XAC BINH NOI LYC VA CHUYEN VI PUNG VOM CYCLOID
CHIU NHIEU TAI TRONG TAP TRUNG
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Trwdng Dai hoc Clru Long

Tém tat: Bai bao nay trinh bay cach xac dinh néi lurc va chuyén vi dirng ctia vom cycloid phdng chju nhiéu
tai trong tap trung thdng dirng theo phuong phap thé ndng curc tiéu. V&i céch xay dung nay, bai bdo da thiét lap
dwoc phiém ham cho bai toan vom trong 2 truong hop fa khi xét lue doc truc va khi xét md men udn véi truc
thuwre vom dang cong.

T khod: néi luc, chuyén vi dirng, vom cycloid, phwong phép thé néng curc tiéu.

1. Dat van dé

Truwdc day dé don gidn hoa qua trinh tinh vom, ngwdi ta siv dung tinh xAp xi béng viéc thay thé cac doan
vom bang cac doan thadng nhw phwong phap phan t& hitu han, sai phan hitu han,... Tat nhién khi chia doan
vom thanh cac doan va xem cac doan cong nay nhw cac doan thdng dan dén do chinh xac khéng cao, dac biét
dd chinh xac cang giam khi thanh cé dé cong cang Ién. Mat khac khi tinh vom hau nhw ngudi ta chi xét thanh
phan lwc doc truc ma d4 béd qua mé men udn trong qué trinh tinh toan.

Vé mét ly thuyét tinh cac thanh vom phang con nhiéu han ché do nhiéu nguyén nhan khac nhau hay muc
dd phirc tap ctia né nén nhiéu tac gia ciing nhw nhiéu tai liéu chi néi rat it hay trong qua trinh phan tich, tinh
toan chi dwa ra phwong phap tinh chung chung ma chwa tinh toan cu thé cho cac cong trinh c¢6 nhitng hinh
dang nhét dinh.

Trong bai bao nay, tac gia dung tryc tiép dd dai cta vom la dwéng cong thiwe ma khéng xap xi thanh nhing
doan thang gay khuic va cé xét dén su anh huwdng clia mé men ubn trong tinh toan vom.

CAc van dé nghién ciru vé thanh cong da dwoc nhiéu tac gid quan tdm nghién ciru trén ca hé tinh va hé
déng. Tuy nhién, y nghia khoa hoc ctia bai bao nay & chd dé xuat phwong phap tinh néi lwc va chuyén vi thang
dirng cho bai toan vom cycloid phéng chiu nhiéu tai trong tap trung thang ding theo phwong phap thé nang
cwe tiéu voi truc thwe vom 1a dwdng cong ma khdng xap dwdng cong thanh nhirng doan thang gay khdc.

2. N6i dung nghién ctru
2.1 Thanh |4p céng thikc tinh néi lwc, chuyén vi dirng cda vom cycloid khi xét lwe doc truc [1]

} na | na !

Hinh 1. Vom cycloid chju nhiéu tai trong tap trung
Ta chia vom cycloid phang thanh n doan bang nhau, chiu (n —1)|L_PC tép trung tac dung. Lwc P; c6 phuwong

thang dirng, hwéng tir trén xuéng.

n
Chidu dai vom cycloid: . j ds=8a (don vi dé dai).
i=1 Soi
Ta thanh 1ap cong thirc tinh vom theo phwong phép thé néng cwe tiéu vai truc thwe vom 1a dwéng cycloid
khi xét lwc doc truc. Thé nang tbng cong ctia vom (hinh 1):
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8a s .
Vi SOi = — dd dai ban dau cla doan vom th(r i trwéc khi bién dang.
n

Dung phuwong phap thira s Lagrange dé dua bai toan cuc tri phiém ham véi cac diéu kién rang budc vé bai

toan cuc tri khéng cé rang budc véi phiém ham mé rong:
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Voi A ,(/”tj = ZI.,_m) la thira sb Lagrange, ciing |a 4n cta bai toan.

Dé nghién ctu, ta c6 chia vom thanh 4 doan bang nhau chiu 3 lwc tap trung P; = P (hinh 2):
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Hinh 2. Vom cyclid chju 3 téi trong tap trung
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Tai A, B la cac géi twa cb dinh (khéng c6 chuyén vi dirng va ngang) nén diéu kién rang budc |1a ya=ys=0 va
téng hinh chiéu clia cac doan vom da bién dang 1&n phwong ngang x bang L = 27a.
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Ta dwoc hé phuong trinh voi cac an sé: N, yi*, A

Diéu kién cwc tri (1): §—H=0; a—r,[,=0; 5_1_[_0

N, oy, or
Tl day ta s& c6 hé phwong trinh v&i cac bién 1a cac théng sb N;, yi*, A . Tac gia dung chwong trinh
Matlab dé viét doan chwong trinh trén. Gid st vom cé a=3, dd clrng doc truc 1a EA=10°kN, tai trong P=10 kN.

