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LOI NOI PAU

Trong nhitng nim gdn ddy nhdm ddp éng nhu cdu vé quy mé, nhip
didu san xudt, nudc ta da va dang nghién citu thiét ké, ché'tao va st dung
cdc loai mdy truc - vdn chuyén hién dai clia nhiéu nudc trén thé gidi.

Pé ddp ung yéu cdu déi mdi chuong trinh nham néng cao chdt
lugng déao tao cin bo ky thudt tuong lai cho dét niude, cuén "Déng
luc hoc mdy truc’ dugc bién sogn nhdm cung cap nhiing kién thic
ca ban vé cdc hién tuong déng luc xudt hién trong qua trinh khai thdc
mdy truc; nguyén nhdan phdt sinh, phdt trién cing nhu ddc tinh bién
ddi cua tdi trong dong va danh hudng cia noé dén dé tin cdy cua mdy;
phuong phdp xde dinh cdc lice tinh todn tde dung lén co cGu cing nhu
két cdu thép cén truc. T dé gitip cho ngudi thiét ké c6 quan diém két
cdu hop Iy, lua chon théng s6 t61 wu cua mdy truc, giam luc tinh todn
dén dén giam khoi luong ciing nhu gid thanh, ndng cao dé tin cdy
ciia mdy trong qud trinh si dung.

Sdch duge dung lam gigo trinh cho sinh vién nganh may truc -
van chuyén va lam tai liéu tham khdo cho sinh vién cdc nganh co khi
¢o libn quan. Cuén sdch cting gitup ich cho cdec By su, cdn bj ky thudgt,
lam tai lidu tham khdo trong cong tdc thiét ké, ché tac mdy truc.

Sdch duoce bién soan thanh ndm chuong. Néi dung cudn sach dua
trén co s cdc cong trinh nghién ciu ly thuyét va thiuc nghiém cia nhiéu
nha khoa hoc noi tiéng chuyén nganh.

Tdc gia chén thanh cdm on cdc ban dong nghiép dd doc va gop y
kién cho ban thdo trong qud trinh bién soan nhdm ndng cao chdt
luong cua sdch.

Trong qud trinh bién soan vd in dn, chdc chdn con nhiéu thiu sot,
rat mong duge su gop y cua ban doc.

Tdc gid



KHAI NIEM CHUNG

Mdy truc la mét trong nhimg phuong tién chii yéu dimg d€ co gidi hou
cc‘mg'tzic x&p d&, van chuyén hang hod, tang nidng sudl lao dong va ha gid thanh

san pham. ching dugc st dung rong rai trong cic¢ nganh kinh & quéc dan.

Hi¢n nay, viéc sir dung mdy truc khong chi dé tang nang suit ma con phai
thoa man yéu cdu nang va van chuyén hang theo nhimng qui dao phirc tap va

dimg mdy chinh xdc tai nhitng vi tri cin thiét.

May truc I3 loai mdy hogt dong theo chu ky, méi chu ky lam viéc déu
gom ba giai doan: khai dong, chuyén dong véi té¢ do déu va dimg may. Céc tai
trong dong chu yéu trong mdy truc déu phdt sinh trong thoi ky qud do chuyén
dong (khdi dong va ham).

Dé ting nang suat doi hoi phai nang cao toc do va gia 16¢ chuyén dong
cua cdc thiét bi cong tdc, dan dén tang téc dung cua tai trong dong lén cic co
cdu va ket cau thép. Vi vay, véi muc dich nang cao do an toin vi tin cay khi
lam vi¢e, can phéi nghien cttu cdc hién tugng dong luc sinh ra trong qua trinh

khai thac mdy truc.

Truyén dong clhia mot mdy bt ky déu gém mot s6 bo phéan cé khoi luong
nhat dirh dugc tinh nhu khéi lugng tap trung (nhu roto dong co, khdp nai, bo
phan cong tdc v.v.) vi cic bo phan dan hdi (cdp, xich, truc). Dudi tdc dung cia
cac tdi trong ngodi {(mémen dong co, luc can chuyén dong, tai trong cia hang
v.v.), cac bo phan dan hoi bi bién dang, con khéi luong tap trung ngodi chuyén
dong chinh con thyc hi¢n cdc dao dong nhd, tic 13 dich chuyén véi toc do i
thot khdc nhau. Vi vay tai méi thai diém, sy chuyén dong ciia khoi lugng nay
déu gay tdc dong dén su chuyén dong coa cdc khéi luong khic. Khi d6 cdc bo

phan dan hoi lién két gifta cdc khéi lugng ciing chiu bién dang (kéo, nén, xoan)



bi¢n doi theo chu ky. Thanh phin bién déi cla luc hoac momen khi dao dong
dan héi lam tang t6ng gid tri tdc thai cua ching, vuet ddng ké tai trong tinh va
tai trong qudn tinh, dan dén qua tai vi phd huy chi tiét mdy. Tuy thudc vao cic
thong s6 dong lt_rt hoc ma & nhiéu co cau tdi trong dong doi khi 16n gap doi gid

tri tai trong tinh.

Tuy nhién, di ién hay nho, su tdc déng cla luc hay mémen thay doi la
nguyén nhan gay phd huy chi ti€t do moi. Theo cdc tai liu thong ké. 90% chi
tiet mdy truc bi pha huy vi moi do tdc dung ciia tai trong dong.

Vi vay muc dich nghién ctu dong luc hoc may truc la:

Xdc dinh cde nguyén nhan phdt sinh va phat trién 1ai trong dong va cic dac
tinh bign d6i cva nd, xéc dinh cdc yéu 16 Iyc v moémen tdc dung 1én cic bo
phén cua may, tlr d6 tim duge cdc thoéng $6 t61 uu cia mdy truc dam bao giam

tuc tinh todn va xdc dinh cac thoéng s6 an toan cia mdy.

Viéc linh todn tai trong dong trong mach dong luc bao gém nhing giai

doan chu yéu sau:
I- Lap cdc so do tinh t0dn dong luc hoc clia co cau va cén truc.
2- Xidc dinh cdc tham s6 déng tuc clla hé théng (khdi lugng, d6 cing v.v.),
3- Xdc dinh tri 86 va dac tinh thay déi clia tai trong ngoai dt vao heé.

4- Lap cdc phuong trinh vi phan mo ta sy chuyén dong cla cic khéi lugng
trong hé.

5- Xac dinh lyc va bién dang trong cdc lién két dan hoi.



Chuong 1
sO DO TiNH TOAN DPONG LUC HOC MAY TRUC

§1.1- SO PO TINH TOAN DONG LUC HOC MAY TRUC

May truc bao gém s6 luong 16n céc bo phin cé khoi lugng va do cing nhat
dinh. chiu 1dc dung cta cdg tal trong ngoai ¢4 tri s6 va dic tinh khac nhau.
Nghien ciru 1y thuyél ¢o tinh dén tat ca céc tinh chat thuc ctia he thi so do tinh
toan dong luc hoc s& ral phic tap. hal todn xdc dinh tdi trong dong trd nén rat
khé va néi chung khong thé giai duge. Do d6 trong thuce & cin phat 1ap so do
tinh todn sao cho né vira c6 thé thé hién su lam viée thue cua mdy. dong thoi
cho phép giai n6 khong qud kho van cho két qua dam bio do chinh xdc can
thiél. Vi vay h¢ thang thuc co thé thay bang so dé tinh todn ¢6 mot s6 hifu han
cde khoi luong tap trung ¢ kKhoi 1am, chiing ducc ndi va1 nhau bang cdc Nién ket
dan héi khong khai lugng.

Viée lua chon so do tinh todn loai nay hay loai khac phu thuoc VAD véu
ciu tinh todn. Vi du bai todn tinh ¢dc co cfu cia cdn truc chi cin xdc dinh
qui luat chuyén dong cta né trong thoi ky qud do, thdi gian tang toc hoac
phanh vi ca x4c dinh luc dong quin tinh truyén bang cdp. tryc truycn v.v.,
thi ¢o cau cin truc cé thé coi [a hé ¢6 moét khai lugng chuyén dong tinh ti¢n
hoac quay. chiu tdc dung clia til ca ciéc tai trong ngoat. Su dé tinh todn nhu
the khong tinh dén su chuyén vi dan hoi gitta cdc bo phan (dong co. tang.
hang.. ), tirc 1a né cho phép xdc dinh qui Tuét chuyén déng khéi tam cua co
ciu. Tai trong dong khong tinh dén do dan hoi cia cdc truc, thanh, dam.
cdp... goi 1a tai trong dong qudn tinh.

Sa dé tinh todn dong luc hoe cé tinh dén su bién dang dan hoi cua cdc bo
phin, bao gém mot s6 khoi lugng ndi véi nhau bang cdc lién ket dan hoi. Theo
50 luong cdc khoi lugng va lien két dan héi mi so do tinh todn duge got la so do
hai khoi lugng mot lien két, ba khaéi lugng hai lién ket v.v.. Cic toa do xde dinh
vi tri khoi tam cta cae khoi luong trong qud trinh dao dong goi la s6 bac w do



cha he. Cdc khoi fuong 1ap trung ¢6 thé a hang. xe 16, roto dong cu v.v.. Cic
hén ket dan hot li céc true, cdp, dam cdu, cin cta cdn true. Tdi trong dong duoc
xac dinh ¢6 tinh dén dao dong dan héi pitra cde khéi luong duoc goi 1y ta trong
dong dan hoi.

Trong h¢ hai khoi luong & ché do chuyén dong khong dn dinh. su chuyén
dong cua h¢ gom chuycn dong khéi tam cua hai khéi luong va dao dong cia
cdc khot lugng déi véi nhau, tin s6 cua chiing chi phu thude vao tham so cla
hé. O hé nhiéu khoi luong. dao dong cua moi khot lugng 14 dao dong phnte tap.
bao gom cdc dao dong didu hod véi mot & tan s khie nhau: he ba khéi Ittong
c6 hai 1dn $6. h¢ ban khéi luong cé ba tin s6.

Trong thai ky chuyen dong on dinh, dao dong tu do cla hé 1a dao dong tat
dan. Nguyeén nhan gay tit dao dong chii yéu 1a do luc ma sit gilta cdc bo phan
tip gidp nhau hodc noi ma sdt gilta cdc phan 1 trong vat liéu cia chi tiél bi
bién dang khi dao dong.

Neéu tan s6 dao dong rieéng tring vdi tidn 56 thay déi cila ngoai luc thi he
dong hoc sinh ra dao dong cong hudng véi bien do rat lon. Anh hudng dén do
bén cta co cdu va két cau thép trude hét phai tinh dén dao dong cong huong,
sau d6 L& dao dong v6i tin s6 co ban (tan 6 thap nhat); trong mot s6 trudong hop
¢6 1hé ci do dao dong tan s6 thir hai. Tuy nhién trong nhi¢u trudgng hop dao
dong vGi tan s0 thap nhat, mac dir bién d6 dao dong c6 thé khéng 16n 1am nén
khong anh huang dén do bén clia chi tiél. nhung lai anh huéng ddng ké dén do
bén mai. vi né 1am tang s6 chu k¥ Gng suat.

Trong so dé tinb todn dong lyc hoc. 14t cd cdc tham s thuc cta may nhu
khoi liong, do cimg va ca tai trong ngoai déu duce thay bing céc gid tri qui
doi. Su qui doi cdc tham s6 vi ti trong dugc thue hién rén co s& can bang 16ng
nang luong cua co cdu thuc va hé qui doi. Viee qui déi ¢ the dua vé chuyén

dong tinh ti¢n hoac chuyén dong quay cia mai khéi luong trong co ciu.



§1.2- QUI POI TAI TRONG NGOAL,
KHOI LUGNG VA PO CUNG

1.2.1- QUI POI TAI TRONG NGOALI

Trong s¢ dé tinh todn dong luc hoc may truc, cée ai trong ngoai la luc chu
donyg, luc phanh, trong fuong, tai trong gid va luc ma sat. Qui doi tai trong ngodi
dua trén co 8¢ can bing cong cia cdc td trong ndy trong hé thuc va h¢ tuong
duong. Khi nay khé nhat [a viée qui doi luc ma sit, vi trong qud trinh fam vice
ctla may, luc ma sdt thay doi ca hudng va tri s6. Trong tinh todn tinh khi xdc dinh
lue dong quin tinh, cdc luc ma sat duge qui ude tinh bang hi¢u suat véi gia thiét
ring fue ma sét 1 1& véi luc ép pitta hai chi i€t 1iép gidp nhau. Sy thay do hudng
ctia Iue ma sat khi thay déi hudng chuyén dong duge tinh bang vi tri dat hiéu sudit
77 & tr hay mau sO trong bidu thic luc. Tinh todn truc ti€p tuc ma sdt ty t& vai tai
trong dan hoi [im cho cic phuong trinh chuyén dong trd thanh cic phuong trinh
khéng tuyén tinh rat khé gidi, hon nlta anh huong cua cic luc ma st sinh ra Kh
dao dong cling khong ddng ké. V1 vy fuc ma sdt chi duge tinh 1a luc ty 1€ véi tai
trong tinh va dugc thuc hién khi qui doi i trong ngoai. Cac luc ma sdt cling
durge tinh ty 1€ véi tat trong quan tinh duge thye hién khi qui déi khai luong 1ap
trung. vi tai trong qudn tinh dong ty 1é véi khéi lugng hodc mo men qudn tinh cua
cdc bo phan chuyén dong. Noi ma sat chi dnh hudng dén 16¢ do 1at dao dong tu
do nén thuong khong tinh khi xic dinh tai rong dong.

1.2.2- QUI POI KHOI LUGNG TAP TRUNG CHUYEN DONG

Qui dai kheéi luong tap trung chuyén dong cua co cdu vé mot truc nao do
dua trén co o can bing dong nang cla co cdu trude va sau khi qui doi, ¢é tinh
dén 16n thal nang lugng do luc ma sdt ty 1€ véi lue quan tinh trong cac bd
truyén cla oo cdu, tie 1A dua trén co s& can bing:

E.'.-f :E('iﬂm.\" (11)

O day . E¢-- dong nang cha hé qui ddi va cia co cau thuc: A, - cong cla
luc ma sat ty [& véi lue quan tinh trong bé truyén. Dau d bicu thie cong cua luc
ma sdt phu thuoc vao huéng truyén nang lugng. Néu nang tugng duge truyén tir
truc truyén dong dén cac khai luong khie, vi du néu qui d6i Khéi lugng vé truc
dong co khi khoi dong thi tri s6 4, phat 1[ay ddu duong. Con néu truyén ning

10



lugng tir cdc khoi lugng khdc vé truc truyén déng, vi du khi qui déi khéi luong
vé truc dong co trong trudng hop phanh co ciu bang dong co hoiac bang phanh
dat trén truc dong ca, thi gid tri A, phai c6 ddu am. Vi vay trong truong hop
khai dong can qui déi vé truc dong co momen quén tinh cta cdc khéi lugng cua
cd céu, bao gom cdc khéi lugng chuyén dong tinh tién va chuyén dong quay.
Khi d6 néu tinh 16n that cla lyc ma sdt bing hiéu suat » thi phuong trinh nang
luong ¢d dang:

- ~ - 7 E -
o [N (N [ Ve Ve .
S o= d g v e m— (1.2)
LY ~ 1 2 2 2 Moo | 2 i
= nf "'”?u !?m,

m,

Trong dé: .- mémen qudn tinh cua co cau qui d6i vé truc thi nhat (truc
dong co) khi khai dong: o~ 16c dé gée clia truc dong cor 4 s, s - momen
qudn tinh cua cdc khoi hrong quay véi toc o o, w, ., (rén cic truc tuong
ing I.2..00 m . m - cdc khoi lugng chuvén déng tinh tién véi toc dé tuong ting
Vo3 7y - €U sUAL cua bo truyén tinh tir truc 2,..., n dén truc tha nhit:
ool - DIEU SUAT truyén dong tir khéi luong ..., » dén truc thir nhat.

Chia hai v& clia bi€u thiic (1.2) cho /2 va sau khi bién déi, ta ¢6:

1 i
J,J\- - J] +J3 I + ..t J” -+

m (v Y m v Y
. ‘L T (1.3
f}'r:?j‘ :JI'FI?H .F'}'m] wl i qnu \ lrf')1 fJ
. . [ . )]
O day: h=—t i =—
@, @

Tuong ty ta tim duce momen qudn tinh cla co cdu qui doi vé true dong co khi phanh:
’ 2

7, 7 v o .

Jp= 4, ? v+, ’]' 4 m]{—'—w 7o mf[ =1, (1.4)
i i w W,

x 1/ [

3¢ minh hoa phuong phdp da trinh bay, ching ta im mémen qudn tinh qui
déi cia ¢o cdu nang gom dong co, khép ndi, hop giam tdc hai cdp ba truc, tang vi
palang nang hang. Phuong trinh (1.3) va (1.4) d6i véi co cau nang nay ¢é dang sau:

l 1 m, (v} _
.fh.=Jl+J3‘1—+J., e — — | (1.5)
Lo LTy i, \ @
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"

(v
JP=J]+J3j?—z'-'r.f;@-ﬂnhfg[)k‘-l} . {1.6}

4 by .

O day - momen qudn tinh ca cdc by phan quay cing vdi toc dé cua roto
dong co @, (gom roto. khdp n6i va banh rang truc vao cua hop giam 10¢); J.-
momen qudn tinh cda banh rang trén truc tha hat & bo truyén: s - momen (uan
tinh cia cic bo phan quay véi tae do cha tang (bdnh rang wen truc ra cua hop
giam 10c. kKhdp true va tang wong) m, =@ g- khoi lugng coa hang ¢o trong
lugng Q: 5. - tac do nang hing dinh mics /- ti 6 truyén cua bo truyén thit nhit
clia hop giam 10¢; 7y, - 1 s0 truyén clia hop gidm toc: 77, - higu sudl cua bo
truyén tha nhat trong hop gidm 16¢: 7, - hidu sual cua hop glam toc va tang:
1, - hicu sudt cha co clu néng ké ca palang cép.

Trong cidc bicu thitc (1.5). (1.6), ta thay cdc 56 hang tinh momen quan tinh
cua cac khoi luong nam (rén true thit hai va ba chia binh phuong ti 5O truyén ¢
mau 56, nén anh huong cia chiing so vai momen quin tinh cua khoi lugng nam
rén truc quay nhanh cia dong co J, tuong dai nho. Vi vay khi xdc dinh
momen quin tinh qui doi cta cdc co cau, momen quin tinh cua cac khot luong
quay & truc quay cham duge tinh bang cdch nhan mémen qudn tinh cta cdc
khoi luong nam trén true guay nfianh véi hé s6 fF = L1+1.2.

@, D o . P
Thay v, = == vao (1.5) va (1.6). ta tim duoe bicu thic dé xdc dinh

"

2uly,

moémen quan tinh cua co ciu qui dai vé true dong co khi khai dong va phanh:
D; )

J, = (L1=12)0, + —— ¢ . (1.7

dlaiy ) n, &

Dy,
J, = (L1=1.2), L Do @ (1.8)
Hai, )y g

O day D, - dudng kinh tang: a- boi sual palang.
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Bang 1.1 Mérnen d& GD? Nm?
Chi tiét Mémen da Chi tiét Mérnen da
AT A7 A
d H— — —[ 0.7GD? di o — — — X [ 05G(d%dd)
. A A A A 57 &7 & .
— —
X | R1
i 2 S 1. 33G(R%
— -4 — ) s
il [ 77 | e
X! | A
X
d d
X r 8 |
2 d
= I — 0556d = %_zm_g{@m_ _ 0456d?
! PR
X
L Rs
R L
- — s — s — s | 2
» X 2GR |
1.33[G (R+R,R, +R2)+
CARHRR,+R2)+
2 2
1.33G(R* 5 | GaR3RR +R D+
HRR#AR) CARFRRs+RD)]
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Trong cac tai lidu tra ciy, d6i khi ngudi ta khong cho ¢ licu v& momen
quén tinh cta cdc khoi lugng quay ctia dong co, khép truc v.v., ma cho ¢ dang
twong duang véi ching 14 cic momen di; gitta ching ¢6 lien he theo biéu thic:

GD° .
J = (1.9)
1g

Trong d6 GD’ - momen da ( Nm™);

Thay gid trl Jikgm®) ¢ (1.9)vao (1.7)va (1.8) ta tim dugc momen da cla
co cilu nang qui doi vé truc dong co khi khoi dong v phanh:

, s D-
GD; = (1,1+1,2)ZGD; + Q - (1.10)
(aiy )y m,
, . ODn,
GD; = (1] -:-1,2)2(;1); + (Q_")?_ . (1.1
m” )

O day Z:Gi'l2 -t6ng momen di cua cac khoi luong nam trén truc quay
nhanh clia co cau.

Pé tinh toan luc dong trong cap cfia co ciu ning. cdc khoi luong chuycn
dong duge qui doi v& hudng chuyén vi tinh tién cua hang. Dura trén phuong
trinh can bang ndng luong, ta tim duoc khéi lugng tuong duong caa co cau
nang qui doi vé hudng chuyén dong cia hang khi khoi dong va phanh:

(1= L2Y)at,, 2 GD;. (1.12)

n, w = —
b gD’

o’

S 12 ai 2 z
m, = = Larel l(F”_;z ) 26D (1.13)
g gD 1,

Cic cong thic dé xic dinh khéi fugng qui déi chia g ciu di chuyén, co ciu
quay va thay doi tam vdi s€ cho & chuong sau.

Gid tri momen dd cua mot <& chi tiét dién hinh thudng dung trong may
truc bicu thi gan ding qua trong luong G cta no cho Y bang 1.

1.2.3- QUI POI KHOI LUGNG PHAN BO

Mot s6 bo phan cta may truc khai lugng khong ap trung trong mot the
tich hiru han ma phéan bo theo chiéu dai ctia né. nhu didm hode dan ciu true, Kt

ciu khiu do cta cong true, can cua cdn trye vov.. Vé thue chat cdc bo phan nhu
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vay Ja he ¢é voO $6 bac tu do, vi @ trang théi 16ng quat duge xdc dinh bang khoi
lugng phan t6 bat ky 1ai thai diém tuy v.

Theo 1y thuyét dao dong hé ¢é khéi v v o X
fugng phan ba, 16 rang 12 dao dong cta mot . dix P
khoi luong phan t6 bat ky cia hé nay 1i téng '
cua vo han cdce dao dong chinh ¢o cdc 1dn s © g M X
khidc nhau, hon nita bién dang dong 16n nhat 2
la do dao dong chinh tdn s6 thap nhal gay ra. D H I

Trong nhiéu cong trinh nghién ciu. doi

E —~ 2 o 2 G - Hinb 1.1- . | A& kRS
v nhiing so d6 dam cén truc phd bién nhat " S0 J6 qui ddi kndi luong

phéan bd cta ddm
¢6 tict dién khong doi, ngudi ta da do dwoc a-hé thuc: b-hé qui do:

do vong cua ching trong qud trinh dao dong

vdi tan s6 thap nhat goi 1a tin s& co ban. Cic két qud nghien cuu bang thict b
do bi¢n dang da chimg to rang: két cau dao dong vdi tan s6 thit hai sé Gt rat
nhanh. Do dé trong thuc t& nghién cu. trong da s6 cic trucng hop ngusi ta chi
khdo sdt tin $6 co ban thip nhat.

Vi vay nhitng bo phan cd khéi luong phan b trén chiéu dai hifu han, bién
dang dong 16n nhat gay ra do duo dong chinh tin sé thap nhat. Trong trudmg
hop nay, h¢ thong cé khdi lugng phan bd c6 thé thay bang h¢ twong duong ¢6
mot vir khoi lugng tap trung. DE 1am sdng t6 phuong phap nay, chidng ta xét vi
du dam tren hai g6i ¢6 khoi lugng phan bé déu theo chidu dai duge qui doi vé
maot kKhoi lugng 1ap trung tai gitta nhip (h.1.1).

Viéc qui doi khoi luong phai thuc hién sao cho dong nang caa hé thuc bing
dong nang cta hé qui dok. ¢ tim dong nang clia hé thue, ta cin bict dang duong
dan hoi cia dam khi bign dang dong. Muén vity phai giai phuong trinh vi phan
dao dong dan hod clra dam 6 khai trong phin bo. Vi bad todn nay trong mot sé
truong hop rdt khé gidi. do d6 trong thie & thidag s dung phitong phap eian
ding vi du phuong phip ning lugng Reéler. Theo phuong phdp nay, dang bién
dang dong thue duoc thay bing dang khic khong nhat thict phai rat gin véi no.

Bicu kién duy nhat cdn thiét khi chon dang gin ding duong din héi 1a phai
tuan theo dieu kién gidi han dong hoc. Trong trudng hop dam tyua e do o hai diu
thi dang dutimg dan héi phii chon sao cho chuyén vi o ddu dam phai bang khong.

Dang duong din hoi don gidn nhat 1 dusng cong true dam chiu uon dudi
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tac dung cia tdi trong do trong tugng bin than G dat tai gilta nhip. Phuong trinh
vi phin duong dan héi khi bign dang nho trén doan Wr x=0 dén v=//2
(h.1.1.a) ¢6 dang:

d’y O
d 2E]
o day G = P 1g(N)-trong luong dam; kg m) - khoi luong trén mot don
vi chi¢u dai dim; E(N/m*) - mo dun din héi cua Vat liéu dam ; J(m*)-
momen quan tinh tiét dien dam.

Tich phan hai lin phuong trinh nay theo x ta duge phuong irinh dusng
cong truc dam:

Gl- G 1
ey — (1.1
16E) 127
D0 vonp I6n nhat cua dim & giita hi —GP (1.1%)
on T At cua d: 11ifa n RN =y = —— AL
7 vons YT

Chiing ta biéu dién phuong trinh duong cong truc dim qua dé vong cia no
¢ gilta nhip:

vy 3 ‘LJ (1.16)
L7
DPong nang phan 6 bat k¥ cua dam thuec:
L (dyY 1
dE = —pl == | gv=-" V) dx (1.17)
d zp((ffj 219(.)
!
Pong nang ciia toan dam: E, =2 ]'ip( Py dx - (1.18)
2 [] 2 -
X 3
Thay gid tri: 3;,:“(?:_}:.( [%_iﬁ_J vao (1.18) va tich phan n6, ta tim duroc
t
e _ L s 17,
bi¢u thitc dong nang cia dim thuc: £, z;b-!p(y(_)‘ : (1.19)
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Bang 1.2

Gia tri khéi lugng qui d&i M

Hé thuc Heé qui déi Khéi luong qui dé Ghichu
LLLLL. fLLLLL S
_ % _ 1 p-khdi lugng don
=he 3P vi chiéu dai thanh
= M
my %m]+m
m M
p
. T 5 M ]
Y d | an : 0 P9 ﬁglp
# p g
AL Y M %%‘P
4 | 4 | l
1
p ; ’
7] [ /| Ly
I 7 M_F
Y Y, o 0.4
Y | 4 v | 4 0clp
8n-Chuyén vj don vi
] clia dam & tiét dién
Bn o S0 dat khéi luong qui
5 M M2 M) M N M A I TR aéim
3 | 2 /2 = " B " 81.8 ,& -Chuyén vi
' & K don vi clia dém & fiét
dién dat khéi luong
M
m
1 Mc-khdi lugng
FMm todn bd cén
M.
2-DLHMT 17




Dong nang cia h¢ qui déi:
.'li){ a

E, = --2—{)‘-';)1 (1.20)

Cho hai biéu thitc dong nang bang nhau, ta tim duge khéi lugng cha dam
khi dao dong ngang qui doi vé gitia nhip:
17 17
M=— = —M,. 1.21}
TR T (

O day M, =lp(kg) - khi Jugng cua dam .

K&t qua tim dugc theo cong thic (1.21) chi nho hon khéi luogng qui doi cla
ddm tinh theo phuong phdp chinh xdc ¢6 tinh dén dang dudng dan hoi thyc cua
dam khoang 1%. Céc gid tri khoi luong qui déi clla mot s6 bo phan cé khoi
luong phan bo cho & bang 1.2

1.2.4- QUI POI DO CONG

Do citng ctia mot vat thé dan hai [a kha nang chong lai bién dang clia no.

Do cing duge x4c dinh bing hé s5 do cing, 1a 1y s¢ gifta lyc va bién dang. H¢
s6 do citng cla vat thé dan héi thudng duge gol don gian la do cdng.

Khi vat thé chiu luc kéo (nén) P

a) doc truc gay ra bien dang doc y, ta cd
M, )= C, S do cing dai:
i |- c=Ply. (1.22)
M, )= <, et Trong trudng hop vat thé chiu
L mémen xoin M bi bién dang goc ¢,
) ta c6 do cimg goc:
M, )= C oy = Y, c.=Mlp (1.2%)

Cic vat thé dan hdi cia mdy tryc la

Hinh 1.2- So d6 qui ddi db clng cép, khop néi dan hoi va két cau thép
arhé thyc: b-hé qui ddl (cdu, dim, cdn v.v.). Bai todn qui d6i do

cling clia bd phan dan hoi sinh ra trong

trudng hop cin phai xdc dinh bién dang din héi cia né. Qui déi do cung duge thuc
hién trén nguyén tic thé nang cta hé qui d3i phai bing thé nang clia h¢ dan héi
thuc. Vi du mot hé gém hai truc, d6 ciing clia mbi truc la ¢, v ¢, , dugc noi vai
nhau bing b truyén banh rang c6 t s6 truyén i (h.1.2.2). Yéu cdu phéi thay bang he
mot bo phan dan héi ¢6 do cling tuong duong ¢, (h.1.2,b) va qui d6i do cimg vé
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truc 1. Néu truc 1 chiu tic dung clia momen A, thi momen truyén trén truc 2 s¢ la
M, =M i.Viquidéivé truc 1 nén ¢ hé qui d6i c6 momen M, =M.
Thé nang cita hé thuc:
1 1 1 ,
T:EMND]+:A{:Q’3:§M;((al+i§9:)‘ (1.24)
O day @,. @,- géc xoan cla truc | va 2 do tdc dung cua momen tuong

dng M,. M,.

M M, .
Po=— Prm (1.25)
Ci C!
, . e 1
Thé& nang cua hé qui don: T, = EMlgoM . (1.26)
Trong 46 @, - gbc xodn clia hé qui déi. Cho hai bi€u thic the nang bang
nhau, ta tim duogc: @, =@, +ip,. (1.27)
Vi vay 46 ciing qui déi:
JM
e, =M M, (1.28)

@y o +ip,
Thay cdc gid tri M, =c,p, va M, = c¢,p, vao (1.28) ta tim dugc:
1
Tl 1,

e g
Gy

(1.29)

Trong trudmg hop d6 cing cta truc 1 rdt 16n: ¢, — o do cimg qui doi
c, =c¢, /i, tic 1a do cling cha truc quay cham qui doéi vé truc quay nhanh
bing d6 cimg cha né chia cho binh phuong ty s6 truyén.

Qui déi do cimg cha paling nang vé truc déng co cila co ciu nang khi
dung paldng don.

Thé niang cuia hé palang thyc:
1
T =0, (1.30)

O day Q- trong luong hang, y, - chuyén vi dan héi cha hang; ¢, = ac -

- " E F ’ 7 - P Iy L)
do cing cta paling; ¢, = Kl K _ d6 ciéing cha cdp ¢6 chiéu dai [; E, -



modun dan hoi cha cap; Fy - dién tich tiét dien phan kim loai clia cép: a- boi
suat cia palang.
Thé nang cha hé qui ddi:

R ‘
?m :;M!‘prd’ (131)

Trong d9 ¢, -gbe xoan cua hé qui d6i; u, _ 9D, _ momen trén truc dong co

az
do trong lugng hang gay ra; D, -duong kinh tang {inh dén tam cap; i- ti s6
truyén clia 10 nang tinh tiy dong co dén tang.
Cho hai biéu thic thé nang (1.30) va (1.31) bang nhau, ta tim dugc:

Oy, Ma’
Py ==
M, Dgy
Qui déi vé truc dong co do cing cha paling nang:
Ml DrCK D:
Cy=—"="273 v .2
‘p:d 2t (al)

Maodun dan héi cha cip c6 161 hitu co By = (1L1+13)10" N /em?, 161 Kim
loai E, = 1,4.107 N/cm® . Gia tri hé s6 do cing chia mot s6 bo phan dan héi
cho & bang (1.3).

1.2.5- KHE HO

Khe ho trong hé truyén dong lam tang dang ké tai trong dong so véi hé
khong c6 khe hd. Téi trong do khe hés gay ra tang lén theo thoi han khai thdc, vi
su mai mon. hu hong cia céc chi tiét n6i ghép lam tang tri s6 khe hd. Anh
hudng cla khe hd dén tai trong dong s€ cang giam, néu chu k¥ dao dong dan
héi cha hé cang 1on.

Thuc € di ching to rang: khe h& trong bo truyén banh rang chi anh hudng
dén tai trong dong trong bo truyén do. ma anh hudng khong ddng ké dén tai
trong & k&t céu thép cén truc.

Tri s6 ctia khe hé trong lién két duoc xdc dinh theo tiéu chuén thiét k€ bo
truyén bénh ring v khop truc. '

Riéng khe hd 1aat bén nho nhit A_, & b truyén banh rang try c6 thé x4c
dinh theo cong thi: A, = 0,2A+a,
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Bang 1.3

Gia il hé s8 ddé cung ¢

Vat thd dan hdi Dao dong Hé 58 dé cing Ghi chi
p .
3 3EJ | J-mérmen quan
+ o - Ngang =iy inh it dien ddm
l
I - Ngang c=—3E E-médun déin héi
=T
Iy (I
;__J P
y Ngang C=3_EJ
7 E
¢ ._‘_J
4 P
7 3 Ngang e 12EIE
21— -ay¥4 -
v P /
4 ; Ngang B 13
2 4 -y
4 P EF F- dién tich tiét
A _EF - dién tich tié
Y | Doc =7 dién thanh
. D-dudng Kinh frung
“ P D _Gdd binh cha ks xo
ve ~20h d-dueng Kinh day
thép; n-s& vong xodn
y Ci Sy
P CiCy
voe 5,
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Bang 1.3 Gl trihé 6 dd clng ©

V@t thé dan hoi Dao déng Hé s& do cing Ghi chi

1=

,

i

y C3 (C¥Cey

{= d-duong kinh fruc

2 G rnd!
L_ L Xoan =7 G-mddun chdng

truot

F—"—'—'—#_”_'—#—T_"_'—HT—T

Trong d6 A (mm) 12 khoang céch giita hai 1am truc; a Ja h¢ s6 phuy thude
vao cap
chinh xic. a=50 déi véi cap chinh xdc 2, a=80 - cap chinh xdc 3 va a=130- cép
chinh xdc 4.
Do gidm chiéu day rang do bi mon tu nhién trong cdc hop gidm toc vi
khop néi rang khong cho phep vugt qud 15+25%, con trong bd truyén bdnb
rang ho khong vuot qui 40%.
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Chuong 2
SU LAM VIEC CUA MAY TRUC
TRONG THOI KY QUA PO

Méi thao téc clia mdy truc déu kém theo sy khdi dong hoac ham co cau
xay ra khi chuyén dong khong dn dinh, thdi ky nay goi 4 that k¥ qué do, trong
¢ cdu phdt sinh luc quén tinh cila cic khéi luong chuyén dong khong déu.

Khi khai dong, dong co can phai phat trién mémen 16n (mémen khoi
dong) dé gia t6c cho cdc khéi lugng chuyén dong. Khi dimg, phanh tuo ra
moémen can thiét dé lam cham (gidm t6¢) céc khéi luong chuyén dong.

