm moémen m dén cao dd cla lwc // &¥ng trén tam
moémen m: yk* - i- /= h = fd.

Sau khi &p dung céns thic (g), ta tim duoc Z( - 4,25d.



Trong bi€u thtc (f) ta chon dau (+) vi mdmen cua lwc doc dwong N3.6
dat & phan hé bén trai quay ngwoc chiéu kim dong hé quanh tam m.

Sau khi tim dwoc zd = 4,25d. N&i tung dd bang khéng c6 hoanh d6 Zd =
4,25d v@i tung dé bang zmlp = 5,25d/2,25d = 2,33 (ng duGi gbi A &
dwoc dwong phai (dwong ddt nét trén hinh 3.45g), phan thich dung cia
dwdrng phai chi 1a mét tung dd bdng +0,13 twong ng véi khi P=J dat tai
C. N&i tung dd bang khdng tng dwdi gbi A véi tung dd clia duwdng phéi
rng dwdi m* sé duwgc duong trdi, phan thich dung cla dwdng trai luvong
trng v&i khi P=1 di dong tir/l dén 3.

Khi P-i di dong

trén d6t bi cat tir 3

dén c, ta cé6 duwong

néi gitta hai tung

dd clha duong trai

va dudng phai &ng

du6¢i mat 3 va mét

C. Khi P=1 di

dong tr C dén B,

d.a.h. la dwdng ndi

gilta tung dd cula

dwong phai  Gng

dwéi C voi tung dé

bang khéng ng

dudi gdi B.

Két qua vé d.a.h.

N 3-6 nhw trén hinh

3.45g.

3.46. Dap s6. Cho trén
hinh 3.46. Hinh 3.46
3.47. BDap s6é Ra = 7ql18; RB= -ql/8.

3.48. Bai giai. Chon duwong chudn vudng goéc véi phuwong cla tai trong di
déng, chon hoanh dd x la khoang cach nam ngang tinh tr g6i A dén tai
trong p =1.
¢ Vé cac d.a.h. Mk, Qky N*. P& lap cac biéu thirc ndi luc tai k, st¢ dung

mat cat qua tiét dién k, va xét hai trweong hop:
« Khi P=1 di dong trén plian trai k (0 <x <1/2):
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Mk=B-=-.i=| =m
2 12 2

Qk=- Bcosa = cosa;

Nk= Bsina = —sina. 12 1G_

« Khi P— di déng trén
phan phai k (7/2 <x <1):

Mk= A-t =21z, ' - dah M

1
2 2

0 ;= /4cob'lr = - coi'o;

- Asina - sina.
I

Tl cac biéu thic trén ta vé
dwgc cac d.a.h. nhu trén e dah Q

dai lwong . —
Qk, Nk - Cac d.a.h. bao \dah. Ne
gdm hai doan thdng nén cé e
thé xac dinh cac dai lwong
twong rng theo cong thirc: Hinh 3&8
S= ERvyi= Riyi +R2y2,
trong do:
Ri - hop luc cia tai trong gi¢i han trong modi doan thang cla d.a.h.,
trong bai toan nay ta co:

Rl =rf= J
2 eosa

yj - tung do cua d.a.h. 5 twong tng v&i vi tri cta hop luc Ri.

« Mbmen udn tai k - Tr d.a.h. Mk, tacéd: yi =y2=//8. Do dob:
Mk= — -m+ — - =
2 cosa 8 2cosa 8 8eosa

Luwc cét tai k - T d.a.h. Qk, tacod: yi = -y2 = -cosa/ 4. Do do:
| cosa aql  cosa
Qt: — q = 0
Li.cosa 4 2e0sa 4

Lwc doc tai k - Tl d.a.h. Nic, tacé: yi - ~y2 = sina/ 4. Do dé:
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sina g sina _Q
2cosa 4 2cosa 4

Bang cach xac dinh truc tiép, ta cling tim duoc két qua nhuw trén.

3.49. Bap s6. Miir= - 150 kNm; M\Ph=-50 kNm;
QKr = 10 kN; QiPh- 10 kN;
QAir= -50 kN; Qap>= 10 kN;
3.50. DBap sé.
Tai tiét dién k:  Mktr = 30,9 kNm; MiPh = 45,9 kNm;
Qk = -6.4 KkN; Nk = 66,4 kN;
Tai ti€t dién m: Mm = - 16,9 kNm;
Qmtr = -43,9 m Qn/)h= 22,5 kN;
NmfE= 65,4 kN; N,Ph=5&.

361. Dap s6. Hé da cho la dam ghép tinh dinh.

0=30kN/m M = 100kNm
ttti O O g

Hinh 3&1

Két qua vé cac d.a.h. nhw trén hinh 3.51.
Mb =-20 *Vma (2" = -122,5 kN; gfIPA=40KkN; Mic =50 kNm.
3.52. Bap s6. Cho trén hinh 3.52.

3.53. P4p s6. Cac d.a.h. Mk va d.a.h. Qk v& trén hinh 3.53&

Mic = 0,8335q / cosa; Qk = 0,3335q.
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3.54. Bap s6. Cac d.a.h. vé trén hinh 3.54.
Ra=0; Rb = 100 kN ; Rb = 85kN ; RB= 15 kN ;
Mk =55 KNm; (2*r=0; - 20 kN.
3.556D4p s6. ly = 120.8 kN; Ajfc= /8/,uv KNm.
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Qk" = 31,1 kN; Qy>h=-56 kN;

w = 76% kN; = 280,4 kN.
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3.56. Bai giai. P& tim vi tri bat lgi nhat cla doan tai trong, ta ap dung
phuwong phap ther dan thwc hién theo th& tv nhu sau:

1. Phai hien tlit cu coc vi tri cho Smaxi snii/l va tinh cac Stiiaxi Smin tuoiig
ilrig. Mubn vay, lan lwgt dat tirng tai trong vao tlrng dinh 16i cua dudng



anh hudéng. Twong (ng v&i moi lan, tinh dao ham cuia s theo cong thirc:

ds A
J - X R”ai *)
dz  /=/

va thuwc hién cac budc sau:
Cho doan tai trong dich sang trai mot doan dz. Tinh cis/dz theo (*).
Cho doan tai trong dich sang phai moét doan dz. Tinh dSldz theo (*).
+> S0 sanh cac gia tri dSldz trong hai lan tinh.

» Néu nhitng gia tri nay thoa méan cac diéu kién:

3 . .. ds > ds<
0 chuyéntr — >0 sang — =0 thivitri dé cho mbt gia tri Smax\
dz = dz <
. .. lis< dS>
O chuyéntr — =0 sang — > 0 thi vitri dé6 cho mét gié tri Sillin,
dz < dz =

Tinh smax hoac Sillin-
“;1u kién trén khong théa man thi can dich chuyén doan tai
tri khac dé sao cho c6 mot tai trong nao dé dat & dinh 16i
I luén dat dwoc cuwc dai, nén dich chuyén sang bén phai néu
cisidz trong ca hai lan tinh la dwong, con sang bén trai néu dSldz
trong ca hai lan tinh la &m. Mudn dat cyc ti€u thi lam nguoc lai.
vé nguyén tic, néu co p luc va g dinh 16i thi can thuc hién cac budc tinh
trén pxq lan, tuy nhién ta can nhan xét tri sé cla cac tai trong va hinh
dang cla d.a.h. dé loai trtr b6t nhitng trwong hop vo ich. Thwong nén bé'
tri cac tai trong Ién trén phan d.a.li. cé tung du I&n va ccmg nhiéu tai
trong nam trong pham vi d.a.h. cang tét.

2. So sanh céac S/nax (hodc cac Sniin) vai nhau dé tim gia tri max Smax
(hodc min Sniin). D6 la gia tri Stinh can tim, vi tri twong &¥ng cla doan tai
trong la vi tri bat lgi nhét.

Ap dung vao bai toan da cho:
Trwdc tién, tinh tang clia cac géc nghiéng:

tga/ = -2/3: tg0C2 = +2; tgai = +//2;- tglLi = - |.
b.a.h. 5 da cho (hinh 3.56a) c6 phan mang dau duwong chiém moét dién
tich v&i cac tung dd Ién hon phan mang dau am, do d6 dé tim gia tri
tuyét doéi Ién nhat cla S ta chi can xép tai trong trén phan dwong clua
d.a.h. dé tim gia tri maxSmax-
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4x160kN

dahs

I (m)
» ?2/hrrM—rm
c; 2ItTY ? - 2ffP «9
<0 iy p fa — T~ < m

p<-p
Hinh 3.56

¢ Tinh tli [an 1- Chon tai trong th& hai P2 lam lwc p* dat tai dinh co
tung do bang 4 (hinh 3.56b).
« Cho doan tai trong dich chuy&n vé bén trai mot doan dz, ta cé:
Rj = 0; R2=440 kN; R3=440kN; R4=220+320 = 540 kN;
do d6: cIS/dz = 440.2 + 440(1/2) + 540(-1) = 1100-540 > 0.
« Cho doan tai trong dich chuyén vé bén phai mot doan dz, ta cé:
Ri = 0; R2=220kN; Rj=660kN; R4=220+i60 = 380 kN;
do d6: dS/dz = 220.2 + 660(1/2) + 380(-1) = 770-380 > 0.
Ta thay cac diéu kién cuc dai khdong théa man, vi tri nay khdng cho
cwc dai. Vi trong cad hai lan dich chuyén cJSdz déu dwong nen ta
chuyén doi doan tai trong vé phia bén phai.
¢ Tinh th |&n 2- Chon tai trong th tw P4 lam lwc p* dat tai dinh cé
tung doé bang 6 (hinbA3.56c¢).

« Cho doan tai trong dich chuyén vé bén trai mot doan dz, ta cé:
Ri = 0; Ri = 220 kN; Rj =660 kN/ = 220+160 = 380 kN;

do d6: dS/dz = 220.2 + 660(1/2) + 380(-1) = 770-380 > 0.

« Cho doan tai trong dich chuyén vé bén phai mét doan ch, ta co:
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R, =ti; R2= 220 kN,- Ri = 440 kN; R4 = 440+160 = 600 kN;
do d6: dstdz = 220.2 + 440(1/2) + 600(-1) = 660-600 > 0.

Ta thay vi tri nay khéng cho cuwc dai. Vi trong ca hai lan dich chuyén

dSlIdz déu dwong nén ta ti€p tuc chuyén d&i doan tai trong vé phia hen

phai.
¢ Tinh thr 1an 3- Chon tai trong thé nhat p/ 1am lwc p* dat tai dinh c6
tung d6é bang 4 (hinh 3.56d).

e Cho doan tai trong dich chuyén vé bén trai mét doan dz, ta co:
rm=0; R2=220 kN; Ri=440kN; R4=440+160 = 600 kN;
do d6: dSldz = 220.2 + 440(1/2) + 6(r0(-J) = 660-600 > fi.

» Cho doan tai trong dich chuyén vé bén phai mot doan ch, ta c6:

Rf =0; R2=0; Rj = 660 kN; R4 = 440+0 = 440 kN;
do d6: dSidz = 660(1/2) + 440(-i) = 330-440 < O.
Vi tri nay théa méan diéu kién cuc dai. Pai lwvgng S/uax twong *ng:

= 660.yi+ 440.v2 = 660(4+1,5igaj) + 440(4,75tgCLi) =

= 660(4+1,5.0,5) + 440(4,75.1) = 5225 KNm.

Néu cho doan tai trong ti€p tuc chuyén doi thém vé phia bén phai thi cac
lwc 160 kN sé ra ngoai pham vi d.a.h., cac luc 220 kN sé di vao vung co
cac tung d6 nhé hon. Do dd, vi tri twong ng véi tai trong th& nhat Pi
dat tai dinh c6é tung dd bang 4 (hinh 3.56d) la vi tri bat lgi nhat va
maxSnuix = 5225 kNm.

3.57. Bai giai. D€ ap dung phuwong phéap thlr dan da gi¢i thiéu trong bai
3.56, ta thay d.a.h. s c6 bwdc nhay tai dau trai bang d.a.h. s c6 dang nhuw
trén hinh 3.57, trong d6 bd sung doan th& nhat v&i chiéu dai a —ti; luc
nay tgai = —3
Vi tri clia doan tai trong twong rng véi khi lwc 300 kN dau tién dat & dinh
c6 tung do bang 2 (vi tri budc nhay) s& cho mét gia tri sliill- -2 130 kNm.
That vay khi doan tai trong dich chuyén vé bén trdi mot doan dz, ta co
dSldz = - 00< ti; con khi dich chuyén vé bén phai moét doan ilz, ta c6 dSldz
=375 > 0 t&c la thoa man diéu kién cuc tiéu.
Ngoai ra khéng con cé mot vi tri nao khadc cho Smin Ién hon vé gia tri
tuyét déi vi néu c ti€p tuc chuyén doi vé phia bén phai thi cac luc sé di
vao vung c6 cac tung dé nhé hon. Do do, vi tri twong &ng v&i tai trong th
nhat dat tai dinh c6 tung dd bang 2 (hinh 3.57) l1a vi tri bat loi nhat va
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minSmin - -2/30 kNm.

[/,5m|[75mil, 5m~"5m | 3.0m I,5mil.5m~.5m~*

ITTTi—rrr”"

Hinh 3.57
3.58. Pap s6. IMclmax= 126 kNm; IQc Inmx = 25,2 kN.
3.59. bap sé. VAmax = 225 kN; i"D.max —295,3 kN;

MD.min = - 287,5 kNm; Mk.max = 275,0 KNm.
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Bai gidi mau bai tap I6n 1
TINH HE GHEP TINH DINH

Sod6 hé : hinh 3.60.1a.

soliéu hinh hoc : 1-24 m; a=8m; b=12m.