Giai ra ta dwoc lwc doc truc, chuyén vi dirng clGia vom:

Bang 1. Luc doc truc va chuyén vj diing khi xét luc doc truc

Biémidoan (i che dikm (m i timg dogn (k)
1(S=0-=2a) 0.3 -19.56
2 (S=2a+4a) 0.8 1351
3(S=4a+6a) 0.3 113,51
(S=6a+8a) -19.56

Lwu ¥: lwc doc mang d4u am (chiu nén). Chuyén vi dirng mang dau dwong (hwéng xudng)

2.2 Thanh |4p céng thikc tinh néi lwc, chuyén vi dirng cta vom cycloid khi xét md men uén [3]



Ta thanh 1ap cong thirc tinh vom theo phwong phép thé néng cwe tiéu vai truc thwe vom 1a dwéng cycloid
khi xét mé men ubn. Thé nang tbng céng ctia vom (hinh 1):
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Dung phuong phap thira s6 Lagrange dé dwa bai toan cuc tri phiém ham vé&i cac diéu kién rang budc vé bai
toan cwce tri khéng cé rang budc véi phiém ham mé réng:
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Voi A ,(},j =1, m) la thira sb Lagrange, ciing |a 4n cua bai toan.
Dé nghién ctru, ta chia vom thanh 4 doan bang nhau chiu 3 lwc tap trung P; =P (hinh 2):
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Lap phwong trinh dwdng dan hoi y; cua cac doan vom dwéi dang da thirc bac 6 nhw sau:

=a,+a,5+a,s’ +a,s° +a,s" +a.s”> +a,s° s=0+2a
1 0 1 2 3 4 5 6

=b, +b,s+b,s* +b,s® +b,s* +b.s° +b,s° s=2a+4a
2 0 1 2 3 4 5 6

=C,+C,S+C,8° +¢,5° +¢,5" +¢.5° +¢,S° s=4a+6a
3 0 1 2 3 4 5 6

y, =d, +d;s+d,s? +d,s®+d,s* +d.s° +d,s°  (s=6a=8a)
Vom dang xét co 2 lién két khép tai cac dau mat. Do d6 ta c6 dd vong tai cac dau mat nay bang khong, tir
do ta cé cac rang budc:
Yisso=0=>0=8,=0; Y456, =0=>0; = Y454, =0

Ngoai ra con c6 diéu kién vé tinh lién tuc clia dwdng dan hdi y va goc xoay [ do md men udn tai vi tri cé
Iwc tap trung:

Yis—2a = Y2s-2a < U2 = Y1520 = Y25200 = 0
Yos—aa = Yas—aa < 93 = Yos4a — Y3542 =0
Yas—sa = Yas—sa < 94 = Y3s-6a ~ Yas-6a = 0
ﬂl,S:Za = ﬂz,s:za <05 = ﬂl,S:Za _ﬂZ,S:Za =0
Bassa = Pss—sa < 96 = Pos_sa — Passa = 0
Bas—sa = Bis—sa < 97 = Pasea — Pusea = 0
Diéu kién vé md men tai 2 gbi ctia vom co lién két khé'p bang khong.
szlszo sz4 s=8a
Miso=0=0g = EI[T =0; M54, =0 g, =El T =0
Thé céac diéu kién rang budc vao phwong trinh (2), ta dwoc hé phwong trinh véi cacansé: a., b, ¢, d., A,

Diéu kién cuc tri (2): a—H—O o =0; 6H atl =0; o =0

04, ab ac ad a/l



Tl day ta s& co hé phuong trinh véi cac bién la cac thong s6 &, by, ¢;, d;, 4; dé xac dinh cac phwong
trinh dwéng dan hdi y,. Tac gid dung chwong trinh Matlab dé viét doan chuwong trinh trén. Giai ra ta dwoc
phwong trinh dwdng dan héi ctia cac doan vom:
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Két qua md men ubn, lwc cat va chuyén vi ding trinh bay & bang sau:

Bang 2. M6 men uén, luc cat va chuyén vj dimng khi xét mé men uén

Didm/d M6 men uon tai Lwc cat trén Chuyén vi dirng
iem/doan cac diém cac doan tai cac diém

_ 3

1(S=0+2a) ~3Pa % 18ll;a
_ 3

2 (S=2a+4a) —4Pa TP 7?;::5)?
3

3 (S =4a=6a) —3Pa ; 18;6‘

(S=6a-8a) 37P

3. Két luan

- Tac gia da xay dwng dwoc phwong phap tinh ndi lwc va chuyén vi thing ding ctia vom cycloid phang chiu
nhiéu tai trong tap trung thang dirng theo phwong phap thé nang cuc tiéu véi truc thwe vom la dwéng cong voi
2 trvdng hop: khi xét lwc doc truc va khi xét mé men uon;

- TAc gid c6 thé st dung phwong phap dé xuét nay dé tinh néi lwc cho céc loai vom khac nhw: vom tron,
vom parabol;...

- Han ché clia phwong phép tinh nay 1a phai tim dwoc truc clia dwdng cong hay néi khac di phai tim duwoc
d6 dai cta cung vom.
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