Trong thoi gian nang va di chuyén hang, moét s6 bo phan clia mdy ¢
chuyén dong tinh tign (nhu xe con), con céc bd phén khéc cé chuyén dong quay
(roto dong co, tang, banh xe¢, banh rang v.v). Khi quay phin quay, tat ca cdc bo
phan trén phéan quay déu tham gia chuyén dong quay.

§2.1- MOMEN KHOI bONG VA MOMEN PHANH

Trong thti ky qud d9, momen khdi dong hodc momen phanh M i téng
cua momen finh M, va momen dong M, = M, + M ,.,. Momen dong gay ra
do quin tinh cla cdc khéi luong chuyén dong tinh tién M, , vi khoi luong

f

quay M

d. oy

Néu mémen quén tinh ¢6 gid tri khong ddi, ta cé thé viét:

i
M= M, (M, + My )= M T, 22 @1
«t
O day J,,- mémen qudn (inh tuong duong cua tat ca khéi luong chuyén

dong tinh ticn va chuyén dong quay qui déi vé truc dong co (hoac phanh).
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Phuong trinh (2.1) ¢6 thé trinh bay & dang:

dt = . W . Q2.2
M,
Hoic £ = do My .
. J,

Trong d6 M, =M —M, 1a mémen du (momen dong) dung d€ gia tang
hoac giam dong nang cta khéi lugng chuyén dong.
Khi momen qudn tinh J, cé gid tri thay doi, phuong trinh (2.1) duge viét

& dang:

d.] 2
M=M, 4,30 Ha
dt dp 2

(3 day ¢- géc xoay. S6 hang cudi ciia phuong trinh tinh dén su gia tang
dong nang cha hé do sy thay d6icia J,,.

Momen finh ¢6 thé duong hoac am, phy thude vao viéc né can tr& hoac ho
trg cho khéi dong (hoac phanh) clia co cdu.

Quang dudng khdi dong (hodc phanh) dirge xdc dinh bang géc xoay:

¢ = [odt = jﬂ—‘;ﬂ—mda). (2.3)

dut

Mémen quan tinh tuong duong ./, ciia cdc khoi luong qui doi vé truc
dong co (hodc phanh) duge xdc dinh tir diéu kién can bang dong nang cua co
cdu thue va hé qui ddi.

Trong trudng hop khdi dong, néu tinh dén hiéu suat truyén dong ta cé:

J 0 W, vy
g = J K + m _"‘,
2 Z “ 2p z *on

Do dé J, = zﬂf_[ﬂx_] +Z~m—"(v_f<]

i\, n oW,

O day J, 1a momen quén tinh cha cdc khéi lugng quay véi t6c do goc @ ;
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m, la cdc khéi lugng chuyén dong tinh tién v6i toc 46 dai v, ; w, - t6¢ do gbc clia
truc dong co (hodic phanh). Khi phanh, gid tri hiéu sudt 77 duge dua lén tir s6.

Trong co cdu nang va di chuyén (khong tinh dén su lac hang)
, =constva J , =const. 3 ¢co cau quay khi khong c6 gié va do nghiéng
, =const vi J, =const, khi ¢6 gi6é va dO nghiéng lam thay déi gid tri
. =w(@) phu thuoc vao géc quay ¢. Trong co cdu thay déi tdm vdi
=gy vad, = flo).

TRXX

2.1.1- KHGI DPONG

Dic tinh thay déi momen khai dong M cua dong cd phu thudc vao dac tinh
co hoc va phuong phép khoi dong. Trong trudng hop truyén dong tir mot dong
co chung, M cén phu thugc vao kiéu khdp néi clia ¢o ciu véi truc truyén dong
chinh. Hinh 2.1 cho dudng cong thay déi t6c d6 géc @, gia téc £ va cong sudl
N 13 ham cta thoi gian trong thoi gian tang téc, néu coi M, = const va
J,, = const d6i véi cac dic tinh thay d6i momen khdi dong (phén trdi hinh vE).

Trong truong hop don gian khi momen khdi dong khong déi
M =M™ =const, mémendu M, =M™ - M, =const (h.2.1,a), su chuyén
dong 1a chuyén dong véi gia toc déu c6 tri s6 khéng doi cha gia 18¢ goc € va gia

toc dai a:

Khi nay t6c d6 géc @, cong sudt tinh N, va cong sudt toan phin N s& thay

d6i theo quy luat tuyén tinh. Thoi gian khoi dong ¢, va quing dudng gia t6c

J
s, khinang: ¢, = M’“’ @,
du
-~ v!
Va 5, =-‘-2—tx (2.4)

Diéu kién quy udc M = const phii hgp v6i trudng hop truyén dong tir mot
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dong co, déng mach cho cic co cdu bang iy hop ma sat, truyén moémen xoin
kKhong déi.

Khi khéi dong bang bién tré, ddng co ¢é dic tinh khoi déng cing (dong co
khong déng bo c6 cé g6p hoac dong co di¢n mot chi€u kich tr song song),
momen di giam tuyén tinh theo Su tang cua toc do géc (h.2.1,b). Khi M — M,,
M, =0, sy tang t6c két thic khj dat t6c 4o ! (ing véi dudng dac tinh khéi
dong 1) nh6 hon e do chuyén dong dinh miic @, tuong ing véi dudng dac
tinh w nhién e cta dong co. Toc do tang theo quy luat ham s6 mi, thoi gian
tang toc dén toc do (w = @, ) € la vo cing. Trong thuc & quy dinh thoi gian
tang t6c ¢, tinh t&i khj dat t6c do @ =(0,9+ 0,95)w;. Céng suit tinh
N =Me sé&thay déi twong tu dic tinh thay déi clia o (M, = const), cong
sudt toan phin N = Mo lic diu dat gid tri cue dai sau dé giam ddn dén gia tr

N, vi theo mitc do tang gia to¢ € s& giam.

Khi khoi dong bang bién trés nhidu bac. mémen khéi dong cia dong co
& m6i bac thay déi tir M™ den M P theo quy luat dudng thang (h.2.1,¢)
déi véi dong co c6 dudng dac tinh cing, va theo quy luat duong cong
(h.2.1,d) d6i véi dong co c6 dudng dic tinh mém (dong co dién mot chiéu
kich tir n6i ti€p). S6 bac bign try phu thuoc vio cong suat dong co va mirc do
yéu cau khoi dong ém, nhung van phai bao dam diCu kien M™ > M Mai

bac bién trg tirong ing véi dudng dic tinh khéi dong 1.2, 3. con & bic cuéi

ot

cung dong co sé chuyén sang lam viéc & dudng dic tinh tw nhién e. Tuong
Ung véi cic duong dac tinh momen khoi dong, duong cong t6c d6 quay o
gom cdc doan k& ti¢p nhau, con dudng cong gia téce c6 dang hinh rang cua
ma dinh cda né 1a thoi diém chuyén mach dién tro. Khj ting s6 bac bién tro,
46 chénh lech momen du AM, = pf™s _ gpmo s€ giam va thdi gian khoj
dong dugc it ngén lai.

Khi khéi dong déng co khong déng bo roto ngén mach (h.2.1.e), momen
khot dong bat ddu tang tir My dén M ™ sau dé gidm dén M,. Tai diém uén
clta duding cong @, dudng cong gia t6¢ & dat cuc dai, Néu M ™ ¢6 gid tri nhu
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nhau thi su thay déi dac tinh khoi dong (biéu d6 momen) chi dnh huong dén

thoi gian gia t6¢ 7, , con gid tri &, “khong thay déi. Trong trudng hop tong

quét khi M, # const va J,, # const, phuong trinh chuyén dong (2.1) ¢ thé

giai bang phuong phdp gan ding tich phan dé thi (hoac giai tich-do thi).

d)

7
Ly

1 Mau — Mt

e)

0.E
c)

e AR - - -
4_7__' — R /“ m=q}(1)
£_A/.7.’_’ ) .

5 e=0(1)
Madu — T
M A 1
M M ati | ate | afs | ata T

Hinh 2.1 . budng dac tinh khéi dong

a - mémen du khéng déi;
b - mémen du gidm tuyén tinh:

c.d - Khai déng béng bién trd nhiéu bac
e - Khéi déng béng dong co 16ng soc;
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2.1.2- PHANH CO CAU

Phanh co cdu c6 thé thuc hién bing phuong phdp co hoc, bing dién hoic
phéi hop ca hai phuong phép trén.

Khi lam viéc, n€u phanh co hoc ¢6é gu6c phanh ma sdt, cé thé coi hé s6 ma
sat khéng phu thudéc vao t6c dd quay, nhu vdy momen phanh
M =M;* =const. Néu M, = const thi biéu d6 momen du c6 dac tinh thang
tuong ty hinh 2.1,a va chuyén déng la cham dan déu. Thoi gian phanh dugc xéc
dinh bing biéu thiic (2.4),

Sur ham dién dé ditg co cau dugc thuc hién bang nhiéu cich khdc nhau.
Déi véi dong co dién xoay chiéu duge thuc hién bang cach déng mach déng co
theo chiéu ngugc (phanh déng mach ngugc), hodc cap dién cho stato dong dién
mot chiéu (hdm dong). DS v6i dong co dien mot chiéu- bang cich ddng mach
ngugc hodc chuyén vé ché doé mdy phat cé ngit mach khoi luéi hay néi vao
dién tr& (hdm déng)..-Dé thuc hién su him dién, bo khong ché chuyén sang nic
phanh chuyén dung, dong co bat dau lam viéc & dudng dac tinh phanh, khéc so
v6i dac tinh khoi dong. Dic tinh thay d6i mémen phanh M = () phu thudc
vao loai déng co va phuong phap ham dién.

Khi ngat dong co dé him, phanh s& sinh ra momen phanh 16n nhat.
Momen phanh s& giam khi giam t6c d¢ géc @ va dic biét s& giam manh khi
ham dong. Nhing dong co cé dudng dic tinh citng, mémen phanh 12 ham cua
téc do va thay doi theo quy luat dudng thang (h.2.2,a). Khi him dién nhiéu bac,
dong co chuyén lin lugt sang dudng dac tinh khéi dong 1, 2 (h.2.2,b), mémen
phanh thay d6i trong gi6i han tr M ™ dén M ™", dudng cong @ gdm mot s&
doan giao ti€p nhau. S8 bic tang s€ 1am giam thdi gian phanh.

Nhd hdam dién c6 thé dimg hoan toan co ciu, mudn vay dudng dic tinh
phanh phai giao véi truc hoanh (h.2.2,b) sao cho khi @ =0 mémen du M, >0.
Trudmg hgp don gian nhat 13 him nguoc chiéu, tuy nhién khi ndy doi hdi phai
ngat mach dong co ngay khi dimg co cau dé tranh trudng hop co cau quay theo

chiéu nguge.

Khi him dong, cdc dudng dac tinh phanh quy tu vé gdc toa do (h.2.2,c.d),
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vikhi @ =0 mémen phanh ctia dong co & ché do mdy phat tic 1a M=0.

Trong nhiing trudng hop néu M, 1a mémen chi dong (h.2.2.c) (vi du
phanh co cdu quay va di chuyén khi chuyén dong cing chiéu gié), dé dimg cq
cdu khi tdc d¢ quay @, <@, phdi chuyén tir phanh dién sang phanh co hoc ¢6
moémen phanh M,

Buong cong ¢ = .',rf(r) khi nay gdm mét s6 doan cong (tuong \mg véi cic
bac phanh dién) va doan thing cusi cing tng véi phanh co hoc ¢6 moémen du
khong déi. Trong truong hop nén momen M, hd trg sy phanh (h.2.2.d), co cau
c6 the dimg tryc tiép bing ham dién. Tuy nhién dé giam thoi gian phanh, khi
téc d6 gidm dén @, s& chuyén tir ham dién sang phanh co hoc.

Néu trong so d6 dién khong c6 thiét bj ngit mach tw déng phanh, thi him
dién va phanh co hoc kh(‘mg phéi hop duge v6i nhau. Mémen phanh co hoc ¢
trrong hop nity ¢ thé lay bing moémen phanh ciia dong co M™" s& tuong ting
6 gia tée déu £ (h.2.2,c).

Néu trong so dé dién c6 thiét bi ngit mach ty dong, thi him dién va phanh
co hoe o6 thé 1am viec phéi hop. Khi nay tri s6 M, 1ay theo diéu kién dé
momen du khi 1am viéc phéi hop khong duge 16n hon mémen dur cuc dai khi
hdm dién.

Gia thi€t rang khi déng phanh, dong co phdt trién mémen phanh nhé
nhit M, =M™ -M"" & day M™ , M™ la cdc momen phanh cia déng
co. Khi nay sau khi déng phanh, momen du s& thay ddi (h.2.2,c) theo
dudng 2'song song v6i dudng dac tinh phanh 2 cla dong co. Khi gia tri
momen phanh thay déi, dé xdc dinh thdi gian phanh f, ta c6 thé dung
phuong phap tich phan gan ding.

By gis ta xét trudng hop phiic tap: khéi dong va hdm khi mémen can tinh
M, va mémen qudn tinh J_, 13 ham cda g0c xoay ¢, day 1a trudng hop thudng
g3p & co cdl quay va co ciu thay d6i tim véi. Néu khi nay mémen khéi dong
(phanh} M khong déi thi trong diéu kign Af = const; M, =y (p);

Ju =¥, (p), bai todn s& dugc gidi don gian béng phuong phap giai tich-dé thi
hoac phuong trinh cong.
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Hinh 2.2- Cac dudhg ddc tinh phanh

3 co cdu nang, di chuyén va quay, khi M, =const va J, =const {quay
khi khong c6 gi6 va do nghiéng), gan ding c6 thé coi khoi dong va ham dién
véi gia t6c va gidm t8c deu, néu trong tinh todn s€ tinh theo gid tri trung binh
ctia mémen khai dong hodc momen phanh ciia dong co. Khi diing phanh co hoc
46 véi cac co clu nang, di chuyén va quay, gia thiét M, =const,

M, =constva J, =const la ding.

Co cfiu thay d6i tim vdi ciing dung phuong phap tuong ty nhung cho két
quéa kém chinh xac hon, vi & day gid tri J,, va M, thay ddi khi lac cdn.

Trong diéu kién chuyén dong vdi gia t6c (gidm t6¢) déu, luc quén tinh P
clia khoi luong ¢6 trong lugng Q chuyén dong tinh tién v 16c do v s& gay ra

momen xo4dn M, , gid tri clia né xéc dinh theo diéu kién can bang cong:

M;”w = Pv'

30



Hay My =PV @V Y 59752 (2.5)
@ gty w [

o day @ = % ¢ do géc O truc khdo sdt. B6i vai khai luong quay co trong
twong G quay véi téc do n, (v/ p) , moémen xoén s& bang:

, @ m GD?
Maw=d =50, " 3751
K X X

n. (2.6)

Vi mémen quin tinh J cla khéi luong doi véi truc quay clia né c6 thé
biéu thi qua dudng kinh qudn tinh D :

E 2
sz[Q] =_QD_%_1_GD2.
2 g 4 40

Gia tri GD” got 1a moémen da dugc cho trong bang dong co dién va khép

n6i. Néu dua M), va M, vé truc dong co c6 t6¢c do n,(v/ p) va tinh dén ti

6 truyén i = n, /n, hiéu sudt n . khi khéi dong s€ béang:

2

M, =M o975 Q7 Q2.7)

n yngn

M :M,};q _GD*n _ GD*n,
Y9 in  31Sip 375t

(2.8)

Gia tri 1 biéu hién su tén that & tit ca cdc khau trong mach dong luc, bao
gém & palang, puli ddn huéng va tang cla co cau nang. Thay cdc gia tri nay vao
(2.1 va chd ¥ rang & mach dong clia co cau céan truc ¢6 mot 8 khdi lugng
quay, ta s€ tim dugc biéu thirc xdc dinh momen khdi dong cia dong co khi
chuyén dong véi gia tdc déu:

My =M+ 0975L Sy Oy 4 (2.9)
L n, 375 i‘n
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Trong d6 M,-moémen tinh d&i véi truc dong co, cb thé duong {(can tr& sy
tang tac) hodc am (hd trd sy tang 16c). D61 véi co cfu nang Q, v 1a trong luong
va t6c do cha hang; d6i véi co cdu di chuyén la trong lugng va téc do cla xe
con hodc can truc; d6i véi co cau thay ddi tdm véi 1a trong lugng hang va toc do
thay déi tdm véi (16c do di chuyén ngang ca hang); dSi véi co c4u quay, thanh
phén thit nhat & trong ngoac vudng l1ay bing khong. Tu biéu thiic (2.9) rd rang
12 moémen do khéi lugng quén tinh & céc truc trung gian giam theo mitc do xa
truc dong co va ti 1é nghich véi binh phuong ti s6 truyén i . Vi du khdi lugng
trén truc thit hai (tinh 1y dong cd ) ¢6 i =3,5 tao ra mémen qui déi 3,57 =10 lan

ay )
[ L [
T
Ip l !
2 ‘ Q
- 1
2\ J}l
IGvcl ﬂL?\
¢y Khdi dong Phanh e) Khéidong Phanh
0} i)
N, W
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Hirh 2.3-Céac tusng hop Hinh todn khi khéi déng va phanh
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nho6 hon so véi cling khéi luong nhung dat & truc dong co. Anh huodng cua khoi
lugng thit ba khi i =10 & giam 100 l4n v.v.. Vi vay dé don gian tinh todn, c6 thé
tinh anh hudng cla khéi lugng & cdc truc trung gian bing 10 + 20% khéi luong
O truc dong co quay nhanh (phin Gng cila dong co GD?, khép 6 banh phanh
GD? ). Do d6 ¢6 thé tinh:

zi‘f: ~115(GD? + GD2 )+ ZGD;%. (2.10)

86 hang cudi cia bi€u thic nay chi ¢6 & co cau quay va thay déi tdm véi,
duge tinh theo 1ong momen da tuong duong GD; cha khéi lugng phén quay
clia cdn truc hoac tuong tng 12 khéi luong cla thiét bj can. Vi du déi véi co cau
quay theo sg d6 hinh 2.3,a ¢6 bd qua mémen quén tinh riéng cha hang vi do.

trong, va coi khéi lugng ctia ching dat & mot diém, ta cé:
ZGDf* -4g(QL2+J]+J2 —£7, 12
g g !

: G L G, I’
O day J, = —1~—3~ va J, = —-2—~3— modmen quén tinh cua khéi luong céc
4 g

thanh 1va 2 ¢6 trong lugng G,, G,, d5i véi truc quay can truc.

D4i v6i co cdu thay ddi tdm véi theo so d6 hinh 2.3,b, néu coi trong lugng
voi dat vao dau can con trong lugng déi trong dat vao don ganh dsi trong cé
truc quay 3 (bé qua khdi lugng don ganh) ta c6:

2 )
GD( \ \2 2 2
2y {__g, & ”](___ +Jz[fvi] +Gﬁd;3z(_@J }
i &.’ ({}'d Wy 54 Wy
G, G, I, . . . .
trong d6 J, ~ 3 I ——va— - mdmen quén tinh cta khoi lugng can co
g g

trong lugng G, va giang G, d6i vdi truc quay 1 va 2 ¢6 toc do géc w, va @, ,

toc¢ do cua déng co w, (trong thdf ky chuyén déng én dinh).

Khi phanh, cic lye can ¢6 hai (ma sét) lai hé trg sy dimg co cau. Pé xdc dinh
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momen phanh cta phanh, ta c6 thé ding cong thiic (2.9) khi dua® len tir s

1

1y 2 2
MPZM;+-}-~0,975—QL—?’;'+ETX§-Q-—T} :Mf+}B—. (2.11)
P P

"y 3757 7

Momen inh M, ¢6 thé duong (chtng lai sy dimg) hodc am (hd wg su
dimg). Su treo mém hang béng cap gay ra su lic hang khi khoi dong hoac hdam
co ciu di chuvén, quay va thay 46 tAm véi. Vi vay nd 6 anh huong dén thoi
gian kho dong ¢, (hoac thosi gian phanh £,) va quing duong khoi dong, phanh
Sy .8 p tUONg UMg.

Bidu thie (2.9) va (2.11) tinh chung cho 14t ca cac cd cdu. Tir cac bieu
thitc pay ta cd thé:

. Xéc dinh momen khoi dong M, v momen phanh c4n thiét M, (dé
chon dong ca va phanh) theo thai gian khoi dong I hodc thoi gian phanh £,
guy dinh trudc.

- Xéc dinh thoi gian khoi dong £, va phanh ¢, theo momen khoi dong di

biét clia déng co hodc momen phanh clra phanh.

Cin chii ¥ ring & ché do khdi dong céc lyc can c6 hai (h¢ s6 ma s4t, hiéu
sudt, luc can chuyén dong v.v.) ldy cao hon truong hop phanh, vi céc luc can
nay can trd sy gia 8¢ va hé tro cho sy dimg méy. Theo dac diém tinh todn, cic
momen khoi dong va momen phanh duge quy dinh riéng cho timg cd cau.

1- Co cdu nang (hinh 2.3,¢)

Mémen khai dong 16n nhat xuét hién khi nang, khi d6 trong luong hang va

luc quén tinh £ tac dung cung hudng. Trong trudng bop nay momen tinh trén

tryc dong co do trong lugng hang s& bang:

oD,

M, = ,
2min

(3 day m: boi sut cha palang, D, : duong kinh tang.
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Moémen phanh 16n nhat M ;™ xuat bién trong truong hop phanh khi ha

hang, kh1 nay luc qudn tinh duoc cong véi trong luong hang. Momen tinh trén
truc dong co do trong luong hang gy ra:

M,z-QﬂQ';q.

Zmi

Gi4 tri M ™ phai duoc xdc dinh khi téc d6 ha 16n nhat v, (ng véi t6¢ do
quay cua dong co »n, ), mémen nay c6 thé 16n hon khi nang. Pé dam bdo an
toan, trong tinh todn phai dua vao hé s6 du trit phanh (hé s8 an toan) v, vi vay
phai thoa man diéu kien: M ™ 2 M,
trong d6 y =1,5 & ch€ do 1am vite nhe; ¥ =175 &ché dd 1am viéc trung binh;
=2 & ché do lam viéc ndng va =2.5 - ch&€ do lam viéc rit nang.

2- Co cdu di chuyén (hinh 2.3,d)

Momen khoi dong 16n nhét khi khéi dong nguoe chiéu gid; Tuc can chuyén
dong W, lyc gié P, lyc quantinh F s€ can tré chuyén dong, kbi nay

AN
’ in 2

7

O day D, dudng kinh bdnh xe di chuyén.

Momen phanh 16n nhit M ™ cén thiét &€ ham khi di chuyén theo chicu
gi6, trong trudng hop d6 P, va F, can trd sy ham con W, hé tro sy him. Khi
niay momen tinh ma phanh phai khac phue:

_p. -7,
' 27

Trong d6 can lay W, = = W™ khong tinh dén ma sdt J go banh xe. Néu
P, <W, thi momen tinh khong phai 12 momen chi dong ma 14 mémen phanh
(ho trg su phanh), con lyc can & co cdu s€ lam tang gid i cla nd. Vi vay khi
P, <W, (gia tri M, <0)sé chuyén 1 xudng mau sé.

3- Co cdu quay (hinh 2.3,¢)

Momen khéi dong 16n nhét khi khoi dong nguge chiéu gié va do nghiéng.
Khi nay mémen do gié M, do do nghiéng A, , do ma sat Gcac 6da M), va
do luc qudn tinh cla phan quay M, S€ can rd sy quay



M +M, +M,
in '
Khi phanh gid tri M ;™ cin thiét dé him trong didu quay theo chiéu gio va

d¢ nghiéng. Trong diéu kién niy momen finh cin thiét ma phanh phai khac
phuc s€ bing:

Khi dé6 : M, =

i

M; +M,-M,,

[

M =

3

Néu M, >M_ +M, thi mémen tinh 13 mémen phanh va gia tri 7 duoc

dua vé miu s6.
4- Co cdu thay déi tim véi (h.2.3,b)

Momen tinh M, phu thudc géc nghiéng cla can Ia dac di€m ciia co ciu
thay d6i tdm véi. M, dugc xédc dinh theo kiéu thiét bi cin va loai co cau thay
déi tdm véi.

Momen khoi dong 16n nhat cén thiét khi nang cdn nguoc chiéu gié va
cO do nghiéng, cdn mémen phanh 1én nhat xuit hién khi ha cdn theo chiéu
gi6 va do nghiéng. Ngoai ra phanh con phai dam bao gilr duge cdn khong cé
hang khi bdo, do d6 quy dinh hé s6 an toin w= 2 tic la M,z2M™ &
trang thai lam viéc.

Céc cong thiic trinh bay & trén cho phép xdc dinh thoi gian va quang dudng
khoi dong hoac phanh theo gia tri da cho ciia mémen khi dong cua dong co
dugc chon, hodc moémen phanh cha phanh & cac didn kién lam viéc khdc nhau
(vi du khong c6 gi6, hang khong du tai v.v.). Khi tinh todn, cén chd ¥ mot s§
loai phanh ma gid tri mémen phanh cta né c6 thé thay di phu thuéc vio chiéu
quay cta binh phanh, va t6c do ha cé thé 16n hon t6c do nang.

0 co cau di chuyén va quay, néu momen ma sat M s 101 hon t0ng mémen
do gi6 M_ va do nghieng M,, thi phanh khong Iam viéc,
VIM, =M _+2, -M, <0.Thdi gian phanh trong trudng hop nay duge tinh
theo biéu thic (2.11) v6i M, =0.

Trong qua trinh gia t6c (heac him dién), mémen khoi dong (phanh) cha
dong co dién c6 bién tré khéi dong sé thay ddi trong gi6i han M ™ =~ M ™ va
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M ~M,  &day M, -mémen dinh miic cia dong co. Bing cdch chon bién
trd khdi dong (phanh) phi hop, chiing ta ¢6 thé han ché dugc gia tri I6n nhat

cua momen khdi dong (phanh) nho hon gid tri M ™.

Do gid tri momen thay déi, nén khi xdc dinh thoi gian gia toc ¢, theo biéu
thitc (2.9) s€ ldy gid tri trung binh cha mémen khdi dong. Gén ding ¢6 thé 1ay
My ~15M_, déi v6i dong co ba pha réto day quin; M2 ~0.8M ™ d6i véi
dong co long séc; M ~1,7M, d6i véi dong co dien mot chiéu kich tir song
song va M ~18M , -kich tir n6i ti€p.

Gia tri tinh todn M [ (0 ch€ do dong co va phanh) c6 tinh dén sy gidi han
cia thi€t bi bdo vé dugc 14y vao khoang 0,75 + 0,8 gi4 tri cho trong 1y lich mdy.
Nhitng s6 liéu nay ciing duge dp dung cho phanh dién. Khi sir dung phanh co
hoc, gid tri momen phanh trong thoi gian phanh cé thé tinh 1a hing s6.

Céc cong thic nhan duge & trén cé thé diing dé€ xac dinh mémen khoi dong
va mémen phanh can thiét n€u quy dinh trude ¢, 7,. Trong trudng hop nay, wr
cac biéu thic (2.9) va (2.11) ta ¢6 thé xdc dinh duoc gid tri trung binh cla
moémen khdi dong va momen phanh trong thdi gian khoi dong va ham.

Moémen can thiét 16n nhat clia dong co M ™ s& 16n hon mdémen khéi dong
M hodc momen phanh trung binh M? cia dong co (khi ham dién). D€ chon
dong co theo diéu kién khdi dong (phanh), khi nay c6 thé 14y theo tuong quan
gita mémen khéi dong (phanh) trung binh va mémen dinh mic cta dong co
nhu di cho & trén.

Dé xdc dinh momen khdi dong va mémen phanh cdn thiét c6 thé 1dy: doi
v6i cd clu nang thoi gian khai dong (phanh) tinh todn ¢, =1+ 25; 461 véi co
cdu di chuyén, quay va thay déi tdm véi (12 cdc co cau ma khdi luong quén tinh
cua cdn truc ¢6 anh hudag I6n) 7, =3+10s phu thudc vao t6c d6 chuyén dong,
gid tri khéi lugng chuyd 1 dong va tinh trang ¢6 tai trong gié hay khong.

Viec lua chon gid tri ¢, , 7, c4n phai tinh dén anh hudng ctia né dén nang

sudt cua can truc, dén tii trong dong va quing dudng (géc xoay) khéi dong s,
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hay phanh s,. Trong mét s6 trudng hop phai duge gidi han tuy theo di€u kién
cu thé. Cin chi ¥ ring sy lac hang cung anh hudng dén gid tri s, ,5,. Ngoai ra.
& co cdu di chuyén gia tri nhd nhdt cba ¢, , £, phai duge gidi han theo diéu kién
bam cha banh xe truyén dong vdi ray, vi khi gia t6c qud 16n ctia khoi lugng xe
con s& gay ra su quay trugt banh xe truyén dong.

Néu dong co va phanh duge chon ¢é du trit cong sudt qua 1dn s€ ¢6 hai, vi
s& lam tang tai trong dong. Khi thay déi dot ngot ché d¢ 1am viée cia co ciu (vi
du chiu anh hudng 16n cia tai trong gié) va ca khi dé tang tinh an toan (vi du dé
van chuyén kim loai 16ng), nén sir dung phanh hai cdp & dang hai phanh, thai
gian déng phanh cdch nhau khoang 2 +3s.

§2.2- TAI TRONG DONG QUAN TINH CUA CO CAU

Mdi co cau c6 mot 56 khéi lugng ndi vSi nhau bang truc, khdp néi, cap v.v.
(goi 1a céc lién két). Néu bd qua bién dang dan hoi clha cdc lién két va coi
ching 13 tuyét d6i ciing, thi tit ca cdc khéi lugng s€ tang tGc hodc giam toc
déng thoi. Tai trong dong trong cdc bo phan cla co cdu gay ra do tic dung cua
momen du, trong trudng hgp nay chi duge xdc dinh theo tri s6 cia momen du
ma khéng phu thuée vao t6c do thay déi ctia né. Tai trong dong nay duge goi la
tai trong déng quan tinh.

Tai trong dong qudn tinh phan bd khoéng déu gitia cic bd phén cia co cau,
né giam dan khi cang xa vi tri dat moémen khdi dong hoac phanh.

Pé minh hoa nguyén tac nay, trén hinh 2.4 cho biéu dé moémen xoan truc
cua hé gébm nam khdi lugng cé6 moémen qudn tinh J, (phan (ng clia dong
c0); J, (nira khép phanh), J, (banh phanh); J, (b truyén), J,: khoi luong di
dong (hang, xe con, phin quay, ¢in truc). Cic khéi lugng nay ndi vdi nhau
bang truc tuyét ddi cimg va quay dong bd véi téc dd goc @ va gia téc goc:

M, M

- du

Jg Jord+ I+,
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Khi khéi dong, néu momen tinh M, cin tr& sy gia t6c (h.2.4.2). th
moémen du M, =M, — M, va momen khoi dong cua dong co M phai tiéu
hao mot phdn dé khéc phuc mémen qudn tinh ctia khéi lugng roto J,& . Sau do
mémen xo4n giam dan dén gid i M, =M, +J,&: Momen dong ciing giam
twong tng M, =M, -M, ugidwi M, =M -M, =g(J,+J,+J, +J ) O

trén doan truc 1 dén gid tri M, =M - M, =&/, trén doan tryc 4,

Khi phanh (h.2.4,b) momen phanh M, s& tiéu hao mot phan d¢ khéc
phuc momen quén tinh &/, cla ban than khdp phanh, cdn sau dé s€ phin bo
trén phan phai va trdi cha truc, N&u momen tinh M, c¢dn trd su dimg nic 1a hd
tro chuyén dong (h.2.4,b, chiéu mii tén lién nét), thi M, =M, -M, = ey J

va biéu d6 moémen xoin c6 dang cho ¢ hinh 2.4.c.

Néu momen M, hé trg s dimg tic 12 hé trg sy lam viéc cua phanh
(h.2.4,b, mii ©n nét dit), thi M, =M, + M, gia t6c géc £ > &', biéu do
momen sé thay déi hinh dang (h.2.4,d). Trong trudng hop nay, khoi lugng quan
tinh J,,J, & phan truc bén phai dugc khic phuc bdi téc dung déng thoi cua

momen M, vi mét phan ciia moémen phanh A .

So sanh cdc biéu dé hinh 2.4.c va d ta thdy: doan truc gidfa dong co va
phanh chiu tii 16n nhat khi momen tinh A, ho trg sy dimg (vi du khi phanh
nguoc chiéu gid, biéu dd d), con doan phia sau phanh 1a khi A/, nguoc hudng
(khi phanh theo chiéu gi6, biéu d6 ¢).

Trong co cdu thuc, giita cic bd phan cla co cdu ¢6 ti s6 truyén, nhung su
phan b6 (i trong dong qudn tinh ciing ¢6 dic tinh twong t. Tai trong dong
ting din ti¥ cic truc cong tac (tang, banh xe. truc quay cdn truc) dén dong co
twong tu nhu biéu d6 cong sudt khéi dong cho ¢ hinh 2.4.e. Vi du, néu dong
co cla co ciu nang trong thoi gian khoi dong phat trién cong sudt N . thi
mo6t phdn ciia cong suat ndy (N, ) sé& chi phi cho viéc gia t6c cho roto dong co.
con khép néi chi dugc truyén,cong sust (N - N,); bo truyén dong banh rang
1 duge truyén cong sudt nhd hon ( N~ N,-N,), & ddy N, la cong sudt can
thiét dé gia t6c cho khép noi.
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Dé gia 16c cho khéi lugng clia bo truyén 1 va 2 cdn chi phi cong suat
N, = 0,2(N, + N,), nhu vay truc tang s& chi dugc truyén cong suét finh N, va
cong suat N, dé gia t6c cho hang Q, titc 1a nhd hon nhiéu so véi cong sudt
khoi déng cia dong co. Bang céch tuong ty tinh tir dong co dén truc cong tic
hay nguoc lai, ta ¢6 thé xdc dinh duge tai trong dong quén tinh & mdi b phan
cla ¢ cau.

Tu phuong trinh (2.9) va (2.11), ta nhan thiy: mémen du cla doéng co
(phanh) M, dung dé gia t6c (hdm) cho timg bd phan clia co cdu i 1& vt mémen
qudn tinh tuong duong cia ching J,,,,J,,, ., tic 12 téng cta nd bang J,, .

Do d6 néu viét lai biéu thic (2.9) va (2.11) & dang tdng quat:

A+ A +A,+..+4, A

M,=M,-M, = =—
i1 K 1 fK fK
B, +B +B,+...+B
Ma‘u =MP_M.': ° l+ 2+ i . :Ee (2.12)
5 iy

thi & méi khau x sé tiéu hao mot phan momen khdi dong dw M, A _/ 4 hoac
momen phanh du M, B,/ B. Khi tinh tdng chi phi mémen du trén mach dong
tir khau x dén n (khau cudi ciing tinh tir dong co hodc phanh), ta cé thé tim
dugc gid tri moémen téng truyén bang khau x khi gia tdc:

24,

M. =M, +M, =M +M, XA 1.7, (2.13)

2B
Khiphanh M_ =M, +M, =M +M, =~ sl (2.14)
7,

Gday M, ,M,,, - momen tinh va déng dugc truyén bang khau x; 7_, 1,-

ti 6 truyén va hiéu suat bo truyén tr dong co hoac phanh dén khau x.
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Bing cach ndy, khi biét M ™ va M, ta c6 thé xdc dinh gid trj M ™ de
tinh d6 bén cna timg bd phan trong co ciu. Vi du dé tinh cap banh rang sd 1
(h.2.4,e)

-

0,975¥% 1 0.2(GD? + GD?)
.