Tai trong bat dong: Ptc = -to KNm; Ctc = 20 KN/m; Mtc = i 80 KNm.
Tai trong di déng: doan tai trong tiéu chuan trén hinh 3.60.1 b.
Thetwthwc hién:

/. Xtc dinh cac tai trong dé tinh v&i hé sé vwot tdi n = 1,1 chung cho céc
loai tai trong:

p=1140 =44 kN; q =1,1.20 =22 kN/m ; M =1,1.180 =198 kNm.
ohan lwc g6i twa (hinh 3.60. Ic)

yME - Rdb-p\b 0,
suy ra: b+- = 12+8 58.67 kN
' Re = 11 12v. 2 ' '
IM ¢ =Rei>.p-=0,
suy ra: RE=~L =ilA = 14,67 kN.
2b 2.12

¢ Dam phu CN:

XMy = -Rcb-i(atbp =0,

suy ra: Rc = — (ct+b)2 = (8+12)2 = 366,67 kN.
2b 2.12
TMc - Rnb-qgia+b)-~ =0,
suy ra: [?& = q(a+b) (' ~- = 22(8+12)- 12" S = 73,33 kN
2.12

¢ Dam cliinh NABE:
Mb —~M —R\ | +Rn (ti+l) +Re il —0, suv ra:
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| a t- m -4
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7/ 8 m vm | >8m idrr>i >/8m 1 AmM* >4y 4ni > 8771 4.

M = 19BKkNm RE=1i57kN iRDi-58,67kN

B \
— 3 A
kNm
dah m.
r . _ »aah Q

Hinh 3.60.1
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Ra - — M+Rn (@+l)+Re <A -

=-[-198+ 73,33(8+24)+14,64.8] = 94,41kN.
EMA=-M +RB | +Re (a+l) +Rn a = 0, suy ra

Rb =5 [M-Re(cit+l) - Rna] =

=4 [198-14.64(8+24)\ -73,33.8] = 35,74 kN.

3. V& cac biéu d6 mamen ubn, lucécat. Sau khi xac dinh dwoc cac phan
lwc ta v& biéu d® mémen uén va luc cat (bi€u dd lwc doc bang khéng)
cho tirng dam phu va chinh riéng biét roi ghép lai trén biéu dé chung
cho toan hé. K&t qua nhwv trén hinh 3.60.1d, e.

4. V& cac dudng &nh hwdng: thanh phan phan lwc thang ding tai g6i twa
A; phan luc tai gdi twa B; moémen udn va luc céat tai tiét dién k. Két qua

60.1f, g'h, i

dwong anh huéng, xac dinh cic dai lwon( twong ’ng vGi
tai trong da cho.

Rd = ZRk yk + Zgk (X + I'M ktgak
| 412 88\ _j9s81

= 44 .-+ 22 - 94,47 kN;
9 32 9 2
; /
Rb 44 .-+ 22(2 8_1¢2), 198 1 = 35,47 kN:
9 ? 32 24
MK'-= -44 .- + 22 8 8_4all -198. — = iii,6 7TkNm
3 32 2 i2
Mkpl>= -44 | +22i-.--4.— 1+ 198. — = 135,67 kNm;
3 [3 2 2) 12

, 28 |11
k= -44.i+22 -198. — =21,08 kN.
Q ' 9'2 3 2 24

Doi chiéu véi két qua ¢ budc 3: phu hop.

6. V& bi€u dd bao mémen uén vu lyc cat trong dam chinh N-E twong tng
v@i doan xe tiéu chuén cho trén hinh 3.60.1b nhan v&i hé s6 vuot tai 1,3
va v&i tai trong bat déng phan b6 déu cé cuwdng d6 g = 30 kN/m nhan
vGi hé s vuot tai bang 1,1.
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-¥YBiéu dd bao momcn Hén

Trwede hét, vé d.a.h. mdmen udn tai cac ti€t dién da chi dinh nhw trén
hinh 3.60.2 theo th& tw 2, 3, 4, 5,6, 7, 8,9, 10. Sau d6. dat doan tai
trong di dong & cac vi tri bat lgi d€ tim cac gia tri Mkma.x mMk.min mtim
momen ubn do tai trong bat dong Mk bang cach nhan cwong do ta
trong bat dong vaéi dién tich d.a.h. Mk twvong (rng. Xac dinh cac tung do
biéu d6 bao mémen M ijnaX va tai cac ti€t dién da chi dinh
theo cong thic:

Mk.max = "k.max + i Mk.min ~ Mk.min +
Trén hinh 3.60.2 trinh bay cach bd tri doan tai irong & vi tri bat loi
nhéat trén mdi d.a.h.: vi tri cho Mk.max twong (rng v&i doan xe vé thap
hon, mbéi xe dwoc ndi bang hai nét ngang; vi tri cho Mk.min twong tng
vGi doan xe vé& cao hon, moi xe duoc néi bang moét nét ngang.

Vi du véi tiét dién 2: = 33\ J6]= —704 kNm;
32 2
M2.max= i,3 95.-+ 35-}= 390 kNm;
\ 3 3)
Mimiii- -1,30¢fi.—+30—+95.4'=-7/9 kNm.
Suy ra MA&ex= - 704 + 390 = -314 kNm:

Mi din= -704 - 719 = - {423 kNm.

Ciing thwc hién nhw thé véi cac ti€ét dién khac. K&t qua ghi trén bang
3.60J.

Bang 3.60.1

Tiétdien M< (kNm) ~ max Mmin M bmax Mbmin
(kNm) (kNm) (kNm) _IkNmJ

2 - 704 390 -719,0 -314,0 - 1423,0
3 -1936 780 - 1620,6 -1156.0 -3556.6
4 -704 1168,5 -1517,0 +464,5 -2221,0
5 0 1677.0 -1391,8 + 1677,0 -1391,8
6 + 176 1677,0 - 1268,8 +1853,0 - 1092,8
7 -176 1861,7 m1375,0 + 1685.7 -1551,0
8 -1057 997,5 -1501,0 -59,5 - 2558,0
9 -2464 329,3 - 1620,6 -2134,7 - 4084,6
10 -968 164.5 m719.0 m803.5 - 1687,0
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Biéu d6 bao momen udn vé& trén hinh 3.60.4b.

Hinh 3.60.4

N Biéu dd bao luc cét

'fhir tw thwe hién cling nhw khi vé bi€u d6 bao mdmen udn. Bwong anh
hudng lwc cat tai cac tiét dién da chi dinh nhw trén hinh 3.60.3. Trén
hinh 3.60.3 trinh bay cach bé tri doan tai trong ¢ vi tri bat lgi nhat trén
moi d.a.h.: vi tri cho Qk.max twong tng v&i doan xe vé& thdp hon, moi
xe duwoc ndi bang hai nét ngang; vi tri cho Qk.min twong (rng v&i doan
xe v& cao hon, moi xe duoc néi bang mot nét ngang. Lwc cat do tai
trong bat dong Q*k tim dwgc bang cach nhan cudong do tai trong bét
dong vé&i dién tich d.a.h. Qk twong rng. Xac dinh cac tung do bi€u do
bao lyc cét tai cac tiét dién da chi dinh theo cong thirc:

Qkmax ~ Qkmax +Qk > Qkdrin ~ Qkmin Qk E
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Vidu voi tiét dién 2:. Q?* = 33\ — 4 --242 KkN;
3

2 2

Q2jnax= u i 95.i +35-Q[= 97,5 kN:
\ 3J

3
Qi.min =- 1,3(70.- +30- +95 1+ 35.1 =- 227 kN.
Suy ra Gfivair= -242 + 97,55=-/444% kN:
Ol -242 - 227 =-469 kN.

Ciing thwc hién nhw thé vé&i cac tiét dién khac. K&t qua shi trén bang

3.60.2.
Bang 3.60.2
Tiét dién Q* Omax Qmin O”max Q bmin
(kN) (kN) (kN) m m
1 -110 97,5 -179,8 -125 - 289,8
2 -242 97,5 -227,0 -144,5 - 469,0
3 (tréi) -374 97,5 -279,5 - 276.5 -653,5
3 (phai) 374 287,0 - 87,6 661,0 286,4
4 242 230,0 -115,1 472,0 126,9
5 110 167,1 -124,9 277,1 -14,9
6 -22 129,8 -140,2 107,8 -162,2
7 -154 1145 -249,5 -39.5 -403,5
8 -286 92,7 -237,9 - 193.3 -523,9
9 (tréi) 418 77,6 -309,0 -340.4 - 727.0
9 (phai) 440 279,5 41,2 7195 398,8
10 308 218,8 -41,2 5268 266,8
1 176 173,8 -41,2 349,8 134,8

Biéu dd bao luc cat vé trén hinh 3.60.4c.
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Chuong 4

Xéac dinh chuyén vi trong hé thanh phang
dan hoi tuyén tinh

4B. Bai giai. Néu bd qua anh hudng cla bién dang trot thi biéu thic thé
nang bién dang dan hoi cé dang:

u=y R ["-ds.
12EI L- | 2EA

Da6i v&i hé da cho (hinh 4.1), ta co:
Momen udn:

anh AB: M = 4}
1/2
anh Dk: M = - Pz2. ¥
3P .
Lwc doc trong thanh BC: N = —. Hinh 4.1

Ap dung bidu thtrc thé nang bién dang dan hdi cho trwérng hop nay, ia co:

‘A-0.5Pz,Y
u- | <izj + | )
2E1 o 2Ei 2EA

p 2i3 p283 3p2i p2i3 ip2i
~ 24El + 48El + 4EA ~ 16EI 4EA "
Chuyén vi thang dirng tai diém dat luc P:
_Ou_PI3 3P
yk ~~OP~ 8Ei + 2EA "’
Chuyén vi huéng theo chiéu cla lyc p (hwéng xudng phia dudi).

o 5P2'3 5PI ; . , L.
4.2. Pap sdéa o = (huéng xudng phia dudi).
P 192EI yk 96 El

4.33Dap s0.

4P21f2 P2l _ 133P2! 133PI i o
u= . - xk = . (hudéng vé bén trai).
ISEl + 2EA ~ 48000El 2400El
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4.4. Dap s6. u = 2,412 & xk=4,82-"- (huéng vé bén phai).
EA EA

4.5. Bai giai. Trong bai toan nay, dam co tiét dién thay déi va cd xét dén
anh huwdng cua bién dang trwot nén céng thirc chuyén vi cé dang:

=y iMkM,ndz+y NQkQjlLdZ"
El(z) GA(2)

Néu chon gbc toa dd tai dau tw do /4 va truc z hwéng tlr phai sang trai thi
tai ti€t dién cé hoanh do6 z (hinh 4.5a), ta cé:

« ti€t dién hinh chir nhat, chiéu réng b = const, chiéu cao h(z) = hz //;
e dién tich tiét dién: A(z) = bh(z) - bh.-=Aj-
véi A] la dién tich tiét dién & ngam;
« mOmen quan tinh chinh trung tam cda tiét dién:
/I >- bh3(z)_bh3z3 _m

12 12 ] 113
v&i ly la mdmen quéan tinh chinh trung tdm cda ti€t dién & ngam;

+ bi€u thitc mdmen udn va lyc cét & trang thai m (hinh 4.5a):
M,n = -Cl- Om=q.z ¥

* biéu thitc mémen udn va luwc cét & trang thai k (hinh 4 .5b):
Mk =-z & k =" @

Hinh 4.5

Sau khi thay cac bi€u thirc vira tim dwoc vao cong thirc chuyén vi, véi hé
s6 I'cha tiét dién hinh chi nhat bang 1,2, ta duoc:

/ z2\ dz \l.q.z.dz gla 6ql2

o | 23F 0ga,- EIJ 5GAL
LEI i3 11

(chuyén vi hwéng xudng dwdi).
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4.6. Dap s6. xn=— f (hwéng vé bén phai).
o

4.7. Bai gidi. P& lap biéu thirc ndi lwc duoc dé dang, ta phan tich tai trong
hwdng tdm q thanh hai thanh phan theo hai phuong thdng déng va ndm
ngang. Mudn vay, ta xét mot phan t6 thanh béat ky cé chiéu dai ds. Vi ds
rét nhd nén cé thé xem nhw mdt doan thdng nghiéng so véi truc x theo
géc (p (hinh 4.7a). Hop lwc cha tai trong g trén doan dai ds la gcls. Chi€u
hop lwc gds 1én truc ndm ngang X va truc thang diéng y (hinh 4.7b), ta
duorc:

gds. sina> = q.dy ; gds.coscp = q.dx.

qdssmy -c/dy

&~1
Hinh 4.7

Nhw vay, ta c6 thé thay tai trong phan b6 déu theo chiéu dai cong cla
thanh vé&i cwong do6 g bang hai thanh phan: tai trong thang dirng phan bo
déu v&i cudng do g theo chiéu dai hinh chiéu ctia thanh 1én phwong ngang
va tai trong nam ngang phan bd déu véi cwdng dd g theo chiéu dai hinh
chi€u cla thanh Ién phwong thang dirng (hinh 4.7c).

Bi€éu tht'c médmcen ubn trong hé & trang thai thuc "m" (hinh 4.7¢):
Mnn=--qx2-igy2=-1i6(x2+y2) = -iqr2[il-cos<py + sin29] =
= -qr2(l-coscp) vVGi (0 <(p<Td2).