09759 126D +6D3)
nn’q

MT'(IBK :Mr +Mﬂ,"

O co cdu nang, moémen quan tinh cia roto dong co va khdp ndi cé banh
phanh chiém phén chd yé&u clla mémen quén tinh tuong duong. Vi vay tai trong
dong quan tinh trong cdc bo phan cla co ciu nang dat phia sau phanh- dong co
tuong déi nho.

Trong co cdu di chuyén va quay, tdt cd céc bo phan cla co cdu chiu tai
trong qudn tinh tuong déi 1én. Vi & truong hop nay, tri s6 moémen quan tinh
téng phu thudc chtt yéu vao tac dong clia khéi lugng cén tryc va phin quay cla

né dat xa nhat so v6i ddng co va phanh cua co cau.

Can nhd rang déng co va phanh luén ludn phét trién mémen khoi dong
M va moémen phanh M, cyc dai. Vi vay khi gidm tri s6 duong cua
moémen tinh M, s€ tang mémen khoi dong du M, =M 7™ - M hodc momen
phanh du M, =M ,-M , d6 do s€ ting gia toc va tai trong dong. Tuy nhién
diéu dé khong c6 nghia 1a momen téng M, =M,  +M,, tic dung lén cic
bo phan cla co cdu sé tang. Néu khéng tinh dén dao dong dan héi thi
M =M™khi M, =M™.
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§2.3- ANH HUGNG CUA LIEN KET DAN HOI

Néu nhu luc (mémen) khéi dong va phanh la céc luc tinh, tic 1a ching
tang, giam tix tir thi bién dang cua lién két dan héi giita céc khoi lugng xay ra

cfing cham. nén tai trong dong trong lién két dan hoi va lien két cing nhu nhau.

Khi tac dung dot ngét hoac thay déi nhanh tri s6 luc va momen khai dong
hay phanh s& xudt hién dao dong cla cdc lién ket (dao dong xo&n truc, dao
dong doc chia cdc thanh kéo v.v.). Tai trong dong tang thém nay ducgc goi 1a tai
trong dong dan hoi.

Khao sat hé hai kh6i luong (hinh 2.5), khoi lugng m, chiu tdc dung cua
momen chil dong bién ddi M, cdon momen tinh khong d6i M., dat vao khoi
lwong m,. Néu hai khéi lugng lién két cling (hinh 2.5.a), ching s€ chuyén dong

e M M e e
vai cung toc do va gla thc £ = . mémen xoan G lién k&l cing sé
& ' J +J &
1 2

bing: M =M,  +J,6 .

Khi lien két dan héi (h.2.5,b), lic ddu chi khéi lugng m, chuyén dong va
giy ra bién dang cia lién ket. Lién két chiu téc dung cia momen M =@c,0
day ¢, - géc xoay ciia khéi lugng m,, con ¢ - do cing ctia kién két. Khot luong
m, bat ddu chuyén dong khi tri s6 M, 16n hon momen can tinh 3, . Sau do
¢ hai khéi lugng s& chuyén dong véi gia toc va tdc d6 khdc nhau. Mémen tdc
dung vao lien két: M’ ={p, - o, Y.

Phuong trinh vi phan chuyén dong ca hai khéi luong & thoi ky ndy ¢ dang:

M, =M +J,¢, =clp -.)+ 6
M, =M~ 4, =clo, —9,)~J:¢:.
Trén hinh 2.5.c cho biéu dé bién ddi moémen M’ va M, trong thoi gian
tang toc ¢, .
Trong thti gian T tang tuyén tinh cla mémen cha dong M, , mémen
trong lién két dan héi M, tang theo dang séng, lic dau dao dong xung quanh

gid tri gia tang M (trong khoang thoi gian ¢, trude khi khéi lugng m, chuyén
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dong), sau dé dao dong so vdi gié tri gia tang tuyén tinh M, (thdl gian ¢, khi
M, >M,, ). Bien do dao dong M luon ludn tang va gid uri M dat cuc dai
vao liic bat dau thoi ky ¢, khi momen chdt dong trd thanh hang s. Sau khi
M, =const, tic dung cta luc kich dong (s& gia cha momen chu dong) bi
ngimg lai, dao dong sé tat dan, gid tri M, ti€n ddn dén gid tri M . Trong thai
gian ¢, khi momen cht dong giam dén gia ui M, =M, dao dong lai bat dau
tang nhimg it nguy hiém vi lyc quén tinh cling giam. Néu thoi gian ¢, nho hon
mot nira chu k¥ dao dong riéng t (cla lién két dan hoi gilta hai khoi luong m,
va m,) thi gid tri M. c6 thé khong kip dat gid tri cuc dai. Trong qua trinh
phanh cling x4y ra hién tugng tuong tu.

Vi vay momen M’ tic dung vao lién két dan héi la tri s bién d6i, né dao
dong v6i bien do AM_ véi chu k¥ t xung quarh gia tri trung binh
M,=M, +M,, ,tong ing voi trudng hop lien ket cimg. Trong truong hop
tng quét, gid tri M, duge xdc dinh theo biéu thic (2.13) va (2.14) 1a tdng cla
momen tinh M, va momen dong quén tinh do tac dung clia mémen du cua
dong cd hoac phanh.

Bién do dao dong AM , phu thudc vao t6c do gia tang momen dur (do dé
phu thudc vio M ), né duge coi nhuy mot phdn gid tri M tic la AM, =kM _.
Vi vay & dang téng quét ¢ thé viét:
M =M _+AM =M (1tk)=kM_. (2.15)
Khi & = +1 luc trong lién két cé thé tang gap doi hoac giam dén khoéng.
Trong trudng hop khéi dong (phanh) cé bién trg, ¢6 thé tinh M _theo gid

tri momen khdi dong trung binh cha dong co (chit khong phdi mémen 16n nhat)
vi momen cuc dai chi téc dung ngén han.

Khi ddt tirc thoi mémen chii dong (phanh) (T = 0) sinh ra tai trong dong
16n nhat. Néu lién két dan hdi khong ¢6 dng sudt ban déu (M, =0 khi 1 =0),
tit phuong trinh vi phan chuyén dong trong truong hop M, = const (nla séng
dao dong thir nhat lic bit dau thoi gian 1,), ta tim duge biéu thiic xdc dinh
momen cuc dai  lién két dan hoi:
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M =M(+k). (2.16)

He 56 anh hudng cha lién két dan héi -

2
, M, !
kK = 1—(——M" ] = (2.17)
+_

Biéu thi anh hudng dong lyc clia phuong phap dat luc chi dong dén tai trong
clia lién ket dan héi. Cic mémen qudn tinh J, va J » 1a téng mémen quén tinh
tuong duong cua cac khéi luong dat & hai chiéu so véi lién két dan héi dang khao
sat, J, bao gom cdc khéi luong & phia mémen chi déng (phanh).

a) )]
J1 J2 J
Mde Mx m Mg Maie My Musx
{ 4
E ( } \ w \
m m2 ag) Ju=0  ME=M
b )
Ji Jz , Ji
Mae M3 Mix Mac M Misx
mi m2 J=0 M=2M,
‘p'[ (|'|2 h) JI
Mdc M;:
e W
M Mdx
| Mac” cy - - Mae - m =0 Mj=2Mqy.

Me s

Mt
by

b Hinh 2.5-80 46 dong Iyc hoc
cac lién k&t dan héi

L] ty fa ta
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al

(3]

Trén hinh 2.6 gidi thiéu cac so dé tinh todn hé hai khéi luong (6 che do
khoi dong va phanh) d6i véi cac bo phan 1, 2, 3, 4 cua co cdu ¢6 nam khai
luong tuong ting véi moémen quén tinh J, (dong co ), J, (ban khép), J, (banh
phanh), J, (hop gidm téc) vh J, (khoi luong di dong la hang, xe con, can truc,
phan quay hay thiét bi cdn ). Vidu d6i véi lien ket thit 2 (truc vao clia hop giam
téc) khi khéi dong J, =J,+J, va J,=J,+J,+J,, con Kkhi phanh
J=dy+Sy+ S, vad, =J,+J,.

Giatri k; & he¢ hai khoi lugng khong phu thudc vao do cing cua kién két
va 1ang clng véi sy tang ctia gid tri J,, /J, vagiamcla M, /M .

Trong trudng hop khi M, /M =0 hoac J,/J, =o (hinh 2.5.¢) thi
k' =1, do dé tii trong cha lién két dan hét M, =M tang gap doi so vdi tai
trong cua lién két cing.

Phanh Khdi déng
J Jin
M ) n M
)) Jrdgthtd, Jo ) Jprdgrditd, Jo )
Mp ! M 1
Ji Ju Ju h
Mr Mg
)) ( ) Jgrlirdy ) E )J‘-PJD) ) O Ity ) ( ) J1+J9
Mp 2 M 2
M Ju Rl Ju Ji My
dytd dyd dt i+
) D)) | ) C)=02)
Jiul Ji Ji N
WAt Mg
) Qe w | ) ()
J3 Jz & Jo
k‘ | i 2 /£ 1
E ; IL / # / (3]
J3 NH 1 | | U
LT Hinh 2.6-50 ¢ tinh toén hé hai khdi lueng
” ) 4 _ a- 50 d6 finh cdc khau dénhéi 1,2, 3. 4:
* = b-so dé ca cdu: My .M M, -mdmen finh,
T L] \4 T khoi déng va phanh
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Trong trudng hgp (h.2.5.d) khi J, =0, mémen M. =M, ki, =0va
M" :M.\' :Mf.".r'
Néu J,, << J, thi c6 thé tinh:
e
N vl I (2.18)
VUM,

Ti 56 giffa cdc momen tim duge tir biéu thic (2.13) va (2.14) trong trudng
hop khoi dong sé bang:

M 2
b~ 1(_}
- M.

Ti s6 gilta cdc mOomen tim duge tr biéu thic (2.13) va (2.14) trong trudng
hop khai dong s& bang;

M.y Ma 22 i,

= (2.19)
M{.-" X Mf'.r /1
M M, VB i

va khi phanh: P WL "I STt (2.20)
M!.‘K MF"X B r?.l’

Trong trudng hop nghu nhién, néu dat vao khéi lugng m, mdmen can qua
1én M, > M, thikhoiluong m, va lién két dan héi s& khong chuyén dong. So
46 tinh toan (hinh 2.5.h) sé tuong tng v6i hé mot khéi lugng, momen M’ dat
gidtri M| =2M .

Khi tang tix tit moémen chii dong (phanh) M, bien do dao dong cia momen
M' bi giam so vdi gid tri clia nd khi 7 =0 va M'duoc xac dinh gin diing
theo biéu thuc:

M =M (+Ek) 221
O day &, 1a hé s6 tang tai trong:

k= sin™. 2.22)
al r
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Hé s6 k, cho & hinh 5.2 12 ham chu ky tat ddn theo ti s6 thdi gian tang
momen chil dong T so véi chu ky dao dong riéng ciahe 7.

Vi xdc dinh chinh xdc ti s6 T/7 rat khé nén khi 7 > 0,57 ¢6 thé xdc dinh
gid tri k, theo dudng cong bao (h.5.2) ¢6 phuong trinh (gia thi€t sinzT /7 =1)

k =/l (2.23)

Khi T >(3+5)r gid tri k,<0,01 + 0,06 do dé su ting tii trong do dao
dong dan héi 1a khong déng ké.

Chu k¥ dao dong tu do ciia hé hai khéi lugng khi tan s dao dong p s& bang:

rzg-ff- va p= c[—1—+-]—]. (2.24)
P J, Iy

O day ¢ -he s6 do cimg cia lién kel

Néu khi bat ddu tic dung mdmen chii dong (phanh), lién két dan hoi da co
tng suat ban ddu do moémen tinh M, gay ra, khi thay vao biéu thic (2.16) va
(2.21) ta cé:

M =M, +2M,, =2M —M, =M (1+k");  (2.25)
M =M+ kk,). (2.26)

Trong trudng hop ndy su dan héi cia lién két chi anh huéng dén momen
dong M, , khi dat tic thdi gid tri M, s€ tang gap doi; con hé so

. [1 _%J. (2.27)

So sanh céng thic (2.16) va (2.25), ta thiy tng sudt ban dau (dac biét khi
gid tri M, tuong d6i16n) lam giam tai trong o lién keét.

Khi phanh co céu, 14t ca cdc bd phan cta ching chiu tai trong ban dau
bing mémen tinh. Khi kh&i dong, chi ¢ doan phanh-hang (can) & co cu nang
va cd cdu thay d6i tAm véi 12 chiu tai ban dau.

Ung sudt ban ddu khi khoi dong (co cau di chuyén va quay) ¢6 thé tao ra tnuc
tiép nhér thiét bi khéi dong bing bién tré. Khi déng bac dién trd trude khi khoi
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dong, dong co khong chuyén dong ma chi phit trién mémen bing mémen tinh.

Khi thay d6i gid tri mémen tinh M, | gid tri momen M s& thay déi theo.
Tir bicu thifc (2.21) va (2.26) ta thay: néu lién két khong ¢6 dng suit ban dau
(2.21) thi (M), sinh ra khi (a1, )
(2.26) di¢u 46 chi ding trong di¢u kién khi J, > J &, ; trong trudng hop nguoc
lai J, <J,k,, (M) sinhrakhi (M, ) .

- mx - P61 VG lién két c6 tmg sudt ban dau

Cdc bicu thic (2.21) + (2.24) duge viét cho khdi luong chuyén dong quay,
cling ¢6 theé trinh bay & dang phuong trinh d6i véi cac khéi luong chuyén dong
tinh tién, néu thay cic momen xoan M, M .M, bing cdc luc tuong ting
P/, P, P, cdn mémen quén tinh cia céc khéi lugng J,,J,, dugc thay thé bang
cac khoi luong quy d6i m,,m,, . Cac biéu thiic (2.22) + (2.24) chimg to ring: dé
giam dao dong dan héi thi gia ri 7/ phai du 16n. Do cimg cia lien két cang
nho thi chu ky dao dong cang I6n, nén thdi gian gia tai 7 ciing phai 16n.

Tri s6 T phy thudc vao dac tinh dong ca dong co, khép ndi, phanh va
thiét bi diéu khién. Trong trudng hop nang hang tir nén con phu thude vao su
bién dang dan héi cla két cdu va do dan dai cua cép.

Tang thoi gian T ¢6 thé thuc hién bang cdch déng phanh ti tir (phanh thuy
luc, phanh diéu khién bang thuy luc-khi ép) hoiic thiét bi gidm chan dan hoi dat
trong bd truyén dong clia co cau.
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Chuong 3
CAC PHUONG TRINH TONG QUAT
DONG LUC HOC MAY TRUC

D¢ don gian tinh toan, cic co ciu cua may truc duge dua vé dang so do
dong luc hoc gom mot sé¢ hitu han khéi lugng néi véi nhau bang céc lien ket
dan hoi. Tuy thudc vao loai co cdu va yéu cau tinh ma s6 khéi luong qui déi
trong so do ciing khéc nhau. Vi du & co cdu nang kiéu tang khong c6 déi trong
can bang, nhimg khoi lugngeo ban la khéi lugng cic phan quay trén truc déng
co va khoi lugng hang. Theo két qua nghién citu va thuc nghiém. gid tri quy ddi
cua cdc khdi lugng ndy 16n hon 90% khéi lugng cua toan bo co cau.

Muén xdc dinh tai trong dong téc dung lén bo phan niao dé cua may
truc. ching ta can phai xdc dinh bi€n dang cia né theo théi gian. Khi da biét
bién dang va do cimng qui d6i, ta dé dang tim duogc dac tinh bién thién va gid
tri cua tai trong,

D¢ xdc dinh bién dang cha hé dan héi ¢é s6 hitu han bac tr do, c6 thé six

dung phuong trinh chuyén dong Lagrang & dang sau:

d{¢EY 8E arT
oo |t =
di\odg@ ] Jp Op
d{oEY OF éT

—| = |-t = F:
dt\dy ) Ow ow
d BEJ 0F oT

—] — |— F—_—= F3 .
de\og; o068 06

S8 cdc phuong trinh bang s6 bac tr do cha hé. O day E, T- déng nang va
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theé mang cua hé: ¢,i.0- toa do tdng qudt clha hé: ¢,y,0 - e do 1éng quat:

£, F,, F,-cdc luc 1ng quat twong imng vdi cac toa do téng qudt.

Can luu y rang khi dung phuong trinh Lagrang dé giai cdc bai todn dao
E 8 £ L
dong nho thi oF = ok = ok = 0. vi dong nang trong trudng hop nay duogc bicu
Op Sy 6
thi bang ham bac hai cua t6c do téng quédt cé hé s6 hing s6. Cic luc tong
quat F, F,, F, ¢6 thé 1a hang s6 hay him cua thdi gian, t¢ do, khi nay can phai

xét trong diéu kién 1Am viéc cu thé cla cd cau.

Ngoai phuong phdp trén cd thé 1ap céc phuong trinh chuyén déng trén co
s0 dinh luat hai Niuton, nguyén 1y Dalambe. Hai phuong phép niy st dung don
gidn va hi¢u qia nhét 12 d6i voi hé ¢6 it bac tu do, khéi luong cua né chi
chuyén dong tinh tién.

Dé nghién ciu dao dong ngang cia hé dam thich hop nhat 1a sir dung
nguyén ly cong kha di vi khéi niém chuyén vi don vi &, 1a chuyén vi & hudng i
do luc don vi tic dung & hudng k.

Nhu vay, ddi v6i dam c6 mot s6 khoi lugng tap trung m, ;m,..m, , khi dao

dong wr do s€ sinh ra cic luc quén tinh: —m, 3, ;—~m, #,:...—m ¥ phuong trinh
chuyén vi clia hé & hudng bat ky duoc viét & dang téng quat:

V==Y m 6, (=12 .n)
k=t

N&u chuyén vi y, la géc xoay thi m, dugc tinh 1a mémen quén tinh cia
khai luong thit k d6i véi tryc di qua trong tam cilia né, vuéng géc véi mit phing
dao dong.

Khi thanh lap so d6 tinh, hudng truc toa do nén ldy tring véi hudng
chuyén dong, lyc chi dong hudng theo chiéu chuyén dong con luc can
huéng nguoc lai.
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§3.1-PHUONG TRINH CHUYEN DONG
CUA HE MOT KHOI LUONG

Cho hé mot khoi hiong m va khau dan héi ¢6 do cimg ¢, chiu tic dung cua
lyc chii dong gay chuyén dong P, . Ngoai ra, khdi luong m con chiu téc dung cua
Iy can ngoai Q. Khi nay hé c6 hai dang chiu tai. Dang thi nhat: luc chu dong dat
vao khau dan héi, con luc can ngodi dit truc ti€p vao khoi lugng m (hinh 3.1.a).
Dang thit hai: Iyc chi dong dit vao khéi lugng m , luc can ngoai dat vao khau dan
héi (hinh 3.1.b). Dé dua hé ra khoi trang théi tinh, thi luc cha déng P, phai 1on
hon luc can Q. Néu ki hi¢u lyc gay gia toc (luc dw) la P, vachola hang s0, thi ta
c6 thé nhan duoc biéu thic d6i véi luc duddang P, =0+ F,,.

Chiing ta xét dang chiu tai thtt nhat clia h¢ (h.3.1.a). Sy chuyén dong clia
hé duge chia thanh hai giai doan.

Néu luc du 16n v6 han thi giai doan thit nhat s& khong ¢6, hé duoc tinh bat
dau tir giai doap thi hai.

Phuong trinh chuyén dong cla diém A dit lyc gia toc va clia khéi luong

m cé dang:
c(x, —x)) =0+ F; (3.1)
dix,
" x —c(x, ~x,)=-0, (3.2)
a) i
j-{m A P 3 day. x, . x,-toa do diém A va cta khoi
luong m; t-thoi gian.
jf?_j X Thay phuong trinh (3.1} vao (3.2), ching ta
o) nhan dugc:
& S m dx, _Pu
j_“ d[z m .
2 X Tich phan hai lan phuong trinh nay ta co:
Hinh 3.1- So & tinh toan Xy = f;-k(‘fﬂ’).

hé mét khéi lugng e .
Céc diéu kién ban dau:
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dx,
dt
Cuéi cung ta tim duoc:

Khi =0 x, =0;

=0,ttd6o C=D=0.

4

Fa 17
m 2
Thay phuong trinh (3.3) vao (3.1), ching ta tim dugc:

- Q+Pdn + Pdutl
c 2m

x, = (3.3)

X (3.4}

_ Q + Pdu

C

Bién dang ctia khau dan hoi: X, - X,

Tai trong l6n nhat cia khau dan hoéi: F .=0+P, =P,

Nhu vay, khi luc du 12 hing so, tii trong 16n nhat ctia khau dan héi trong
truong hop chiu tai thit nhit cta hé ciing 12 hang s6 va bing luc chi dong.

Ching ta xét trudng hop lyc chit dong 1a luc bién déi. Khi nay su bién
thién ctia luc chi dong dugc thuc hién sao cho diém dat luc A cia nd ludn
chuyén dong véi t6c do khong déi (day 1a mot trong s dicu ki¢n chiu tai cua
co cdu may truc).

Trong trudng hop nay, phuong trinh chuyén dong cia diém A & giai doan
th nhat dugc viét § dang:

X, =V (3.5)

3 DAY, v-t6c do chuyén dong cia diém A. 3 giai doan thit hai, phuong trinh

chuyén dong cha diém A van nhu trén, con déi vdi khoi lugng m 6 dang:

s=—clx - x,)=-0Q. (3.6)

d’x, ;
LN 4 (3.7)
dt” m = m m

Dang nghiém téng quat ctia phuong trinh (3.7):

X, =Asin\/E.f+Bcos\/E.t+vt—Q. 3.8)
m m c
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Biéu thitc xdc dinh bién dang cla khau dan hoi duge tim tir phuong trinh
(3.5) va (3.8)

[ PR
¥, - x, = Asin-—¢ - Beos J—L+ . (3.9
m m c

Tir day ta thiy vao ldc bat dau chuyén dong cla khoi lugng m phai ph
Q

hop véi dang thic: x, —x, = =1 16c do bien dang ctia khau dan héi vao thol
c
diém bat ddu chuyén dong cla khéi lugng m phai bing véi toc do chuyen dong
ctia didm A. tdc 1a bang v. Vi vay diéu kién ban dau ¢ [a:
: h Ix,
Khi +=0: x, —x, :Q— va 4
oo dr dt

Thay céc di¢u kién ban dau vao phuong trinh (3.9), ching ta tim dugc:

X, — X, =L"]E.Sil‘l JE‘hLQ-. 3.1
c m C

Tai trong cua khau dan hoi:

. C
F =c(x —x,) =vdmec.sin 1’—.{ +0.
ni

Gia tri cuc dai tai trong cua khau dan héi xuat hién khi sin [—f=1:
m

F  =vJme+Q (3.11)

Tir phueng trinh (3.11) ta nhan thay: & dang chiu tai thif nhat, tai trong 1én
nhat ciia khau dan héi phu thudc vao 16c do chuyén dong cua dicm dau dat luc
chii dong clia khau dan hoi va do cling <.

Bay gid ching ta xét dang chiu 141 thit hai cha hé (hinh 3.1.b). Cho luc chu
déng P, 1a hang sd va bang Q+ P, , 0 day P, -luc gia toc (fuc du).

Phuong trinh chuyén dong cta kbéi lugng m & gial doan thit nhat duge
viét ¢ dang:

2

m +ex, =Q+ P, (3.12)

2
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Nghieém 16ng quat cta phuong trinh (3.12):

: + P
x, = Asin E.f + Bcos '-—1+Q e
m ni ¢
s via N : dx, .
Diéu kién ban ddu: khi =0 x, =0} T =10
d!
+ P fe
Do do: X, = Q—d”-- 1—-cos |_ i W
c V m )

Thoi diém két thiic giai doan thit nhit phai thoa man dang thac:

x, = Q[l - cos !j?.:t.],
)

C \ m

3 day, ¢, - thoi gian cia giai doan thit nhat.

Bién doi phuong trinh (3.15) ta tim dugc:

; m th
Il = — arecos — —.
c Q +Prhr

(3.13)

(3.14)

(3.43

(3.16)

Dao ham phuong trinh (3.14) theo thai gian t, sau d6 thay t bang gia try ¢,

ta s& tim duge t6c do chuyén dong cha khéi lugng m § cudi giai doan thi nhat:

dx +P . c
meda Q du \, sin }_!I = \'.-” .
¢t ¢ m \ m

Thay gid tri 7, nhan dugc tir phuong trinh (3.16) ta tim duoc:

+P, [e¢ P
v, = Ot Fu J 1 - cos® arccos —-%—.
c m Q + 'F)z‘fu

Cuéi cling, sau khi rdt gon ta cé:

- !Q— du +Q)

AU
Ty me

(3.17)

(3.18)

O giai doan thd hai. phuong trinh chuyén dong cia khoi luong m va diém

dat luc can ngoai co dang:
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d.\
m—&i+c(x -x,)=0+PF,. (3.19)
i

o{x, —x,) = 0, (3.20)
Thay phuong trinh (3.20) vao (3.19) . ta nhan dugc:
d’x, P

tlie

dt’ m
Tich phan hai 1dn phuong trinh nay, ta tim dugc:

P 2
LR ) (3.21)
m 2

Diéu kién ban ddu: khi 1 =0 x, = Q: da v, .
R

Thay dicu kién ban dau vao phuong trinh (3.21), ta c6:

v = fan Paw Q_%_*_Q_) e (3.22)
m 2 me c

Tir phuong trinh (3.20), ching ta tim dudc bién dang, v tai trong cha khau dan hoi:

(%, =x,) =Q: (3.23)
(&g
F=cl(x, -x,)=0. (3.24)

Cic gid tri nay 13 héng s6 trong sudt giai doan thit hai va phii hgp vai tri 56
ctia luc can ngoai.

Trudng hop chiu tai ciia hé mot khéi lugng la truong hop don gian nhat.
dac trung cho sy 1am vige clia mot 6 ¢o cdu may truc nao dé. Trén co 50 cua
nhifg két luan nhan duge, sau nay khi khao sdt dong luc hoc ¢ua cdc co ciu cy
thé, ching ta s& trinh bay céc phuong phdp giai cdc bai todn d6i vdi nhitng he
dan hoi phic tap hon.
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§3.2- PHUONG TRINH CHUYEN DONG HE
HAI KHOI LUONG

So d6 tinh todn dong luc hoc don gian cha co cau cén truc 13 so d6 hai khéi
luong néi v6i nhau bang mét lién két dan hdi. Nhés ¢6 so dé don gidn ndy ¢o thé tinh
duoc tai trong dong trong bd phan dan hoi bat ky cua tat ca cdc co cau cua can truc.
o Trong mach dong hoc cia co cdu, néu

J cdn xdc dinh tai trong dong & bo phan dan

hoi nao d6, kht thanh lap so do hai khdéi

lugng thi tat ca cdc khdéi luong dat ¢ hat phia
% . ctia b phan dan héi nay phai duge qui doi
vé hal khéi lugng. Vi du @ co cdu nang néu

¥
‘ cdn tinh ndi luc trong palang nang thi trong
s d6 tinh todn mot khéi lugng 1a khoi luong

‘e hang, khéi lugng con lai la khéi luong cua
t4t ca phan quay clia co cdu qui vé chuyén vi

Hinh 3.2-50 dé tinh todn
hé& hai khdai luong

cla hang.

Ching ta xét so d6 gém hai khéi lugng
m, va m, chuyén vi tinh tién ndéi véi nhau
bang lién két dan héi ¢ dé cimg ¢ (h.3.2). Cic ngoai luc bao gém luc chi
dong P, dat vao khéi luong m, va luc can tinh chuyén dong Q dat vao m,: He
thong chi ¢6 thé thuc hién chuyén dong khi lyc chi dong 16n hon luc can
P, >Q vivay luc P, c6 thé thay bang P, =Q+ P, , &day P, - luc du chi téc
dung trong thdi gian chuyén dong khéng 6n dinh.

Néu cho ring trong thdi ky qué do luc duP, 13 khong déi, khi dé ta ¢6
phuong trinh vi phan chuyén dong clia khoi lugng m, va m,:

d’s
m,d—'fwc(x, —x,)=Q+P,: (3.25)
%
d*x,
m, —3 —cfx, - x,}=-0. (3.26)
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Cac 56 hang dau tien ctia hé phuong trinh (3.25) va (3.26) Ia luc quan tinh
cua cdc khoi lugng m, va m,; $0 hang thit hai 1a luc dan héi trong lién két con
vé€ phat 12 luc tic dung 1én hé trong thai ky qua do.

De xdc dinh tri $6 bién dang cia lién két dan héi tite 1 hiéu s6 chuyén vi
{(x, —x,), ta bién d6i hé phuong trinh (3.25) vi (3.26) bang cich nhan phuong
trinh (3.25) v6i m,, phuong trinh (3.26) véi m, 16t trir di cho nhau. sau dé chia
ket qua nhan duoc cho tich s6 m,.m, ta dugc:

d'x,  d'x c(m, +im m, +m P
exn_ 4% L_?_l(x1_xw):g(_1__-’-)+ﬂ_

dr- dr’ mm, i mm, m,

Sau @6 tién hanh thay thé:

d’x, d’x, dx m, +m,
T =3 Xx=x-x,; m=- "2
e’ de’ d? m,m,

cudi cung ta nhan duoce:

-

X P
— +omx = mQ+
de- m,

Y s P . . s
Ky hiéu cm=p* va mQ+ 4 - ¢ chung ta s& dua phuong trinh vé dang
m[
chinh tac:
d’x

— +pix=gq. (3.27)
ST trx=q

Phuong trinh (3.27) 13 phuong trinh vi phan béc hai tuyén tinh khéng thuan
nhat, hé sé hing s8, nghiém cla né cé dang:
x=Acospt+Bsinpt+—q; {3.28)
P’

O day A, Bt hing s6 tich phan.

Dé nhan duoc biéu thite dac trumg cho su thay déi bién dang cla khau dan
hoi theo thdi gian, ta cin biét Vi tri cia hé khi bat dau qud trinh chiu tai trong
dong (diéu kién ban dau) va dac tinh bién déi cia ngoai lyc. Trong da s6 cic
truong hop chiu tdica cde co cau may truc, vi tri ban ddu cta ching duge xic
dinh theo diéu kién:
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dx, dx,
X, - x, _¢ va —-1-9
T o«c di dt
Di€u d6 <6 nghia 12 vao thai didm dat lye du P, cic bo phan cla co cau
da chiu tai trong tinh, con 16¢ do tai trong bang kheng.

Tir diéu kién ban ddu ta c6:

Khi =0: .r——Q——A+

¢ P

P

Do do6: Azg——q;r——ﬁi'—.

c p cmm,
Bao ham x & biéu thirc (3.28) theo thoi gian:

g’i = —pAsin pt + pBcos pt ,
4

Vivay khi =0 pBcos pr =0 hay B =0,

Thay cdc gid tri A va B vao (3.28) ta tim duge nghiém x:

P P
X=x—x, :-—‘i‘—‘—cospt+—Q+——aL =Q+—-ff“—(] - Cos pr)
i cmm, ¢ cmm ¢ cmm
va tuong ung 1a céng thiic xic dinh luc trong lién két dan héi:
S¢=ex=c(x, ~x,)=0Q+—2"2_ Faum —2 (1 —cos pr)=
m, +m,
+m,
=0+ P, 2 |1 o (SIS | (3.29)
m, +m2 mm,

Bién do tai trong dong trong lién két dan héi dat gid tri cuc dai khi
cos pt = —1, tic 12 khi ;

L )

m, +m, m, +nt,
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. i 2 e
Tai trong dong nho nhat khi ¢ =0, T .. khidd Sywn =0
p
Véi céc gid tri cospt = —1 c6 thé xdc dinh dac tinh dong luc ¢ thai
diém t bat ky.
Biéu thitc (3.29) ciing c6 thé trinh by o dang khac:
S,=8+5,
G day S, - luc cang tinh , S, = Q: S, - luc dong dan hoi:

P, m,
Sap = _GLHL”O - cos pr)
ml + mz
Trén hinh 3.3 cho d6 thi bién thién cla luc dong trong lién két dan hoi
S, (1) xay dung theo phuong trinh (3.29). Phan tich k&t qua nhan dugce ta rit ra
mot s6 két ludn sau:
- Nai luc trong bd phan dan héi thay déi theo quy luat diéu hoa véi tan so
dao dong cla cdc khéi m, v m, ddi véi nhau va bang:
B r:im1 +m, )
d mmy,
- Bién do dao dong cha luc dong dan héi bang luc dong qudn tinh tic la:
S, =8 = P, _ (P(f(' _Q)mz .

o

m, +m, m, +m,

- Luc dong trong bd phan dan hoi dat gia tri cuc dai sau thoi gian dat luc
chu dong 7/ p(s)ngay ¢ song dao dong dau tién.

- Khi dat titc thoi luc chi dong khong déi, luc dong dan héi cuc dai 16n
gdp hai lan gid tri luc dong quén tinh, wic 1a § =128,.

- Luc dong trong bo phan dan hoi khong phu thude vao dé cing cia né.
Két luan nay chi ding & hé trong d6 cac khai lugng bat dau chuyén dong dong
thii tic 12 hé khong c¢é va dap. Sau nay chiing ta s€ xét hé cd va dap, khi dé luc
dong dan hoi phu thudc rat nhiéu vao do citng cia lién két dan hoi.

eflmax

- Trong trudng hop P, # const, truc dao dong sé dich chuyén phu thuoe
vio quy luat bién thién cua P, (1)(do thi 2, hinh 3.3).
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Ching ta xét hé hai khéi lugng
khi céac diéu kién ban ddu khic véi
trutmg hop trén. Vao thdi diém ban
dau khi dat fuc chld dong, khau dan
hdi chua ¢6 tai trong, khi dé chi c6
khoi luong m, chuyén dong. Khoi
luong m, chi bat ddu chuyén déng khi

Hink 3.3-B6 thi bign thién lye déng
tai trong cla khau dan héi dat gi4 tri trong lign két dan héi

1-khi Iyc du 1& héing sé:

tai trong tinh Q. Khi nay khéi luong 2-4c du gidm tuyén tinh

m, da c6 toc do nao d6. Vi vay su

phét trién luc dong trong bo phan dan

hoi gém hai giai doan. Giai doan thit nhat: tir lic khéi lugng m, bat dau chuyén
dong cho dén khi bit diu chuyén dong khéi luong m,; Giai doan thit hai tinh tir
thoi diém khéi lugng m, bir ddu chuyén dong cho dén khi két thic qud trinh
chuyén dong chua én dinh.