Bi€u thtrc mémen udn trong hé & trang thai kha d7 "ki" (hinh 4.7d) dé tim
chuyén vi thang dirng tai Aé
Mk = A= -r(l- cosg) Voi (0 <(p<7U2).
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Biéu th*'c mdmen udén trong hé & trang thai kha d7 "ki" (hinh 4.7d) dé tim
chuyén vi ngang tai A:
Mk = -1.y = -rsino V@i (0 < (p <1d2).
« Chuyén vi thdng ding tai A:
l . 1nr2 4 2 Q4 (3n
yA= YI A~ \MkiMnés=Y!| i *@ {i~cos(p) d(p=ET\4
« Chuyén vi ngang tai A:

' .= . . ini2z . gra
= — ¥ -iMI@MRm&s=1], b grdil-cos(p)sin(pd(p =Y£i

Chuyén vi toan phan tai A:

~ il
n voqra v ( v = 0,592 (" (hwéng xubng
El
duéi, vé bén phai).
4
48. bDap s6. XA=——{n -3) (hudng vé bén phai).
El

4.9. Chi dadn. Hé da cho la hé d6i xi*ng chiu tai trong tAc dung doi xdng
nén goc xoay tai 6 va /4 c6 gia tri bang nhau va nguoc chiéu. Do do, co
thé van dung khai niém vé chuyén vi khai quat dé tim tap hop chuyén vi
6ab = @a+@b vGi trang thai khd d7 chiu cac nguyén nhan déi xing. Sau do

9 _Pr2

2 4EI

tim: 0B = (Tt - 2) (quay nguwoc chiéu kim dong ho).

4.10. Bai giai. D& xac dinh chuyén vi thdng ding tai A, ta can v& biu do
mémen udn do tai trong da cho gay ra (hinh 4.10a) va biéu d6 mémen
udn & trang thai "k" do luc Pk = 1 dat tai A theo phuong thdng ding gay
ra (hinh 4.10b), sau d6 &p dung cach "nhan biéu do".

M
3 )

\pk=1
Hinh 4.10
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ya

3MI
Ei HE!
chuyén vi cling chiéu voi lvc Pk =1 dat tai A, Ikc la hwéng xudng dudi.
5¢c,13
4118PDAap soe <PAB ’ (hai tiét dién A va B cung quay ngugc chiou
24E1

kim dong ho).
4.12. bap s6é XA = 1,594 cm (huwéng vé bén trai).

4.138D4ap sd6. XB = 0,027 m (hwéng vé bén phai).

g o a -
4d4. bap s0. xab = y-r s ) (chuyén dich xa nhau),
1

/-trong lwong riéng cla chét ldngé

é tinh toan dwoc dé dang, nén phan tich tai trong da cho
phan:
* Tai trong huwéng xudng, phan bé theo hinh tam giac, cwdng do I&n nhat
bang g 6'tai C (hinh 4.15a).
e Tai irong hwéng Ién, phan b6 theo hinh parabol, cwong doé Ién nhat
bang g/4 & tai giira doan AC (hinh 4.15a).
K&t qua vé biéu d6 mémen udn & trang thai "m" nhw trén hinh 4.1.Sa
buwong tén vong & gitra doan AC duogc xac dinh nhu sau:

2 Cll2  5cér-

Cii2 .
I'=16 - As 16 192 {92

P Xac dinli chuyén vi thdng citnll tai A. Trang thai kha di "k" va biéu dd
mdmcn uén twong tng vé trén hinh 4.15b. Trong truedng hop nay, luc cat
tai ti€t dién A bang khoéng nén ti€p tuyén tai A cla biéu dd6 mémen uén
song song v&i dwong chuan. Do dd, khi nhan biéu do ta c6 thé tim dién
tich va trong tam cua phan bi€u do trén doan AC theo cén2 thirc ctia hinh
parabol bac n da biét trong phan ly thuyét. V&i n=4, ta c6:

. e oA ¢l2 / _yl3
* dién tich biéu do6 trén doan AC: 12 ——------ —— —"— =/— n
% n+/ 5 12 5 6
* khoéang céach ti trons tam doén dﬁ%‘u trai A: z = (n+Dhl _5t .

n+2 0
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Ap dung céng thirc chuyén vi cho treérng hop nay ta co:

cosa c/I3 . ;o ql21J3 _ 54lj

El 60cosa 6 2EI 12 2 144 EI

(hwéng xubng).
le X0c dinh chuyén I'lr
thang ding tai B.
Trang thai kha di "k"
va biéu d6 mémen ubn
twong &ng vé trén hinh
4.15c. Ap dung céng
th’c  chuyén vi cho
trwong hop nay ta co:

yB: =

Ll’tl
48EI
4.16EPA&p s6.
Chuyén vi ngang tai C:

(hwéng I1én).

382,5
X = o (on. 1
c El
Chuyén vi dirng tai C:
90,0 A
y =— (t)

c. EI | .
Chuyén vi toan phan

tai & Ag=YU°
El
7 ~ 68 ~ - A~
417. bap so0. A (chuyén dich gan nhau).

3EI
4.18. D4p s6. Goc xoav twong ddi gitra hai ti€t dién & hai bén khop C:

5
— rad, (tiét dién bén trai xoay thuan chiéu kim doéng ho, ti€t dién bén
phdi xoay ngwoc chiéu kim ddng ho).

Chuyén vi ngang tai C: xc =0

: 33 !
Chuyén vi thang dna tai C: y =— (hwéng xudbng dudi).
i El
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4.19. bap so.
Chuyén vi thang twong oidi gitka B va G : xsec — (chuyén dich xa
nhau).

Chuyén vi thadng dirng tai C:  yc = ~7)() (hwdng xubng dudi).

320 N
Go6c xoay tai D: (©O= — rad, (ngwoc chiéu kim dong ho).

Chuyén vi thang twong doi gita Bvac : ABC —0-

4&0. bap s6. Yab - (chuyén dich xa nhau).
4.21. bap so.

. ’ 472
Chuyén vi thang twong déi gitta a va b: Xah = EA (chuyén dich xa nhau).

dléng tai C: yc = % (hwéng xubng duwdi).
|

ti.M. t»ap so.

127P
Chuyén vi ngang tai C: xc = (hwéng vé ben phai).

Chuyén vi thang ding tai C:  yc = 0 (hwdng xudng dudi).

ati'")
4.23. Dap sO0. xab = —EA (chuyén dich xa nhau).

4.24. Dap so.

Chuyén vi thang ding tai /: i TEA (hwéng Ién trén).

Chuyén vi thang diéng tai 2: & = (hwéng xubng dudi).

4.25éBai giai.
Khi lién két twa chuyén vi cudng blrc, trong cac hé tinh dinh khéng phat
sinh ndi lwc, do d6 chuyén vi duoc xac dinh theo céng thirc:
Az=-Y ljkzj,,.
J

trong do:
Zj,,- chuyén vi cwdng birc tai lién két thr / & trang thai

Wll;
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Rjk- phan luc tai lién két thirj do Pk = / gay ra & trang thai kha di k &

Tich Rjkzj,n dwong khi phan luc va chuyén vi cudng birc cling chiéu. Dau

tong clia cong thirc 14y theoj, tic la theo sO lién két cd chuyén vi cuding
btrc.
V&i bai todn da cho (hinh 4.25a), cac trang thai kha di "Ki' va c&c

phan luc tuong (mg dung dé xac dinh cac chuyén vi can tim, nhw trén
hinh 4.25b, .

Ap dung cong thic trén, ta co:
GOc xoay tai ti€t dién D:

1 1
(PD—- "'30’02"'59’01"'8’01 -0,0061 rad (nguoc chiéu kim dong ho).

Chuyén vi ngang tai B: xB = —{3.0,02] = —0,06 m (hwéng Ve bén trai)é

a) 2m tL 2m

0Qliti

rbn 1 rrn

Hinh 4.25

4.26. bap so. (p:ff) rad (ti€t dién bén trai knép K quay thuén chiéu
kim dong ho, ti€t dién bén phai khép K quay nguoc chiéu kim déng ho).
4.27. Dap s6€aH= 0,02 rad (quay thuan chigdu kim dang ho).
4.28. DBap sé.
Chuyén vi twong doéi gitba m va n theo phwong ngang: Xxn = 2 Ax.
Chuyén vij tvong déi gitka m va n theo phuong thang ding:
ym=2Ay- 2a0a

Chuyén vi xoay twong doi gita mva n: (pmn= 0.
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4.29. Bai gii.
Sw thay ddi nhiét dd chi g, v ra ndi lwc trong hé siéu tinh ma khéng gay ra
néi lwc trong hé tinh dinh. Do dé ta cé thé xac dinh chuyén vi trong hé
tinh dinh theo cbéng thirc sau

Ai= (*2m - ‘Im)ds+ X ilika lcmés m (a)
trong do:
a —hé s6 dan n& dai vi nhiét cta vat liéu;
h —chiéu cao cla tiét dién;
tim va {2, ~ swthay d6i nhiét do & th¢ trén va thd dwdi clha thanh;
at, +blo

toen- d6 bién thién nhiét dd6 & truc thanh: tcm = ——--H--- én—, vbiavab

la khodng cach tlr trong tam ti€t dién dén thé duwdi va thd trén. NEu
a=b=h/2\ taco:

. _'im +t2m
an- — - ,

ivik, I\k - uiuiuen udn va lwc doc & trang thai "k".
Trong nhirng trueong hop khi:
0 nhiét do thay déi nhw nhau theo chiéu dai clua tirng doan thanh;

0 vat liéu trong tirng doan thanh nhw nhau, nghia la a = const trong
tirng doan thanh;
0 chiéu cao /i = consi trong tirng doan thanh,

ta c6 thé sir dung cong thirc don gian hon:

la
(b)
f}(Mk) - dién tich bi€u
dd moémcn  ubn
trong tirng doan
thanh & trang thai
©
'T é
9
G(NKk)- dién tich biéu " -
dd Ilwc doc trong 77 z=1 7 ok = 1
tirng doan thanh &
trang thai 'Ic". Hinh 4.29
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Tich (t2m-rhli)i2(Mk)>0 khi dién tich bi€u d6 Mk & vé phia c6 suw thay
d6i nhiét dd I&n hon vé gia tri dai so.

V&i bai toan da cho, trang thai kha di "k" va cac biéu d6 momen ubn, luc
doc twong ng nhu trén hinh 4.29. Ap dung cong thtc (b). ta co:

a t-2t 9a il all
YA = (1 + 2 +a — o

359
Sau khi thay h = 1/ 20, tadwgc: MA= - +— a 11 (hudng Ién trén).
4.30. Pap s6. }D = —atl (hwdng xubng dudi).

A@18Dap s6. Vi= —atd (huéng Ién trén).

4.32. bap so.
i2
Chuyén vi thang twong do6i gitta A va B: yaB =- 4|_—(chuyé’n dich xa
i

nhau).

BAC xoay & k: 0 - €Ct! (thuan chidu kim dong hé).

2li
4.33. Bai giai.
Khi tinh chuyén vi trong hé dan do Iap rap cac thanh ché tao khéng chinh
xac ta c6 cobng thire:

trong do:

Aim - d6 doi clta thanh th& / khi thanh dwoc ché tao dai hon chiéu dai yéu
cau (néu thanh th¢ / dwgc ché tao ngan hon chiéu dai yéu cau thi
Aun goi la do hut va mang dau am);

Nik - lwc doc trong thanh th i & trang thai kha di "k".

V@i bai toan da cho (hinh 4.33a), cac trang thai kha di "ki'\ "Ai" va céac
lwc doc twong (rng dung dé xac dinh cac chuyén vi can tim. nhuw trén hinh
4.33Db, c.

Ap dung cbng thirc trén, ta co:

Chuyén vi ngang tai K:
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XK = (-yi2)(-A) + yf2. A+ (-y[2)(-A) + 3.A + (-2)(-A) = (5 + 3y[2)A,

(hwéng vé bén phai).

Hinh 4.33

ding tai A'd@ yK = (J)( —A) = A (hwdng xubng duwdi).

Chuyén vi toan phan tai KE AK= yfi+(5+ 3yi2)2.A .

4.34. bap so

Chuyén vi ngang tai K: XK-0.

Chuyén vij thang dirng tai A: yx = (1+\i2 )A (huéng Ién trén).

Chuyén vi toan phan tai A Ak = (i+yi2 )A.

4.35éBai giai

Cong thirc xac dinh chuyén vi cho treong hop hé dam va khung tinh dinh
cé lién két dan hoi, chiu tai trong c6 dang:

trong do:

Rm- phan lyc tai lién két dan hodij & trang thai "m"\

R k- phan lyc tai lien két dan hoiy& trang thai "AE

HO da cho la ho tinh dinh c6 lién két ngam dan hoi tai A véi hé s6 Cj va
lien két thanh dan héi tai C v&i hé s6 Q, chiu tai trong.

K&t qua tinh phan luc va biéu d& mémen uén & trang thai "m" nhuw trén
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hinh 4.35a va b. Két qua tinh phan lyc va biéu dd6 médmen udn & trang thai
"k" nhw trén hinh 4.35c. Trong doan thanh AB. dd cirng bang vo cing nén
cac biéu dd duwoc' v& bang dudng dit nét va khéng cdn thuc hién phép
nhan bi€u do.

6kN
30kNm r 3kN/m 12kNm ~
C;EI
I N S T T — P ¢— D o=ir
c,=m
|3 fd | d 4 2 a3
I e : a— d =2m
Hinh 4.35 ’ \ YWk
i '
B k- R T T
r'K > /5 | 1 JI6 1
1 AJ-ArfiT e rfimmi> v
r 1 i 7 1 (kNm)
1 ! |
iin rr [ =i
LLooenmi ' (m,
M r 48  ¥d3 4 -,
Ap dung cbn® thirc trén, ta co:
3n, a | 3a i o .
vi=30.4.-"-+ 10. ITiL -+ L 8 .2 i -Liljuizx +
Ei 3 8EI Ei 2 3 3 EI |2 3 3
n (
4 2 2 4 4 215,333
2.8.—+2.16,—+8.—+ 16.—|+l\%4 -+12. £9V|
3 3 3 3) 5 3 El

(hwéng xudng dudi).