Giai doan thir nhdt:

Vao thoi diém = 0, kh6i lugng m, c6t6c do x,,_, = 0, chuyén vi x,_, =0,
tai trong ¢ ¢ lién két dan héi S,,_, = 0. Khi nay hé chi c6 mot khoi lugng chuyén

dong, phuong trinh vi phan chuyén dong ctia khéi lugng m, c6 dang:
2
x
m, ;{‘%'FCXJ =P =0+P,

]

2
d’x, +_C_x| ZM@_ . (3.30)

Ha
d dr’’  m, m,

Nghiém téng quat clta phuong trinh (3.30) khi P, = const c6 dang:

P
X, =Acospr+Bsinp!+—Q—+—f“. (3.31)
mp
Thay diéu kién ban ddu vao (3.31)tacé: A= AL i B=0.
c
P
Do dé: x, = —Q—-F—J"L(l-cospt], (3.32)
¢
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O day: p= E

\m,

Téc do chuyén dong cta khoi luong m,

(A +P :
pusl W O+ Fu psin pt .

dt c

(3.33)

Luc trong lien két dan héi:
§=xc=(0+P,)1-cospr).
Cac phuong trinh nhan duge ching to rang chuyén vi cua khoi lugng m,
vh luc truyén bang lién két dan hoi thay d&i theo quy luat hinh cosin.
Gia trj nho nhit ciia x, va S bing khong khi cos pt =1 tic la ki ¢ =0.
Gia tri 16n nhdt ctia x, va S khi cos pr = ~1 va bang:

:2(Q+R!u); S :2(Q+P )
c max die Bt

I'max

Gi4 tri 16n nhat tai trong trong lién ket dan héi nhan duge khi nay khong
thuc t€ vi & gial doan tha nhdt khong thé xay ra trudng hop cos pf = —1.

Néu goi ¢, la thdi gian cua gial doan mét twrong \ing v&i bién dang cua lién

két dan héi x, . 16c do v, cla khoi lugng m, khi ket thic giai doan thir nhat. Vi

vay chuyén vi cla lién ket dan hoi:

P
= Q_Q+h (1-cos pt, ).
¢ c
- Pd
Do do: t, = parccos .
+ Pdu

Thay gi4 tri ¢ bing #, vao (3.33) ta c6:

Q+P . P
v == psm(arccos —-‘”—] :
4 Q + ‘pdn

Sau khi bién doi:

+P : P, |
y, = -Q—-“'lp 1—cos’| arccos —*— |
4 Q+ "Pn‘i:
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m,c

2P+ )

Cudi cung ta duoc: v, = ’Q—i"H—Q :

Giai doan thir hai:

Sau khi két thic giai doan mot. ca hé thng gém hai khéi luong bat dau
chuyén dong. Phuong trinh chuyén dong ciia hé cho & (3.25) va (3.26). Nghiém
(éng quét ctia hé phuong trinh nay 1a biéu thic (3.28).

Khi P, = const va diéu kién ban ddu cha gial doan hai:

de,  dx,
1, =0 x:xl_-"::Ql ==y
IS ct elt

Phuong trinh (3.28) ¢o dang:

1 2P+ . +m,
X =- Q du Q)HI_ sin @,—3’ m.:l‘[ -
c m, +m, m m,
P, m, + m, P, m,
LT B cum +m,) PR i/i T, @ . (3.34
clm, +m,) mm, clm +m,) ¢

Luc trong lién két dan hoi:

2P . B, m, P m,
S:cx:\j—-——-—Q( ‘“‘+Q)m' smpr——"”m* cos,nf-r—-—“'“m" +0, (3.35)

m, + nt, m, +m, m, +m,

mm,

o) day P
Tri s& 1n nhat clia tai trong trong lién két dan hoi:

P : P
- AR +J m, {QQP@"FQ)MF&}‘I—Q' (3.36)

m, +m, m, +m, m, +m,

man

Dac tinh bién thién clia tai trong ¢ khau dan héi ciing tuong tu nhu d2 khao

sat g trén (h.3.3).
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§3.3- PHUONG TRINH CHUYEN PONG
CUA HE BA KHOI LUONG

Cho hé gom ba khai lugng m,, m, va m, not véi nhau bang khau dan hoi
c6 do cing ¢, va ¢, (h.3.4). Khoi luong chii dong 13 khéi luong O gitta con hai
khoi luong bi dong & hai bén. Tai

Pay

trong ngoai dat vao khéi lugng bi
dong m, va m, la cac luc khong
ddi Q va G ¢6 hudng khic nhau.

Nhu vay dé khic phuc nhimg luc
niay cdn phai dat vao m, mot luc Hinh 3 4- So d8 tinh fodn
bing hiéu s6 Q-G. DE gia téc cdn hé ba khéiluong
phai dat vio m, lyc gia téc (luc du)

P, dugc tinh 1a hing s6.

Dé xic dinh céc thong s6 cha qua trinh dao dong, cdc phuong trinh chuyén
dong cta hé khao st duge viét & dang phuong trinh Lagrang Joai hai, cdc biéu
thiic dong nang va the nang cla hé:

Pong nang cua hé:

. m[ﬁT Jﬁz{ﬁT . m_[ﬂJ
2\ dt 2\ dt 2 ldr )

Thé nang:
T___(xl -x,) ¢ +(x3“'x1)2€13 ‘
2 2
N dx; d—xz 3 . - -
Pao ham E theo —, —1 vatheo t; sau d6 dao ham T theo x|, x,,

di ' dr T dt
x,. sau khi thay két qua vao phuong trinh Lagrang c6 tinh dén tdi trong ngoal
ta s& nhan duge hé phuong trinh:

d’x .
™ d;'?] +ep,(x, —x,) (= x) =0 -G+ Py
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2 Tzz‘cu(xl —x,)=-0; (3.37)

Bing phuong phép thé ta ¢é thé loai bo céc dn s6, khi ndy hé phuong trinh vi
phan trén ¢6 thé dua v& hé mdi ma méi phuong trinh chi chita mot bién s6 va cdc
hing s& ctia né. O dang t8ng qudt cac phuong trinh nay duoc viét & dang sau:

d®x . c,(m, +m,) R e (m, +my) |d*x N
dt® dr?

m,m, mm,

e (m +m,+m.)d’x c¢.c, P
+ 12 IJ( 1 2 3) . — 12%13°% dn (‘{.3&'
mom,m, dt mm,m,

O day x- toa do tdng qudt, dé biéu thi chuyén dong cita méi khéi luong cdn
phai cé chi s8 riéng tuong img 1, 2, 3.

Tich phan hai lan phuong trinh (3.38) ta nhan dugc:

d'x +|:clz(m1 +m,) . ¢, (m, +m3)}d2x N

dt* mnt, mm, dr’

+ 1,614 ( +m3+ms)x e Py

1+ Ht+F . (3.39)
mm,m, 2m m,m,

Nghiém téng quét cGa phuong trinh nay:
x=Asinpt+Bcospt+Csinp,i+Dcosp,t + Nt’ + Mr+ L, (3.40)

O day:

_ c,{m +m,) N c;{m, +my) N
b 2m,m, 2m,m,

- 2
|f?1ﬂml +m,) N c,5(m, +m_1}—| _pCy{m +my +my)

2mom, 2nymy | m L, m,

"y
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Tuong ng véi x,, X,, X fa ¢é thé nhan dugc cdc nghiém riéng cla

phuong trinh (3.40) va cdc gia tri hiing s tich phan A, B, C, D.

Piédu kién ban dau khi
d d
=0 x‘=0,£ﬂ=0,x,=-Q,—xi=0, =8 ®_g @4
eid i c,, di o, dt

Dung hé phuong trinh (3.37) va diéu kién ban dau ching ta s€ tim dugc

khi =0
d’x, Py d’x, —a- d’x, _ b (cpten) . d’x, —0-
di* om,dr St m; Codr ,

dxy o Ao A _cofu TN o0 aa)

a0 dr Cdt mm,  dr

d’ I x d’ P d’x

& % =0: “r &x _Coula ’\3_:0
de’ dr’ dt* mm, de’

Ta fai thay diéu kien ban ddu vao 2ghi¢m téng qudt (3.39) cita phuong

trinh, cudi cling nhéan dugc:

Pt
x, = B,cos pjt + D cos pyt + e + L,
S 2(m, -y +my)
- P _
x, = B,cos p it +D,c08 pyl et L,y (343

2(m, +m, +m,)

Pt
& —+ L.
2(m, +m, +m,)

x, = B,cos p,t + D, cosp,i+

Lyc trong cdc khau dan héi cia he:

Fy =l — X)) By = ¢y (o, —x,) - (3.44)

Diing hé phuong trinh (3.42), cdc diéu kién ban ddu va biéu thiic (3.44)

chiing ta s& tim dugc bidu thic lyc trong céc khau dan héi bién déi theo thisi gian:
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[ SEL _I_[CLJFCQ BAdE —pﬂcosp (-
12 2 2 1 ?
mipi = p) pi\mom )

_ﬁlT(q_l+M+p§]cosp|{]m27%+Q; (345)

"y mn, my+my +

¢ P 1 {¢ c, t+cC
F, = 138 0 : [_{iJr 12 T€3 -p';}cospif—

! 7
mipy — Py pyAm a
I fen  cptig )| 3 P X
— | T py €08 pyf |+ (7, (3.46)
py \ m m+my +m,

D6 thi bién thién té trong
chia moL trong cac lién két dan Fi2
héi cho & hinh 3.5. D4 thi phia

dudi 12 séng dao dong cua cac
tan s0 p, va p,, cdn phia trén
\J \/

la dao dong cura t6ng tai trong,

F!T\OK

Tir 46 thi, 10 rang la i trong  «a

I6n nhat xuit hién khong O \/\
song dao dong dau tién.

0 A\
Vi ham cos bién thién tr / \)O b[/ \ t

-1 dén +1 nén mac di ddu cta

biéu thitc & trong ngoac don HIiNh3.5- B3 thi bién thlén e déng trong
: lien két ddn hai & he ba khdl luong,

phu thugéc vio c,va ¢,
nhung chidng ta van ¢6 thé nhan dugc cdc xac suit sau:

cospd =1 va cosp,t=1 cospf=1 va cosp,t=-1;

cospi=-1 va cosp,=-1; cospit=-1 va cosp,t=1.
Thay cédc gid tri trén vao phuong trinh (3.45) va ¢6 thé khang dinh rang khi
cos pif = -1 va cos p,f =—1s€ nhin dugc gid tri i6n nhat cla tai trong & khau
dan hoi F|, bang:
2P, m
‘FIZ max Q + — -
m, +m, +m,
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Gia tri 16n nhat ¢6 thé thi hai clia F, s& tim duge néu thay vao phuong

trinh (3.45) cos p; =-1 va cos p,t =1. Khi do

(0 o - , .l c, +c
F].Emax = ) 2 dg 22 (plu+p£)[i+u]_(pl4+p;) +
m(p, — py}p P; m, m,

Gid tri 16n nhit thyc cia £, s€ la tri s6 1on hon trong hai gid tri xdc dinh o trén.

Bang cach tuong wr 1a ¢ thé tim duge mot trong cdc gid tri 16n nhdt cla

£, kht cos p,r =1 vacos p,t =1, khi dé:

F

¥ max

=G.

Gid tri 16n nhat c6 thé thi hai cha F,, khi cosp,s =1 va cos p,t =—1:

¢, P 5 .| ¢ Cpy +0C
F‘I3max = 2 = d; 72 (pl-+p2-)£i+¢'—”]_(pl4+p;) -
m(p; — p3)p; p; ", m,

mBPdn +G

m, +m, +n,

Twong ty trén, ta ciling so sdnh hai gid tri vira tim dugc dé tinh tai trong cuc
dai & khau dan héi. Tir két qua nghién cttu ta nhan thay dic tinh dao dong cla
hé ba khoi lugng phu thude vao twong quan gitta cdc khéi lugng va do cilmg cua
cdc lién két dan hoi.
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Chuong 4
PONG LUC HOC CAC CO CAU CUA CAN TRUC

§4.1- PONG LUC HOC CO CAU NANG

4.1.1-TAI TRONG PONG TRONG €O CAU NANG KHI KHONG
TINH BEN PO PAN HOI CUA KET CAU THEP

Néu phan tich qua trinh lam viéc cla co cdu nang theo gia thiét két cau
thép cla cén truc tuyét d6i ciing, thi dnh hudng chi yéu dén su phét trién cha
qud trinh dong 14 tinh dan héi clia cép, vi do ciing clia palang cap nhd hon nhiéu
hon so v61 do cing cha cdc truc truyén dong. Trong trudng hop nay, cd cau ning
duoc tinh theo so do hai khéi lugng (hinh 4.1}, trong d6: m, -khéi luong ciia tat
ca cac phén quay cia co cdu bao gébm réto dong
cd, khép néi, banh phanh, hop gidm t8c va tang
qui d6i vé chuyén dong tinh tign x, tring véi
hudng chuyén déng cua hang; m,- khéi lugng
cta hang ¢6 trong lugng Q, chuyén vi cland la

x,; ¢,-d9 ciing qui déi cha palang nang.

Khi khoi lugng m, va m, chuyén vi méot

dai luong x, va x, thi dong ning va thé nang

cua hé sé la:

E: m, [dxl Jz rm, (a’x, Jz Hinh 4.1 S0 d& ddng iye hoc
- t I co céu nang dat
2\ dt 2\ dt trén nén cung
>
(xl -x,)
T=c,—F—,
2

Phuong trinh chuyén dong ctia kh6i lugng m, va m,:
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2y

m, ft'3'+c,,(x] x,)=0
d’x

EET_CF(XI x,)=0

H¢ phuong trinh nay xdc dinh dao dong ty do ciia hé. D€ mo 14 dao dong
cudng bic, o v€ phai ciia hé phuong trinh duge dua vao cdc ngoai luc. Déi véi
khéi lugng m, ngoai lue 1 luc cha dong cha dong co P, = 0 + P, , con déi véi
khoi lugng m,
la trong lugng hang Q duoge 14y dau am vi né ciing hudng vdi luc quan tinh.

Truong hop phd bign nhél trong thai k¥ qud dé c6 thé coi luc du ta hing
$0, khi d6 ta c6 phuong trinh vi phan chuyén dong cia khéi lugng m, va m,:

d’x,

mi dtz +CP(x1_x2)=Pd€:Q+Pdr;; (41)
d’x,

i, i’ _Cp(xl_xz)z“Q- 4.2)

Bién déi he phuong trinh (4.1) va (4.2) vé mot phuong trinh d6i véi chuyén
vi (x, —x,)bang cach nhan phuong trinh (4.1) v6i m,, phuong trinh (4.2) véi
m, 16i trlt di cho nhau, chia két qué nhan dugc cho tich s6 m,.m,, sau d6 tién
hanh thay thé: '

d’x, d'x, d% m, +m,
7 Ty Ty KT Xy =Xl =m,
dt dt dr- m, m,
cudi cung ta nhan dugc:
’x P
——+cpmx =mQ+ .
dt m,
Day Ia phuong trinh vi phan x4c dinh bién dang cla khau dan héi, vi vay
nghiém ctlia né x4c dinh ndi lyc trong pa lang cap:

S, =c,x
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. P .
Ky hiéu c,m=p° va mQ+—2 =g ching ta s& dua phuong trinh vé

m,
dang chinh tac:
d’x
+px=gq. 4.3)
at P
Nghiém toan phan c6 dang:
x = Acos pt + Bsin pt + q} , (4.4)
PE

trong dé tan s6 dao dong riéng cha he:

p= cp{m +m,) .
\ mm,

Chu ky dao dong: r=27n/p.

Céc hang s6 A va B duge xdc dinh tir diéu kién ban dau. Trong truong hop
khi bat ddu nang hang, palang cdp da bi kéo cang, tic la vao thdi diém 1 =0
dat fuc du cdc bd phéan clia co ciu va cdp da chiu ta1 trong tinh. Khi dé x = g2
cP

nthung téc do 1ai trong bing khong uic la -ﬁi—: =0.

Do dé:
x=~Q=A+%,
Cp P
, P
Vi pl=c,m VA q=mQ+—-
1
P
Nén: A :2__612_:__4"_
cp P Cptim,
. dx .
Va = = ~pAsin pt + pBcos pt
f
Dodékhi =0 B=0.
Vi vay:
P P
x=————P““ cospt+g—+—“"’—=—2+—-d*-(1“cospf)-
cpmn, c, cpmm Cp Cpmm
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Luc dong trong palang cap:

£
S, =cpx=0Q+—%(l—cos pt)=
mm,

c im +m
=Q+P, he: []—cos —ﬁfl—z—l.t}. (4.5)
m, +m, V' mm,

Gi4 tri 16n nhat ca luc dong trong palang cip xudt hién khi cos pt = —1:

T T
[=—=—
p 2
2P
Sdmax =Q+ dﬂm2 - (46)
m, +m,

Tai trong dong nho nhéat khi =0, z ., khidé S, . =0.
r
Vi P, =¢,0 nén

2P
Sdm‘=Q+——-—-—""m2=Q[1+2% " )

m, +m, m, +m,

He s6dong: &, =1+2¢, -
. m, +m,
He s6 dong k, dac trung cho tai trong dong 16n nhét cia khau dan héi trong
diéu kién nang hing dugc bat ddu tir thai diém cap da cang hoan toan. Vai cdc gid
tri cos pt # —1, ta ¢ thé xdc dinh dac tinh dong luc ¢ thoi diém 1 bat ky.

Bing céch thanh lap so dé va phuong phdp tinh todn nhu trén, téi trong
dong dugc xdc dinh khong chi & cdp nang hang ma ¢6 thé & bat ki khau dan héi
nao d6 trong co c4u néu ta phan tich mot cdch thich hop khéi lugng cua chiing
theo khéi luong m, va m,.

Khi xdc dinh tii trong dong cla cdp, cdc khoi lugng m, va m, dugc dua vé
vanh ngoai cha tang, déng thoi khéi lugng m, c6 guan hé ty 1¢ gilta s6 nhdnh

c4p quin 1én tang so vdi tdng s& nhanh cap treo hang, tic 14 phy thude vao boi
suat cua palang nang.
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~4.1.2 - TAI TRONG PONG CO TINH PEN PO PAN HOI CUA KET
CAU THEP

Tinh todn dong luc cdc co cdu cha can truc ¢6 tinh dén su dan héi clia cic

b6 phén cho phép nang cao ding ké do chinh x4c khi x4c dinh tai trong thuc.

Néu phan tich dong luc hoc qud trinh dao dong xay ra khi nang hang ¢6
tinh dén d6 cing cla két cau thép cdn truc thi trong trudng hop 18ng qudt ¢6 thé
khao sit h¢ gobm ba khoi luong (h.4.2) bao goém khéi luong ciia hang m, . khoi
lugng cdn truc m, va khéi lugng clia réto dong co ciing céc bo phéan clia co cau
nang m, . Cic khéi lugng nay ndi véi nhau bang hai lién két dan héi cé do cing

¢, la do cing cua cdp nang va ¢, - do cing cha két cau thép.

Tuy nhién gidi bai toin theo truong hop nay tuong dsi phitc tap. D¢ don
gian tinh todn néu xudt phat tir van dé 12 & co cau nang khéi luong cta 1o to m,
16n hon nhiéu so véi khéi lugng m, va m, khi quy déi vé khéi lugng m, (tryc
dong co), vi vay ngay ca khi can truc va hang dao dong manh ciing khong anh

hudng ddng k€ dén sy 1am viéc cha dong co.

H¢ théng gom ba khéi lwong v6i hai lien ket ké trén 1am phic tap cho
viéc nghién citu, vi vay d€ don gidn cé thé bd qua bién dang dan héi cua cap
ndng va chi tinh dén sy dan

héi cua két ciu thép cin truc.

Trong truong hgp nay khéi

M

¢ @jxu

lugng can tryc m, vd khéi

lugng cta hang m, c6 thé
khao sat nhu mot khdi lugng

duy nhit m.

Mz %%

Thue nghiém dad ching t6

rang gia thiét don gian nay cé

——

sai s6 khong ddng ké vi dao

déng cia cdp tit rit nhanh. _
Hinh 4.2- 56 d6 déng Iuc hoe ¢o cdiu nang
Chfmg ta (ién  hanh dat frén nén dan héi
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nghién ctu qué trinh nang hang theo nhiing gia thiét trén. J giai doan dau sau
khi m& may dong co xay ra qué trinh thu d6 ching cdp. Giai doan thi hat la
qué trinh bién dang dan héi cha ket cdu thép, qud trinh dién ra tir khi lyc cang
trong cap S tang tir O dén khi dat giatri S = Q =m,g . Két thiic giai doan nay
hé chuyén sang giai doan thit ba- qué trinh nang hang.

Dé xdc dinh céc thong s ctia qua trinh dao dong, cdc phuong trinh chuyén
dong cuia hé khao sdt duge viét § dang phuong trinh Lagrang. Khi nay néu v&
phii clia phuong trinh bang 0 tic 1a e dao dong tyr do, con ve phai 1a luc (hoac
momen) chi dong thi hé s&€ dao dong cudng biic.

\
. d'0E1 ¢F CoT
Pé thanh lap phuong trinh La grang: —| — |-—+— =0,
ap P g grang 2| ox | 3 ox
de )

ta cin phai biét dong nang E va thé nang T ctia h¢.

o} phuong trinh trén, toa do tong quat x 4p dung cho co ciu nang s€ la
chuyén vi x, cta kh6i lugng can truc m, c6 dd ciing ¢, .

dx 2
Dong nang cua khéi luong m, : E= m—"(~—"— .
2\ dt
o Xy
Conthé ning: T =c, 5
. oF dx d| oF d*x
Khi do - =m, % Ll oy, Lok
Oxy, " dt di| & £ oar’
dt dt
ok 0; or _ Cp X
ox ’ o
Phuong trinh Lagring duge viét dudi dang:
X, d’x, >
m, —=—+c.x, =0 ha +px, =0.
K kXk y e P Xg
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Day 1a phuong trinh dao dong tu do diéu hoa (khong tinh dén su tat dao
dong). Nghiém tdng qudt clia phuong trinh nay:

Xy = Acos pt + Bsin pt = A, sin(pt + 5} ;

& day 4,- bien do, p= | % - tin 56 gc ciia dao dong tu do. & 1 pha
My
dao dong ban dau.
Hang s6 tich phan A, B hoac 4, tim duge tir diéu kién ban ddu:

dx,
dt

D¢ xé4c dinh dao dong cudng bitc chiing ta dua vao phuong trinh luc chi

Khi +=0: x, =0; = 0.

dong S, lyc nay ¢6 gia tri khdc nhau & moi giai doan chuyén dong cia hé.
Trong trudng hgp nay phuong trinh chuyén déng clia hé duoc viét dudi dang:
" %:’_’ﬁ Fox, =8, 4.7)
Luc § duge xédc dinh theo phuong phap sau: & thai diém bat ky ¢ clta giai
doan thit hai khi dat té¢ d6 nang dinh mic v:
dx, - d’x, _

dt Codr
Vi vay tir phuong trinh chuyén dong 1a sé ¢6

X, =V,

S=c,x, =cvt.

Vao thoi diém ¢, nhéc hang khéi nén (¢ =1¢,), S =c,vt, . Ciing vao thdi
diém ndy S =m,g = Q. day m,- khéi lugng clia hang ¢ trong luong Q.
Tir cic phuong trinh nay ta ¢6 thé xdc dinh dugce thoi gian cua giai doan thif hai:
m,g

t = :
CpV

Chuyén vi toan phdn ctia két ciu:

X, =‘Vfi _ m,g =Q=_V,.

Cy Cp

trong d6 y, - d9 vong do tai trong tinh.
O giai doan thit ba: S=0=m,g.
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Néu cho rang cén tryc va hang c6 khéi luong chung 13 m = m ¢ +m, chuyén
dong dong thai, thi phwong trinh vi phan chuyén dong cta he duge viét nhu sau:

d’x, d?x,
mA—.-.

K 2
Tt oy X, =m,g hay —=+px, =q.
der TR dr’ "
\ C, . m m
Odﬁy pZ :--5—— va q:___2 :.—._._2
m m M, +m,

Nghiém toan phan cia phuong trinh nay I téng ctia nghiém téng quét da

nhan duoc § trén va nghi¢m riéng x, = 4

7 "

. dx :
Xy =A003pt+Bsmpt+—q,—; : =—Apsin pt + Bpcos pr
e

Cdc hdng s6 tich phan dugc x4c dinh tir diéu kién ban dau: khi /=0

chuyén vix, =y, vatéc do chuyén vj a‘A
4
Thay céc gia tri nay vao biéu thic trén ta nhan dugc:

=V.

X, =y, =A+ qz. rit ra Azy,—%;

P
d
% _y—Bp, dodé B=2
dt p
Vi vay X, =(y; u;]cosm+%sin pt+;qz—;

$ day p - tin s6 goc cla dao dong.
Bi€n déi biéu thitc trén thanh:

q, (1-cos pt)+ Y sin pt=
) P

X, =), CO8 pf +

:yr[cos pt+——(1-cos pt)] +Zsin pr.
Py P

!

V\l q — ng E CK

2
Py, my+m,c.mg

=1,
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2
d xy

V. . .
Nén Xy =¥, + }—sm Dt con = —VpsIin pt .

Vi tai trong trén méc bang tdng tai trong tinh va dong, con ham sin thay
déi tir +1 dén -1, do dé:
d’ .
S, =Q+Q—~E}=Q 1- 2 sin pt |.
g dt g

Con khi  sin pt = -1

Sdmax=Q1+}£ =Ql+i —CK sz;
g g \mg +tm,

Tai trong ¢ c4n truc:

) m m, +m, )
F=cyx, =cx[y;+lsmpt]=cx[ :£ | Tk 'vpsmpt}z
P

Cx Cx
+ : n .
:ng[l+ul}£smpt}=Q 1+(1+—K]Esmpt .
m, g m, ;8

Fo= Q{l +(1+3J3‘?~]:Q{1+1(1+ O ﬂ = Qk;
m, ; g 4 m, ym, +m,

Hé s6 dong déi v&i cdp nang:

k=142 | (4.8)
g\ mg +m,

He s6 dong déi voi két cau thép:

K =1+~ | .[1+ﬁ£]. (4.9)
g mK =+ ?ﬂg mz

Céc he sé dong trén xdc dinh tinh dong clia qud trinh nang doi vdi trudng hop
nang hang bat dau tir thoi diém dong co da hoan toan phdt trién toc d§ quay dinh
miic. Phuong phéap diéu khién cdn truc nhu thé vin thudng xay ra mic di lam nhu
viy la vi pham quy tic khai thdc. Théng thudng ngudi ta du kién Iuc cang céin thiét
cua cép nang theo sitc nang, khi mé mdy t6c do dong co tang dan dén toc do dinh
miic. Phuong phap mé mdy nhu vay s€ 1am gidm ddng ké tai trong dong.

77



§4.2- DONG LUC HOC CO CAU DI CHUYEN

Tai trong dong sinh ra khi di chuyén xe con hodc can tryc tac dung 1én he
truyén dong cua cd cdu di chuyén vi két cau thép cua cén truc. Tai trong dong
nay sinh ra khong chi trong thoi ky qud do, ma ca trong thdi k¥ chuyén dong on
dinh do di chuyén trén dudng khong bang phing. Trong mot s trudng hop dac
biét, tai trong dong co thé 16n gap 2 +3 l4n tai trong finh.

Tuy thuoc vao dac tinh va cong dung mi mot 5§ loai cén truc khi di
chuyén duge phép mang hang. Hang c6 thé dugc treo mém bing palang cdp,
hoac c6 thé duge treo cliing béang thiét bi kep chuyén dung.

Trong trudng hop c6 hang treo trén cap, khi khéi dong hoac hdm co cdu di
chuyén sinh ra sy lic hang. Su dao dong cia hang khang chi lam tang tai trong
dong tac dung lén he truyén dong, ma con 1am thay déi ap luc 1én cic bianh xe.
din dén su quay truot banh xe truyén dong. Su lic hang treo trén cdp con gay ra
su chuyén dong khong déu cua can truc (xe con), am can tré diéu kién lam
viéc binh thudng ciia cén tryc, nhat la d6i véi nhimg cdn truc ding trong cong
tac lap rdp hoac vén chuyén kim loai 16ng v.v.. Sy lc hang sau khi dimg lam
tang thdi gian chu ky 1am viéc, din dé&n giam nang sudt cia can truc.Vi vay khi
nghién ctfiu dong hoc cd cdu di chuyén chiing ta phai xét dén anh hudng su dao
dong cha hang treo trén cap.

Néu hang duge kep cing vao xe con hodc cin truc, khi d6 khéi lugng hang
va khéi luong ket cdu thép cla can truc (hay khung xe con) dugc néi cing vai
nhau, do dé ca hai khéi luong nay dugc tinh nhu mot khoi luong chuyén dong
théng nhat. Vi vay di chuyén can truc ¢6 hang treo cdng chi la truong hop riéng

cha trudmg hop c6 hang treo mém, néu bd qua nh hudng cla sy lac hang.

4.2.1-DAO QC)NG CUA HANG KHI KHOI PONG HOAC HAM CO
CAU DI CHUYEN

Pé nghién ciru hién tugng lic hang treo trén cap, ching ta stt dung mot s6
gia thiél don gian sau:

- Hang treo trén day cdp tuong tu nhu con l4c treo tu do.
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- Khéi lugng palang cdp c6 thé bo qua vi nho so v8i khéi lugng ctia hang.

- Dao déng doc cua hang rdt nho so vdi dao dong ngang cua nd nén clng
khong tinh.

- Duo dong ngang clia hang dugc x¢t trong pham vi goc nghiéng nho, nén

gin diing ¢6 thé tinh sing =ige. J
X
1

- day ¢ 12 géc nghiéng cla cdp nang so

A e ‘| - W véi phuong thang ding.
PR Thuc t¢ di chiing 6 rang nhing
L7 B L W 7

gia thi¢t don gian néu trén khong anh
hudng déng ké dén do chinh xdc cua
bai toan. D€ danh gid anh hudng do

- mém chia palang cdp dén tai trong

dong clia co ciu di chuyén chiing ta sit
dung so dé tinh todn hai khéi lugng
Hinh 4.3 So dé tinh dao déng cua hdang cho ¢ hinh 4.3.

khi di chuyén cén truc 0 day: mg+m, - khéi luong cia
{at ca cac bo phan chuyén dong cua
xc con (can truc) m, va co cdu di chuyén m, quy d6i vé chuyén vi tinh tién cua
chia né tuong tng v6i x; m,- khoi lugng hang; x,- chuyén vi tuong doi cua
hang so véi khai luong m,; [- chiéu dai cha palang treo hang; W-luc can di
chuyén; P, - luc chit dong ciia dong co tdc dung lén co cau di chuyén.

Luc cang trong palang nang:
S=mg=0.
Thanh phin luc ngang 7, gay ra do su lac hang:
T,=Sigp = m:g%—
Khi khéi dong, phuong trinh chuyén dong clia xe con (cén truc) ¢6 dang:

d’x,
dr?

M8 =P -W=P,. (4.10)

el el

(m0 +m1) +
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Phuong trinh chuyén dong cla hang & huéng ngang:

2 2
|42 4N B, g (4.11)
\dt ot I

2

G day m, % - luc quéan tinh do chuyén dong theo ciia khdi lugng m, .
t

d’x, d’x, g

Tir phuong trinh (4.11) ta cé: - +<x,.
phiions a1
2
Thay gid tri =" vio (4.10) ta tim duoc:
{
2x .
(my +m,) 2+ (my +m, +my)x, = P,
dt / T
2
P
hay: d {2 g(mo +m1 +m2)x2 — du ) (412)
dt” I{my +m) my+m

Phuong trinh (4.12) 1a phuong trinh vi phan chuyén dong clia hang trong

hé toa d6 co6 toa d6 ban ddu & truc thang dimg di gua trong tdm cua hang khi
treo tu do.
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Néu coi P,, = const , nghiém t6ng quét cta phuong trinh (4.12) ¢6 dang:

P
x, = Acospt + Bsinpt + ——*
. pmy+m)
trong d6 p 1a tdn sG dao dong cia hang:
_ g(m0+m,+m2)_ (4.13)
f(my +m,)
DPiéu kién ban dau:
: . dx,
khi +=0, x,=0 va —==0;
dt
P
Do dé: A=- ! . B=0.
(m, +m, +m,)g
Chuyén vi clia hang:
Pl
x, 2 (1—cos pt). (4.14)

(m, +m, +m,)g



Goc léch 16n nhat xay ra khi cos pr = -1, khi d6:

2P,

(my, +m, +m,)g

(4.15)

Bién d6 dao déng nho nhat khi cos pr =1,khidé x,, =0.
Bieén do dao dong trung binh khi cos pr = 0, khi do:
Pl

: (my +m +m,)g
Mmoo

Trén hinh 4.4 1a d6 thi dao
° Ty v dong ngang ciia hang x,{f) xay
o/ \J t dung theo biéu thic 4.14 Kkhi

P, = const . Phan tich két qua nhan
dugc ta thiy: khi khot dong hoéc

X2 } Xop =

Xz

Hinh 4.4- £ thi Xz (1) khi Pau=const

hiam co cdu di chuyén cin true (xc
con). hang bi dao dong ngang so vdi truc nghiéng dugc xéc dinh bang gid tri
frung binh x., .

- Tan s6 dao dong clia hang (4.13) phu thudc vao chiéu dai treo hang / va
gid tri qui d&i cha khéi lugng hang, khéi lugng co cdu di chuyén va phéan
chuyén dong tinh tién cta cdn tryc. Khi gid tri / giam, tén s6 p »& tang. Trong
diéu kién khai thdc. 7 1a gid tri thay déi va duge tinh trong trudng hop [, vi

day 1a diéu kién lam viéc nang cua cin truc.

[(my, +m)

Thoi gian ¢, khi x, dat gid tri max: 1, =?r\/ ,
glmy +my +m,)

c6 thé 16n hon thai gian khéi dong hoac hdm cd céu ¢, . Vi vay d€ tim gid
tri 16n nhat x, ta cdn phai thay gid tri 7, vao phuong trinh (4.14) s€ nhén dugc:

P.i m, +m, +n,
X3 mas =% = ‘:I_COSJg( o T ‘_)-IK}-

(my,+m, +m,)g {(my +m,)

Vi phan phuong trinh (4.14) ta tim dugc quy luat bién thién t6c do chuyén

dong cila hang so vdi chuyén dong cla xe con hoac cin tryc:
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&, ol

- psinpl.
de  (m, +m +m,)8

_ Ta nhan thdy khi pr=2m, o day - n- 56 nguyén bat ky thi x, =0 vii
dx,

T 0. Thoi gian tuong dng vdl diéu kien nay: ¢ =2m/ p. RO rang la vio
daf

. P . . d- b . - - - ! .

thavi diém khi x, =0va % = (. néu ngimg ac dung luc du P, thidao dong
it

cuia hang s& dimg lai. Luc £, s& bing 0 § cudi gial doan khai dong hoac phanh

cén truc. Vi vay thoi gian khdi dong hodc phanh 7 nén chon:

™ om iy em)
. P \J gl{m, +m +m,)

Viéc lua chon 1, nhu vay <& dam bao gift yén hang sau khi khéi dong hodc
him xe con {can truc). Thot gian £, o6 thé diéu chinh chinh xdc bang cich thay
461 momen khoi dong ctia dong co hoac momen phanh.

. Khi khi dong hang s€ bi nghiéng vé phia nguoc hudng chuyén dong mot
géc @, sau d6 thuc hién dao dong tr ¢, dén ¢ =0, con khi phanh hién
twgng dao dong xay ra tuong W nhung theo hudng nguagc lai.

- Sau khi ngimg tdc dung cua lgc P, hodc sau khi phanh, hang van fep
tuc dao dong xung quanh vi tri thing dimg.

- Tir phuong trinh (4.10) va (4.14) ta thdy gid il gia t&c cua xe con khi

o

khi dong thay déi theo quy ludt diéu hoa trong gidi han tr X, =~
m, 4,

PR L P 2P, mn
khi hang & vi trf thing ding dén X, = e e 2 _
my+m, (gt p ) m, +m )

khi hang nghiéng g0 @, 5O véi phuo‘rig thing ddng. Vi vay kha ning quay
trugt banh xe khi khoi dong ¢d hang xay ra ngay tai vi ui bht ddu kiW hang con
wreo thing ditng va 1ap lai sau khoang théi gian 27/ p(s),

Vi gia téc 16n nhat clia xe con ¢6 hang treo trén cap khong phu thudc vao
khoi luong ciing nhu trong luong hang, nén kha nang quay trugt banh xe truyén
dong khi khai dong xe con c6 hang va khong hang 12 nhu nhau.
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4.2.2. PONG LUC HOC CO CAU DI CHUYEN KHI TREO HANG
TREN CAP

Ching ta nghién ciu qui irinh khéi dong hoac ham co cdu di chuyén xe
con hoac ¢an truc ¢6 tinh dén anh hudng su dao dong cia hang treo trén cap. So
dé tinh todn cia hé gdm ba khoi lugng.

Qud trinh khoi dong (Hinh 4.5)

Cic ki hiéu trén so do: m, - khot luong quy ddi phan quay cla co cau di
chuyén bao gém roto, khép nol. banh phanh, bo truyén; m,- khéi lugng quy
A1 clia cdc phin chuyén dong tinh tién va phin quay clia cin truc bao 20m
khoi luong cén truc (Xe con), banh xe; m, - khoi lugng cua hang: x,. x,- 104 do
chuvén dong clia khéi lugng m, va m,. x, - tod do ctia khoi lugng w1, tinh vy
(i théing ditng ciia hang: 1- chiéu dai treo hang: W- lyc can tinh di chuyén cua
can truc (xe con}) c- do cung quy déi cic bd phan truyén dong (cha vu la céac

truc) clia co cdu di chuyen.

1 2
T m o de, " m{dx, )
Déng nang cua hé: E= _‘( ' J GG [ N

wlar) 2 la
A nd g b ("“1 _xn)zc
Thé nang cua hé: 7= T
Ngoai lyc tac dung vao khéi lwong m, 1a luc chu dong cua dong co

1D

it

-p

i

+W.

N dx, .. . m \ v oaa
Vi phan E theo 7‘ va t, con T theo x, ta tim ducc phevong trinh vi phin
1

\ . . i .
Chuyen dong cla khot lugng nt, 0 m, %—?-{* (x, = x,)c= P, =W +PF, (4.163
Ngoai lyc tac dung 1én khoi luong m, gom luc can di chuyén W va thanh phan
nam ngang 7, cla trong luong hang: 7, = m';g .

Bang cach tuong ty ta 1ap dugc phuong trinh chuyén déng ctia khéi lugng m,

2 ,
m, (d;“ e, —xy) =W - 2B 4.17)

—
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Vi chiing ta can xdc dinh ndi luc trong lién két dan hai, do dé he phuong
trinh (4.16) va (4.17) cén phai giai theo nghiém (x, —x,) dé xédc dinh noi luc

cting nhu bién dang can tim.

Nhan phuong trinh (4.16) v61 m, va (4.14) vé1 m,, thay gid tri x,nhan

duoc tir biéu thidc (4.14), sau khi bién ddi ta cé:

dl)f‘ _a’zx0 +c(m, +m0)(x]
dt” dr’ mm,

_ f_??_Lj_?_’jgn_'_@_'_ Farm, 1—co JEW—U_W (. (4.18)
mm, m,  my(m +ny, +m,) [ +

Nghiém t6ng quat cia phuong trinh (4.18) khéng cé v& phai c6 dang:

_x0)=

(x, = x,), = Acos p,t+ Bsin pt,

édﬁy p, = c{m +m,) '
V ommy

Nghiém riéng ctua phuong trinh (4.18):
(x, - x[,)l =C+ Dcospyt,
Trong dé:

g (m, +my +m2)
,= |2 _ W
P \/ I (m, +m,) WA~

3
o
-

0
-

m, Poe

Thay gid tri (x, - x, ), vao phuong
trinh (4.18) ta tim dugc I ®

P 2
= ‘_f:{_‘ + - _‘mdg__] 1 E ; e
pim . lpimy(m v my) ) c

P, mg

Inim Mo+ m 22y Hinh4.5- So dd tinh dong e hoc co cdu
P31 (1, X - P3) di chuyén cd héang khi khéi déng.
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Nghiém toan phin cla phuong trinh (4.18) s€ la:
Pdunzlg

rl,) = Acos pit + Bsinpt + —
Ipym,(m, + n,)

(xl -
(4.19)

p. pi-p:

(1 1 ] P,
- ————cos p,t |+ —"+—.
. C

O thiét bj didu khién thudng dung bién trd khoi dong hodc bién tén. Vi vay
vaio thoi diém bat ddu khoi dong, dong co di tao ra momen trén truc truyén
dong cudi cung gan bang hoac bang mémen can tinh, con téc d¢ bic¢n dang khi

nay s& gin bang khong. Do d6 diéu ki¢n ban ddu khi ¢ =0:
Woodx, dxy

(xl"'xn)z?! “(_I'I— dt

Thay diéu kién ban ddu vao (4.19) ta tim dugc céc hang s tich phan A va B.

A:_P;":{_L.._ m'Zg p Zjl . B:O
po|m Imy(m + my X p; = pi)
Cudi cung ta tim dugc:
P P 1 )
(XI _xn): 'zd—u(l_cospit%' ‘{ung 2 3( ]2 COSpII‘——ECOSplzJ
Py Imy(m, +m ) p; —p,)\ P P
. W
> 2P‘f”m2g +—. 4.
Ipipymy(m +m,} ¢
Néi luc & bo phan dan hdi cha co cdu:  F = (x, - x,)c, hay:
P P, m gc 1
F=—%"(1-cos pt)+ w287 - [—?cos;),t—HTCOSp
Py Img(m, +m,Xp; - p:)\ P P

P 5
— 8¢ +W.
Ip; pym,(m, + ny)

+

20)

(4.21)
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I

i . LY F
Do thi su thay déi F theo
s - i F=Fi+Fz
thai gian cho ¢ hinh 4.6, T d6
P N . . Fr=f-(nt)
thi ro rang la F nhan duge giong i
. ., . . o P
nhu két qua x&p chong dao Wl \\
dong cua hé voi cdc tin s6 P W~
va P2 Vicéc tdn s¢ Prova o e e —
doc lap vdi nhau nén cé kha
_ IO N . .. Fi=fo{pat)
nang xull hién sy trung cac gid 0 e |

tri cua chiing. Khi d6 doi véi

cdc cd cau thuc: HInh 4.6 D& thi F(t) khi khdi

déng co céu di chuyén

[4' — Zpu’u ¢ + 2‘”:!” }nEgH__

max

+ B (4.22)

pim,  plpim tm +m,)
Khi thay cdc gia tri p, vA p,vao (4.22) va qua bi¢n doi ta cé dugc:

3
P‘m'“ _ 2[,}1{ (ml + m() ) + ;’V ) (4.23]
Tomy +my +m,

Bay gid chuing ta x¢ét trudmg hop khi khai dong khong c6 tai trong ban dau.

Trong trudng hop nay sau khi dat luc chu dong vao khéi luong m, lam cho
né chuyén déng, sau d6 bé phan dan hdi bi bién dang tuong ting vdi luc can di
chuyén finh W lam cho khéi luong m, chuyén dong theo. Vi vay qud trinh khai
dong dugc chia thanh hai giai doan: giai doan thi nhat tir khi khéi lugng m, bat
diu chuyén dong cho t6i khi bat dau chuyén dong khéi hugng m,; giai doan hai
tir khi m, bat ddu chuyén dong dén khi két thic thoi gian khoi dong.

& giai doan thy nhat phuong trinh chuyén dong cua khéi lugng m, ¢6 dang:

5

d”:
m, —d?}'—+xic =P, =P, +W. (4.24)

Nghiém cia phuong trinh (4.24) ¢ dang:
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D6 thi su thay déi F theo

thoi gian cho & hinh 4.6. Tir dé  Fre

thi ro rang la F nhan dugc gidng [[\\ a HQ/ ﬁ\( 1=f-(pit)
i ! | r [
&/f A
\ / \ af '\ ,Jr \

F=F1+Fz

nhur két qua xé&p choéng dao /
dong cha hé véi ciac tin s
va P2 Vicdc tansg Pova P2 —— —— >
doc lap voi nhau nén cé kha

-~ I N P Fa=fu{p:t)
nang xudal hién su trung cac gia -

tri clia ching. Khi d6 d6i véi
cac cocau [hl_IC. Hinh 4.6- B6 thi F() khi khai
diing co cdu di chuyén

F — 2Ph|rli c. + 21){:” !n:gt,

mdx

s a— + W {($4.22)
prm,  pTpimgim +m)

Khi thay céc gid tri p, vA p,vao (4.22) va qua bi€n doi ta ¢6 duge:

Foo = 28, (my + 7o) +W . (4.23)
) m +m,+m,

Bay gity chiing ta xét trudng hop khi khdi dong khong ¢6 tai trong ban dau.

Trong trudng hop nay sau khi dat luc chi dong vao khoi lugng m, lam cho
né chuyén dong, sau dé bo phan dan héi bi bien dang twong dng véi luc can di
chuyén tinh W lam cho khéi lugng 7, chuyén dong theo. Vi vay qua trinh kho
dong duoc chia thanh hai giai doan: giai doan thi nhat tir khi Khéi lugng m, bitt
dau chuyén dong cho téi khi bt ddu chuyén dong khoi lugng m,; giai doan hai
tir khi m, bat ddu chuyén dong dén khi két thic thoi gian khai dong.

O giai doan tht nhat phuong trinh chuyén dong ctia khéi lugng m, 6 dang:

2

d”
m Tt' +xc=P, =P, +W. (4.24)

Nghiém cua phuong trinh (4.24) c6 dang:
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. W+ P,
x, = Acos pyi + Bsinpf+-——".

¢
O day: p= r_t“_
m,
e s R X . dx,
Didu kién ban dau: khi =0 x, =0 va ’ =0.
at
Thay di¢u ki¢n ban dau vio (4.25) ta tim dugc:
W+ P
A=l g0,
(8
W+ P
x = ——2 {1 - cos pt),

{

Toc do chuyén dong cila khoi luong m, & giai doan dau:

dx; W + Pdu 1
- —psin pf .
it c

K&t thic piai doan thi nhat dugc xdc dinh theo di¢u kién:

x, =Wic.

W WPy

C C

Hoac: [ - cos pt, ).

( day 1, 1a thdi gian clia giai doan tha nhat.
Tir cong thitc (4.29) ta tim dugc

![)(.Irlf
1, = parccos —"--=

W +‘{)dri ‘

Toc do chuyén dong cla khoi lugng m, Khi £ =1

!fﬁ?(zp FW)

"’r - du .
‘ \/ mec

{4.20)

(4.27)

(4.28)

(4.29)

{4.30)

(4.31)

Phuong trinh chuyén dong clia hé & giai doan thit hat tuong tu phuong trinh

(4.16) vi (4.17). Ngiém t6ng quét clia he phuong trinh nay 1a phuong trinh
(4.19). Thay diéu kién ban dau (4.28) va (4.31) vao (4.19) 16i nhan két qua
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nhén dugc véi c, bang cich tuong ty trén ta tim duge trj s6 16n nhat cia lyc & bo
phan dan héi (4.32):

P.(m, +m m, +m my, +m,)P,"
Fm‘“ - dl.r( 0 2)+ 0 2 W(ZR.;H+W)+( 0 2) e +”/
m[,+m]+m2 mo +m,+m2 my, +m|+m3

Qud trinh hdm co cdu di chuyén.

Ching ta xét qud trinh
ham co cau di chuyén theo so Xo

X
dé tinh todn cho & hinh 4.7.
. . . w m ¢ P
Pong ning ciia hé: I ; ° P Flm

2 2
E-™ E’ﬂ) L ﬁ_]
2\ dt 2\ dr
The nang:

Hinh 4.7- S d8 tinh dang luc
hoc co cdu di'chuyén
Khi phanh, lgc tdc dung m: = === ¢6 hang khi phanh

1én khéi luong m, 1a luc phanh

£, , phuong trinh chuyén déng cia khéi luong m, c6 dang:

d°x
m, EEL_C(xo_‘ x)=-P,, (4.33)

Lyc tdc dung lén khéi lugng m, :

F =—W+ml2gx2.

Phuong trinh chuyén dong ciia khéi lugng m, :

4 ,
d;_“ +efx, —x, )=-W+ m“;qxz . (4.34)

iy

Nhén phuong trinh (4.33) véi m, va phuong trinh (4.34) véi m, 161 trir di
cho nhau, sau dé thay gia tri x, tir biéu thic (4.14) ta ¢6:
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d’x . W P Pm g tmyemy) |y 35

b prx = — + o —=———|1-cos8 |
dr’ my oy mg (g mg o b Vi (m+my) ]
: dx d*x, d’x .
O day: X=Xy — X — = LR
dt” dt” dt-

Nghiém tong quat cua phuong trinh (4.35) khong ¢6 vé& phai cé dang:

(x4 —x,), = Acos pf + Bsin p,t,

le( m, +:;Tf

Trong d6:  p, :V _—
. {1 ]

Nghiém riéng cua (4.35):
(xyg—x), =C+Dcosp,t .

g (my+m +m,}

G day: , = / .
y b VI (my+m)

Thay (x, —x,), vao (4.35) ta tim duoc:

C:._.{)“.'_]:LJF My j|_ W

2 _: N
m, m(m,+m +m,) | mp,

2

Ppm,

D=- 5 — .
my(m, +m, +m, ) p, + p)

Nghi¢m toan phan ctaa phuong trinh (4.35):

. V(P W
x=Acospt+Bsinpr+—| L —— |+
povmomy

P,m, [ 1 ! ]
+ : 3 T T Cos ot
mo(m{} +m1+mz) m PP

(4.36)

Tir diéu kién lam viéc thyc (€ ta thay trude khi phanh. xe con hoac cdn
truc chuyén dong dudi téc dung ctia momen dong co wwong (ng vai luc can tinh

di chuyén. Do d6 & thoi di€m nay céc b phan ciia co cdu dugc truyén dong sé
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chiu tai trong bang fuc can tfinh W. Vi moémen cla dong co va momen do phanh
sinh ra khdc nhau vé daunénkhi ¢ =0
174
(x, _x|) =
¢
Toc do bien dang cla cdc bd phan dan hoi clia co cdu bang khong khi £ = 0 e 1

dx, dx g
dt ddt

Thay diéu kién ban ddv vao nghiém (4.36) clia phuong trinh véi gid thiét
ring doi véi cocdu thye p,” - p,” = p’, cudi ciing ta nhan duge:

P, +W Pom,m, (1 - ol W
(x, —x,) = w(l — oS pt )+ - i, (1 - cos pyt) -—. (4.37)
clm, +m) (my, +m +m, ) (m, +m)c ¢
Luec trong bd phan dan hoi:
Fa (a + W )m, (1= cos )+ Pomm,(1—- cos pat) w
(m, +m,) (g, +m +m, }(m, +m) (4.38)

Trén hinh (4.8) cho d6 thi F(t) cing Ia su xép chéng cia dao déng bo phan
dan hoi do tdc dung cta hang va dao dong sinh ra do phanh dot ngét (tifc thii).

Vigiatri p, vd p. doc lap v6i nhau nén ca hat thanh phan bién déi ciia
phuong trinh (4.38) ciing bi€n d6i theo chu ky nén c¢é kha nang gid tri cuc dai

cua hai thaph phdn xuit hién déng thoi. Kht dé Iuc cuc dai F s& bing:

F s 2P, (m, +m,) N Wim,—m,) (4.39)
M, +m, + o, m, +m,
Theo s6 ligu tinh todn d6i véi mot s6 co cau di chuyén xe con (cdn truc)
khi khoi dong thi thanh phin luc dong bang 1.7+3.4 lin luc can tinh W. Tai
trong dong trung binh khi phanh bang (1.6+2,4YW vi khi phanh luc phanh cin

thiét chi d€ khac phuc tii trong dong, con lyc can tinh lam giam luc phanh.

Trong thoi gian chuyén dong déu ciling c6 kha nang xudt hién trudmg hap
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nguy hiém khi t6c do quay cia truc cd do cdng nho nhit trung véi tdn s6 dao
déng rieng cua hé:
1 [c{m, +m)
p=—. " (4.40)
2\ mym,
Trong trudng hop néu 19¢ dé quay dinh miic cha truc truyén déng 16n hon
tan s6 dao dong riéng cua hé thi

F=F i +F L ,
khi khoi dong hodac phanh toc

\' F=ftH doquay cua truc s& chuyén qua
téc do quay tdi han. Do dé dé

\ j( tranh hién 1ugng céng huong thi
p, >n trong d6 n la toc do

quay cua truc.

Vi du 1: Xdc dinh mdémen

Pa o l6n nhdl o truc truyén dong co

co cau di chuyén xe con cla

can tryc KTK-15 khi khoi dong.
Hirh 4.8- BO6 thi FH) khi phonh , b g
N . Cac s0 héuw: trong lugng
ca cQu di chuyén .
hing @ =147.2kN ; trong lugng
xe con (G = 4925kN : dong co
cla co cau di chuyén ¢é cong suat N=4.4 kW; n=1210 v/p: mémen khai dong
I6n nhdt A, =158, ; moémen da clia dong co GD; =4.9Nm’; dudng kinh
banh phanh D, =200mm: GD,; =3Nm’; hop giam (6c ba cap
P=id, i, =215x4%x2,4= 26,4; hieu sudt coa co cAu 4 =70, =
0,965%0,965x0,965=0,9: bdnh xe «¢6 duong kinh D, =350mm:
GD. =20Nm’
Tinh todn:
1- Xéc dinh luc gia toc (luc du)
Moémen dinh muc caa déng co:

M, = 95505_95504—4 34,73Nm .
1210

H

91



Momen khai dong Lén nhat:
M, =15M, =15.3473 = S2Nm
Momen khdi dong qui d6i vé truc banh xe di chuyén:
M, =M in=5226409=1236Nm
Luc khoi dong 16n nhat qui d6i vé ban kinh banh xe:

oM 12
p, = 21236 _ 063N
D, 035

v

Luc can di chuyén xc con:
W =002(0+ G, )= 0,02(147200 + 49250) = 3928N
Luc gia toc:

P =P, -W =7063-3928 =3135N

s ft

2- Xdc dinh khdi lugng céc bo phan chuyén dong qui déi vé ban kinh
binh xe.
GD 49250 420

G
my = 5+ 4= = 5087kg.
gD’ 981 981035’

Khéi luong phian chuyén dong cia co ciu:

D X2 G_D 2{-2 42
m = p 6Dy : +—L— = l,2(4,9+3)ﬁ——’ = 5498kg .
gD, gD~ 9,81.0,35°

O day B =1,2 heé s6 tinh dén khéi kugng cla tryc va banh rang.
k)
Khéi lugng hang  m, = g = 147.2.10] =15000kg .
: ' T g 981
3- Xdc dinh luc dong 16n nhat truyén vao co cdu khi khdi dong theo
cong thitc(4.23).

~2.3135(15000 + 5087)
™ 5498 + 5087 + 15000

+3928 = 8852N .
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~ 2.3135(15000 + 5087)

S +3928 =8852N .
T 5498 + 5087 + 15000

F.. 8852

Hé s6 qua tai: = —— =225,
W 3928

4- Xic dinh mémen 16n nhét truyén én truc truyén dong cua co cdu di
chuyén khi khai dong:

D 0,35

- Mémen trén truc banh xe: M=F 2‘ =8852 5 ~ 1 549N

x max

. . , M
- Mémen & truc ra ctia hop giam toe: M, = ——= 1549 = 669N
i, 2,4.0965

M
- Mémen & truc thi hai ctia hop gidm toc: M, = —- = _ 669
i, 4.0.965

=~ 173N .

§ 4.3- PONG LUC HOC KHI CO CAU QUAY LAM VIEC

4.3.1- SULAC HANG KHI QUAY CAN TRUC

Qud trinh khai dong va hdm co ciu quay ciing xay ra tuong tu nhu doi véi
co cdu di chuyén. D€ nghién citu qua trinh dong luc Hoc cia co cdu quay.
chiing ta cdn phai nghién ciu dnh hudng su dao dong cia hang dén tai trong

&=mag

Hinh 4.9- Doo déng cuo hdang khi quay
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dong tdc dyng len ca cau cling nhu két ciu thép céan truc.

Khi nghién ctu, chiing ta cling bé xung thém mol 56 gia thiét don gian vao
cdc gia thiét da dua ra khi nghién cdu co céu di chuyén:

- Bién dang ngang cla cén rat nhé so voi bién do lic hang. vi vy no anh

hudng khong dang ke dén dao dong cia hang.

_ Khi khoi dong va ham cu cau quay. hang s& dao dong trong mat phing

1i€p tuyén voi vong tron quy dao quay cta dau can.

Gia thiét thi hai khong phai thudng xuyén ding, vi thuc ra khi quay hang sé
chuyén dong theo mot quy dao phiic tap hon. Tuy nhién gia thiét nay van duoc SLf
dung. vi d¢ xdc dinh luc 16n nhat tac dung lén co cdu quay khi khai dong. chang
14 céin xdc dinh séng dau tién dao dong clia hang tdc [a anh huong 16n phit c6 the
chia s lac hang 1én can truc.

Chung la khao sdt rudng hop guay phdn quay cin truc ¢6 treo hang (rén

cap, cap nang ¢ puli dau cén cach truc quay mot khoang R (h.4.9).

Né¢u gia toc gde clia can € la hang s6 thi sau khoang thoi gian t tinh 1l khi
bal diu chuyén dong, cap ning bi nghiéng mot goc ¥ so vdi phuong thang
dimg ¢ mat phing vuong goc v&i can. Khi nay khoi lugng hang s¢ chiu tic dung
cua treng iuong hang ¢ =mg va lyc quén tinh P, = m,eR. Phuang irinh vi
phin quay bang xung quanh tryc thang dang di qua diém treo hang & mat

phing vuong goc voi can;
=M, (4.41)

¢ day J,- momen qudn tinh ctia hang d6i voi truc nay: J, =, [~
1- chiéu dai trco hang: M, - 1éng momen clia 141 ca cac luc 4oy vOlL truc ké 1rén:

M, =-Qlsiny + P, {cosy = —m,I{gsiny - gRcos y).

Thay céc gid tri M, va J, viio plwrong trinh chuyén dong (4.41) ta nhan duqc:
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+

, d” ,
myl f}i = m,l(sRcosy — gsiny).
ot

NEu gée nghiéng clia hiing 13 nhé ¢6 thé tinh cosy = Fising = gy (trong

trudmg hop w = 15" sai léch khong qua 0,35} ta co:

d“l’f’(+§w=-€£ hay d——f‘fi+ﬁ*’w=m
dt” / ! dt”

Nghiém ctia phuong trinh vi phan nay c6 dang:

y = Acos i + Bsin fil +

4 day: q = F—;Q )

Cic hang so tich phan A va B duoc xic dinh tic diéu kién ban dau:

Khi (=0 =0, v _y.
dt
Do do: A+i1:(}; A:—i;
ﬁ._ /j_
dy

- = ~Apsin fr+ Bfcos ft 5
e

BB=0 nitra B=0.
Vi vay:
g g _ 9 £
=T cospr+ T = (1—cosfr)==R(1-cos ). (4.42)
B B 7 g

O day £ - tan so goc clha dao dong: 8=

4.3.2- TAI TRONG PONG O CO CAU QUAY

Hé thong céan truc khi quay phan quay ¢ hang ¢6 thé dua vé heé hai khot

juong: khéi lugng can tryc, hing va khoi luong cdc phén quay cla co cau quy

d6i vé truc quay cén tryc. Hai khéi uong luong niy ndi voi nhau bang tién két
dan hoi ¢(hinh 4.10)
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Qgwy

G s s A Q

Hinh 4.10- 50 d& tinh déng e hec
co cdu quay

Khi phan tich h¢ dong hoc ta tinh rong trudng hop hing bi lac trong
mat phang vuong géc voi can sinh ra trong thai k¥ qud do Khi co cdu
quay lam viéc. Céc bd phan co ban trong sO dé déu thyc hién chuyén
dong quay vi vay khi nay ta str dung céc thong s6 momen qudn tinh va
t6c do goc thay cho khéi luong va t6c do dai.

Né&u chuyén vi géc ¢, cua khoi luong phan quay cda co cdu quay ké ca
roto dong co c6 momen qudn tinh quy déi la J,. con @,- chuyén vi géc cla
khéi hugng phan quay ciia cén truc ¢6 momen quan tinh quy d6i 1a J, thi dong
ning cla cac khoi lugng nay la:

E :gl_[iiﬁ}j E _ o[ 4oy 2
VES T )Y 2 d )

r

2
Thénang: T, =T, = (_‘;01__2("&_‘.“ .
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8] day ¢, - do cing quy déi cdc bo phan truyén dong ctia co ciu quay.

Moémen cha déng cha dong co M tdc dung lén khéi lugng c6 J, s& bing
tong momen can tinh M,va moémen du M, . Momen ngoai huc tdc dung Ién
khoi luong phén quay ciia can truc ¢ J,:

My=-M -M,.
Phuong trinh vi phan chuyén dong cudng bic cia cac khéi lugng s€ la:

d’p,

Jl df: +(‘;91 _QU k.‘»f :M: +M{m 3 (443)
d*p,
Jy EEL - (gol =& )CM = "(M; +M, ) (4.44)

0 day M, - mémen do trong lugng hang Q bi nghiéng cdch truc quay R.

M, =QRtgy . (4.45)

Thay rgy bing géc y nhan duge tir biéu thic (4.42) vio (4.45) véi gid
thi€t géc i nhd, ta nhan dugc:

m,geR’

M, =0Ry = (1 —cosﬁt): m,eR*(1—cos fr) = AO(] —-cosﬂt).

Nhén phuong trinh (4.43) véi Jo va (4.44) v6i J, 16i ldy phuong trinh thi
nhat trir di phwong trinh thir hai ta cé:

2 2
d @, _d Dy +J| +JUCM(¢7: _(00): JO(Mf—I_Mdu)—'_J](Mf-i-MZ).

g - (4.46)
e’ J,J, JJ,

Bay la phuong trinh vi phén cho phép xdc dinh bién dang (-;a] —490) va

tuong ing la moémen xodn M ca khau dan héi.

d'p, _d’p, d’p

KV hieu: ~—o,}=0:
¥ hié e (0, -0,)=0
J+J, ) M, +M, M,

——Cy =p"; —— % +—r=yq
S, J) Jo
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m,R’e

Va: {":J = (i —cos Br) = 4,{1-cos )
¢

0
Thi phuong trinh (4.46) c¢6 dang:

dzgo
dt’

+plp=q+Ai—cospt)=q+ 4 —Acosfit=D-A4 cos Bt . (4.47)

Nghiém toan phén cia phueng trinh nay la:

) ) K‘I
@ = Acos pt+ Bsm pt +—1—,- -
Pt

o

cos pr .
pt-p :

Cic hang s6 tich phin duge xdc dinh tir diéu kién ban ddu: vao thoi diem
bat dau chuyén vi twong Jo1, c6 thé cho ring cdc bd phan cua co cau da Hép
gidp nhau (khong con khe hé) va chiu momen cé 1ri 80 bing momen luc can
ngoal M, t6c do clia co chu bang khong.

M d
Khi 120 gp=ot v L=
i dt
I A
Vi vay: ﬂLzAdr—Q;—- A
Cy pt p B
M A
Do dé: A=—t g q——l?-,—; B=0.
Ca Pu‘-ﬁ» P
. M A D D A
Vi vay: Q= T 5 '—;——T cospt+-—-7——2——‘——2—cosﬁf
cy P8P ptop -
M A
=S tcos pt + —5—— (cospt—cossﬁr)+—£2(l—cospr),
Cys p=p P

3 day p va S lacac tén s0 géc dao dong chia hé. Momen tac dung lén
khau dan hoéi:

A D
M, =oc, :M‘COSpr+,_2‘_%?(cospt—cosﬁt)+ cz“ (l—cosp{).
p —

98



Thay cic gia tri:

M, M, +M

A= —i i D=gad ==
J.(1—cos &)

Vo biéu thdc trén ta co:
M c,, (cos pt —cos pt) .
Jo(l - COS/}-IXPE - ﬁz)

M, =M, cospt+

eyli-cosp)[ My M, M, My ]
P’ J 4, J, J{t—cospi) |
Hay:
M, =M cospt-+ Mo, M, M ___ M. Cu (1~ cos pr)+
' g S J, Jli—cospr)]p’

N M, | I -cospt L, ©os pt —cos Bt

™

Jop’ | 1—cosft Ll_ﬁz_J(l—cosﬂt)
P

Sau khi mit gon va thay céc gid tr

M= OR Ell—cos ). S = —CudtSo Sy
g P C.‘lf("[l+‘]{}) J1+Ju
Ta s& c6:
1
M, = 77 {M:[(Jl + J,})cos pt+(J, +J)(1—-cos ;.»‘)]+

! i
' ey ey )
+ M, J, (1~ cos pr)+OR® —S—J,{(l —¢os pt} + cos pt —cos pit ]}
5 \—(B8/py |

Cudi cung ta nhan duge:

M, =M, + Jo M, (1-cospt)+
J +J,
) (4.48)
J, QRzi(l+£ﬁfp)*cospr-cosﬁt}
J+J, g Iﬁ(ﬁfp)z

_}_
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Trong cong thiic nay s6 hang dau tién xdc dinh anh huong cua lyc can tinh
trong co cdu, s6 hang tha hai 14 anh hudng cia moémen du, $6 hang cudi - anh
huéng do su nghiéng ciia hang. G s6 hang thi hai ¢6 J, ndm & mau s6 chimg to
rang dé giam M c6 thé tang momen da cua co ciu (wwong tu nhu d6i véi co
cdu di chuyén) bang cach lap banh da & truc dong co.

Khi cos pt = -1 va cos fr = -1, ta s& cé:
2J, . & 2J

M™ =M, +M, —° L OR
g i die (J1 +J[)) Q

——1 . (4.49)
g/, +J)

§4.4 PONG LUC HOC CO CAU THAY DOI TAM VOI

O mot s6 ¢dn truc ¢ c4n can bang khi thay déi tdm véi bang cich quay
can & mat phang thang dimg, hang dugc di chuyén theo phuong ngang tic 1a
khong c6 su nang hang. Nhu vay, co ciu thay déi tam véi chi cin khic phuc
phin trong lugng cin, ma sdt & & fruc va tai trong gié. Khi thay déi tim véi cdn
truc c6 can khong can bang, hang di chuyén theo quy dao la duong cong. Vi
hang di chuyén ca theo phuong ditng va phuong ngang, nén co cdu thay ddi tam
vdi can phai khac phuc thém phén trong lugng hang, tic la phai tiéu tén cong
dé nang hang do thay déi do cao.

Trén hinh 4.11 cho so dé tinh todn dong luc hoc co cau thay déi tim véi.
Cic ky hiéu trong so d6: m, - khéi lugng quy ddi phin quay cha co ciu; m,-
khéi lugng cta hang; ¢,,c, - dd cing clta cap niang can va nang hang; s,,s,,s,-
toa d6 dau cdn (di€ém o) va toa do khéi lugng m, va m,. Tai vi trf khao sdt, cdn

nghiéng so vdi phuong ngang mét goc y .

Khi nghién ciu ching ta coi cén 1a tuyét 461 ciing, tiic 1a bo qua bién dang
doc cta nd. Gia thiét nay c6 thé chdp nhan duge vi & hudng doc do cimg cha can
I6m hon nhiéu so véi cép. Gia thiét bo qua khéi lugng coa cln chi hop 1§ d6i véi
loai cin nhe, dé giam sai s& d6i véi loai can niing phai tinh dén khéi luong ciia cén
bing cdch dua vé ddu can mot khéi lugng qui déi bang 1/3 khdi lugng toan cén.

Khoang cdch a tir dau can dén dinh cét duge xdc dinh tir quan hé hinh
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tam gidc:

a=~h* +1% —2hisiny (4.50)

Tuong quan giita géc o va y duge xédc dinh theo bi€u thic:

cos(a +y) = u (4.51)
a

D¢ don gian khi khao sat ta coi & =0 titc 1a cho ring hudng chuyén dong
cua ddu cdn va hudng truc cdp nang can tring nhau. Sau khi tinh todn, két qua
cudi ciing sé dugc tinh dén diéu kién bo xung cho gia thiét nay. Bay git chiing ta
s& tién hanh lap cdc phuong trinh chuyén déng cua cdc khéi lugng m, va m,.

| ds Y m.{ds,Y
Dong nang cia hé: £ = Ml U LB
2\ dt 2\ dt

(SI _SO)Ecl +(SDCOS:V_SZ)262 .

Thé nang: T = 5 5

Phuong trinh chuyén dong cua cac khoi lugng m, va m, s€ la:

d’s

m (s~ 5,06 = P (4.52)
d’s,

M, dr’ “(SO COsy — 5, )Cz =-Q, (4.53)

& day P 12 lyc chi dong hoac luc phanh quy déi nhung khéng duoc tinh la
tong cua luc do trong lugng hang Q va luc du P, vi hudng cua luc P va Q khéc
nhau. Vi vay luc P s&€ gém luc P, va mot luc ndo do phu thude vao trong lugng

hang va vi tri cita hé (géca ).
Vi tri dau cén dugc biéu thi qua s, va s, theo quan hé sau:
§,¢, + 8,0, COS ¥

5, = Sally (4.54)
¢, +c,Cos" ¥

Loai bd s, tir hé phuong trinh (4.52) va (4.53) ta nhan dugc:
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d*s, L +m,co8’ y)ee, dis,  (P-Qcosy)ec,

4 : >
dt®  mm,{c, +c,co8’y) di’  mum,(c, +c,co8 ¥)

;o (4.55)

d’s, L (my +my cos’ y)ee, d’s, (P—Qcosylec,cosy

dt* mumy(c, +o,c087y) dit mm,(c, v, cos’ y)

(4.56)

Tich phan hai lan phuong trinh (4.55) vi (4.56) ta c6:

d’s,  (m, +m,cos’ ¥)c.c, P-Qcosyle.c,it”
U rm CosTyee, o (-0 yk‘3 Ot (457)
di© mm,{c, +c,cos” y) 2mm, (¢, + ¢, cos” y)

d’s, m, +m, cos” ¥)e,c, P—0Ocosvl.c.t” cos
2 Y);-Szz( Qcos rjerc, 2 L CatD,. (458)
dt  mm,(c, +c¢,co8 y) 2mym,{c, +c, cos” y) i i

Nghiém téng quit ctia phuong trinh (4.57) va (4.58) tim duoc & dang:

(P —Qcosy)’

§, = A cos pt + B, sin pt + .
2(m, +m,cos” y)

+Ef+ N, (4.59)

(P-Qcosy)k® COSY LA N, (4.60)
2(m, +m,cos” y) ) _

5, =A,cos pt+ B, sin pt +

CL ,{m, +m, cos’
Trong d6 tan s& dao dong: p= \/C‘C‘ L, 1 m, cos” )

mym, (¢, +¢,c08” )

Dicu kién ban dau: khi t=0 s, =0, di:(), E{55—0.

gt dr

Theo quan h¢ hinh hoc trén hinh v&, khi 1 =0 s, = ) caday Q) 1a mot
C]
phin luc chil dong can bang véi trong lugng hang Q khi 1 =0

Ao Pu s g 0 Qeosy di o s
dr- ", dr ) ¢, c, dt- dt’

Thay cic gid tri ban ddu vao nghiém téng qudt clia phuong trinh (4.59) vi
(4.60) va qua bién déi ta nhan dugc:
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o e Te cos’y) |:P (P—Qcosy)m, :l(l—cospr)+

-  —
Yo, (m, +mycosty)| Y (my +myc0s y)

(P—Qcos;y):‘ : (4.61)
2(m, +m,cos” y)
S (P—Qcosy)mm,(c, ?+ czzcos2 y)cosy (1 - cos pi)+
) {m, + m,cos” y) cc,
N (P—Qcosy)c?s;v 2 o Q, cosy . (4.62)
2(m, + m,cos” y) ¢, ¢,
Téi trong chia cap nang cdn F, va cap nang hang F, s& bang:
F! =, (31 - u): a5 COS;V(S1 COSZJ/ — Sz) ’ (4.63)
¢, +¢,c08 ¥
F, = c,(s, cosy—sz)zc'CZ(S' COSY —S2) (4.64)

2
€, +¢,C08 ¥

Thay gid tri s, va s, vao biéu thitc (4.63) va (4.64) ta tim duoc:

2
F, - a5 V(1 o5 pr)r — 2L [Q+Ql e ]: (465)
(m, +m, cos” y) (c, +c,cos” ) of
P 2
F = m, P, cos ’y (1—005pt)+ c, : 0+0, c, COSYy . (4.66)
(m, +m, cos’ ¥) (e, +c,c08" ) e

Gi4 tri tai trong 16n nhat ciia cdp nang cén va cdp nang hang c6 tinh i goc &

2m, P ’
F - I 0052}’ N c, cos?’j 0+0, C—ZCOS}/ . (467
(m, +m,cos” y) (c, +c,c08 ) c, cos &
2m, P, cos’ ,
o = e 2Ty 210+ % cosy |. (4.68)
(m, +m, cos” y) (¢, +c,c08" ¥) ¢,

Theo quan hé hinh hoc trén so 46 ta c6 thé tim duge gia ti ), theo Q:

cO
0 +0 °r (4.69)
COS¥
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Ti phuong trinh (4.67) va (4.68) 15 rang 14 F,

I max

va F

L dat gid tri I6n
nhat khi ¥ nho nhat vd a 16n nhat. Gid tri nho nhat y s& bang khong, do d6
h

cosy =1; cosq = ——=.