4.36. Bap sO. Chuyén vi thdng ding tai k\ va - _El—m, (hwéng xubng duwdi).
487. Pap <.

Chuyén V ngang tai k: xx = (372 1Ei) m (hwdng vé bén trai),

Chuyén V thang ding tai k: yk =(j62 /E7) m (hwdng Ién trén),

Chuyén V toan phan tai k: Ak = (405,74 /EI) m .
4.38. bap so.

Chuyén V ngang tai k: Xk = (j26 /El) m (huéng vé bén phai),

Chuyén V thang ding tai k: yic =(j080 /El) m (hwéno xudna duwdi),

Chuyén V toan phan tai k\ Ak = (1087,325 /El) m.
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4.39. Bai giai.
Pudong anh huwéng clia chuyén vi tai khédp D chinh la duwong dan hoi do luc
p=1I dat tai khép D gay ra trong hé.
Do dé, dé tim cac tung doé duwong anh hwédng cta chuyén vi tai khgp D ta
sé xac dinh chuyén vi tai mot s6 diém trén hé (hinh 4.39a) do luc P -1 dat
tai D gay ra, chdng han theo cach "nhan biéu dd":
y,D =

trong do:
(md) - biéu d& moémen uén do luc P -1 dat tai D gay ra trong hé;

(mi) - bi€u d moémen uén do Iwc P=J dat tai diém chia thir i gay ra
trong hé.

V@i bai toan da cho, dam DEF la hé phu, lwc P-1 dat tai D trén hé chinh
clia né nén duong dan hoi trong doan DEF la doan thang va dd vong tai
cac diém A, c, E ludn bang khong nén chi can thwc hién cac phép tinh voi
lan lwot la 6, 1, 2, 3, D, F. Cac bi€u do don vi & trang thai
- 2 rng vOi cac diém chia noi trén tim dwgc nhw trén hinh

43VC, d, e, t, g, h.

PN 0,667
BD= (ndlmb)=—_, ®&il2 =. ™
veo= (mdlmb) = —. ®LiL El
yw= (mdlm,) = -- g,_5 2-27f§+_1’5_6 5 5.500
E 2 3 / El
i 1 (0522, 28, 8,333
V2D= (MdIM :) =
( ) EIf 2 3 2 El
0,5.22nc 156 2, . 15.2
05+ 0 215+ 27 154.0,5
2 3
7,167
El
0,5.2 20 2.<sz2 2.2 22 13,500
) - _ —0,54+ — —2+ ——m—
}PD = (MDAMd) 2 3 23 23 El
FD = m io , 25+ ™|o.5+ 2llg,5
Y 2 3 23 23
3,375
El
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Lan lwot dwng cac tung do vira tim dwgc (rng dwdi cac diém chia twong
rng ta sé dugc dwong dan hoi do luwc p=1 dat tai khép D gay ra trong hé
ttbc 1a v& dwoc dudng anh hudng ctia chuyén vi tai khép D (hinh 4.391).

Hinh 4.39
4.40. Chi dan

Puwong anh hwdng cla chuyén vi tai k chinh la dwong dan hoéi do lwc p=|I
dat tai k gay ra trong hé. Do do, dé tim cac tung d6 dwong anh huong cla
chuyén vi yic ta sé xac dinh chuyén vi tai mot s6' diém trén hé (hinh 4.40a)
do lwc p=1i dat tai k gay ra. Cach thwc hién cling twong twv nhu trong bai
4.39. Biéu d6 momen udn do lwc P=1 dat tai k gay ra trong hé nhuw trén
hinh 4.40b; cac bi€éu do don vi & trang thai kha di twong ng vé&i cac diém
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chia 1, k, 2, ¢, F nhw trén hinh 4.40c, d, e, f, g. K&t qua can tim vé trén
hinh 4.40h.
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MOt sO bai
trong cac dé thi sau dai hoc

Bai 1. Bai giai
1 V& biéu d6 mémen udn
Dé tinh toan duwoc dé dang, nén phan tich tai trong da cho thanh hai thanh
phan:
Tai trong hudng xudng, phan bd theo hinh tam giac, cwong do I&n nhat
bang q & tai B (hinh Ia).

Tai trong hudng |1én, phan bd theo hinh parabol, cwong do I&n nhat
bang q/4 & tai gittra doan AB (hinh Ib).

K&t qua tim phan Iyc va biéu dd mémen uén nhw trén hinh Ic. Buwong ten
@ gilra doan AB duoc xac dinh nhu sau:

=1_ qa2

2a 5
ceea sV o ga sea
4 4 48 48

16
3

B -*rrTrmrrrr?

m%
C)

Hinh 1

28Xac dinh chuyén vi thang ding tai A. Trang thai kha di "k" va biéu do
moémen ubn twong ng vé trén hinh Id. Khi ap dung cong thic chuyén vi
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dé thuc hién phép nhan bi€u do6 trong doan thanh AB ta nhan thay: Trong
tredng hop nay, luc cat tai tiét dién A bang khdng nén tiép tuyén tai A
cla biéu d6 mémen uén Mm song song v&i dwdng chuan. Do dé, khi nhan
biéu d6 ta cé thé tim dién tich va trong tdm cla phan biéu do6 trén doan
AB theo cOng thirc clia hinh parabol bac n da biét. V&i n=4, ta cé:

e dién tich biéu do trén doan AB: n = - = —
3 5cosa iScosa

« khodng cach twr trong tam dén dau trdi A: z? =—2a = —a .
3

Ap dung coéng thirc chuyén vi cho tredng hop nay ta co

_cosa 2qa 5

VA=(Mk\M m) —a +

El 15cosa 3

I 1 1ga2 4 1 qa?

—qa—a.2a+—’ q6,1-51.—a+—qa -a. A + 1 -:!'-99--<7\/2.—|I

Ei 2 6 3 23 3 Eli2 2 6

4ga i . .

MIITUL gun, ta duwoc:  ya = (hwéng xudng duwéi).
3EI

Bai 2. Bai giai
1 Khao sat sw cdu tao hinh hoc (hinh 2a)
Piéu kién can- Hé ndi voi trai dat nén ta c6 diéu kién:
n=T+2K + 3H +c -3D >0.
Trong bai toan nay taco D = 3; T= 2; K= 1\H = 0\ C=5. Do dé:
[[=2+2/+30+5-33 -0
Diéu kién can thda man v&i dau bang, hé du lién két.
* Piéu kién da- Ta xét diéu kién di bang cach phéat trién dan miéng
clrng, xudt phat tlr trai dat.
Miéng clrng ABCH dugc néi voi trai dat hang lién két ngam tai H nén
b6 phan ABCH hop v@i trai dat tao thanh mot miéng clrng. Miéng clng
CDE1 duwoc néi véi miéng cirng vira phat trién & trén bang khép ¢ va
lién két thanh tai 1 khoéng di qua khép. Nhu vay, miéng cing lai dwoc

phat trién thém bd phan CDEI. Miéng clrtng EFGS dugc ndi voi mién«
crng vira phat trién & budc th hai bang ba lién két thanh khéng dono
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qguy, khéng cung song song. Nhw vay, toan hé trd thanh modt mieng

crng.
Két luan: hé bat bién hinh, da lién két.

dah M.

da h.mM2

1,,, tNITITW rw dahmM

Hinh 2

2. V& bicu d® momen udn. Nhan xét:
Hé da cho (hinh 2a) la hé ghép tinh dinh bao gobm: ABCH la hé chinh;
hé CDEI la phu ciia ABCH va la chinh ctia EFGS; hé EFGS la phu cla

CDEI.
Trong bai toan nav, tai trong chi tac dung trén hé chinh ABCH nén

*

khéng gay ra n6i lwc trong cac hé phu CDEI va EFGS.
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Két qua vé biéu d6 mémen ubn nhw trén hinh 2b.

3éXA4c dinh chuyén vi thang ding tai khép C. Trang thai kha di "k” va
biu d® mdmen udn twong (ng vé trén hinh 2c. Ap dung céng thikc
chuyén vi cho treong hop nay, ta co:

ga
yc =(Mk\M) =~ a.a
1 lga 2a 2qga2 a 8a du
El cosa 2 6 cosa 3 3 16 cosa i5 5E1

(hwéng xubng dudi).
4, \/é dudng anh huong mémen udn tai cac tiét dién xung quanh nit B
Goi 1,2,3 la cac tiét dién xung quanh nat B lan lwgt thudc cac thanh BA,

BC va BH (hinh 2a).
¢ D.a.li. Mi (hinh 2d); v& theo mau d.a.h. mémen ubn tai ti€t dién . dau

. ty.Gn. M? tminh 2g).-

« Khi p = | di dong trén ABC: v& theo mau d.a.h. médmen udn tai tiét
dién & dau thira bén phai.

« Khi p - 1didbéng trén CDE: d.a.h. la doan thang ké ti€p néi tung do
tng duGi khdp ¢ v@i tung doé bang khdng tng dudi géi .

« Khi p = / di dong trén EFG: d.a.h. la doan thdng ké tiép ndi tung do
¢ng dwdi khép gia tao ndi hé EFG vGi hé CDE va tung dd bang khong
trng duéi goi s. Khép néi hé EFG véi hé CDE la giao diém cua hai
thanh song song nén khép gid tao & xa vo cung. Do dé, d.a.h. trong
doan nay la doan thdng di qua tung dé bang khéng &ng duwdi gdi s,
song song v@i d.a.h. twong ng véi khi p di déng trén CDE.

« D.a.h. Mj (hinh 2f)-' Tiét dién 3 thudc thanh ding nén dé quy dinh
dau cua d.a.h. mémen udn ta chon chiéu nhin cla ngudi quan sat nhw
trén hinh 2a.

e Klii p - 1di dong trén ABC: vé theo d.a.h. mdmen udn trong khung
don gian doc lap ABCII.

e Khip - I di dong trén CDE va EFG: céach tim twong tw nhw da thuc
hién véi d.a.h. Al2-

Nhan xét: T diéu kién can bang mémen tai nat B: MI -M 2+ Mi=0
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ta suy ra di€u kién kiém tra cac d.a.h. vira tim dwoc nhw sau:
d.a.h. Mi -d.a.h. Mi + d.a.h. MT =0.
Bai 3. Chi dan
1. V& bi€u d6 moémen uén. Tai trong chi tac dung trén hé chinh ABC

(hinh 3a) nén khong gay ra ndi luc trong cac hé phu. Do dd, co6 thé co lap
hé chinh dé vé biéu d6. K&t qua nhw trén hinh 3a.

Hinh 3
2. Vé cac dudng anh huéng

¢ b.a.h. Mi (hinh 3b): Khi p di déng trén EF, lwc doc trong thanh FA
bang khéng nén cé thé vé theo mau d.a.h. mémen udn trong dam
cbngxoén EF.

¢ B.a.li. MT (hinh 3c) va d.a.ii. M (hinh 3d):
« Khi p di dong trén ADB: vé theo mau d.a.h. trong khung céngxan.

« Khi p di dong trén BG: Miéng cirng BG chiu tac dung cla ba luc: luc



p, luc dat tai G c6 phwong song song v&i hai thanh song song cla
ngam trwot // va luc dat tai B. DE tim diém khéng cla doan d.a.h. nay,
ta can tim vi tri ca lyc p sao cho mémen udn tai 2 (tai 3) bang khong.
Mudn vay, luc dat tai B phai di qua ti€t dién 2 (ti€t dién J), do d6 diém
khong cla doan d.a.h. nay phai la diém (ng dudi giao diém D cua
duong B2 (B3) v&i dudng GH.

e Khi p di dong trén GH: ndi tung dé (ng dudi G v&i tuns dd khoéng
(rng dwdi giao diEm & xa vd cung cla hai thanh song song dat tai H,
d.a.h. song song v&i dudng chuén.

« Khi p di déng trén EF: lyc doc trong thanh FA bang khéng nén khong
gay ra néi lwc trong hé ADB. D.a.h. tring v@i dwdng chuan.

« Khi p di déng trén FA: ap dung quy tac dwdng ndi.

¢ D.a.h. M4 (hinh 3e): vé theo d.a.h. mdmcen ubn trong dam don gidan GH

c6 goi trdi la G, gdi phai la giao diém & xa vd cung cua hai thanh song

jyén vi thadng dirng tai khép A
Trang thai kha d7 "k" va bi€u d& mémen udn twong tng vé trén hinh 3f.

yA= (Mt\M )= -L ircaez o+ 21 2ql2 1 8 1_ cl/l4
tl 2 6 cosa 3 3 16 cosa 15 30Elcosa

Két qua mang dau dwong, chirng té chuyén vi hwéng xuéng dudi.

Bai 4. Chi dan
1 Khao séat sw cdu tao hinh hoc (hinh 4a): Diéu kién can théa man voi
dau bang, hé da lién két. Xét diéu kién di bang cach phat trien dan
miéng clrng, xudt phat ti trai dat. Két luan: hé bat bién hinh, da lién két.
2. V& cac hiéu dé noi luc
Hé da cho (hinh 4a) la hé ghép, ap dung quy tic truyén luc trong hé ghép
ta cé thé dwa hé da cho vé ba hé don gian. K&t qua nhu trén hinh 4b, c,d.
3. V& cac duong anh huwong
¢ D.a.li. My va d.a.h. M4 (hinh 4e): p di dong theo phwong thang ddng
nén phan luc tai cac gbi ndi v&i trai dat chi ton tai thanh phan thang
dlng, cac thanh d¥ng khéng chiu uén. Suy ra:

P.a.h. M3 =d.a.h. M4 - 0, trung v&i duwong chuan.



¢ b.ah. Mi va d.a.h.
M7 (hinh 4f): Vi d.a.h.
MT trung vGi duwong
chu@n nén tir di€u kién
can bang nut, ta co:

dah. M i- dah. Mi.

Khi p di dong trén EF:
ndi tung dd khdng wng
duwéi g6i G voi tung do
trng dudi khép nbi gitra
hai miéng cirng CDE
va EFG. Khép nay la
giao diém & xa vb cung
cia hai thanh song
song dat tai E nén
d.a.h. song song V@i
doan d.a.h. khi p di
dbéng trén CE.

4. Van dung d.a.h., xac
dinh gia tri mdmen
ubn

Mi M4 = 0;

Mi = M2 - -ClU-.
Phu hop v&i két qua trén
bi€u d6 indmen udn.

Bai 5. bDap sob

1 Hé bat bién hinh.

2. Cac biéu d6 moémen
uén va luc cit nhu trén

hinh 5b, c.
3. Cac d.a.h. can tim nhw Hinh 4
trén hinh 5d, e, f.
4. K&t qua tinh: Mi" 3ga- / 8; MiPh= ga- / 8:
o " -iqals Q jh=qal4;
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Hinh 5
Bii 6. Bai giai
| éVEé cac biéu d6 ndi luc
# Xac dinh cac phan luc tai A va B theo cac digu kién can bang clia toan
hé:

rX=HA=0, suy ra HA = 0;
= I5Va + 3.4 -24.17 = 0, suy ra VA = 124/15 kN;
2Ma = J5Vb + 2.4.2 -3.19 = 0, suy ra VB = 41iii5 kN;






¢ Vé&cac bleu d6' vbi cac phan luc vira tim duwgc ta QO the ve duwgc hicu
dd mémen udn nhw trén hinh 6a. Tlr biéu d6 mdémen udn suy ra biéu do
lwc cét va luc doc nhu trén hinh 6b, c.
2. Vé cac duong anh huwing
¢ B.a.h. M1 (hinh 6e); v& theo mau d.a.h. mémen udn tai tiét dién trong
nhip ctia hé dam don gidn cé nhip AB.
¢ D.a.h. Qk (hinh 6f)-' v& theo mau d.a.h. luc cat trong hé ba khdp

A*CB* (hinh 6d).

» Khi p di dong tlr ti€t dién K dén khép C: doan d.a.h. nay duoc xac
dinh theo tung dé bang cosa = 0,832 (ng dwdi A* va tung doé bang
khéng rng dudi Do la giao diém cua dwong B *c véi duwong ké tlr A*
song song V@i ti€p tuyén tai K cla truc thanh. Vi K & ké bén trai khép
¢ nén phan thich dung clia doan nay khéng duwogc thé hién trén hinh 6f.

* Klii p di déng trén EAK: doan d.a.h. nay la duong ké tr tung dé bang
mA— v iii¢i ,4*, song song v&i doan d.a.h. khi p di dong tlr K dén

-i\m r Ui aong trén CBF: ndi tung dd rng dudi C clia doan dé&.h. khi p
di dong tlr K dén ¢ v@i tung dd bang khéng (ng dudi B*.

¢ b.a.h. Nk (hinh 69); thwc hién twcfng tw nhu khi vé d.a.h. Qk v&i lvu y
la doan d.a.h. khi p di dong tr K dén ¢ duwogc xac dinh theo tung do
bang sina = 0,555 (rng dudi A* va tung do bang khéng (ng dudi &/v la
giao diém cua duwong B *c voi dwong ké tlr A* vudng goc véi ti€p tuyén
tai K cta truc thanh. Vi A' & ké bén trai khdp ¢ nén phan thich dung cua
doan nay cling khdong dwoc thé hién trén hinh vé.

4. Van dung duong anh huwwng dé xac dinh gia tri cac ndi luc

M1 = 2.[- (3,2. 412} + 3(-0,8) = -15,2 KNm;
Qk = 2.(0,592. 4)12 + 3.0,148) = 2,81 kN;
Nk = 2.(0,406. 4)12 + 3.0,702) = 3,73 kN.

Phu hop véi két qua trén cac bi€u do noi lwec.
Bl 7é€Bai giai
1 V& hiéu d6 momen ubn
Nhan xét: Trong bai todn nay (hinh 7a), biéu dd6 moémen udn khong cé
buéc nhay (vi khdng c6 nguyén nhan gay ra mémen tap trung) nén chi
can tim moémen ubn tai cac tiét dién A, B, ¢, E, F, G, H la du dé vé.
Mémen udn tai A, B, G, //-dwoc xac dinh nhw trong dam c6ngxon. Biéu
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d® mémen uén trong doan CEF la doan thang khdng gay, c6 gia tri bang
khoéng tai khép E, do dé chi can tim mdmen udn tai C (hodc tai F) la du
dé vé. bé tim Mc thi chi can tim phan lwc thang dirng tai B la du.

VI tai trong chi tdc dung trén doan ABC nén mudn cho miéng clrng
EFGH can bang thi phan luc tai E phai c6 phuong EI. Goi K 1a giao diém
cla E1 va QC T hinh 7a ta dé dang xac dinh dwoc vi tri cia giao diém
K:

P 2/3

-j01 = -t 12 -4"m.
tga +tg/3' v 413 +2/3

) 7= c
r T w \Y;
/i 111 " >
| r¥7 ~"" 1)1 |« ~*Tyfr i
i) |==3%Y S '

; 31*190 ¢ 0 srp 1 | |

9 iL 1 . | ioi
\d ah Mo
| | |
1 o1
WTreer U IS HTTITTIRTe dah M
U I
i © 2 1 1A
4
\d-d.h
Hinh 7
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Goi Rs la phan lwc thang ding tai B, viét di€u kién can bang cla iniéng
clrng ABCE dwéi dang phuwong trinh tong mémen cla cac lwc doi voi
diém K, ta co:

XMk =4.Rb- —3.20.4- 3.20.25=0. Suyra Rb=75KN.
2

Mc = - 0,5.3.20.4 - 3.20.1,5 + 75.3 = 15 kNm.

Biéu d® mdémen ubn vé trén hinh 7b.

2. Vé cac dudng anh hudng
¢ D.ah. Mb (hinh 7c); v& theo mau d.ah. mémen udn trong dam
congxon.
¢ b.a.h. Mc (hinh 1&): vé theo d.a.h. mdmen udn trong hé ba khép QEI.
Diém khong clia phan d.a.h. twong (ng véi khi lwc p di déng trén doan
CE la diém K tim dwogc ¢ trén.

¢ B.a.h. Mo (hinh le): vé& theo d.a.h. mémen uén trong hé ba khép QEi.
Ga phan d.a.h. twong &ng v&i khi luvc p di dong trén doan
_, @m s cla duong QD va dwong IE. Vi tri cla s dwoc xac

Uigd Likcu >gAg thire:

A2=4,8m.

—  lo,=— —
tga +tg/3 4/3 + 213
3 Van dung duodng anh huung, xac dinh cac gia tri mdémen udn

Ap dung tinh chéat cia duorng anh huwdng cé dang dwdng thang, ta co thé
hop Iwc trong cac doan:

+ Doan AB, hop luvc bang 30 kN, cach B la 1 m.
« Poan BC, hop lwc bang 60 kN, cach B 1a 1,5 m.
¢ 7ad.a.li. Mb: Mb =30.(-1) = -30 kNm.
¢ Trd.a.h. Mc: Mc =30.(-1) + 60.(3/8) = 15 kNm.
¢ Trd.a.h. Md:  Md =30.( -1/6) +60.(114) = 10 kNm.
Phtui hgp véi cac so liéu trén bi€éu d6 mdmen udn.
i. Tim goc xoay tuong doi gitra hai tiét dién A va B

Trang thai kha d7 "k" va bi€éu dé6 mémen udén twong rng vé trén hinh 7f.

Hai ti€t dién A va B quay nguogc v&i chiéu cta cac luc pktrén hinh Ii.

177



Bai 8. Bai giai
| EChirng minh hé BBH
¢ Diéu kién can: Hé ndéi v&i trai dat nén: n=T+2K+3H + C -3D >0.
Néu quan niém hé gom hai miéng clrng (AGD va BEF) tlrc la D -2 thi
T=2; K=0-,H=0\C=4, tacd: n=2+2.0+3.0+4-3.2 = 0.
biéu kién thda man voi
ddu bang, hé da lién két.
Jf* Dieu kién du: Hé duwoc
hinh thanh tlr ba miéng
clrng (trdi dat, AGD va
DEF) n6i v&i nhau bang
ba khop twong ho A, B,
c (giao diém coa hai
thanh GE va DF) khdéng
cung nam tron  mét
dwdong thang.
KE&t luan: hé bat bién hinh,
du lién két.
2. V& cac biéu dé noi luc
¢ Xac dinh cac phan lyc- T cac diéu kién can bang cla toan hé (hinh
8.1a):
2Mb = 4Ha + 8 -1.4.6 = 0, suyra  H\ - 4kN;

XX - Ha-H b=0, suy ra Hb = 4 kN.
Khao sat can bang cla thanh DF, tim duwoc thanh ph&n ngang Xf tai

khop F, bdng M/4 - 8/4 = 2 kN. Khao séat can bang thanh BEF (hinh
8.1h):

2M c(BEF) = 8Vb -4Xf -4 Hb=0, suyra VB= 3KkN.
Khao sat can badng cda toan hé (hinh 8.1a):
yy =VA-VB- 14 =0, suy ra VA = 7 kN.
¢ V& cac bidu dd: voi cac phan luc da biét, ta v& duoc bi€u d6 mémen

uén nhw trén hinh 8.2a. Tir biéu d6 mdmen uén suv ra biéu d6 luc cit
va lvc doc nhu trén hinh 8.2b, c.

3. V& cac duong anh huimg khi tai trong p di dong trén dwimng AGD
Cac dai lvong can vé d.a.h. déu & ngoai pham vi miéng cirng AGD thudc
duorng xe chav nén mdi d.a.h. can tim chi bao gdbm mot doan thang Do



do, véi moi d.a.h. ta chi can xac dinh hai tung do 1a di dé ve.

* Khi P=1 dattai A: VA=1; Vb- 0; Ha=Hb=0; Ndf

0.
e KhiP=1 dattaiD: Va=2; VR=-i; Ha=-Hb=-2; Ndf=-ia

Can ctr vao cac gia tri nay ta vé duwgc cac d.a.h. nhu trén hinh 8.2e, f, g, h,
i.

4. Cac duwomng anh huéng khi tai trong p di dong trén dutmg BEF
* P.a.h. Ha va d.a.h. Hb khong thay ddi so v&i treong hop trén vi

nguyén tic xac dinh cac dai lwong do trong ca hai tredrng hop nhuw nhau.

* P.a.h. Va va d.a.h. VR c6 s thay déi so véi tredng hop trén tai tung do
bén trai vi cac phan Ilwc nay phu thudc tric ti€p vi tri cia diém dat luc
P =1 tai A hay tai B.



D.a.h. Ndf co su thay dbi so v@i tredng hop trén vé gia tri tai lun? do
bén phai vi luc nay phu thudc Va hoac VB-
Bai 9. Bai gidiéNhan xét:
* Hé tinh dinh nén chuyén vi cwdng blrc tai goi twa khdng gay ra ndi luc
trong hé.
“m vé thuyc chat, hé da cho duwoc hinh thanh tir hai hé doc lap v&i nhau: hé
AEB va hé BFCGD (hinh 9a)é
| &Vé biéu d6 mAédmen ubn va biéu do luc cat
Tai trong chi tac dung trén hé BFCGD nén khdng gay ra ndi luc trong hé
AEB. Hé BFCGD la hé ghép gobm BFCG la hé chinh, GD la hé phu. Noi
Iwc trong hé phu duogc xac dinh theo cach tinh dam don gidn. Sau khi thay
thé tac dung cta hé phu GD bang &p luc thadng ding qi'4 dat tai G ta co
thé vé& bi€u dd nbi lwc trong hé chinh theo mot trong hai cach quan niém
nhw sau:
*I* hé chinh la hé ba khép BFC;
*T hé chinh la hé dam FCG c6 g6i c6 dinh ¢ va lién két thanh Bi'.
K&t qua vé cac biéu dd noi lwc nhw trén hinh 9b, c.
2. V& cac duirng anh huwng
¢ B.a.h. Mi vad.a.h. Qi (hinh 9d, e):

« Khi p - / di dong trén hé AEB, Iluvc p khdng gav ra ndi lwc trong hé
BFCGD, d.a.h. trung véi dwong chuan.

« Khip - 1didéng trén hé chinh BFCG: vé theo d.a.h. ndi Iwc trong hé
ba khép Bf'C hodc trong hé dam FCG cé g6i cd dinh ¢ va lién két
thanh BF.

e Kill p =/ di dong trén hé phu GD: d.a.h. la doan thang ndi tung do
d.a.h. thuéc hé chinh ng duwdi khép G voi tung dé bang khéng (ng
duéi gbi D.

¢ b.a.li. 2 (hinh 90: thwc hién twong tw nhw déi véi ti€t dién / nhwn®
khi P=1 di dong trén hé chinh BFCG, v& theo mau d.a.h. ndi lwc tron®
hé congxoén.