\ﬁ3+h:’

Khi nay néu tinh dén biéu thiic (4.69) ta nhan duoc:

c,v{!_!:-}}? \/‘,——1
Qe+ ° ; i+ h

1

2m, P \fi: + 0
= = +

= et . . (4?0)
o h(m, +m,) hic, +c,)
e NI+ R
Q c, 4+ - ; -
1
max = LY T : .71
i (m, +m,) {c, +¢,)
J can truc De-ric ¢6 k=~ [, khi dé
4 4
F,, =28mtu  LA0€,HAG), (4.72)
' m, +m, o+,
Tmax 2?n2Pd“ + Q(C1+L4CZ) . (473\)‘

m, +m, ¢+,

Tir cdc bidu thic trén ta nhan thay do cing clia cdp nang cdn va cap ning
hang c6 4nh hudng dén tri s& cua tai trong dong. Néu ¢, >>c¢, thi tai trong o
cap nang can sé la:

2m, P
F'imax = 1’4[Q+ 2 };
m, +m,

Tai trong ¢ cap nang hang:

2m, P
2% du
FEmnx :Q+ l"_'
m, +??Iz

Trong trudng hgp nguoe lai néu ¢, >>c¢, thi:

. 2.
F_ = 1,4{1,4Q n _LJ} :

m, +m,
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2m, P,
m, +m,

FE max 1‘!4Q +

Do d6 d¢ giam tai trong dong lén co cdu thay déi tim véi va co cdu nang,
cdp ndng cén nén chon loai ¢ do cing 16n hon cdp nang hang.
Trong cdc phuong trinh trén Iyc chit dong duge tinh theo bidu thic sau:
Khi khéi dong:
M inn cosy
p=p =2kMT 5

: (4.74)
R cos o
Khi phanh:
p=p, = Mo Yy haat iy (4.75)
Rn cos Q¥

3 day M, va M, 1a momen khéi dong vi mémen phanh: n,- boi sudt
cla paling nang can; R- bdn kinh tang clia co cau ndng can; 7- hiéu sut cha
co cdu nang cin.

Cac khéi lugng quy déi: m=———>%L. g =

| b ' 2

BGD*i*n! Q
4gR” g

Vi du: xé4c dinh tai trong 16n nhat cta cdp nang can va ning hang clla
can truc Pe-ric khi khéi dong va ham tir tix theo cac s6 liéu sau: trong lugng
hang Q =147,24N sitc nang Q=15T. Palang nang can ¢6 boi sudt », =2, tdm
v8i L=37,4m, chiéu cao c6t H=44m. Cip nang cén cé dudng kinh d_=26
mm, di¢n tich tiét dién F,,=2,51 cm®. Palang nang hang c6 boi sudl n, =3,
dudng kinh cdp d_=19,5mm, F,, =1,4lcm®. Chiéu dai 16n nhat cia palang
nang can /, = 57,6m, chiéu dai phin con lai dén tang /, = 50m . Chiéu dai
nho nhat clia palang nang hang /, = 4m, chiéu dai cap tu dau can dén tang
nang [, =43,4m. Dong co cla co cidu nang cdn KT 300/607, cong sudl
N=30kW, n=570 v/p, GD’=280Nm®, boi suit moémen khdi dong
M, /M, =2,5.Ty s6 truyén ciia co cau / = 59,6, ban kinh tang R=0.4m,
moémen phanh M, = 800Nm .

Tinh todn. Cho trudc hi¢u sudt cla cociu 7 =08 .
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1- X#c dinh luc P khi khoi dong va ham dong co dién:
Momen dinh muc:

30

M, =9550——=503Nm
570

dm

Mormen khéi dong 16n nhat:
M, =2,5.503=1258Nn
Luc khat dong:

5
_1258.50.62.08 15000981 _gge0sy.
0.4 0,7

&

Luc phanh:
8005962 147200 _ S8T10N |

T 0.4.0.8 0.7

P

Vi P, < P, nénching ta chi tinh cho trudng hop khéi déng.
2- Xac dinh do cimg cha cdp nang can.

Pa cing quy ddi cua ca hai phan cip khi £ = 1.2.10" Niem® duge xdc
dinh theo cong thic: '

F 10" .
¢, = —E—l?;l— = 1’—21—0&—52 = 720600N / m = T20,6kN /m
[+ 57,6+
n

3 Xéc dinh do cing clia cdp nang hang khi £ =1.6.1 0'N/em':

Fon, 107.1,41.
Cc, = CLELE = 1—’(19&@ = 3660000N / n = 3660kN [ m
- l, 43,4

+ 44 -
A, 3

4- Xéc dinh kh6i luong qui ddi cua co cau va hang:

280.59,6”.2°

m, = " = 760400kg
4.9.81.0,4°
1
m. = 1247200 1 s000kg
2 981
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5- Xac dinh tai trong Ién nhat cla co cu nang can theo cong thirc (4.72):
2
e 2,8.15000.89693 N 1.4.147200(720600 + 1.4.3660000) —316330N
' 76040 + 15000 720600 + 3660000

’ K )
He 55 dong: 316330 (o
O, 147200.1,4
6-X4c dinh tai trong 16n nhit clia co cdu nang hang theo cong thitc (4.73):

_ 2.15000.89693 N 147200(720600 + 1,4.3660000) _

s = - 2259500 .
- 76040 + 15000 720600 + 3660000
. o 9
Heé s6 dong: = 225950 =153,
Q 147200
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Chuong 5
PONG LUC HOC KET CAU THEP CAN TRUC

§5.1- SO DO TINH TOAN DONG LUC HOC
KET CAU THEP CAN TRYUC

Khi cdc co ciu lam viéc, tac dung dong luc tir dong co hoac phanh qua hé
thong truyén dong truyén lén két cdu thép. Dé tinh todn, tic dung dong luc cd
thé dinh truéc & dang d6 thi hoac gidi tich va duge xdc dinh trén co sd nghién
cliu su 1am viéc cla cdn tryc trong di€u kién Khai thdc. Ngoai ra ciing ¢6 the
quy dinh trude quy luat chuyén dong cia bd phan din dong cha co ciu.
Trudng hop nay dac bi¢t thudn tién néu dao dong dan hdi cia hé thdng anh
hudng 1én dén quy luat chuyén dong ctia co cau. Vi duy khi khao sat dong luc
hoc két cau thép trong thai gian lam viéc cia ¢o cdu nang, tic dong ngoat
duge dinh trude & dang quy luat chuyén dong clia tang va tang dugc coi ia
bd phan dan dong cua hé.

Khi khéo st dong luc hoc két cau thép trong thoi gian lam viéc cla cd cdu
di chuyén cling cdn phai dinh trudc quy luét tic dong cla luc cha dong. Trong
trudng hop nay néu coi quy luft chuyén dong ctia cén truc 1 khong déi, khong
tinh dén anh hudng su treo mém hang trén cdp sé cho két qua kém chinh xac.

Truyén dong cita mbi ¢o cau bao gdm mot s6 bo truyén cing va mém. Bo
truyén cing & hé céc khéi lugng (khép truc. banh rang...) ndi v6i nhau bang
khau dan héi (truc) ¢é do cimg I6n. Bo truyén mém 1a bo truyén bang cdp. Do
cifng cua truc én hon nhiéu so véi do cling cua cép va két cau thép. Vi vay viéc
bo qua su dan héi cha bo truyén ciing s& khong lam giam do chinh xdc khi tinh
két cau thép, két luan nay da dugc ching minh bang thuc nghiém khi nghién
ciu sir 1am viéc clia co ciu ning, ¢o ¢Au di chuyén vi co cau quay ciia can truc.
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Két qua nghién cu dong luc hoc can truc da chiing t6 rang két cau thue ¢é
the dua vé so do tinh todn dong Iuc hoc don gian nhe khao sat dao dong clia
moi khau riéng biét khi dam bao do sai léch tdn s6 dao dong ty do. Khi nay hé
nhi€u khéi lugng c6 s6 lugng 16n bac tr do duoc thay bang hé cé hai hoic ba
khoi luong néi bang khau dan héi khong khéi fuong.

Khi nghién ctu dong luc hoc két céu thép cé thé diing cdc hé don gian sau.

L. D31 v6i ¢ clu nang: khéi lugng chia co cdu n6i bang lign két dan hoi véi
hang, con hang dugc treo vao két cdu dan héi.

2. BGi v6i co cdu di chuyén: khéi lugng ciia cén truc qui déi vé bo phan di
chuyén néi bang lién két din héi véi khoi luong cua két ciu thép la bo
phin c6 treo hang trén cip khong dan hoac treo cimg.

3. 61 v6i co cdu quay: khéi luong qui ddi phin quay cia cdn truc ¢6 hang
treo bang cdp khong dén; khéi luong ndy duge néi bang lién két dan hdi véi
khéi luong qui d6i ctia két cau thép cdn truc.

Khi khao sit ¢dc so d6 néu trén, vi chi can xdc dinh tic dong 1én nhat sinh ra
6 cic dao dong ddu tién nén c6 thé bé qua lyc cin khong dan héi (s tit dao dong).

Tuy thuge vao loai cén truc, khi khdo st dao déng nam ngang sd do két
cdu cua né ¢6 thé coi nhu dam:

a- Dam tya tu do trén hai géi khong cé hodc cé cong son nhuv d6i véi ciu
truc, cdng truc, cAu chuyén ti khi dao dong & mit phang diing.

b- Dam wr do déi véi cong truc va cau chuyén tai ¢6 khoi lugng chan tuong
doi 16n khi khao sét dao dong & mat phing ngang.

¢- Dadm mot ddu tya ban 1€ (hoic ngam) con mét ddu ty do déi véi can truc
quay cé can khi dao dong & mat phang diing (hodc ngang).

Dao dong cia két cdu thép c6 thé khdo sét nhu dao dong ciia hé ¢é s6
lugng hiru han bac wr do. Khi nay khéi lugng phan bs cia két ciu duge thay

bang mot hodc mot vai khéi luong qui ddi tap trung phu thugc vao so do két
cdu va vi tri céc di€ém cdn qui déi khéi tuong.

109



§5.2. TAC DPONG BONG LUC CUA LUC

Chiing ta nghién ciu anh hudng cta céc phuong phap dat luc khic nhau

(dac trung cho k&t cdu thép may truc-van chuyén) dén sy chuyén dong cua hé

¢6 mot bac tu do. Khi nay da bo qua cdc lyc tin mat.

5.2.1- TAI TRONG TANG THEO QUY LUAT TUYEN TINH

Cho kh6i lugng m,, & trang thdi can bang chiu tic dung cta tai trong

tang theo quy luat tuyén tinh trong khoang thdi gian T dat dén gid tri lon nhat

Q (h.5.1.a).

a. Khi t< T phuong trinh vi phan chuyén dong clia khoi lugng m,, s€ la:

.. f
my+coy= Q'??

Po dé: jﬁ+p2y=—Q——’r—‘,
my, 1

- . _ Q_ . - 2

O day: ¢ = 12 do cliing cla

lién két (két cdu); y,- chuyén vi finh
(d0 vong) do tdc dung cla tai trong
Q; p=.c/m, - tan s6 vong dao
dong tu do cua he, tic 1a s6 dao dong
trong 27 giay.

Nghiém téng quat cta phuong
trinh (5.1) c6 dang:

y = A.sin pt + B.cos pt +

(s}]

(5.1)

Siy) ¥

I 1
I i
. I
1 !
I 1
T T

Hinh 5.1- D th| tac dung cua e (@)
va chuyén v| cia khéi luong (b)

L ! (5.2)
p-my T

Hay: y = A.sin pt + Bcos pt + v, % (5.3)

Khi (=0, y=0va y=0
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Tu biéu thite (5.3) ta im duoc:

A=-2L . p-o,
pT
Dodé:  y=2eq_SNPL. (5.4)
r p
P =25 (1< cos pr) (5.5)
== p 5

Khi r=T tir phuong trinh (5.4) va (5.5) ta tim dugc:

sin pT
¥ =y (- ‘;-) (5.6)
By = %(1 ~cos pT) (5.7)

Tir bieu thiic (5.5) rd rang 1a trong khoang thoi gian 1 < T t6c do chuyén
vi cua khéi luong m,, luén duong (cospr<1). Khi 1 =7 Y, 20 (5.7) titc la
vao thoi diém ngimg gia tang 1 trong, khéi luong cé dy trit dong nang dé chi phi
cho bi€n dang phu cta he. Vi vay chuyén vi 16n nhat cia hé s& xuat hién khi + > 7.

b. Khi t 2T phuong trinh vi phan dao dong cha khéi lugng m,, s&la:
my ¥ +cy=Q,
Do dé:

v+ piy=2 (5.8)

ny,

Nghiém térg quit cta phuong trinh 5.8;

y=Csinp(t -T)+ Decosp(t —T) + y, (5.9)

o
szM
Thay vao phuong trinh (5.9) ¢ = T ¢6 tinh dén bidu thic (5.6) va (5.7 ta
tim duoc:

=V
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.- . T
CZ&ZL(I—COS[JT);Dz.VT -y, ==y, sin p . (5.10)
p pT pT

Thay gia tri C va D (5.10) vao nghiém (5.9) ta cé:

y=y, [1 + L(1 —cos pT)sin p(t - T)- sinpT cos plt - T)}
pT pT

=y, [1 e {sin p(¢ — T) —sin pT}}
pT
=}’f{1~isinﬂcos-iwil (5.1
P 2
Vi chu k¥ dao dong:
T = 2—}? R (5.12)
p
Thay gid tri T vao (5.11) ta tim dugce:
r .ol m
V=3, 1—-——sm—cos—(2t—T) . (5.13)
al T T

Chuyén vi 16n nhat:

. ar
sin —

al’ T

J

P I |
S& xuit hién khi cos {27 — T) = £1, ddu trudc 56 1 14y nguoe véi ddu sin — .
T T

T
.ym:lx - yr[l_'__

Vidu:

Ti s6 gitta gi4 tri 16n nhat cGa chuyén vi, fuc hodc dng sudt sinh ra trong
két cau do tdc dung déng cta luc so vdi gid tri sinh ra khi dat tinh coa céc luc
nay duge goi 1a hé s6 dong.

Trong truong hop nay hé s6 dong s€ 1a

Ve g, T

¥, »T

.l
sin —
T

W =1+k,. (5.14)
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Kt

1.0
[ [
T T
0.8 %/ STt
0.6
0.4 } =S
T \TiT — —
0.2 TR

= 11
0 10 20 30 40 50 60 70

Hinh 5.2-D& thi hé s6 tang tdi trong K

D6 thi bidu dién su bién thién clia h¢ s6 tang tai trong k, phu thudc vao t

. T
s6 — cho & hinh 5.2 dudng nét gach.

r
, v . @l .
Khi 7 —>0 —sin— =1 va =2
=T T
Khi T >o ——sinl 50w w=1.
7l 4

DE sir dung trong thuc t€ biéu d6 thay doi he s6 tang tai trong k, khi T >

0.5t dugc 14y theo dudng cong bao 1a dudng nét lién & hinh 5.2.

Khi L<05 wel+—sin® .y
T al T
. T T
Khi —205 w=l+—. (5.15)
T 1

Nhu vay khi /7 =65  ~1,05. Tic la n€u thdi gian gia tang tai trong T
1én hon 6,5 lin chu k¥ dao dong ty do cla hé thi anh hudng dong lyc cha tai
trong 1én hé c6 thé bo qua (vdi do chinh xéc dén 5%). Gid tri  theo cong thic
(5.15) cho & bang 5.1. Trén hinh 5.1,b cho d8 thi chuyén vi cla khoi luong m,,
trong qud trinh dao dong doi véi ¢ <T theo phuong trinh (5.4) va khi 1>7T
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theo phuong trinh (5.13). Dao dong xay ra xung quanh vi iri ¢in bang tinh cua
he (duong nét gach). Khi t <T chuyén vi tinh tang déu , con khi 7> T néla

hing 6 va bang v, .

Bang 5.1 Hé sé dong w khi tai trong tang tuyén tinh

100l o1 ]o2lo3|oalos|os]|07]08 09 1 10

4 20 11,981193]1,86]1.76 1641153146 | 140|135 | 1.32

Tir | L2 | 16 1,8]2.0 25130 (135]40!45]|55] 66

v 1271 1,20 [ 1,18 [ 1,161 1,13 | 1,11 1,0911.08 1,07 | 1,06 | 1.05

5.2.2- TAI TRONG TAC DUNG DOT NGOT

Tir phuong trinh (5.13) néu gia thi€t T=0va xétkhi T — 0

. r . arl
Lim, ,, —sin-—— —1,
T T

Ta tim dugc: y=y, [1 - cos —2&} (5.16)
T

Ttic 1a dao dong xay ra xung quanh vi tri can bang finhva y . =2¥,.

2
Khi dd tdi dot ngot: ¥ = y, Cos —1 , (5.17)
T

Tcla y< y, ,dddy y, tuong ung v&i do vong do d&1ai . Khi nay

y=—py sinpt va y=—p’y cospt.
Gi4 tri 16n nhit clia gia t6¢ s€ bang

.- 2 c
Gopiy =29 (5.18)
m, ¢ My,

J day Q: hang dugc dd ra con m,, khoi luong cua he.
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5.2.3- TAI TRONG TAC DUNG NGAN HAN

Cho khéi luong m,, & trang thai can bang chiu tic dung cua tai trong Q.

sau khoang thoi gian /, tai trong nang dugc thao bo dot ngdt (h.5.3).
Khi tai trong dang tac dung. chuvén vi clia khéi luong duge xdc dinh bang
_phuong trinh (5.16). Néu , =2 % thi chuyén vi [6n nhat bing hai lan chuyeén vi

{inh, tic 1a trong trudng hop ndy y,_.. =2y, khong phuy thudc vao #,.

o T N o 14 N
b Q) Néu ¢ < 5 thi ¥, <2y, Neu ¢ < 7 thi trong
Q | T thoi gian tic dung cla tai trong, bi¢n dang chua dat t&
L t gia tri tinh. Tir phuong trinh (5.16) ta tim dugc 10¢ do
0 2 . -+ v W . .
T chuyén vi cua khdi tugng trong thoi gian ¢,

Hinh 5.3- D3 th]

téi trong tac ‘ 27 . 2m
dung dét ngdt y=y, Tsm _ri_ ) (5.19)

Khi ¢ < % toc do chuyén vi sé duong. tdc la
chuyén vi 16n nhat s& xuét hi¢n sau khi nging tic dung clia 1ai trong.
Khit > ¢, phuang tﬁnh vi phan dao dong cua khoi lugng m,, s la:
m,y+cy=0, dodé  j+piy=0.
Nghiém téng qudt clia phuong trinh:
y=A.sin.p(r—r1)+ Beos plt —1,). (5.20)
Thay 1 = {, cé tinh dén biéu thitc (5.16) va (5.19) ta tim duoc:

. 2t 27 )
A=y, sin—" ; B=y,(1—cos—‘-'.
r r )

Thay céc hing s6 A, B vao phuong trinh (5.20) ta c6:

y=y, [sinaz—;'i sin % (r—1,)+ [1 - cos%}cosgj—{ (r—¢, )j\

T T T T
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.. m .7
=y, {0052_7;* t—t) cos_zﬁ] 2y,sm-—‘sm——(2:—£]). (5.21)
T T T T

Béang 5.2- Hé s6 dong  khi tai trong tac dung ngin han.

t /7t 00| 001 | 002 ‘ 005 | 0.10 | 0.167 | 02 0.3 04 1030 >0;\

v 0 | 0052 0,126]0,313 0.618 | 1,000 | 1.175 | 1,617 § 1,902 2.00 2.00l

'i - . m
Chuyén vi 16n nhat: y . =2y, sin —L. (5.22)
T
;, 1 t, 1
Khi: hom p =y ki t<—. v, <Y
r 6 Yoax = Vi 6 Voax <.
Heé s¢ dong:
! .
w:zﬂ-=2sm-—'. (5.23)
Vi T

Gia tri y cho & bang 5.2. R& rang la néu thdi gian tic dung ngan, ngay ca

khi chiu tai trong rat 16n cling khong gay nguy hiém cho két cau.

§5.3- PONG LUC HOC KET CAU THEP
KHI CO CAU NANG LAM VIEC

Trong nhitng diéu kién thuc 1€, cic tham s6 dong luc (do cimg, khoi tuong)
clia cdc co cAu va két cau thép 6 anh hudng rdt 16n dén tai trong dong cua co
cau ciing nhu tai trong dong truyén tir co cdu lén ket cdu thép. Cac so do tinh
toin cho & hinh 5.4 cho phép xdc dinh 1ai trong dong trong cac bd phan dan hoi

clia co c&u nang va két cdu thép cén truc.
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So d6 thir nhat (h.5.4,a) dic trung cho cdu truc. Trong so dé nay, m, la
khoi lugng cua xe con va két cdu thép cla ciu qui déi vé chuyén vi thang dimg
clia hang (théng thuong tinh khi xe con ndm ¢ giita khau d6); c,-do cing cia
cdu tai vi trf dat xe con; m, - khéi lugng phdn quay clia co cdu nang qui déi vé
chuyén vi tinh ti€n ctia hang; v-16c do chuyén dong cha khéi lugng mz,; m,-

kh6i luong cha hang; Q- trong lugng hang; ¢ - do cimg cua thiét bi treo hang.

ay P D)

& ¢

Hinh 5.4- 5o dd tinh déng lyc hoo
a- ddi vai cdu tryc;
b- cdn tuc dang cdn

So d6 thit hai (h.5.4,b) 4p dung cho cin truc dang cin, vé nguyén 1y khong
khdc so v6i so do thif nhat; trong 46 my, ¢, tuong dng 1a khéi hugng va do

ciing clia cdn qui déi v¢é chuyén vi tinh tién cla hang.

Nghién ciu dong Iue hoc cidn truc theo so d6 tinh todn néu trén di chimg
t6 rang: tai trong dong 16n nhat phét sinh khong phai & thoi ki qua do khi nang

hang dang treo, ma xuat hién trong khi nhic hang khoi nén.
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5.3.1- KET QUA LY THUYET

Téc dung dong luyc clia hing 1én két cau thép sinh ra khi chuyén dong cua

hang treo trén cdp va ca trong qua trinh cang cdp khi hang chua nhic Khoi nén.

Trong qui trinh nghién cdu dudi day, ching ta s& bd qua khoi lugng cua
cap. didu d6 hoan toan cho phép vdi moi chiéu cao nang dic trung cho can tryc,
vi ciing khong tinh dén su thay doi chiéu dai cdp trong thoi gian phit (rién
chuyén vi dong 16n nhit. Khi khao sat dao déng cua két cau va hang. ching ta
ciing bo qua su dan hoi cla co cdu va anh hudng dao déng tan s6 cao cua luc
cang cap dén ché dé 1am viéc clia dong co. Khi bit dau mé mdy, do phu thuge
vio dudmg dac tinh ma 16¢c do quay cua dong cd bi giam doi chat. Trong khi dé
luc cang trong cap tang dan tir khong dén tri $6 luc cang tinh, twong ing voi luc
cang do trong luong hing sinh ra. Sy giam td¢ d quay cla dong co lam giam
1ai trong dong cua hang lén két cau. Nhu vay ching ta di bo qua anh hudng 16¢
do tang tai dén ché do lam viéc chia dong co. Gia thi€t ndy lam tang do an toin

cho két cau.

Khi nghién ctu chuyén vi dong cua két ciu thép, chiing ta coi két cau fa hé co
mot bac tu do, ¢6 khéi luong quy d6i 1a m,, va do cing quy doi la ¢, . Trong
nhiéu trudng hop, so do tinh don gian nay cho két qua cé do chinh xdc cin thiét,
Piém quv ddi ¢ vi tri dat @i trong do trong lugng hang Q. Khi nang, bién dang cua
nén ciing bé qua va dugc tinh nhu hang dat trén nén cling. Ngoai ra cling bo qua
anh hudng su tit dao dong dén su giam tri s6 chuyén vi dong 16n nhat clia ket ciu,
diéu nay chi dua dén sai 6 khi boi sudt cha palang 16n hon ba.

A- NANG HANG TUNEN

Pe tim chuyén vi dong cta két cdu sau khi nhac hang khoi nén, chiing ta
can x¢t hé o hai giai doan sau:

- Chuyén vi cia két cau trong qua trinh ciang cdp dén khi nhic hang khoi
nén, thai gian phat trién 1ai trong nay 1a T.

- Dao dong clia két cau va hang sau khi hing nhic khoi nén, ¢ giai doan
nay hé c¢é hai khoi lugng va hai bac w do.
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Sor do tinh clia két cu duge cho & dang dam trén hai goi. phit hop véi kel
Cau cila cau truc va cong truc (hinh 5.5).

Chiing ta xét qua trinh déng luc ¢ hai glai doan.

- Khi hang clhuea nhdac khoi nén, 1 <T .

Phuong trinh vi phan chuyén dong cua két cdu:
l/ B

il

I

Ve, o)y =0p szﬁ = (1),

>
Gaktys U (5.24)

iy,

. 1 {.b_ i + C N - - - - . ,_, - - - .
O day k° = ;}ﬂ-----f‘—; ¢, - 40 cimg cua palang cép: v- 16¢ do dau cap quin
At .

léntang. Vikhi =0 y, =0va 3, =0, nghiém cua phuong trinh (5.24) sC I

y:—l—-- JP{r}sink(r—r)dr, {(5.25)

km,, 7
Trong dé 7 - bién tich phén.

Sau khi m
duge P(7)d6i voi quy luat
chuyén dong cla co cau
dang khao sat va tién hanh
tich phan, ching ta s€ xac
dinh duge gid tri y va v Khi

t<T vay,, vy, khit=1.

Hang dugc nhac khoi
nén khi luc cang trong cdp
_ ST can bang vdi trong lugng
Hinh 5.5-50 dd tinh khi ndng hang ‘ ) . -’ i
o-khi < To bekhi t > T hang. tic la khi phan luc
neén bang khong
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0 &}

¥ r
ck,[jvdr - y.‘,.] =(), tic la Ivdt =y, + 4, (5.26)

Trong d6 A, = Q/c, - chuyén vi clia diém treo hang do d6 dan tinh clia cap.

Thoi gian phdt trién tai trong T dugc xéc dinh tit phuong trinh (5.26).
2- Sau khi hang nhdc khoi nén t 2T , phuong trinh vi phén chuyén dong
clia k€t cdu va hang:
m, ¥ ey = F;
mz[}‘2 —a)(t)]+ P=9Q,
3 day lirc cang trong cap:
P=Q+cey,=ccy —¥5): (5.28)
@(f)- gia 16c ddu cdp quan lén tang; y, - chuyén vi ctia hang so vdi mat
phing chuyén dong theo quy luat chuyén dong ciia dau cip quan lén tang.
Thay gia tri P 0 (5.28) vao (5.27) ta nhan dugc:
My Ji—cgyy Heg +60,)y =0+ k)
My, +Cp ¥y —Cp ¥y =m0(l) =€ Yy (5.29)
Nghiém téng quat ctia h¢ phuong trinh (4.29) c6 dang:
y, = Asin p,(t =T)+ Beosp,t —T)+
+Dsinp,(f-T)+ Ecos p, (1 =T)+ :
y, = Ax,sin p,(t —T) + Bx cos p{f - I+
+ Dx,sin p, (1 =T)+ Ex, cos p, (¢ =T)+ y, ’ (5.30)
O day ¥,,7, - cac nghiém riéng phu thudc vao dang cia ham @(8); p,, va

X, - tAn s0 va ty s bién do & dao dong chinh thid nhat va thi hat:

: Ir 9z
pty =~k {Hﬁ—[c'—”ﬂ}i ﬁ%(ciﬂ}l + 4 }; (5.31)
2 m2 m,ﬁ..f CK mM C!\' ngM

120



m, a
X, = = = = (5.32)
Cx 2 ad— P

",

Dé xdc dinh cac hang 6 tich phan A, B, D, E ta ¢6 di¢u kién ban dau: khi

1=T vy, =3y ¥ =y ¥, =01 ¥, =v, (t6c do dau cip quén vao tang).
Nghi¢m t6ng quat (5.30) ciing c6 the trinh bay J dang sau:
v, =y +( sin[pl(:-i"‘)+51]+C2 sin|p, (¢ - Y+
v, =3, +Cysinlp, (1 =Ty + &, ]+ Cysinfp, ¢ ~Ty+£,]. (533)

G day ClszZJrB_E; C,=vD'+E*: C,=xC; C,=x.C;:
B E -
1ge, =1g€,= A_ lge, =1ge,= o (5.34)

Chiing ta xét trudng hop nang hang dot ngot tr nén:

l. t < T . Khi thu hét do ching cdp. co ciu nang dat duge toc do chuyén
dong én dinh, trudng hop nay goi 14 nang hang ¢6 ngoam. Ky hiéu té¢ d6 vong
clia tang 12 v. Thay P(¢) = ¢, vt vao phuong trinh (5.25) ta ¢6:

f

. A% 1.
V= Cx¥ Jrsink(t—r)drz A4 [r——smkr]; (5.35)
km,, o y,+ 4, k

= 2 (1 —coski) (5.36)
v, + 4,

Va luc cang trong cdp:

v,V 1
P=Pt)y-c,v=c,|vt—— t——sinkt ||.
(0 -exd ’{ ¥, +Af( k ]]

Khi #+ =7 diéu kién (5.26) c6 dang:

vIi=y,+4,. (5.37)
Thay ¢ =T vao biéu thitc (5.35) va (5.36) ¢6 tinh dén di¢u kién (5.37) ta

nhan duogc: ¥y = y,[l—};—sink}"}; (5.38)

b
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v, = —L (1—coskT).
yr + A'r

2. +>T. Thay w(z)=0 vao phuong trinh vi phan (3.29) ta tim dugc
nghicm riéng cGa nghiem 16ng qudt (5.30): ¥, =y, 0 ¥, =y, — V. (5.39)
Luc trong cap xdc dinh theo phuong trinh (5.28):

P=0+c,[A(x —Dsinp, ¢t —T)+ B(x,~Deos p, (1 =T+
+ D(xy ~1)sin pa (¢ = Ty+ E(x, ~1)eos po e - T]. (5.40)

Khit=T =y, =y,:3=03n=v.a co:

_vehx o p Gy yion)
pAx —x,) , (X, —x3) ‘
I s -
P ot ¢ T S Y L ) (5.41)
pax —x, {x, —x,)

Thay gid tri A, B, D, E vao nghitm (5.30) va (5.40) c¢6 tinh dén nghi¢in
riéng (5.39). ta s& tim duogc y,, v, vaP.

Néu gia thiét két cau tuyét ddi cing tic la my, =, ¥, =V, = = 0. va theo
phuong trinh (5.31) pl=c, im.p,=x1h A=B=D= E= 0 Ax, =vipy.

Bx, =Dx, =Fx,=0.

, v N .
Do d6 v, = —sin p;¢ va luc trong cap:
12

vp ‘ v e ]
P=0l 1+ 2sinpt |=0| 1+ —==sin [= (5.42)
g \‘Irgj'r \ )"f

Luc 1dn nhat trong cap:

—Q[H ‘p*} O+ —— (5.43)
g Jei,

Hay: P =0+vm.c, .

max

(5.44)
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a LLL b) 4444 Quda trinh nang hang

ce ce bang cach nhic hang dot ngot

F c khoi nén cing khong thudc

'?HC?TD‘ Me :F v vao trudng hop khai thac ticu

(Ljpjli @ ]  chuidn. va chi ding dé xdc
Ao N

.

; S X . - . »

' & p 't dinh tai trong 16n nhat hay 1al
c trong dac biét trong motl so

« trudng hop nao do. Thong
;T thudng khi thu hét do ching
c4p, hing duge nhac khoi nén

+
3

voi tdc do nho hon toc do
Hinh 5.6 - So d& tinh toan déng e nang dinh mic, t6¢ do nay
hoe khi ndng hang it nén phu thudc vio hé thong dicu
khién co ciu nang va trong
nhiéu trudmg hop phy thudc vao ngudi diéu khién.

Chung ta x¢ét qud trinh nang hang wr nén véi gid thiét rang vao thai diém
nhéc hang khoi nén, co cdu nang da gia toc dén 16¢ do v, nao db, sau khi nhac
hang t8c do cha co cau khong thay ddi. Qua trinh ndy gém hai giai doan.

Giai doan trudc khi nhdc hang khoi nén (hinh 5.6,a)

Céc ky hiéu diung trong so do: x,-bi¢n dang dong (do vong) cha két cau
thép tinh tir vi tri can bang: F -luc dan héi & ket cdu thép do chuyén vi cua khoi
lugng m, khoi vi tri can bang gay ra, F =¢,x,; P~ lyc dan héi trong thiél bi
treo hang; /-thai
gian tinh it thdi dieém thu hét d¢ chung cap.

Luc dan héi trong thiét bi treo hang ¢ giai doan nay dugc tao ra do chuyen
vi clia diém kep thiét bi treo hang chuyén dong vdi téc do v, va bién dang cua
két cau thép:

P =clv —x,).