¢ b.a.h. (hinh 99):

e Klii p = / di ddong trén hé BFCGD, luc p khéng gav ra ndi lwc tron0
hé AEB, d.a.h. trung véi dwong chuan.

e Klii p - 1di dbéng trén hé AEB: vé theo d.a.h. ndi lwc trong hé ba
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khép. Trong treong hop ndy, hé AEB c6: khép c6 dinh B, khop E va
khop A* & xa vo cung theo phwong thang diing. Diém khéng cltia doan
d.a.h. twong &ng véi khi P=1 di dong trén doan Eks la giao diém cla
duong thang ké tr B song song v&i tiép tuyén tai 3 va dwong ké tir E
song song v&i phwong clia hai thanh song song tai A. Giao diém nay &
tai E. Cac budc ti€p theo duwoc thwc hién nhw thuwong €.
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3. Van dung duwong anh hudng dé xac dinh ndi luc

, . e qi i [ i FL
¢ Mamen ubn tai tiétdién I: M , = — - A
ki 4 8 4 8 2 4 2 10
¢ Luwc cat tai cac riét dién 3,1,2: Qj=0;
g "A-8 {A- L A= — |
4 q'4' 2 8 q°

NV2+ ] V2=V2
2 4 2 4 2 4

Q* =!Lo +q.i-.4=20 q,.
4 4 2 8
Cac két qua tim duwogc phu hop véi két qua trén cac bi€u do nodi luwc.
4. Tim chuyén vi ngang tai khép E
Trang thai kha d7 "k" dé tim chuyén vi tai khdp E nhw trén hinh 9h. Biéu
dd(/VIA) bang khdng, cac phan lwc Rik twong (ng véi chuyén vi cudng
btrc tai gdi B ghi trén hinh 9h. Ap dung céng thirc chuvén vi, ta tim duoc:

JE=4bn= (il IMm)-yiRkzZi,,=-[l.4-1.4a]=0.

Bai 10. Bai giai
1. Khao sat s¢ cau tao hinh hoc (hinh 10a)
piéu kién can: DPiéu kién can thdéa man véi dau bang, hé du lién két.
Piéu kién dd: Ta xét diéu kién du bang cach lan lwot loai bd cac bd
doéi: (HG-HI)\ (ED-EF)va (BA-BC). Phan con lai la trai dat.
K&t luan: hé bat bi€n hinh, du lién két.
2. V& biéu d6 médmen uén. Nhan xét:
* Heé tinh dinh, chuvén vi cudng birc tai gdi ¢ khoéng gay ra ndi lwc trong

hé.
* Hé da cho la hé ghép dugc hinh thanh twv hé chinh ABCD la hé ba
khép; hé ba khép DEFG la phu ctia ABCD va la chinh cua GH; hé phu

GH la hé dam.
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¢ Ti& phuwong trinh can bang téng mdémen ddi v&i diém F cha phan hé
EFG ta nhan thdy ndi luc trong thanh cé hai ddu khép DE bang khéng.
Do d6, khi vé bi€u d6 mdédmen udn ta cd thé tdch hé thanh hai phan
riéng biét nhw sau:
e Khung don gidn EFG cé gdi c6 dinh ¢ F va lién két thanh DE, chiu

cac luc p dat ¢ E vaG.

» Khung ba kh&ép ABCD chiu céc lwc p dat ¢ 2, B va D.

K&t qua tinh cac phan Ilwc va biéu d6 momen ubn can tim vé trén hinh

I6a.

3. V& cac dudng anh hudng

¢ D.ali. Mi (hinh 10b). Tiét dién / thuéc phan hé DEFG nén:
« Khi P=1 di dong trén hé chinh ABCD: d.a.h. trung v&i dwong chuan.
» Khi P=1 di déng trén hé DEFG: vé theo d.a.h. tai ti€t dién & dau thira.

e Khi P=1 di dong trén hé phu GH: d.a.h. la doan théng n6éi tung doé
. ___2 hé chinh &ng duwéi khép G véi tung dd bang khong (ng

¢ B.ali. M2 (hinh 10d). Tiét dién 2 thudéc hé chinh ABCD (hinh 10c) nén:

* Khi P=1 di déng trén hé chinh ABCD: vé theo d.a.h. néi lwc trong hé
ba khép 04, B va C). Diém khong clha phan d.a.h. khi p di déng trén
doan 2B, rng dudi giao diém S[ cla hai dwong /U2 va CB. Diém nay &
cach gbi A mot khoang 3a/2.

 Khi P-1 di dong trén doan DE: d.a.h. l1a doan thang ké ti€p ndi tung

dd ng dudi khép D véi tung dd bang khéng (ng dwdi lwc p co vi tri

dé sao cho mémen uén tai 2 bang khdng. DE tim diém nay ta lap luan

nhu sau:

0 p di dong trén DE nén cac luc dat tai G va H cta hé phu bang
khong- lwc dat tai F va E phai trwc d6i (vi EFG chi chiu tac dung cda
hai lwc nay); do do lwc dat tai E tAc dung vao miéng cirng DE phai c6
phuvong FE.

0 Trén miéng cirng A2B khdng c6 tai trong p nén cac lwc dat tai A va
B phai trwc doéi, cé phuwong AB. Néu nhirng lwc nay ton tai thi mdmen
udn tai 2 s& khac khdong. Muén cho mémen uén tai 2 bang khéng thi
cac luc dat tai A va B cling phai bang khong, khi dé6 miéng cirng
BCD chi chiu tac dung cta hai luc dat tai C va D. Mudn cho miéng
cin<’ BCD can bang thi hai lwc nay phai triec d6i nghia la lwc dat tai
D tAc dung vao miéng cirng DE phai c6 phuong CD.
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Hinh 10

© Miéng cirng DE chiu tac dung cla ba lyc: lwc dat tai D c6 phuwong
CD, luc dat tai E c6 phwong FE va tai trong p. Mudn cho miéng
cirng DE can bang thi ba luc nay phai dong quy va lwc p phai c6 M
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tri twong g véi giao diém s2 cta hai duwong CD va EF.
Nhu vay, diém khong cua phan d.a.h. khi p di déng trén DE la di€m
trng duwdi giao diém S2 cua hai dwong CD va EF.
e Khip = | di dong trén doan EG: d.a.h. la doan thang ké ti€p ndi tung
dod tng dudi khép E véi tung do bang khdng tng dudi goi F.
e Khip = 1 di dong trén doan GH: d.a.h. la doan thang ké ti€p ndi tung
dd tng dudi khép G voi tung doé bang khdng tng dudi gbi H.
¢ D.a.h. Mi (hinh 10e). Ti€t dién 3 thubdc thanh ddng cla hé chinh
ABCD. b€ quy dinh dau cla d.a.h. mémen uén ta chon chiéu nhin cla
ngudi quan sat nhw trén hinh 1Oc.
* Khip - T didbéng trén hé chinh ABCD: vé theo d.a.h. ndi luc trong hé
ba khép ABC. Phan d.a.h. khi p di dong trén doan Bkj dwoc xac dinh
nhw sau:

trng du(yiA la —/— =2a— — ==/ ;

V uiem Knoéng rng dwéi giao diém T cla hai dwong Cki va AB\

0 phan thich dung (hinh 10e): doan (tng duw&i khép B dén khép D
(phan dau thira 3D thudc phan bén trai 3 tic la thudc doan B3).

Ciling c6 thé vé phan d.a.h. nay theo d.a.h. lwc x6 trong hé ba khép.

» Khi p=1I di dong trén doan DE: d.a.h. la doan thang ké ti€p ndi tung
dd ng dudi khép D v@i tung dé bang khéng &ng duwdi lwc p co vi tri
dé sao cho madinen udn tai 3 bang khdng. D& tim diém nav ta cling 1ap
luan twong tw nhw trudng hop trén va cd cac nhan xét sau:

0 Lwc dat tai E thc dung vao miéng cirng DE phdi c6 phwong FE.

0 Muén cho mémen udn tai 3 bang khéng thi phan lyc tai ¢ phai cé
phwong thdng dirng. Khi d6 miéng cing BCD chiu tac dung cla ba
lwc: lwc dat tai C co6 phuong thang ding; lwc dat tai B c6 phwong AB;
lwc d&t tai D. Mudn cho miéng cirng BCD can bang thi ba lwc nay
phai ddéng quy nghia la lyc dat tai D phai di qua giao diém T cla hai
lc noéi trén.

0 Miéng cirng DE ldc nay chiu tac dung cua ba lwc: luc dat tai D c6
phuwong TD, lwc dat tai E cé phuwong FE va tai trong p. Mudn cho
miéng citng DE can bang thi ba lwc nay phai déng quy va lwc p phai
c6 vi tri twong &ns véi giao diém F cla hai dwong TD va EF.
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« Khi P=J di ddng trén doan EG: d.a.h. la doan thdng ké tiép ndi tung
dd ¢ng dwdi khép E véi tung do bang khdng tng dudi gbi /s

 Khi P=| di ddong trén doan GH: d.a.h. la doan thang ké tiép nbi tung
doé wng dudi khép G voi tung dd bang khdng ¢ng dwdi gbi //

¢ D.a.h. M4 (hinh 10f). Tiét dién 4 thudc hé chinh ABCD.

e Klii P=1 di déng trén hé chinh ABCD: thwc hién twong tw nhuw khi v@
d.a.h. médmen ubn tai 3 song can chu y vé phan thich dung cla cac doan
d.a.h. Trong trudng hop nay (hinh 10c) tiét dién 4 chia miéng cing
BCD thanh hai phan: phan bén trai B4 va phan bén phai la C4D. Do db.
phan thich dung cua doan d.a.h. twong t&ng véi khi p di dong trén phan. m
B4 chi gi¢i han trong pham vi B va 4. Khi p di ddng trén phan 4D fti
can vé d.a.h. twong ng v&i khi p di ddng trén phan bén phai ctra 4. Nhi
da biét, hai phan d.a.h. mdmen udn & hai bén ti€t dién cé tinh chat: ti
di€ém (ng duwdi ti€t dién, néu lay theo phwong song song v&i duoni
chuan mot doan bang a thi phan tung do khép gitra hai doan d.a.h. &6ha
bén tiét dién cling bang a. T nhan xét nay ta dé dang suy ra dah
twong ng v&i khi p di dong trén phan 4D (hinh 10f).

e Klii P~1 di ddong trén doan DE: cling lap luan tuwong ty nhu truon)
hop tiét dién 2, d.a.h. |a doan thdng ké tiép no6i tung dd ¢ng dudi khd)
D v&i tung dd bang khéng rng dudi giao diém S>

e Khi P=1 di dong trén doan EG va GH: d.a.h. la cac doan thang néi k
ti€p nhau, thwc hién twong tw nhw hai tredng hop trén.

4. Van dung dutmg anh huung dé xac dinh gia tri mémen udén
Ml - P(-a) - -Pa,a
M: = P.(al3) + p.( -a/3) + P.(a/3) + p.( -a/3) + P.(a/3) = Pa/3 m
—P.(—/4) + P.(—a/2) + P.(a/l2) + P.(al4) + P.(—a/4) ==Pald4 m
M4 —p.(—€i/4) + p.(—€t/2) + p.i—&12) + P.(v/2) + p.(—a/2) - 5Pald
Phu hop v&i két qua trén bi€u d® moémen udn (hinh 10a).

5. Tim chuyén vi géc twong doi gira hai ti€t dien B va c. Trang thai k
di "k" va bi€u d mémen uén twong tng vé trén hinh 102.

PC-
Suy ra: (pBC = (5yl~5 + 3)—— , (theo chiéu cac mémen trén hinh 10 -
16El
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Bai 11. Chi dan.

Hé da cho la hé ghép, hé chinh ABCD dwoc xem nhw hé ba khép A*BH cé

thanh cang GH (hinh 1Ja). K&t qua vé biéu dd nodi lwc nhw trén hinh 11b, c.

Céc d.a.h. can tim nhw trén hinh 11 d, e, f. Gia tri M? tinh theo d.a.h. bang

ga2.

Bai 12. bap s0. Ké&t qua vé biéu dd ndi lwc va cac d.a.h. can tim nhuw trén
hinh 12. Gia tri M j tinh theo d.a.h. bang 45 kNm (cang th& trén).

Bai 13EPap sbd. K&t qua vé biéu dd ndi luc va cac d.a.h. can tim nhw trén
hinh 13. Gia tri cac ndi lwc tai k tinh theo d.a.h. phu hop v&i cac biéu do

noi luc.

Bai 14. Dap s6. K&t qua vé biéu dd ndi luc va cac d.a.h. can tim nhu trén
hinh 14. Giéa tri cac dai lwvgng can tim tlico d.a.h. phu hop v&i két qua tim

duwoc & buéc L
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Bai 15. bap s6. K&t qua vé biéu do ndi lyc va cac d.a.h. can tim nhuw trén
hinh 15. Gié tri cac dai lwong tim theo d.a.h.: Mi = 3,017 kNm; M2 = Q.

\ ZkN
kN/m .
? ) Ps172
1Y -
w0
'I}P 0862kN
X
0,862kN
e 125120 3m e
12y3kN u lv
9 1283
0 J 0,862
2 " f
1707 b3=
08" a G
H 3 | 5,707
- 0862 1,793,
(I7) ikN)
E I® h i
1 EI'| 1 0,965 | 11
f) 3
D.ah. M © 0,667
Xi /3207  Bxathh, (m)
v Y om)
Hinh 15

Bai 16. Bai giai

Nhan xét: Hé doi xi*ng, chiu nguyén nhan tdc dung doéi xirng, dwoc hinh
thanh tr hai hé chinh KA, DB la hé céngxdn va m6t hé phu la hé ba khép
ACB (hinh l6a).

1. V& biéu d6 momen udn

Ta c6 thé vé nhanh biéu d6 mdmen ubn trén co s& nhirtng nhan xét sau:

0 Tai khép C cé hai cap thanh phan phan luc: cip thdng ding la phan

xtrng bang khdns vi hé ddi xirng chiu nguyén nhan tac dung déi xing;
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cap nam ngang ton tai nhung khdéng gay ra momcn uén trong cac oan
thanh CE va CF. Do dé khi v& biéu d6 mémen udn ta c6 the xem céac

doan thanh nay nhw cac phan dau thira cé dau ty do tai ¢
-2

0 Bi6u dd moémen uén )
trong doan thanh AE
(BF) c6 dang bac nhat
dwoc xac dinh theo hai
tung do: tung dé bang
khong tai khép A (D)
va tung dé tai E (F) co
gia tri bang momen
ubn tai E (F) thudc
doan EC (FC) xac dinh
theo nguycn tic can
bdng nat.
0 Bicu d6 mdémen udbn
trong doan thanh AK
(BD) la doan thang kéo
dai cta biéu d6 momen
uébn trong doan thanh
AE (DF) vi tai A (B)
khéng cé lwc tap trung.
Két qua tim dwoc nhw
trén hinh l6a.