Vi vay chuyén vi ctia khéi lugng m,, duge xac dinh bang phuong trinh:

myX, +{c+ey)x; = vl
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Nghiém cua phuong trinh nay khi diéu ki¢n ban ddu x, =0, x, =0
¢0 dang:

cv, | |
X, =———|t——sin pyt |,
C+C0 pf]

O day p,(1/5)-1an s dao dong riéng cua khoi luong m,, & giai doan thit nhit:

n - .
¥

m[]

Thay két qua nhan duge vao céc biéu thic F va P, ching ta tim dugc quy
luat bién thién cta luc dan héi & giai doan trude khi nhdc hang khoi nén:

CaCV 1 .
F:—‘u—[z——smpor],

c+c p
’ ’ (5.45)
cv .
P=—"0 |+ sinpy|
c+tce, Po

Giai doan thit nhét tiép tuc cho dén khi luc P bang trong lugng hang.
Thay P = vao phuong trinh thit hai cia hé (5.43), chiing ta tim dugc phuong

trinh xac dinh thai gian cua giai doan thit nhat ¢, :

cv c .
Q=2 [cotn + };—sm poto}.

C+Cﬂ o

Do d6 vao thai diém nhéc hang khéi nén, luc trong cac khau dan héi sé bang:

C,cV 1 .
Flg =¢3X), = '_0_'0_("0 ———8In pyl, } (5.46)
C +C0 pU
P:n = Q =Vl — CXyg, (5.47)
% .. cv, 1.
O day: Xy = Ly — —SI0 poly |
cte, Po

Trong d6 x,, 12 bién dang dong cla kél cau thép & thoi diém nhic hang
khot nén.

b- Giai doan sau khi nhic hang khoi nén (hinh 5.6,b)
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Thoi gian bat dau cha giai doan thd hai dugc tinh tir thoi diém hang nhic
khoi nén; x, cling dugc tinh nhu & giai doan thi nhat.
Phuong trinh chuyén dong cta khei luong m,,:
my¥, =P-F. (5.48)
Phuong trinh chuyén dong cia khéi lugng m, :
m,x, =P—Q. (5.49)
Chung ta biéu dién X, ¥, qua ndi lyc trong cdc khau dan héi F va P.

O giai doan th hai, noi lyc trong két cdu thép ciing duge xac dinh bing
bi¢u thic nhur & giai doan déu:
F=cyx,. {5.50)
Noi luc trong thiét bi treo hang khi nay dugc tao ra do chuyén vi cia diém
kep thiét bi treo hang va chuyén vi cha khéi lugng m,, m,:

P=cvt, +cvt —ecx, —cx,. (3.51)
Tu phuong trinh (5,50}, (5.51) tacé:
F F P
X, =—; Xy =Vl +vl————.
€y C C

]

Dao ham hai ldn cdc biéu thic nay theo thdi gian va thay chiing vio
phuong trinh (5.48), (5.49), ching ta tim dugc hé phuong trinh dé xac dinh noi
luc trong cdc khau dan héi:

&F'W-F—P:O.
[
0 (5.52)

MpaTMpipog
c, c

Cdc nghiém riéng ctia h¢ phuong trinh nay 1a gid tri P=Q vda F=0.

D¢ chuyén he phuong trinh khong thuan nhét (5.52) vé hé phuong trinh
thuan nhat, ching ta dua vao cic ham s6 chua biét méi F'va P’ theo
phuong trinh:

F=F+Q} (5.5%)

P=P+Q
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Thay ching vao hé {(5.52) ta nhan dugc:

o fry Fr-p =0,
c

! (3.54)
Mo oM pry o prog,
o c
Céc nghiém riéng cua hé phuong trinh nay s& tim duge ¢ dang sau:
F'= Asin( pt + @),
= Asinlpt+9) (5.55)
P'= Bsin{pt + ¢).

Thay biéu thic (5.55) vao hé phuong trinh (5.54) ta nhan dugc:

—m—“,élp2 sin{ pt + @) + Asin(pt + @) — Bsin(pr + ) =0,

l:‘(}

—&Ap2 sin(,nr+(,.o)--%3—8;;»2 sin{ pt + @)+ Bsin{(pr + @) = 0.

CU
Tir day 16 rang rang céc nghiém (5.55) thod min hé phuong trinh (5.54)
néu cdc hé s6 A, B thoa mén cdc phuong trinh sau:
Ab-ﬁﬂl}—3=m

C(}

—Am”r+3b—fﬁil=a

Co c
Chiing ta dung Ky hiéu:
&. =4, _.C;._ = b, i =k
m, m, [

Thi hé trén ¢6 dang:
Ala— p?)-aB =0,
(a-pr)-ag= (5.56)
_ Akp> + B(b-p*)=0.
Mot nghiém tdm thudng clia hé nay A=B=0 xac dinh diéu kién cin bang
(can bang cla két cdu thép va chuyén dong clia hang cd 16¢ db khong doi),

nhurig khong cho phép xéc dinh diéu kién & ch¢ do chuyén tigp. D¢ cdc nghiém
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cua hé (5.56) khdc khéng thi dinh thic cia h¢ phai bang khong, tc 1
-p' —a
P

< =0,
ko™ b= p?

Khai trién dinh thiic trén dugc phuong trinh tan so:
p*—(a+b+ak)p"‘+ab=0‘ (5.37)
Cdc nghiém cua phuong trinh (5.57) bang;
, a+b+ak$\f(a+b+uk)3~4af;
L A
2

De ching minh {atb+aky —4ab>0, ching ta bién déi bidu thic
trong can:

(a+b+ak)’ - dab = (a+b)? +2{a+byak +a’k® — 4ab -
=(a - b)* +2{a+b)ak +a’k >0,

Vi vay phuong trinh (5.57) ¢6 hai nghiém thuc duong va haj nght¢m thue am:

la+b+ak (a+b+ak) —.
PEyT T b
-_-___-_:__“—'._____——____"

a+b+ak {a+b+aky
PINTT T g abs

Py ==pnp, =70 B <p,.

Ciéc nghién 4m khong ¢6 ¥ nghia vat I§ nén khong dung trong tinh to4n.

Bay gi& chiung ta tim bién do A va B. Tir he phuong trinh thudn nhat
(5.56) ta chi ¢6 thé tim dugc 1 s8 gilta cdc bién do A va B ma khong tim
dwoc gid tri cla chdng:

b‘_ 2
i4—=—~———a - hay —é= ‘? :
B a-p B ip’

Cdc ti 56 nay s& bing nhau khi P=p, va p=p, vica hai phuong trinh
cta hé (5.56) véi nhiing gid tri nay déu trd nén déng nhat. Do d6 s 6 hai 1} 6
gilta cdc bién do A va B:
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A _ a _b-pi 1
B - 2 ! Ty
I 4 SN e (5.58)
4, a b—p; 1

Bz_;“Pi_ kp, !
Tudéritra: Ay, =B, va Ay, =8,
Mac di gid tri cha bién do 1a khong xéc dinh, nhung cac ti s6 cua ching
theo (5.58) chi c6 thé cé hai gia tri phy thudc vao céc tham s6 cha hé dong hoc.
Nhu vay, céc nghiém riéng cta hé phuong trinh (5.54) ¢6 dang:
F'= A4, sin(pit +¢,),
F, = A, sin(p,t +@,).
F'=A4y, sin{p,z + @, );
P =4y, sin(p,t + ¢,).

Nghiém téng quét ciia h¢ phuong trinh (5.54) [ lién hop tuyén tinh cia hai

nghiém néng:
F'= A sin(p,t + @)+ 4, sin(p,t + @,),
P'= Ay, sin(pit+ @)+ Ay, sin(pst + 9,)- (5.59)

Cac nghiém téng quét nay chira bon hing s6 wy ¥ 4,,4,.9,,¢; phu thugc
vao diéu kién ban dau.

Tir hé phuong trinh (5.59) ching ta nhan thay: lyc dong dan héi trong két
cau thép va trong bo phéan treo hang thay déi theo mot quy luat dao dong phiic
tap, bao gém hai dao dong diéu hoa véi tan s6 p, va p;. S& hang thi nhét cua
nhimg lyc nay xdc dinh thanh phan tan s6 thdp, con s6 hang thir hai xdc dinh
thanh phan tdn s& cao cua dao dong phic tap, vi p, < p,.

Cic hing s6 tuy ¥ A4,,4,,9,,¢, dugc xac dinh theo diéu kién ban dau cua
giai doan sau khi nhdc hang khoi nén. Tir cdc phuong trinh (5.46), (5.47) va
(5.53), chiing ta c6 cdc diéu kién ban dau:

C

Plo=0; P,=P, = CVU[I — —— (1408 pyf, )}
otc
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[ C{) .
F., = F:u = CyVuly _Q(l"'?]e
) . CyCV,
F,=F, = (1 —cos Pato)-
[

Dé x4c dinh cac hing sé tuy ¥, ching ta dua phuong trinh (5.59) vé dang:

F'=a, cospt+h sinpt+a,cosp,t+b,sinp,t, (5.60)
P'zay cospt+bysinpt+a,y,cosp,t+b,y,sinp,t, '
0 day:
a, = A sme,a, = A4,sing,; .
1 1 1.4 2 SN, } (5.61)
b, = A cosg b, = A cosg,.
Pao ham hé¢ phuong trinh (5.60) theo thoi gian, ta dugc:
F'=—a,p sinpt+bp, cospt—a,p,sinp,t+b,p,cos p,i, } (5.62)
P'=—a,y,p;sin pit+b7,p,c0s pit - a,7,p, 8in pyt + b,7, p, c0s pt.

Thay gia tri diéu kién ban dau vao hé phuong trinh (5.60) va (5.62), sau dé
gidl cac phuong trinh nay ta c¢o:
aI:J’z}'ru; az____ylFro;
Y.=W V=7
:Fﬂyz :0. b _RO}/I—'P.'O

pl(}/E_ 1) z_pz(yz_yi)l

Tir biéu thitc (5.61) ta nhan dugc:

a 2Py F a, _ .0, F
tg(gl:_]:?/'ilf.o; tg(pzz__g__z ’l 2 '0 .
b, Foyi P, b, For—Fy
e + o)’
A = {al.+blz :\/(72P1 o) +(Foy, = Fo)’ :
p;(}/z_ 1)
zm:\/(mz o) +(F, o;m r)2_
Py, =)
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Nhu vy, noi luc ¢ két cdu thép va pa lang nang sau khi nhac hing khoi nén:
F=0+A4sinpi+e)+dsin{p.r+p)
P =0+ Ay sin{pl+@)+ Ay, sin(p,l+¢;).

Lyc F va P ¢6 thé dat gid tri 16n nhal khi ham sin cla cac tan $6 khac nhau
cung dat cuc dai, tic la
liL_‘m.'m = Q + Al + ‘/13;

Smd.\ SQ—’_:/!I‘:l] +J/1A2‘

L.uc dong 1rong cic bo phan dan hidi clia cdn truc khi nhdc hang tit nén ¢
thé rat 16n. D61 véi mot s6 loai cdn truc, nd ¢6 thé gén bang tri s tai trong tinh
do trong lugng hang gy ra.

B- PHANH KHI HA HANG

Chiing ta xét co ciu dang ha hang, chuyén dong én dinh véi to¢ do v, thuc
hién phanh titc thoi. Céc chuyén vi y,,y, duoc tinh tir vi tri can bang cta ket
¢du va hang. Khi nay phuong trinh vi phan chuyén dong cua két cau va hang:

My Y +Cy N = P_Q_
m,i+P=0 ’

(5.63)
O day luc trong ¢ép nang:

P=cy(y,-y)+Q.
Thay gid tri P viio (5.63) ta cé:

M, P, ey ey —cxy, =01

m, 3, +{¥, — ¥, )y =0.
Nghiém clia hé phuong trinh nay c6 dang:

y, = Asin p,t + Beos p,t + Dsin p,t + Ecos p,i

y, = Ax, sin p ¢ + Bx cos pt + Dx, sin p,t + Ex, cos p.l .
Luc trong cap nang:

P=0+c,[A(x, -1)sin p,t + B(x,~D)cos p,t +

+ D(x, —Dsin p,t + E(x, —1}cos p,! ].
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Khif=0 v =0; y,=0; y,=0: y, =v.dodd:

‘4 - ___‘_J_ - D = — v -— B - E - 0 .
mix ~x;) P Xy — X}

Neu gia thigt két cau tuyét doi cung thi A = D=0; e Ax V) =vpm..
c,D(x, =1) =10, tic 1a luc trong cap:

-
. 1 . ig

P =Q+vpan,sin _)I:Q(1+—-—.—sm1|—:—1

Py, SN, \ sy \U}

c6 gid tri giong nhu cong thic (5.42).

Trong cdc cong thifc trén: ar, va my, - khoi luong clia hing va cia ket ciu
thép qui doi vé diém dat clia hing; Q- trong iugng cua hang ké ci thiét bi mang
hang; n, = Q/g: ¢, =Q/y,-do cimg cha két cau thép; y,- do vong tinh cua
két ciiu do tac dung cla hang, doi véi cdu tryc dugc tinh & gilta Khéu do, doi véi
cong truc - 9 gilta khau do hodc diu congxon, déi v6i can truc quay - & ddu cin
{hoic voi) c6 tinh dén bi€n dang clia toan bo k&t cau thép, nén d& va cap giang;

=/ A, - do cimg cla cdp; 4, =0y 1/ E, - chuyén vi ciia khoi lugng hang

. do dé dan tinh cla cip nang do tai trong Q trén sudt chiéu dat cip nang tinh
den tang; o, - Ung suit kéo trong cip, c6 thé ldy gid tri trung binh

~ 240N /mm’; E,- modun dan héi cua cdp, ¢6 thé lay
E ~1.10° N/mm® d6i v6i cdp nang 161 mém; £, =14 10° N/ mm’ d6i véi
cap nang 161 kim loai; £, =1, 6.10° N/ mm’ d6i v6i cdp giling két cdu kin. Gia
tri £, thay doi trong gi6i han * 0,2.10° N/mm’ ¢6 tinh dén cudi thoi han sU
dung do bi kéo nhiéu lan lam 1ang mé&dun dan hoi cua cdp.

Khi nghién citu déng fuc hoc, modun dan héi cha cdp phai tinh trong diéu
kién thi trong dong. Theo s0 liéu thi nghiém, £, va E, sai khic khong qué 3%.

Khi tinh dé cung cua Kkét cdu c,, ., gid tri thuc va gid ul tinh todn c6 thé
khong trung nhau. Su sai léch nay chd véu 1a do tinh khong chinh xdc su lam
viéc khong gian ciia két cau, do trong k&t cau ¢6 nhitng b phan khong tinh
todn, do do cling cic mét trong két cdu dan v.v.. Thong thudng 46 von 1 tinh
to4n cé thé 16n hon dé vong thuc 1€ dén 20% hoac hon. Trong méi trudn ; hop
cu thé cén phai tinh dén do ldn 15 xo & phdn di chuyén, do lin cha dudng dat
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cén truc, do 1dn cta phao & cin truc ndi. Khi cdn truc ndi 1am viéc trén séng
can phai tinh & trudng hop bét lgi nhat 1a vao thdi diém nhac hang séng bi ha
xuéng phia dudi con can cta cén truc bi nang 1én do lac phao.

bé x4c dinh tac dung dong cla hang 1én ket cdu can phai biét do ciing cia
né, vi vay bai toan nay mang tinh chat kiém tra. Do vong cha két cdu cé thé quy
dinh trudc hoac c6 thé xac dinh theo tri $6 1ng sudt 16n nhat & mat phang ding.
Vi du d6i véi ddm hai g6i ¢6 luc tap trung & gilta khdu do, so do nay dac trung
cho cau truc, cng truc vd mot s6 can truc khac, ta s& tinh dugc do vong theo
cong thic:
PL' ML _ 1 ol

Y1 T 48EJ  GEWh 6E

Néu dinh trudc chi€u cao ddm h hodc ty s6 L/h.

Tur viéc khdo sdt qud trinh nang hang tir nén bang phuong phap giat, cho phép
ta nhan duoc két qua ddi véi cdc quy tuat chuyén dong khdc nhau clia co cau.
Trong moét s6 trudng hop, khi nghién ciu dong luc hoc cha co cdu néang,
két cau thép duge xét 1a hé ¢6 hai bac ti do. Nhiing so d6 nay dimg dé tinh cho
céac loai can truc dang cdn. Vi du nhu d6i v6i can truc thdp, trong qua trinh dao
dong khong dugc b6 qua chuyén vi ngang chia chét dudi cin ndi véi thdp.
Chiing ta khao sat hé cé hai bac ty do.

Chu k¥ dao dong tu do cua két cdu va hang:

T2 = = (5), (5.64)

Trong dé

_ Sym, +8,m, 1 .
2m,m, (6,6, _élzz)’ mm,(5,,8,, "5122)’

O day 6,,,6,,,8,, -chuyén vi theo hudng dao dong ctia cac khoi lugng
m,,m, do tic dung cha lyc don vi gdy ra; chi s6 thi nhit twong ing véi vdi

khéi hugng chuyén vi, chi s6 thit hai 1a khéi lugng dat luc don vi; 7,,7,- chu ky
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dao déng tr do gid tri 16n va nho hon tuong dng.
Ti s6 bién do dao dong cia khéi lugng m, va m,duge xdc dinh bing bi¢u
thic sau:
Khi dao déng vt tan s6 thap
_5,]m,pf -1 8,m p;

X = : 2
G121, D Sy, py —1

Khi dao dong véi tan sé cao

x 2_51|m1p22_l:_ §]2m,p§' )
i 512’"2!’; 522’”3!’5 -1

Pé thuan tién khi khdo sit nhimg dao dong chinh, ching ta sit dung céc
khdi ni¢m vé khai luong qui déi m,,, do cing qui déi c,, va luc qui doi P, .

Néu diém qui d6i 13 noi dat khéi lugng 7, thi chuyén vi chia né duoc tinh

bang don vi. Khéi lugng qui d6i doi véi diém nay trong mdi dao dong chinh:

2
M, =m, +mx }

2
Mgy =M +M,X,

Hé s6 do citng qui doi:

b
Sy = M Py }
2
Crgx = M2 Dy
. 2
Luc qui doi:

Pm‘l :P!+P2x1;
P, =P +Px,.

tef

Trong d6 P, 1a luc tdc dung lén khéi lugng thi nhat m,, chuyén vi cia
khéi lugng ndy bing don vi; P, - luc tic dung lén kh6i lugng m,, chuyén vi
tuong dng ctia khoi lugng nay 12 x. Chuyén vi dong va tinh cia cdc khoi iwgng
trong hé dugce xdc dinh bing 16ng chuyén vi cla ching trong ca hai dao dong
chinh. Trong méi dao dong chinh, tat ca cac két luan vé chuyén vi ctia h¢ c6
mot bac tu do déu diing.

Chuyén vi tinh cha cdc khéi luong thuse hé:
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P, P
a1 . . = _tun 12
Khé llI(_mg . Yo =V T Vi T T
erl Cm'i
P
3] . o= \ . — S . w2
Khai luong ni,: ¥y, =XV, 5V =X + X, —".
Cegt Craz

Chuvén vi déng bing tich s6 gilla chuyén vi tinh va hé s6 dong. Chuyén vi lén
nhat clia khi luong m, vi m, trong moi dao dong chinh ciia h¢ duge tinh bang 1.

Khi dao dong véi tan s6 thip:

P P
ST o LN ST Sy AN
e T W ’ Yo T XV T 5 :
C41 Cot)
P P
Jmax 2, max 11 S td2
Vigz =¥ Yagr = XV = XV, .
Caz Crt2

Trong cic cong thic rén, y, va y,1a cic ¢ s& dong. Khi tai trong tang
tuyén tinh, h¢ s6 dong dugc tinh theo cong thifc:

w=1+av. (5.65)
Khi tai trong tang dot ngdt, hé s6 dong dugc tinh theo cong thitc tdng quil
sau véi chu ki dao dong tuong dng 7, va 7,:

o . m
W = Y _ a0

¥, T

Chuyén vi dong cia cic khoi lugng thudc he:

. P P
Khéi lugng m,: v, =¥, Al g, M
1 Craz
. £ Py
Khéi luong m,: vy, = X, —2-+ X0, ==,
Crar Ca2

Chuyén vi 16ng 16n nhat cha céc kh6i lugng m, va m, xdy ra doi voi ca hai
dao dong chinh khong déng thoi cha ching. D€ xdc dinh thoi diém xuat hién
chuyén vi tdng 16n nhét, chiing ta nén xay dyng dé thi chuyén vi cho ca hai dao
dong chinh ctia h¢. Vi du: khi chiu tic dung dot ngot cua taj trong, chuyén vi

dong cna khoi luong m,
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P 27 Py 27
V== (l-cos = 1)+ -2 (1 cos T 0y
r‘m’] f] ¢ w1 '[2

Chuyén vi dong cta khéi lugng m. ;

P T P, 2T
Vyg =X, —(1 —cos — )+ x,- M (1 - cos = -17.
Cot T Crrz [

Khi chiu tic dung cia tai trong tang tir 1ir, chuyén vi dong cua khéi lugng
m,ova

P T, . xf T
Vg = = sin ~ = cos— (2t - T) | +
P | T 7,
F,, T, . T Frs
+ M2 - ~—SIN =08 z (2r--TY|:
(In.f'_’. ?Tf 1'3 rg
P lr r, . ol b )
Vag =y, M - —hsin T cos (20 - T |+
Cmfl "TT I-] r]
P, r, . ar T
+ X, -—i"—'—{l —-=8In-——cos — (2 -7 |.
i C.’u’} L R-r r} r]

5.3.2-KET QUA THi NGHIEM

Nhiing thi nghiém cho két cdu thép cén truc trong didu kién dong khi co
cau nang lam viéc duge 1ién hinh réng rdi ¢ nhiéu nude trén the gidi.

Vi du dudi day dua ra mot s6 két qua nghién cttu can truc bang phuong
phdp do bién dang bing mdy (tenzomet) trong dicu kién dong, sau dé so sanh
vGi ket qua tinh todn 1y thuyét.

Cav tryc ¢4 sic nang 5T, khau do 25,5m. Dam chinh gom hai dam hop.
chiéu cao ddm h=1m, chju tdc dung cua tdi trong 54860N, do vong clta dim do
duge 1a 1.6cm.

Do cimg cia médi ddm hop:

5
¢, = 24860 =|7140N / cmi
' 2x1,6

Modun dan héi cia cdp (loai 6x37+1161) duong kinh o, =13mm ., dién
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1ich ti&1 dién phian kim loai F = 0,63cm’. Duéi tic dyng cla tai trong
P=54860N, cap c6 chiéu dai 1=302,5cm bi dan mot doan Al =0,65cm.
Vi vay modun dan héi cha cap:
O | 54860 3025

L= L 2T St S 0N em’
AF, Al 4x0,63 0,65

D cing cha pa lang cap c6 boi suit bing hai, chiéu cao nang 6m:

c, = M—S‘K’S—— = 21300N /em
K 2 600x0,65

Trong lugng hang dung d€ thi nghi¢m 11 46500N, khai lugng hang dat 1én
mot dam:
46500

m e
" 2x981

=23,7kg.s* fem

Trong lugng két cdu trén mot don vi chiéu dai la 3000N/m. Trong lugng
mot nira xe con khong tai: 15000N. Khéi luong cia két cdu va xe con J gilta
cdu qui déi vé gilra khdu do:

. 0,5x3000x92851,5 +15000 _ 543N.s° /om

My

0 day he s6 qui d6i 1a 0.5. Do vong {inh cla cau:

_ 46500 ~136cm
2x17140

Vi

Do dan dai tinh clia pa lang cdp ¢6 chiéu cao nang 6m:

5, =399 _109em
2x21300

Tan s6 dao dong tinh theo biéu thic 5.31:
pl = 202.1/5% . p, =14,25.1/s: p; =1420.1/s":p, =37.7.1/5
Ti s6 bién do dao dong tinh theo bicu thic 5.32:

x, =129, x, = -~1,73
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Chu k¥ dao dong tinh theo biéu thic 5.12:

Trén hinh A 13 dé thi dao dong két cau thép khi nang hang tir mat dat. Nho
d6 chiing cap nén khi cép bét dau cing, dong co di dat 16¢ d6 én dinh. Tir dé
thi ghi dao dong (a thiy: trong qud trinh nhdc hang khoi nén (dudng cong 1),
toc do quay cltia dong co cb thé coi gan ding 1a khong d6i (dudng cong 4), bang
600v/p. Doi vdi can truc dang khao sdt, ing véi s6 vong quay nay <6 toc do
nang hang bang 15,1cm/s.

T MWWWWWWWAWWY

2

3 /\M
A e ————

A- Bidu d8 ghi dao déng nang hang tU mat dét
1-Qué trinh nhdc hang i nén
2-Lyc ca@ng trong cap:
3-Ung sudt & bién dém;
4-18c dd quay cua ddng co;
5-thai gian 50Hz
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Chuyén vi va t6¢ dé chuyén vi clia két cdu thép tai thoi diém nhdc hang khot
nén theo thi nghiém bing:

vy =1.65em: v, =905cm/s,

Chuyén vi clia két cau (5.33), (5.39) va luc cang trong cap (5.28), (5.33) va

(5.39) duoc xic dinh tir biéu thic:
vy =y, +C sinp, (¢t ~Ty+ &1 Cysin[p, T + &, ]
P=0+c, (x,—-1)C Sil‘l[p] -7+ -5"|]+ ¢ (x, =NC, sin[pz(: ~T)+ z:.__,]

Thay gid tri bang s6 vao phuong trinh (5.41) vk (5.34) ta nhan dugc:

A=0,715 B=0262: D=-0,0301; E=0.0278;
C =055 ¢, =0,041; Cplx, ~DC, = 4660 Cylx, -1C. = -2384.
ge, = 0366 tge, =-092; & =20"; &, =138"

Tir d6:

¥, =136+ 0.755sin[14.25( - T) + 20°| + 0.0415in[37,74r - 7) + 13¢"]
P = 23250 + 465sin[14.25( — T') + 20°] - 238sin[37,7¢ - ) + 138}

Trén hinh B 12 chuyén vi cia két cau va lyc cang cla cap tinh theo phuong trinh
tren duoc bidu thi bing dudng cong II, két qua thuc nghiém duge bi€u thi bang
duong cong 1. Trén d6 thi ta thdy chuyén vi tinh todn clia két cdu tring véi k&t qua
thi nghiem. Do bi¢u dé dao dong nho (0,041) nén tan s6 thit hai rat khd nhan thay.

Hé s6 dong tinh theo chuyén vi cha dam:

: 21
y = Ya _ _2 =1,56
J',_r 1936

Tir két qua nhéin duge (hinh B) ta nhan thay:

I- Luc cang tinh todn trong cdp hoan toan phi hop véi qui luat chung cua
qud trinh thay déi luc cang thyc t€ trong cap.

2- Dao dong cua tin s6 thi hai dnh hudng rat 16n dén luc cang trong cap,
nhung dao dong nay giam rdt nhanh do anh hudng luc can trong hé¢ palang va
trong ban than cdp, sau d6 can truc vd hang ti€p tuc dao dong vGi 1 tan 8O
chung gidng nhu hé c¢é mot bac wr do.
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3-He s6 dong cua luc cang trong cdp xédc dinh bang thi nghiém 7 =1.2 nho

hon hé¢ $6 dong tinh todn = 1.29 1a do anh hudng ctia cdc luc can néu trén,

Neéu thoi gian nhdc hang T xdc dinh theo tinh todn Iy thuyét tir diéu kién
(5.37) va (5.38), thi ta s&€ c6 phuong trinh sau;

vy, .
vIi=yp +4, - ;ﬁ-ﬁ sin kt

A,

Hay: 1507 = 2,45 — 121590 G o6 or
26.9x1.09

O day: ko=

=269

ley, +ee  [171004 21300
V omy 33.2

Nghiém cla phuong trinh trén duce xéc dinh theo phuong phédp ding dan hay
béing do thi, ta tim duoc T = 0.2s. di€u dé hoan toan phu hop véi két qua thi nghiém.

| @=23250N

B- £& thi so sanh két qud nghién cou iy thuydt va thye nghigém
1-Quidt trinh nivdic héng tanén
2-lJC odng trong cdp:
3-Ung sudt & bién dam;
Atdc dd quay cua dong co;
5-théi gian 50Hz
Budng cong - két qua do thuc nghiém;
II- k&t gudt nghién cuu Iy thuyst.
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5.3.3- PHUONG PHAP PON GIAN TINH PONG LUC HOC

Két qua nghién citu thuc nghiém bing may do bién dang trén ket cau thyc
cua nhiéu loai cin truc cho phép ding céc gia thiét don gian sau: khi hang con
nim trén nén, luc cang cép tang tuyén tinh, tic 12 tai trong diatr vao ket cau ting
theo quy luat tuyén tinh. Sau khi nhac hang khoi nén va ca sau khi phanh hang
dang treo trén cdp, do dao dong tdn sd thi hai cha két cau khong rd rét, con dao
dong clia cap tuy 10n nhung tit rat nhanh, khi dé hang va két ciu dao dong véi
cling mdt tan so.

A. NANG HANG TUNEN
Dua trén co 5O da trinh bay d trén, ta ¢6 thé sir dung gia thiét don gian la
coi cap rit cing. Khi do cing ¢, 16n thi gid tri k cling 16n, vi vay thay cho

a t
phuong trinh (5.35), gid tri y duoc xéc dinh theo biéu thic: y » —2=

v, +4,

con tir diéu kién (5.38) ta nhan dugc y, = y,. Tu bicu thicc (5.41) khi x, =1 va
x, =0 tatim dugc:

A=Y oy [Py B-D-E=0.
o ¥ ¢

M

Do d6:

. m + M . C
v o=y +A +Asinpt=y + A, +v [—L—2sin [—H—
Car My, +n,

Gia tri chuyén vi 16n nhdt:

u JF'MM+P‘H2
y=y +A4 +v | ——.

Tyt

) v
Hé s0 dong: = =1+
' NE: Y y, + 4, ¥, +4

(5.66)

Tic la: w=I1+av, (5.67)

0 day: a= ! My 7 (5.68)
v+ 4, Cy
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Trong céc cong thic trén, téc do nhdc hang khdi nén v tinh bang cm/s, vi
A va y, tinh bang cm, g =981lem/s’.
Néu hé s dong tinh theo cong thic (5.15) v6i gia thi€t:

y +A
reog (Mt o YT (5.69)
Cy v/2

thi ching ta tim dugc:

T v m,, +m
w=l+—=1+ Mot
ﬂ'-r ¥ +A’: CM

ciing giéng gia tri tinh theo (5.66).

Tuy nhién thuc t& thoi gian T thuong nho hon so vdi gid tri xdc dinh theo
cong thie (5.69). Vivay gia tri y duge xéc dinh chinh xdc hon theo cong thuc:

w=1+&av. (5.70)

Gid tri & ¢6 thé 16n hon hay nhd hon mot, tinh voi & =2 khi nhic hang
khoi nén v6i téc do dinh muc. DSt véi méi nhom cén truc riéng can phai quy
dinh gia tri £ trén cg sd nghién ciu b6 xung phu thudc vao phuong phip mo
mady clia dong co (khong diéu chinh, di¢u chinb hay tu dong). Néu khong ¢6 s6
lieu cu thé cé thé 1y £=1,5 doi véi can truc cong dung chung.

Tix cong thitc (5.66) ta nhan thdy ring td¢ do nang c¢d anh hudng guyét
dinh dén gi4 tri hé s6 dong. Dé tinh theo d¢ bén, t6c do nhac hang khoi nén v
duoc 14y bang tdc do nang dinh mic v,. Khi tinh 4 bén mdi, doi véi can truc
thuoc nhém ché do 1am viec trung binh 14y v bang (0,35+0.5)v,, . con cén truc
c6 ché do lam viéc ning va rat nang- (0,5 +0,8)v, . Khi sifc nang cua cén truc

cang I6n thi t6c d6 nang va tuong

1‘4; 8 £=0.6 ting 13 t6c do quay va momen du cua
:.g /} dong co (phanh) cang nho, do d6 luc
1 p. 2l AT é‘%m quéan tinh khi khdi dong (hoac ham)
n.M{ v 0
05 1o e cling nho.

Hinh 5.7- D& thi hé 56 dong " TGC\ do r‘lhac .h\ang lfhm lncn phy
- cﬁu thC,Céng*rUCJ lhuﬁc vao l‘ﬁl nhléu yéu t(A), rlhlII]g

b- cdén trye dang cén

cht yéu phu thudc vao phuong phap
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khéi dong co cu nang (c6 hodc khong di¢u chinh, tu dong), tan suit nang hang
va dac tinh co hoc cia dong ¢d. Dé wanh hién wong nang hang ¢6 "ngoam”. &
nhitng can truc hign dai bo han ché sitc nang duge thiél ké khong chi gidi han

trong luong hiang ma con gidi han ca toc do cang cap.

Hien nay ¢6 mot 56 nudc dé nghi xdc dinh he s6 dong theo dang cong thtc
(5.67). Theo gquy pham thiét k& thi¢t bi nang cua hiép hoi thiél by nang-chuyén
chau Au F.E.M. heé s6 dong duge xac dinh theo cong thuc:

wo=1+Ev . (5.71)

G day v, (m/s) 16¢ do nang hing; &,- hé s6 xéc dinh bang thuc nghiem

theo két qua do nhiéu lan & cin truc cho & hinh (5.7). Khi v, >1m/s, gia ui
ldy nhu nhau bang 1,3 hay 1,63
S, gid tri y nho nhat bang 1,15.

Dé tinh 104n so bo, gid iy
hé s dong cua két cau lay bang
hé s6 dong cua cap khi k&t cau
tuyet d6i cong. Khi d6 phu hop
véi cong thic (5.43) ta co:

v
Jeh

Gia tri y dat tri sO Ion

w=1+ (3.72)

nhat khi xe con dat ¢ vi tri ma

L bicn dang ctia két cdu y, ¢6 the

Sk Hinh 5.8-Chuyén vi du cén bd gua nhu & gan ddm dau cua

cdu truc, & chan dg cong truc.

Khi nay co cdu nang va khung

xc con & chiv tai trong ion nhat. Trudng hop nay dung dé tinh cho mot s0 bo
phan két cau nhu dam dau cdu truc, chan d& cau chuyén tai v.v..

Nhimg cén tryc kidu cén, néu 1dc dung mot lwc thing ding P,
chuyén vi dimg &, cOn gy ra chuyén vi ngang &, thi dau cin s& chiu luc
quin tinh ngang P, =m,, J, Th.5.8). Néu tinh dén anh hudug clia lyc ngang P,

thi kh6i lugng & dusi can m, s€ bi chuyén vi, vi du do do vong cha thap, hé

. ngoa
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théng dan hoi nay ¢é hat bac w do. Chiing ta khao sdt phuong phap giai gin
ddng bang cdch bd qua chuyén vi cua khéi lugng m, & dudi can, nhu vay he
dan hoi chi ¢6 mot bac ty do. Khi ndy chuyén vi cua khdi lugng m,, & ddu cin
dugc tinh bang géc xoay clia nd.

Gia t6¢ 0 mat phang thang ding:

»
. _ de
,,t dg *
nty, + i,

Vi chuyén vi §,, va &, xdy ra dong thdi nén gia t6c  mat phang ngang:

: (SJP
}u = jr?’ ~ +
i Odg
P, o) %) i}
Tdc la: P o= T - 4% — (5.73)
1+ H’IZ 50’3 1+ mz bdg
m,, My

Gia thiét khéi hugng cua hang treo mém khong pay anh hudng dén gid i P, .
tirc 1a chu k¥ dao ddng ngang cia hang khi chiéu dai treo hang nho nhat h (m)
16n hon nhiéu chu k¥ dao dong tu do cla két cAu & mit phing ding ciing nhu
mat phang ngang.

r, = 2;;\[5 ~2Jh (5.74)

g
Trong thuc € da s6 cdc truong hop 7, > 37, nén cho phép bo qua anh
huong cda tan sd thir hai va P duge tinh theo cong thitc (5.73). Néu 7, < 3r
gia tr1 £, 1on hon gid tri tinh theo cong thic (5.73) va dat cuc dai khi:

o -U/Q*

Po=(my, +m,)j, = dg;?—
-fg

Nén chi ¥ rang khi cén bi nén bdi luc doc S. chu ky dao dong wr do theo
phuong ngang s& tangva dugc tinh bang biéu thic:

TR, (5.75)
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O day 7 - chu k¥ dao dong tu do u6n ngang khong tinh dén anh huéng cua

-

T EJ

2

luc doc; §, =

- luc t6i han khi nén doc.