2. Vé cac d.a.h. mémen

~ R , . da h
udn va luwc cat tai k

« Khi P=J di dbng trén
lié clanh BD: tiét dién
k & tai moét hé chinh
khdc nén khéng phéat
sinh néi luc, d.a.h.
tring v@i dwong chuan. Hinh 16

« Khi P=1 di dong trén hé chinh KA: vé theo d.a.h. ndi lwc trong hé
cobngxoén.

« Khi P -i di dong trén AEC: d.a.h. 1a doan thang ké tiép néi tung dd Un«
dudi khép A véi tung do bang khdng tng dudi luc p c6 vi tri dé sao cho
ndi luc can vé d.a.h. tai k bang khong.
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Dé tim diém nay (hinh J6b) ta l1ap luan nhuv sau: Khi p di déng trén
AEC, mu6én cho mémen uén tai k bang khoéng thi lwc dat tai A phai c6
phuong Ak. Twong tu, mudn cho luyc cat tai k bang khéng thi lwc dat tai
A phdi c6 phuong song song véi ti€p tuyén tai k tirc la phuwong Ak. Ta
thdy trong ca hai trwdng hop, lwc dat tai A tAc dung vao miéng clrng
AEC déu phai c6 phuong Ak. Mat khac, miéng cirng CFB chi chiu tac
dung cla hai lwc nén luc dat tai C tdc dung vao miéng clrng AEC phai
c6 phwong CB. Nhw vay, miéng cirng AEC can bang duwdi tac dung cua
ba luc la lwc p, lwc dat tai A c6 phuwong Ak, Iwc dat tai ¢ c6 phuong CB,
ba lwc nay phai déng quy nén vi tri can tim cua lwc p twong (ng véi
giao diém s cua cac duwong Ak va BC.

Pé xac dinh khoang cach X theo phwong ngang tir A dén giao diém s
(hinh 16b) ta c6 di€u kién:

SH = X'tga = (2a-x) tgR, suy ra: X=
tga +tgl3

=al/(al3) =3; tgB-ala- |, nén X= — ~"=—,

e MII r-j U dong trén CFB: d.a.h. la doan thang ké ti€p ndi tung d6 rng
dudi khép C véi tung dd bang khéng wng dudi khép B
Két qua vé cac d.a.h. nhuw trén hinh 16c, d.

Bai 17. Bai giai

1 Vé biéu d6 indmen udn. Co thé vé ngay bi€u dd6 mémen udn ma khong

can xac dinh cac phan lyc trén co s& cac nhan xét sau:

» Doan AB va DE: Thuwc hién nhw trong dam cé dau thlra.

« Doan CB va CD: Sau khi phan tich lyc p thanh hai lwc d&t & hai bén
khép C ta thdy thanh phan thdng dirng ctia phan lyc tai khép C bang
khéng vi phan bén trén cla hé la déi xi’ng va chiu nguyén nhan doi
xtrng. Do dé, khi vé ta c6 thé xem CR va CD nhuw cac dau thlra chi chiu
cac lyc da biét la P/2 = 30 kN.

« Doan BG va DU: MOomen udn tai B va I) xac dinh theo di€u kién can
bang nut con mAdmen udn tai G va H bang khong.

« Doan IG va GH: Céac thanh nay c6 khép & hai dau va khong chiu tai
trong trén thanh nén mémen udn hing khong.

» Doan HK: Cac ap luc truyén tr bd phan déi xirng bén trén xudng cac bd
phan bén du6i (Gl va HK) phdi cé tinh chat déi x&*ng. Do do, néu ap luc
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tai G c6 phuong Gl thi ap lwc tai H phai c6 phuong HK. suy ra mémen
udn trong thanh HK ciing bang khéng.
Két qua tim dugc nhw
trén hinh 17a.
2. V& cac duong anh

hwéng A

¢ D.a.h. Mi (hinh

17b): vé theo d.a.h.

momen udn tai tiét

dién ¢ dau thtra.

¢ bD.ah. M2 (hinh

17c): vé theo d.a.h.

momen udn trong hé

ba khdp GCIii. Khi p

di déng trén doan 2C,

diem khéng cua d.a.h.

ng duGi giao di€ém

cita HC va G2 (hinh

17a). Chu y la doan

AB thudc phan bén

trai tiét dién 2.
¢ bah Mj (hinh

17d): thuc hién twong

tv nhuw khi vé d.a.h.

M2. Can cha y doan

AD ldc nay thudc

phan bén phai tiét M
dién 3.
¢ b.ah. M4 (hinh

17e). Truwéc tién, gid

thiét lwc p di dong

trén hé chiu lwc chinh

la dam cOngxdn HK,

d.a.h. M4la dudng dut

nét trén hinh 17e. BO

phan ABCDEGH Ila

hé phu va hinh thanh

mot miéng cng. Hinh 17
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Do dé khi p di dong trén ABCDE, d.a.h. M4 la mét dwdng thang trén
toan chiéu dai ABCDE. Pudng thdng nay dwoc xac dinh tir hai tung do:
« Tung d0 bang -2 ang dwéi khdp H nbi hé phu véi hé chinh.

« Tung dd bang khdng Gng duéi giao diém cla IG va HK. That vay,
miéng cirng ABCDEGH chiu tac dung cla ba luc: lwc p, luc dat tai G
c6 phuong IG va luc dat tai H. Mu6n cho mémen udn tai ti€t dién 4
bang khéng thi luvc dat tai H phai di qua tiét dién 4 tic la c6 phuong
HK, cho nén vi tri cia lwc p cho M4 = 0 phai la giao diém cla IG va
HK.

3. Xac dinh gbc xoay tuong doi gitra hai ti€t dién A vac
Trang thai kha d7 "k" va bi€u d6 médmen udn twong t&ng vé trén hinh 17f.
2

. 1 1
CeB = {MKiM)=- S841- 34+ 1241 =-éEIr*é.

Goc xoay twong dbéi ngwoc véi chiéu gid dinh cla cac lwc Pk trén hinh

Hé da cho (hinh 18a) la hé dan ghép tinh dinh dugc hinh thanh tir cac dan
don gian: hé chinh EACBF la ho dan ba khép (/4, B, C); hé phu DE ndéi véi
hé chinh tai khép E; hé phu GH néi v&i hé chinh bang hai thanh song song
FG va od.
1. Vé cac duwong anh huéng

+ B.ah. N>$ (hinh 18b): van dung phuong phap tach mat (mat 2).

¢ D.a.li. N12(hinh 18c):

« Khi P=I di dong trén ECF: Thuc hién mat cat I-1 qua ba thanh 1-2,
-3 4-3, chon tam modmen 3, ta co6 thé vé d.a.h. N1-2 theo d.a.h.
momen udbn tai ti€t dién 3 trong vom ba khép phu tro ACB di qua
diém 3 nhu sau:

dah N&2=- -id.a.h. m] ).
a

Trong trwdng hop nay, phan d.a.h. twong &¥ng véi khi p di déng trén
CF trung v&i duwong chuan.

DP.a.h. tim theo cach nay chi thich nghi v&i khi p di dong ngoai dot bi
cat trén dwong xe chay. Khi p di déng trén dét bi cit (d6t 1-2) ta sk
dung duong ndi theo nguyén tac truyén lwc trong hé c6 hé théng
truyén luwc.
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« Khi p=1 di dong trén DE: d.a.h. la doan thdng k& tiép ndi tung dd tng
dudi khép E véi tung dd bang khdong tng duéi gbi D.

« Khi P=1 di dong trén GH: hé phu GH dugt ndi v&i hé chinh bang hai
thanh song song ncn khép gia tao ndi gitka hai hé nay & xa vo cung.
Do dé, d.a.h. trong doan nay la doan thang di qua tung dd bang khdng
rng dwdi gbi H, song song véi d.a.h. twong &ng v&i khi p di déng tron
hé CF non cling trung v&i dwong chuan.

« Khi P=1 di dong trén dét FG: d.a.hAla doan thang néi hai tung dé tng
duwdi F va G theo nguyén téc truyén lwc trong hd cé6 hé théng truyén
Iwre.
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¢ b.a.h. N/.J (hinh 18d):

« Khi P -1 di déng trén ECF: Ciling thwc hién mét cét i-i qua ha thanh
1-2, 1-3, 4-3, tam mdémen dé xac dinh N 1-3 & xa vé clng nén ta co thé
vé d.a.h. Nj-3 theo d.a.h. lywc cét trong vom ba khép pliu tro ACB. Ap
dung phuong phap thwc hanh ta co:

d.a.h. Nas =yi2(d.a.h. qY-2) «

voi d.a.h. qY_1 la d.a.h. luc cit tai ti€t dién trong pham vi dét hi ci
(/-2), c6 truc song song vG&i phwong cta hai thanh 1-2, 4-3 (ndm
ngang) trong vom ba khép phu uvo ACB.
b.a.h. tim theo cach nay chi thich nghi v&i khi p di dong ngoai dd! hi
cat trén dwong xe chay. Khi p di dong trén d6ét bi cat (d6t 1-2) la st
dung duwong ndi theo nguyén tic truyén luc trong hé co hé théng
truyén luc.
« Khi P=1 di dong trén DE, GH, va trén dét FG: thuc hién twong tw nhw
-mi \BUAN n~ 1-2.
(hinh 18e>: Thuc hién lwong tw nhw khi vé il.a.h. N/.i song
can str dung mat cét Il-11 qua ba thanh 0-1, 1-4, 4-3 va \'& d.a.ii. /V/ 4
theo d.a.h. lic cat trong vom ba khép phu trg ACB theo hi€u thikc:

d.ali. N14 = -(d.a.li. Qo_al

VGi ciai. Q(_1 la d.a.h. lwc cét tai tiét dién trong pham vi d6t hi cit
(0-1), c6 truc song song v@i phwong cua hai thanh 0-1, 4-3 (ndm
ngang) trong vom ba kliop phu tro ACB.
¢ D.a.h. Ny.f) (hinh 18f): Tach mét 6, lap phwong trinh can hanii hinh
chiéu Ién phuong thang ding. V&i moi vi tri cua lwc p, ta ludén ludn coé:
Ns.fi = -Ni2 Nf-6 suy ra d.a.li. N§-6 = -\i2 (il.a.li. NF.h).
P.a.li. Nf-otim dwoc dé dang bang cach tach mat F.
28VEé biéu do chuyén vi thang ding clia duong xe chay
Khi thay déi chicu dai cac thanh a-c, b-c dwong dan hdi cua dwong xe
chay c6 dang dwong da giac. Do d6 ta chi can tim chuyén vi thang ding
tai cAc diém thudc dwong xe chay rbéi ndi cac tung do bi€u thi cac chuyén
vi vira tim dwoc bdns cac doan thdng trong pham vi méi dét.
Pé tim chuyé&n vi thdng ding tai mat bat ky trén dudng xe chay ta cun tao
trang thai kha di "k", xac dinh luwc doc twong &ng trons cac thanh cé
chiéu dai thay doi va ap dung cong thirc chuyén vi. Trong trwedng hop nav
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ta co:

km =x~/*4m = [*ac)k + *(bc)k X ~
Cé&c thanh a-c, b-c thuéc hé phu GH nén lwc doc trong cac thanh nay chi
phat sinh khi luwc Pk -1 dat tai wva b.

Nhu vay, chuyén vi thdng ding tai cac mat thudc dwdng xe chay tw D dén
F bang khéng, biéu dd chuyén vi thdng dirng twong ¢ng trong pham M
nay trung véi dwong chuan. Ta chi can tim chuyén vi thang ding tai mét
avab.

¢ Khi Pk =/ dat tai a, 4p dung phuong phap tach mét ta tim duoc:
O(ac>k=-32" d(bdk=0- Suy ra: 4 =(-yii\- A)=yi2A.
¢ Khi Pk =/ dat tai b, 4p dung phuong phap tach mét ta tim duoc:
fi(ac)k =0 ; Nbc)k =-im Suyra: Ab=(-i)( -A) = A
Bi€u do chuyén vi can tim cé dang nhu trén hinh 18g.
Bai 19. Chi dan
1 Xé&c dinh ndi lyc trong toan b cac thanh

Hé d6i x&ng chiu nguyén nhan déi xing (hinh 19a) nén sau khi khao sét
r>at 5 ta dé dang nhan thdy Nsd = Nyic =0. Van dung cac nhan xét suy ra
tlr phuwong phap tach mét ta sé phat hién dwoc cac thanh cé luc doc bang
khéng: cac thanh bién thuéc dudng bién trén; cic thanh ding va thanh
xién cua hé thanh bung; cac thanh 1-2, 2-3, 7-8, 8-9 thudc bién dudi.

Tach mét 3 hodc mét 7, ta sé tim dwgc ndi lwc trong cac thanh con lai:
Nih = N7i=- p42 ; N34 = N45 = N53 = N67 =m- p.
2. V& cac duong anh huimg
¢ D.a.h. N4 (hinh 19b>: tring v&i duwong chuén.
¢ D.ali. N4l (hinh 19c): Tach mét 4 v&i cha y la ndi lwc trong thanh 4-c
va 4-d luén bang khdng v&i moi vi tri cha luc p trén dwdong xe chay.
¢ Db.a.li. N3.4 (hinh 19d> Thuwc hién méit cit 1-1 (hinh 19a), chon tam

mémen g, vé theo d.a.h. mébmen uén tai g trong hé ba khoép phu tro
A*CB* c6 truc di qua g theo bi€u thtrc:

dah. Ni-4 = -id.a.h. M\ ).
I X

Diém khong cla phan d.a.h. khi p di dong trén doan 4-5 (rns dudi giao
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diém D cua duong B*c va dwong A*g (hinh 19a).

A |-———-t— hi !
I I 1 I
1 dd h.N4 ¢
1 1 1
. . d-a-h. N4.g
6d \ \
r 3 i
A rhp=rriT T w T T TTTIT re T o-xr-gx-N 1
1 Yo yg dahN]-4
[ ] 1 J_
J 1 1 m T T m T T rr o rr A 1
L e 7 dahm
1 [ \Ey_i .
T h 1 fil m T T T T T rrrr” _
r2 A d 3 h Neb:
4
S rrrom T T T 1 TT T0T rrT oo —
da.h.
Hinh 19

¢ B.a.h. Nc-g (hinh 19e): T méat ¢ (hinh 19a) ta thdy: ,
d.a.h. Ncg = d.a.h. yVj.fE

Ciling thuwc hién mat cat 1-1, ta c6 thé v& d.a.h. Nc.g theo d.a.h. luwc cét

trong hé ba khép phu trg A*CB* cé doan song song véi cac thanh 3-4
va/-£ trong pham vi d6t bi cit. Ta co:

d.a.h. Nc-g = -yi2 id.a.h. Qv).

Diém khéng cua phan d.a.h. khi p di dong trén doan 4-5 (ng dudi giao

199



diém cla dwong B*c va duwdong di qua A* song song v&i cac thanh 3-4
va f-1l (di€m B- trén hinh 19a).
¢ D.a.li. Nc-h (hinh 190: T mé&t b (hinh 19a) ta thay:

cl.a.h. Ne-b = d.v.h. Nb-3-
Thuwc hién méat cét 2-2, kh&o sat can bang cla phan hé bén trau ta QO the
vé d.a.h. Nc-b theo d.a.h. lyc cét trong hé dam don gian c6 goi trai la A,
g6i phai la g6i gia tao tai giao di€ém D cua thanh 1i3 VO dudrng ndi B" C
(Vi c6 thé thay ntra hén phai cua hé bang phan lwc cé duong tac dung la
B-' C) theo bi€u thirc:
d.a.h. Ne-b = yi2(d.v.h. QI),

tron2 d6 w.a.fi. Qdla d.a.h. lyc céat tai tiét dién thudc doan cé truc song
song v&i cac thanh e-fva 2-3, trong hé dam don gidn dat trén cac gobi A
va D.

¢ D.a.h. Ni-h (hinh 19g): C6 thé xac dinh Nj-1, theo lwc xd // trong vom
ba khGp A*CB*:

Ni-h —= 11, dodé: d.ali. Njtth = -yj~2 (il.a.li. Ii).

Bai 20. Chi dan
1. Chirng minh he la hat bién hinh. Diéu kién can thdoa méan véi dau
bang, hé du lién két. Xét didu kién du hang cach phat trien dan miéng
clrng, xuat phat tir trai dat. Két luan: hé hat bién hinh, du lién két.

2. \/@ cac biéu d6 monien udn, luc cit

Hé da cho la hé c6 hé théng truyén lwc: hé thong bén trén la dam. truyéri
lwc xudng két cau chiu lwc chinh bén dwéi qua ba lién két thanh; két cau
chiu lwc chinh bén duwéi la hé ghép. So do truyén lwc va cac bieu do6 noi
lvc tim dwoc nhw trén hinh 20. la,h.

3éVe cac duirng anh huwng

¢ D.ali. Mi va d.a.h. Qy. Luc p di dong trén dam AB (hinh 20.2a) s&
truyén ap lwc xuéng két cau chiu lwc chinh qua hai mat truvén lwc: méat
3 va mét gia tao G* la giao diém cua hai thanh xién tai F va H. Tiét
dién 1 va 3 khoéng thuéc pham vi cha dam AB nén d.a.h. ndi luc tai cac
tieét dién nay chi la mot doan thang trén toan chiéu dai AB, do d6 co the
xac dinh theo hai tung dd twona rna v@i hai vi tri cta luc P:
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« Khi p =1 dat tai 3: MI =-a; Qj =1, Q?'=0
« KhiP=1 dattaiG*: Mj =0; Q'i=0; Qjlh=0.
Két qua nhu trén hinh 20.2b, c, d.

Hinh 20.1

¢ BD.a.h. Mi : Tiét dién 2 thudc dam phu AD nén c6 thé c6 lap dam AB
dé khao sat. Cach vé d.a.h. \i2 duwoc trinh bay trén so d6 hinh 20.2c.
Két qua nhw trén hinh 20.2f.

4. Van dung duwong anh hwdng dé kiém tra cac gia tri noi lwc

Mi = P(-"j-) + P(») = -Pa;

Q>i=P(i)+P(-i) =P,

= p.0o + p.o = 0;
M2 = P(-0,25a) + P (-1,25a) = -7,5 Pa.
Phu hop véi két qua trén cac biéu do noi luc.
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Bai 21. Chi dan

1. Kh&o sat su cau tao hinh hoc (hinh 21a). Biéu kién can théa man voi
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dau bang, hé du lién két. Xét diéu kién da bang cach phat trien dan
miéng cing, xuat phat tir trai dat. K&t luan: hé bat bién hinh, du lién két.
2 \E cac duong anh hudng
¢ Dah. luc cat tai tiét dién m: Tai m c6 lién két thanh Cm nén can phéi
V@ hai d.a.h. luc cét:
P.a.h. lic cét tai ti€t dién bén trai lién két thanh Cm (hinh 21b): Khi
p di dong trén HI, v& theo d.a.h. luc cét tai tiét dién trong nhip cua
khung don gidn cé g6i c6 dinh B va g6i di dong Cm. Khi p di dong
trén IR va RS, ap dung quy tac v& d.a.h. trong hé ghép.
*Vb.a.h. lwc cat tai ti€t dién bén phai lién két thanh Cm (hinh 21c): Khi
p di dong trén HI, vé theo d.a.h. lyc cét tai tiét dién & phan dau thira
bé&n phdi cia dam don gian. Khi p di dong trén jR va RS, ap dung quy
tac v& d.a.h. trong hé ghép.
¢ b.ali. mamen ubn tai céac tiét dién /, 2, 3, 4 vu 5. Céac ti€t dién nay
thiiiV hé rhlij lwvc chinh cla hé cé hé thdng truyén luc, do dé ta can thuc

* »C uaw». v&i gia thiét lwc p dat trwc ti€p trén hé chiu lwc chinh.

* Gil? lai cac tung do d.a.h. ¢rng dwdi cac mét truyén lwc va néi cac tung
dd do voi nhau bang cac doan thang. Can chi y la trong bai toan nay
hé théng truyén luwc la cac hé dam don gidn cé dau thira (hé 111 va IR)
cho nén khi néi cac tung do (rng dudi cac mat truyén lwc ta can kéo
dai méi doan thang néi do cho t&i hét pham vi mbi miéng cieng (HI va
IR).

> D.a.h. Mi (hinh 2le): vi p di dong cé phuong thang ding nén tir diéu
kién can bang hinh chiéu theo phwong ngang clia toan hé ta thay thanh
phan ngang cua phan lyc tai A luén luén bang khéng. Do dé, v&i moi
vi tri chia lwc p, moémen udbn tai ti€t dién 3 luén luén bang khdéng va
d.a.h. trung v&i dwdng chuan.

b.a.li. Mi va d.a.li. M2 (hinh 21d): vi M1 ludn luén bang khéng nén
tlr diéu kién can bang nat ta c6 Mi - jvj2- Do d6 chi can vé d.a.h. Mi
(hodc d.a.h. Mz) la du.

e Khi p di dong truc ti€p trén hé chiu luc clanli: vé theo d.a.h. mémen

udn tai ti€t dién ¢ dau thtra bén trai (duwong ddt nét trén hinh 21d).

« Khi p di déng trén hé tliéng truyén lwc: Diéu chinh lai d.a.h. theo

quy tic da néu & trén.
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Hinh 21
¢ B.CLIl. M4 (hinh 210'

Khi p di déng tryc ti€p trén hé chiu lwc chinh:

0 Trén CDEGF: Luc nay, bé phan BAC khod
phan lyc tai A va C phai c6é phuong AC. Nhun
ding ncn thanh phan ngang cla phan luc tni A
d6 phan Iuc tai A va C chi cé thé bang khi
loai bé bd phan DAC va vé d.a.h. hidthcc
dién & phan dau thira bén trai C4 (dwirng di

0 Trén BAC: N6i tung do rng dudi C véi tuni
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 Khi p di dong trén hé thdng truyén lwc: Diéw chinh lai d.a.h. theo
quy tc da néu & trén.
* B.ah. Ma (hinh 21g):
« Klii p di dong truc ti€p trén hé chiu lwc chinh:
0 Trén CDEGF: Quan niém hé nay lam viéc nhw mot hé dam cé goi
di dong tai G va g6i cd' dinh la giao diém cua AC va DU. Vé d.a.h.
Mi theo d.a.h. mémen udn tai ti€t dién & trong nhip hé dam naéi trén
(dudng dit nét trén hinh 219).
0 Trén BAC: NG&i tung dd (ng duwdi ¢ v&i tung dé bang khong (ng
dudi A.
« Khi p di dong trén hé théng truyén lwc: Biéu chinh lai d.a.h. theo
quy tic da néu & trén.
B 228Bai giai
- imwen hO | bat bién hinh
an- Hé no6i voi trai dat nén ta cé diéu kién:
n=T+ 2K +3H +c -3D >0.
Quan niém hé gom nam miéng cing (hinh 22.1a): ADFG, GHEB, VI,
IHK va LC dwoc néi v&i nhau béi hai thanh DE, KL&bon khop tai F, |,
G, H va n6i voi trai dat bang nam lién két twong duong loai mot. Nhuw
vay, D =5; T=2; K=4. H= 0;c= 5, ta cé:
n=2+24+30+5-3.5=0.
Diéu kién can thoa man véi dau bang, hé du lién két.
= Pigu kién du (hinh 22.1a) - Trwdc tién ta loai bd bd doi (LK-LC) ra
khoi hé. Khi do, hai thanh gay khac IF va /// gitt vai trd nhw bd d6i nén
duwoc loai bd ti€p. Tinh chat ciu tao hinh hoc cua hé khéng thay doi, chi
can xét ti€p phan con lai. Miéng clrng ADFG ndi vé&i miéng cirng BEUG
bang khép G va thanh DE khong di qua khép G, tao thanh miéng cing
ADFGHEB. Miéng cttng nay dwoc néi véi trai dat bang khop A va lién
két thanh tai B khéng di qua kh&p A nén toan bd hé la bat bi€n hinh.
Két luan: hé bat bién hinh, da lién két.
2. /& céc biéu d® mdémcen uén, luc cit
Ta nhan thdy hai thanh LK va LC la phan phu (hinh 22.1a), khéng chiu
tdi trong nén khoéng lam viéc, co thé loai bé ra khéi hé. Dé dang nhan
thdy thanh phan ngang cta phan lyc tai A bang khdng nén phan hé con
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lai tr& thanh d6i x(rng va chiu tai trong tac dung déi x&ng. Van dung tin
chat doi xrng, tach riéng phan phu la hé ba kh*p RFIHK dé thwc hien,
tinh toan, ti€p d6 tinh hé chinh ADFGHED la hé ba khé&p cé thanh cang
chiu cac ap luwc truyén tr hé phu xudéng. Cac bi€éu dé6 mémen udn va luc
cét tim dwoc nhw trén hinh 22.2a, b.

Hinh 22.1
3. V& cac dulrng anh hutrng
¢ D.a.h. Mi, d.a.h. ¢2 d.a.h. Mi (hinh 22.Ib, c, d); Céc tiét dién 12 3
thuéc hé phu nén khi lwc p di dong tren RSIJK cac d.a.h. nay dwgc vé

theo d.a.h. néi lwc trong hé ba khép FIH. Khi p di déns trén KL, d.a.h
la dwdrng néi tung dé rng dudi khdp K voi tung dd bang khéng tng dudi
L.
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+ D.ah. M4: Tiét dién 4 thudc hé chiu luc chinh, lwc p di dong trén hé phu. Néu
xem hé phu nhuw hé théng truyén lwc voi cac mét truyén lwc tai F va H (hinh
22.1a) thi ta c6 thé ap dung quy téc vé d.a.h. trong hé c6 hd thd'ng truyén luec.

p di dong truc ti€p trén hé chiu lwc chinh: V& d.a.h. Ma theo d.a.h.
ng hé ba kh&p cé thanh cang ta dugc dwdng dat nét trén hinh 22.1e.
« Khi p di ddng trén hé théng truyén lwc: Gitt lai cac tung do (ng dwdi méat
truyén luc tai F va H. Trong pham vi méi miéng ctng, d.a.h. 1a mot doan
thang nén chi can tim thém mot tung d6 (ng dwdi khdp 1 1a du dé vé.
bat lvc p=1 tai i ta c6 bai todn hé d6i xrng chiu lwc ddi xi¥rng va dé
dang tim dwogc M4 =-a/2. NGi cac tung do lién ti€p &ng dudi F, I, //
ta dwoc d.a.h. Ma khi p di dong tir R dén K.
Khi p di dong trén KL, d.a.h. la duong nbi tung dd ¢ng dudi khép K
V@i tung d6 bang khong tng dudi L.
K&t qua nhu trén hinh 22.le.

4. Van dung ducving anh hutimg dé kiém tra cac gia tri mdémen ubn

Ma =q 2 4a=-2qga’

Cac gia tri tim dwoc phu hop véi két qua trén biéu d6 moémen udn.
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