B. PHANH KHI HA HANG.

Pé don gian nghién ciu ching ta tinh phanh ti¥c thoi, do dé toan bo dong
ning clia hang E, chuyén thanh the nang cla cdp 7, va cha két cdu T7,, khi d6
két cdu s€ chiu tai trong 16n nhat.

2 2
Vi £, =2, gt Fa_©Q yoq6 7-fete L
2g 2 A A 2 20
P P p?
Tzzfﬂé,izg nén T, = 0 S d _fa
2 fd y.r 2 2Q
Tir 46 it ra:
QvE PE Q‘v

=2 (4 +y) va P =

2g 20 Jeh, +y)

Luc 16n nhat sé béng:

Pllla.‘( =

| A (5.76)
Vg4, +y,)
v

Wmax = 1 t+
Jgd, +y)

Tic 1a: =l+av, (5.77)

1

Trong d6: a = -—m——— (5.78)
ved +y,)

Heé s6 a xdc dinh theo cong thitc (5.78).luén nhd hon tinh theo (5.68), néu
A, chi Ia do dan dan héi clia cdp nang (4 cén truc ki€u cdu, cdp nang di i tang
dén hang theo phuong thing dimg). Diéu dé dugc giai thich bang thuyét ning
twong. Khi phanh titc thoi hang dang ha, dong nang ca hang chuyén thanh the
nang bién dang dan héi clia két cau va cap. Con khi nhic hang khoi nén. the
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nang cta ket cau va cap chuyén thanh dong nang clia khéi lugng két cau. Vi
vao thoi di€m nhac hang khéi nén, do lyc cang cap ma ket c4u bj bien dang va
khéi lugng cha né ¢6 téc do. Vi vty khi xét bai todn theo phuong phap don gian
(phanh tirc thoi, bd qua su tit dao dong v.v.), néu t6c do néng va ha nhu nhau,
hé s6 dong khi nhdc hang khéi nén 16n hon phanh khi ha hang.

Néu phanh khi nang hang dang & vi tri gan véi mat dat, thi vao thoi diém

bat ddu phanh két cau va cdp van con duy tri dao dong 16n do nhic hang khoi
nén, khi ndy he s6 dong cia két cu cé thé khi cao.

Hinh 5.9-D3 thi tng sudt trong két cau
khi nang (1) va ha hang (2) trong
tuGng hop o va ogtrai ddu

)

C. DO TAI TUC THOI

Nhifng cin truc 1am viéc & ché do va dap thi s d& tai tizc thoi dugc tinh
dén trong diéu kién sir dung cta cdn truc. Su do taj dot ngdt ¢6 thé xay ra & cdn
truc dung gau ngoam, nam cham dién hoac & cde cdn truc khéc khi hang bi rai

do thi¢t bi kep khong chac chin. Sy d& tai dot ngdt gy ra dao déng cha két ciu,
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do d6 sinh ra luc quan tinh anh hudng dén do bén finh v d6 bén moi cua nd.
D& tai hang roi bing gdu ngoam dién ra khong dét ngdt nén khong gy ra dao
dong 16n ctia két cau.

Doi véi cdu truc, vi trf tinh todn khi d& tai dot ngdt 14 xe con & gilta khau
do6. Néu trong lugng xe con nho hon so v6i hang thi xe con ¢6 thé bi bat lén
khoi ray, vi khi nay gia t6c hudng len trén ¢6 thé 1én hon gia t8c trong trudng.
Khi d& tai dot ngot, dim cdu bi vong lén phia trén so v6i trang thai can bang
khong ti mot tri sC y, bang do vong finh cha cdu do trong lugng hang gy ra.
Khi nay do vong nho nhat cia cau:

Foin = Y, yQ ’
( day y, - do vdng tinh clia cau khi khéng hang.

Nhitng can truc kidu c4n khi d& tdi ot ngot sinh ra dao dong ngang, khi do

lyc nén doc gy ra Gng suat phu kha i6n so v&i tny suat udn.

Dé tinh gin ding ¢6 thé coi rang: khi d& tai dot ngot két cau chiu lyc
hudng 1én trén bang 25% trong lugng cla hang,

Néu do tic dung cua trong lugng hang Q k&t cdu bi bién dang ca & mat
phang dimg va mat phing ngang, thi khi dii tat tie thoi, két cau ciing bi dao
dong & ca hai mat phang &y (hinh 5.8).

Vi du 6 tiét dién chan thdp cia cin truc thap khi d@ tai dot ngot, ngudh ta
43 do dugc tng sudt 16n gap 1,5 lan so vGi Ung sudt khi dat tai trong finh Q.
Ciing cin nhd rang trong trudng hop nay ing sudt trong thap sinh ra do déi
trong va hang trai dau nhau. Trong nhitmg trudmg hop tuong e cén phai kiém
tra dng sudl trong két cau (1.5.9) khong chi khi cin truc nang hing cé tinh dén
he s6 dorg (o, ), mé ca khi cin truc khong tai Jic ha hang xudng nén ¢o iinh
dén dao dong phat sinh trong két cau (o, ). Nhiing dac dong niy tinh bang mot
nita bién do dao dong o, (i - 1) khi ning hang.
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§5.4- PONG LUC HOC KET CAU THEP KHI CG CAU
DI CHUYEN LAM VIEC

5.4.1- KET QUA LY THUYET

Khi can tryc di chuyén, tdc dung dong luc lén két cau thép sinh ra khong
chi trong th¥i ky khéi dong va him ma ca khi chuyén dong én dinh do cdn truc
di chuyén trén dudng khong bing phing nhu di qua ché néi ray v.v..

Chuing ta khdo sit dong luc hoc clia két cau trong thai ky khoi dong va
ham can truc phu thude vao quy luat tac dong dong luc dén h¢ truyén dong cia
dong co hoac phanh. Néu tinh todn dua trén co s& dinh truéc quy luat chuyén
dong cua cdn truc, nghia 13 bé qua anh huéng cia su lc hang thi nghiém bai
toan s€ thi€u chinh xdc, vi su lic hang c6 thé gay ra su chuyén dong khong déu
cua can tryc.,

Trong qua trinh nghién citu dusi day ching ta bd qua sit dan hoi cua cdp
va sy tit ddn dao dong cua két c4u.

Trong thoi ky gia téc (hay phanh), luc dit vao banh xe dén dong:
Pe=F+PQ), (5.79)

O day P - luc ticu hao d€ khéc phuc luc can tinh di chuyén, lyc can nay cé
th¢ coi 1a khong déi. P(r)- luc cin thit dé tao nén gia t6c cho can truc.
P(z) phu thudc vao quy luat thay ddi momen khdi dong (ph:inh) va su dan héi
cta co cdu truyén dng tir dong co dén banh xe di chuyén. i) d6 cing cla co
cau cao hon do citng clia két cau thép va palang nang, nén s hiét co cau cung
tuyét d6i s€ khong anh hudng nhiéu dén két qua nghién ciu,

Tan s6 dao dong tr do thdp nhit trong he truyén dong ciing 16n hén nhidu
so vGi tan 6 dao dong cia két can thép. Trong trudng hop dac biet, vi du truc
truyén dong dai c6 dang hinh 6ng clia co cau di chuyén cau truc thi cin phat
tinh dén sy dan héi clia co cau. Tuy vay viée tinh todn nay ciing tang ki6ng
dang ké tri s6 chuyén vi dong coa két cau,

Khi khao sit chuyén vi dong cia két cdu 6 co cdu dat trén do, kot cau de -
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tinh 13 hé c6 mot bac tu do véi khoi luong qui déi 12 m,, va do cimg quy ddi & mat
phiang ngang la ¢, . Diém qui doi la vi tf dit 141 trong do trong lugng hang

O = m, g . K¥ hi¢u khéi lugng clia toan b6 két céu va co cau dét trén n6 1a M thi:

M=m, +m;.

G day m,, - khéi lugng tuong duong vé mat dong hoc voi M tap trung tal
diém dat trong lugng hang lén ket cau; m, - khoi luong clia két cdu khong tham
gia vao qué trinh dao dong cha kétcau so voi phin di chuyén cta can truc. Khai
lugng nay duoc tinh nhy tap trung tai phan di chuyén.

Dao dong clia két cdu duge khao sat & mat phang ngang va cho rang nhing
dao dong nay doc 1ap v6i dao dong & mat phang ditng. Hang ¢6 thé treo vao kél
cdu bang cap hoac treo cing.

A- HANG TREO TREN CAP

Chiing ta xét trudmg hop téng quat. Géc toa do O (hinh5.10) nam ¢ mat
phang di qua trong tam cla khoi lugng m,, va m, kbi hang Q treo thing
dimg, d6i vl trudng hop gia t6c 1a thoi diém bét dau chuyén dong, con khi
phanh 12 lic bat dau phanh.

Hinh 5.10- So dé tinh déng lyc hoc k&t cdu thep
khi Khési dong (o) vé phanh () co cdu df chuyén

148



Phuong trinh vi phan chuyén dong d6i véi trudng hop khdi dong:

MmeXe +C4x,, = Pt);
my (X, _‘EM)_CM‘XM =-—m,glga;

m, (i, - %, —%,)=m,giga.
Déi véi truong hop phanh:

M Xy —Cy X, =—P(t);
My (X + Xy )+, X, = mglga;

m (g +X, +¥,)=-m,gga.

Loai bo ¥, ra khoi 2 he phuong trinh trén, ta fim duoc cdc phuong trinh
giéng nhau trong cd hai trudng hop:

. m
m X, +c, [I + mM JxM -m,glga = P(r)%:i;
K K

o Cyy _ P(2)
X, +X, +tgiga+ m—xM =
K &

Vi h¢ ba khéi lugng nay khong c6 diém kep 6 dinh, nén trong ba bac tu
do c6 hai dang dao dong chinh xdc dinh bang ti s6 cdc bien do dao dong x, va
X, V6i cdc tin s6 dao dong p/, p;. Ngodi ra, ci ba kh6i lugng thuc hién
chuyén vi tinh tién nhu nhau, tic 12 p; =0. Néu gia thiét dao dong véi géc o
nho thi tga ~ ih*é ,ta co:

. M m
My Xpy TCp — Xy, "ma%x;‘ = P(t)—L,
X my
e 5 Pl
¥, + X, +&"—xM +8yx, = © : (5.80)
m, h .

Tit nghiém cia h¢ phuong trinh thudn nhat tuong ing véi phuong trinh
(3.80), ta nhan duoc:
- M 3
Cu o My Py
X, , = K , (5.81)

m, &
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pl gan voi gid tri g/h, con ps gin bang ¢,

piz - m
Hay: %2 =g £ (5.82)
JE-I. —~ P2
Prs ]l}w_ M +[l+ﬂ‘]g$
2 iy m, h
- N2
. [ﬂ&{lm_a}g_} e, BM M (5.83)
\ Hly My my, A Thomymy

Tan 6 dao dong cia két cdu va hang treo trén cip rit khac nhau, khi do

. Vi vay khi tinh cdc hé s6
mM H‘!K :

x, v x, d¢ tranh cdc sal 56 clia gié tri 16n, gid tri x, dugc tinh theo cong thirc

(5.81), con x, tinh theo cong thitc (5.82). Do sy khic nhau co ban cia hai tan

s3, cho phép chiing ta xéac dinh pl tir viée khao sdt dao dong clia hang khi két

cdu cing tuyét déi, con xdc dinh p; tr viéc tinh dao dong clia két ciu khong

tinh dén anh hudng cla hang treo mém trén cap.

Phuong trinh vi phan chuyén dong khi két cau cing tuyét doi:

Mjc'+mhg§hi= P(t)
(5.84)
. X
m(x—-Xx,)= mhg—"
h
Loai trir X, ta nhan dugc:

M+m, x, P

X, + =,
T B T M
N 2 M+m, g
Tirdé ritra: p; = p, = Y i;; (5.85)
M A
T, = 2% — (5.86)
M+m, g
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Phuong trinh vi phan chuyén dong cta két cau khéng tinh dén anh hudng
cua hang:

m.x,.+c,x, =Pt
AV ()} (5.87)
Mmy(Xy =X, ) =¢yx,
Loai bo X%, , ta tim dugc:
M P
%, +-M Xy _ PO
"anK mK
Tir dé: piapt = M (5.88)
Py e
mym, my o
r, =271 P e Sy (4.89)
cyM Mg

O day 6 = G, /¢, -d0 vdng & mat phang ngang do luc G,, =m,, g.

Tir biéu thiic (5.85) va (5.88), ré rang 1 khéi lugng cia cdn truc cang 16n
s0 voi khdi lugng hang thi t4n s6 dao dong cGa hang cang gin véi tén s6 dao
dong cua con lac. Néu khai luong phin khong dan héi cha can truc m, cang
16n so vdi khoi lugng phin dan héi m,, , thi tdn s6 dao dong cha két cau chuyén
dong (cha hé ty do) cang gan véi tdn s6 dao dong cha két cau cd dinh.

Nghiém t6ng qut ctia hé phuong trinh (5.80):

Xy =X, + Asinp,t+ Bcos p,t + Dsin p,t + E cos p,! } 5.90)

X, =X, + Ax, sin p,t + Bx, cos p,f + Dx, sin p,t + Ex, cos p,¢

O day cdc nghiém riéng ¥,, va x, phu thudc¢ vio dang ham P(¢), con cac
hang sé tuy ¥ A, B, C, D phu thugc vio diéu kién ban ddu khi 7 = 0.

Khdo sdt su khoi dong hodc phanh dot ngét (xem hinh 5.3)

Khi 7 <7, lyc tiéu hao dé tao nén gia t6c cén truc 12 gid tri khong déi.
Trong trudng hop nay P(¢) = F,, nghiém riéng clia hé phuong trinh (5.80) tim
dugc tir diéu kién:
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M g My .

c‘:M—-JcM—mk——x,.,=P0 :
m my
c g_ F
M = _ 1o
M, X, =,
mK mK

e m e hmime sy B Rl
ooy Maim, ! " M+m, g g

4

G day 5, = Jomy * ) do vong cha két cdu & mat phing ngang do tac
Cu

- T F ~ . P - ~ E)
dung tinh cla lyc quan tinh j(m, +m,, Y j= o °  -giatdctaoraluc £ 0
+m,

khéi luong chuyén dong clia két cau va hang.

Khi =0 x, =X, =x, =X, =0, tir nghi¢m (5.90) ta tim dugc:

h . ho.
SyXy = J SyX,— J

A=D=0, B=— —8_=—qa; F-— & __p. (5.91)
X, =X, X, —X,

Vi vay phuong trinh chuyén dong (5.90) & thdi ky nay € la:
X, =08, —acospi—-bcosp,t

: (5.92)
x, = j——ax, cos pit —bx, cos p,!

Dé nhan duoc gid tri cyc dai x,, V2 x,, thoi gian tac dung cua luc F,

khéng dugc nho hon nira chu ky dao dong tdn so thap, tic la:

A Ly (5.93)
2 M+m, g

Khi nay cos pt = cos—zzt = -1 vacé thé ldy cos p,t =-1.

rl
Khi thoa man didu kién (5.93) thi tir biéu thiic (5.91), (5.92) 0 rang a:
h
xM max = 26‘“; xhrnax = 2.} -g'— » (594}

Con: =0.

xM min Xy min
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bieu dé ¢6 nghia la dao dong chi & mot phia tinh tir vi tri can béng ban
dau, va thyc hién xung quanh vi tri trung binh [a vi tri dic trung cho do nghiéng

b - - » ' & - . h
cua k€t cau &,, va do nghiéng cla hang j—.
g

Luc 16n nhat dat vao ket cau tai diém qui déi:
Rmax = CMxM max = z(mM + ‘m.i:).)]r * (59‘3)

V1 khi théa man dicu kién (5.93), luc R, .. khong phu thude vao chiéu dai

treo hang h va d¢ cimg ciia két cau. Thay ;= vao (5.95) ta cé:

+m,

My +m,
Rmax = 2}-’0

*

M+m,

trdé ta thdy R, c6 thé I6n hon F,, va trong mot s& truimg hop nao d6 ciing
c6 thé 16n hon ca P, . Vi do nghiéng 16n nhit cia hang:
h .k P

X =2j—=2—.
# max jg g M+mﬁ

thi v6i luc F, dinh trude, do nghiéng cla hang cang 16n khi khéi luong ciia n6

cang nho. Vi vay dé tranh cho hang nhe bi lac qua manh, nén diing phanh ¢é
momen di€u chinh trong qua trinh lam viec.

Khi thay ddi chiéu dai treo hang h, géc nghieéng 16n nhat cla cdp khong thay

déi, vi chi phu thudc vao tri s6 clia gia toc j.

anlax = x"fl'llﬂ-‘f = 2i (596)
h g

Néu lay o <0,1 la gid tri thudng c6 & nhiéu loai can truc, thi gia téc cén
phai j = g% <0,5m/s”, téc 1a nho hon tri s6 gia t6c cho phép d6i véi co the
con ngudi khi dao dong keét cau thép.

Tir phuong trinh chuyén dong phdn di chuyén cén truc (h.5.10)

Mg =P —cyx,), (5.97)

0 day dau + tng véi tzudmg hop gia t6c con ddu - khi phanh.
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-Thay gid tri x,, 1ir (5.92) vao (5.97) ta tim duoc:

X, = i[,i + 5 (acos pyt + bcos pzi‘)} . {5.98)

m,

Tir phuong trinh (5.97) 1& rang 1a khi ¢ = 0 hang vin treo thing dimng, bién

dang dan hoi cia ket cau do lyc P, van chua ¢6, gia t6c phan di chuyén duoc

xdc dinh chi do khéi lugng phin khong dan héi clia két cau m, . Khi hang & vi
tri can bing (twong img véi géc nghiéng trung binh) ¢ = r, /4 thi ¥, =+j.

Toc do phan di chuyén can truc duge xdc dinh tir phuong trinh (5.98):

, ; ‘ b .
X, =% jf+('i —9~5mp1t+—smp2r + 4, (5.99)
m:\' p] p}
M O day d6i véi trudng hop gia toc
- M _
o 4=0 (khi 1=0 % =0) con khi
’ P == o] . .
09 f=t—] R ] phanh A =v (khit=0 x, =v).
L~ ]
08 |t bl L.
0.7 A Tir phurong trinh (5.99) ta thay ring
04 [ ) // su chuyén dong khong déu cha phan di
g'j /' chuyén cdn truc cang Ién thi tdn s& dao
03 K4 dong tir do clra hé cing nho. Didu dé c6
0.2 7 nghia 12 & cdc diéu kién giéng nhau, sy
0[; i chuyén dong khéng déu cang tang néu

01 02 03 04 0S8 d cing ket cau & mat phang ngang cang

Hinh £.11- £8 thi hé s8 anh hudng

thi he nho. Sy chuyén dong khong déu lam
cua hdng B

tang sy di chuyén léch cdn truc, tang mai
mon bérh xe truyén dong va ray.

Tich phan bicu thic (5.99) ta tim duoc quang dudng di chuyén cin fruc
trong thoi ky qud do: .

.12
X, =% L—&‘—(icosp,r+%cospzr) + At + A4,
2 mg op

L}

Khi 1=0 x, -0 v Agzici(%Jr_’f’T],
meip P
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O day dau trir d&i v6i trudng hop phanh.
Néu lay gin ding v =~ jt ta tim duoc:

X, = i C*—“{—‘Ea ~ 08 1)+ (1 — cos pzr)}
2 me|p P

Néu luc 2, khi gia toc va khi phanh nhu nhau, vi du gid tri £ ¢ cong thic
(5.79) gén bang gia ti khi bi quay truot, thi quing dudng gia t6c 16n hon quing
dudmg phanh. Diéu dé ching 16 rang khi gia t6c can phai tieu t6n nang lugng de
truyén cho cdn truc mot dong nang thich hgp ciing nhu dé thuc hién qud trinh
dao dong cua hang va két cau. Nguoc lai, khi phanh sau khi dimg can truc,
hang va két ciu van con giif lai mot nang lugng nao do. Néu diéu kién (5.93)
khong thoa min thi bién dang dong 16n nhat xuat hign khi ¢ >¢,, ic 1a sau khi

ngimg tic déng clia lyc P,. Thay cho (5.95), gia tri R khinay s€ la:

+
Rmax = _"tz(mM + ﬁmh)j = iz‘Pl) m;; +ﬁ'ﬁ 1 (5100)
h

O day hé s6 anh huong ctia hang S <1 (hinh5.11),

Sau khi ngimg tic dong cta lyc P, , dao dong xay ra & ca hai phia so voi vi
tri can bing ban diu, tic 1a bién do lac hang tang lén.

B- HANG TREO CUNG

Chu k¥ dao dong tu do cia két cau c6 thé tim duoc tir biéu thite (5.89) néu
thay m,, bang m,, +m,.

(m,, +m,)ym
(M +m,)c,,

Trong trudng hop khdi dong hodc phanh dét ngot, bién dang dong cuc dai
cua két cdu xuat hién khi

N N (YR T (5.101)
2 M +m,)c,,

Néu khi treo mém hang, didu kién (5.93) vé nguyén tic khong duge thoa
man; con khi hang treo cting, diéu kién (5.101) luon dugc thuc hién va R,

Khi dé: T, =21
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dugc xdc dinh theo bi€u thic (5.95). Vi vay tic dung dong luc khi hang treo
cing thudng 16n hon khi treo mém. Khi thoi gian tdc dong cha lyc nhod thi anh
huong cia luc dong ciing giam. :

5.4.2- KET QUA THU NGHIEM

Nhiing thi nghiém két cau thép cén truc trong didu kién dong luc khi co
cdu di chuyén lam viéc khong c6 nhiéu. Cic két qua thi nghiém di khang dinh
nhing gia thi€t co ban khi nghién cttu 1y thuyét, céc két qua tinh todn triing véi
s0 ligu thyc nghiém nhu chu ky dao dong (5.86) va (5.89), luc R___ (5.100) va
téc d6 chuyén dong clia cin truc (5.99).

max

Nhiing nghién ctu d¢ x4c dinh tai trong dong thang ding & két cau xay
dung khi ¢6 cin truc di chuyén trén dé da duoge nghién citu trong nhiéu cong
trinh. Két qua nghién ctu cling ching t6 ring cac luc qudn tinh sinh ra do
chuyén vi thing dimg ctia cdc khéi lugng chuyén dong cia can truc va hang do
d% vong cia dudng c6 anh hudng dén tai trong dong thang ding. Tuy nhién cic
lue quin tinh nay twong dsi nhd. Anh hudng chi véu dén tdi trong dong thang
dimg clia k€t cau cdn tryc khi di chuyén 1a do khong bing phang cia mit dudng
ma chu y&u 1a chd néi ray.

Cdc 56 lieu thyc nghiém va két qua nghién ctu ly thuyst di chimg to ring
tai trong dong phu thudce chi yéu vio mic do khong bang phing ciia mat dudmng
V& t6¢ do chuyén dong cia can truc. Thong thudng & dim d3 ray tai ché ndi ray
khong han, khi cdn tryc di chuyén ¢6 chuyén vi tuong d6i theo phuong thang
dimg cia cdc dau ray nhét 1a chd noi ray & trén goi d&. Néu ché noi ray ¢ giita
nhip dam thi khéng c¢6 chuyén vi twong déi theo phuong théng ding cha cée
dau ray. D€ gidm tai trong dong thing ding sinh ra do dudng khong bang
phing, c¢6 thé ding bién phap dit 16 xo & phan hanh trinh, v{ du g xe con cla
cau chuyén tai chuyén dong véi téc da cao.

5.4.3- PHUONG PHAP DON GIAN TINH TOAN PONG LUC HOC

Khi khoi dong hoac ham co cdu di chuyén, két cau thép chiu tac dung ctia
tdi trong ngan han. Khi chiu tic dung cha tii trong dat tifc thdi, chuyén vi cua
cdc khoi luong & trang thdi can bng dugc xac dinh bing phuong trinh (5.16).
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Néu sau khoang thoi gian ¢, tai trong dugc ngét b dot ngot, thi khi ¢, 27/2
y_ =2y, con khi £, <7/2 y,, <2y va tinh bing wy,, d day - h¢ s6
dong xac dinh theo bang 5.2.

Khi khdi dong hodc phanh tic thoi, lyc 16n nhat dat vao khdi lugng qui doi
coa két cau: P =2my, + fm, )] - (5.102)

Con khi khéi dong hoac phanh tir tir

3 day m,, - khoi luong quy ddi cla can truc; < 1- hé s6 anh hudng cua

P . .
hang (h.5.11); j= v 9. gia téc trung binh duge xde dinh bang moémen khoi
my

déng trung binh clia dong co M, (hoac phanh), khi ny luc kéo tao ra gia toc:
2M ,in :

- cMatll _p 5.104

0 D i ( )

( day i — ty s6 truyén clia co cdui M - hiéu'sudt ciia co céu; D - dudng kinh

banh xe; P - lyc tiéu hao d€ khic phyc luc can tinh: M — khéi lugng cua tat ca

két cau chuyéndong cha cin truc (hodc xe con). Trong nhitng trudng hop néu

khong thé bd qua momen quén tinh cla phin quay clia he truyén dong, thi khéi

luong m,, va tuong tng 1a M phai dugc bd xung thém khéi luong qui doi cia

2
phédn quay cta hé truyén dong m, =J (g] , & day J - mo men quan tinh t&t cd
v

phén quay cta hé truyén dong quy déi vé truc dong co; @ - t6¢ do goe cha dong
co tuong (g vdi téc do di chuyén v cda cdn truc (xe con).

Trong truong hgp treo mém hang, f = 1 khi thoi gian khoi dong hoac
phanh ¢, khong nhé hon ntra chu ky dao dong tan s6 thap cua hang & két cau di
dong, tic la:

, (5.105)
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J day t,- chu ky dao dong cua hang khi két cau dimg yén (5.74).

Néu diéu kién (5.105) khong thoa man, gid tri g < 1. Gid tri m,, /M cang

M—m,,

nho thi 4 cang phu thuge vao ty s§ ¢, /7, theo ham sin, khi =1

B =sin— (h.5.11). Khi hang treo ciing, gid tri £ luon ludn bing mot. Gia
rl

tdc tinh todn lén nhat duge xdc dinh bing momen 16n nhat cia dong co (hoac
phanh) giéi han theo diéu kién bdm clia banh xe véi ray

. N,
Jonax < ,uogj;d, (5.106)

O day p, = 0,1 +0,2- hé¢ s6 badm (gid tri nho khi ray ¢6 ddu hodc bi 4m
udt, gid tri 16n khi ray kho). Nhimg cén truc ¢6 thi€t bi ric cat, g, ¢ thé lén
dén 0,25. N, N - dp luc chia banh xe truyén dong (c6 tinh dén anh hudng cia
luc quan tinh ngang va gid) va toan b dp luc 1én tat ca cdc banh xe.

Theo quy pham thiét k€, khi t6c do di chuyén dat t6i 1, 2 va 4 m/s thi gia
t6c tuong ing Khong duge vuot qua 0,33, 0,47 va 0,67 m/s®. D€ tinh todn theo
d6 bén modi d6i vai trudng hop khdi dong hodc phanh tir tir, luc qudn tinh ngang
dugc tinh theo biéu thic (5.103). Khi nay gia tri gia toc j khong dugc i6n hén

gid tri gia t6c tinh theo diéu kién bdm (5.106) Gng v4i gid tri trung binh 4, .

D€ tinh theo do bén, luc quin tinh ngang tinh trong trudng hop khoi dong
hodc phanh dét ngét xac dinh theo biéu thirc (5.82). Khi nay gia té¢ j khong
duge 16n hon gia tri gia t6¢ tinh theo diéu kién bidm (5.86) véi gia tri 16n nhat
cua u,. Thong thudng khi di chuyén cén truc, hang & gin vi tri cao nhit. Vi
vay khi trec hing mém ciing dugc tinh # =1. Luc quén tinh ngang khi di

chuyén cin truc tinh theo d6 bén véi B =1 theo cony thilc:
P =2m, +m,)j. (5.107)

Ngoai ra can phai kiém tra khi khéi dong (hodc him) va moémen 1dn nhat
cta dong co (phanh) khong tinh dén dao ddag dan hoi cua két cAu phai thoa
man diéu kien: £ 2(m,, +m,)j . < U N, (5.108)
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O day j, . - gia tdc 16n nhéat chia cén truc; N, - dp luc clia céc binh xe
truyén dong can truc. Trong trudng hop néu xdc dinh P™ theo cong thiic
(5.107). trong dé gid tri j 14y theo j_,. thi tai trong nay chi 1a tai trong déc bit.

Khi dao dong trong mat phang ndm ngang, két cdu duge coi 1a ddm tu do
(khong goi d5) hoic ddm tya ty do ¢6 congson. Gid tri ;™" xéc dinh theo cong
thiic (5.107) c6 thé 1én hon luc bam clia céc banh xe truyén dong 1, N, .

Tri s6 luc qudn tinh ngang khi di chuyén xe con trén can tryc hoac trén ray:

qu“ z(m)( +mh)jmax s ﬂON.rd’ (5109)

O day j_,, - gia t6c 16n nhét cta xe con; N, - dp luc Ién banh xe truyén
dong clia xe con; m, - khoi lugng xe con.

Tii trong dong thang dimg sinh ra do dudmg khong bang phéng khi di
chuyén cin truc (xe con) trén ray duoc tinh bang he s6 va dap k,. Khi di
chuyén trén ray, hé s& &, dugc 1dy nhu nhau phy thude vao téc do di chuyén v:

V1 vay tai trong dong thang dimg sinh ra khi di chuyén cén truc trén dudng
khong bang phang chi tinh cho cdn truc ¢6 toc 4o chuyén dong 16n. Khi ray noi
biing phuong phdp han hodc phan di chuyén ¢6 10 xo, gid tri &, thap hon va
dugc 1ay theo gia tri cho trong ngoac.

vim/s) | <1 1+1.,5 1,5+ 3 >3

k. 1 L1 (1,05 | L2(L,1) | L3(1,15)

Khi tinh toan theo do bén, hé s6 va dap duoc nhan véi trong lugng cla ket
cdu thép va hang vi tinh trong trudng hop hang <6 chidu Jai ireo hang nho nhat.
Khi tinh theo do bén méi. gia tri 4, 1ay nho hon va dugc iinh theo gid tri trung
binh d6 khong bing phang clia dudng. con haay tnb ¢ chifu dai treo trung
binh, titc 12 ¢6 tinh dén tdc dung gidm chdn cia cap. He s¢ va dap khi nay duoc
tinh bang: &, =1+0,5(k, —1).

Khi cin truc di chuyén trén banh 18p, &, 14y theo s6 ligu clia 0t tai (¢6
nhip, t6c 46 20 + 50 km/h) va duoc tinh: &,= 1,5 d6i v6i dudng trai nhya, & =
2 d61 vai dudng rai da.
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§5.5. DPONG LUC HOC KET CAU THEP KHI LAM VIEC
CUA CO CAU QUAY VA CG CAU THAY DOI TAM VI

5.5.1- PONG LUC HOC KHI CO CAU QUAY LAM VIEC

Trong thoi gian khoi dong hoac hdm co cau quay, tic dung dong 1én ket
cdu thép (can) sinh ra do su lac hang treo trén cdp va khéi lugng quay cla két
ciu. Do dao dgng clia hang trén cdp rdt cham tat nén c6 thé tring cac dao dong
cua hang gay ra do sy 1am viéc phéi hop clia mot vai co cdu, vi du quay, di
chuyén va thay déi tim véi.

Néu xét dao dong cha hang & mit phing vuéng géc véi cdn ma bod qua su
nghiéng ctia hang do tic dung ciia luc quén tinh ly tm va luc quén tinh coriolit,
thi cdn dugc tinh nhu h¢ hai kh6i lugng: khéi lugng quy ddi & ddu m,, va &
duoi cén. Trong trudng hop quay cdn truc ciing dugc sir dung tat c& nhiing hé
qué co bdn khi nghién citu dong Ic hoc co céiu di chuyén & §5.2. Khi nay luc
T(t) chi ph{ d¢ tao nén gia t6¢ s& bing mémen twong tmg M (¢) chia cho tri s6
tdm v&i can truc L. Trong thdi gian khai dong hodc ham, moémen 16n nhat doi
vl truc quay cén truc:

M_ =M, +M({), (5.110)

O day M, - mémen do lyc ma sit va luc gié. O cén truc quay, khéi lrong
¢én tryc 16n hon nhiéu so véi khoi luong ctia hang, khéi lugng phdn khéng dan
hoi clia cn truc m, (trong d6 c6 mot phan khéi luong clia cin) 16n hon khoi
lugng quy déi m,, & ddu cdn. Vi vay thay cho cic cong thiic (5.85), (5.86),
(5.88) va (5.89) ¢6 thé tinh:

pf=-% va 1'.=27r\/E (5.111)
g
pl="M \a g =2g |Tw (5.112)
ny, Cy
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: \. M. —-M
Khi khoi dong hoic phanh M(1)=M,-M, va T, = -“—L—‘ & day

5}

M- momen khdi dong (phanh) trung bink déi véi truc quay can fruc.

Dé nhan dugc gid tri 16n nhét géc nghiéng cia hang a,, va luc ngang g
dau can 7T, . thi thoi gian tic dung cla lyc 7, khong dugc nho hon mét nira
chu k¥ dao dong tan so thép, tic la:

l.Z—r—lzﬁ\jE. (5.113)
2 g

Trong trudng hop nay tuong tu biéu thic (5.95) va (5.96)

Tnmx = 2(mM’ +m}| ).»'ll = 2T0 (5.114)
27
Va: o =200 (5.115)

Vi gia toc trung binh & ddu can:
T
m, +m,

Trong nhimg trudmg hop khong duoc bd qua mémen quin tinh phin quay
clia cd ciu truyén déng va cla cin truc, khdi luong m,, & dau cén phai tinh
thém gia tri khéi lugng wong duong m,, = J{@w/v)*, & day J- moé men quin
tinh ctia tat ca cac phan quay qui déi vé truc khao sét; @ - 8¢ d6 gbe clia truc
nay phi hgp véi toc do vong caa khoi luong m,, .

Ngoai ra gid tri T,,, V& @, cin phai kiém tra trong diéu kién gid tri 16n

nhat clia gia 16¢ cdn truc, khi d6: T, = (my 471, ) ey VA G = Jmax
g

Khi ¢6 khép moémen gi6i han, gid tri gia tdc 16n nhét dugc giGi han bdi
diéu kién an khép cha khdp truc c6 momen M .,

i
MKT - _M:
oy S L,

{m, +m,)L

3 day i, n ty s6 truyén vA hiéu sudt gilta truc cla Khop tryc vi ¢én truc;
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M, - momen finh cla lyc ma sét so vdi truc quay cua can truc.

Khi co cau quay c¢6 banh xe truyén dong va banh phanh, gid tri 16n nhat
ctia gia téc nhan dugc tir diéu kién bidm cha banh xe véi ray (5.106).

Biu thitc (5.96) nhan duoc véi gia thiét 1a do nghiéng ctia hang va két cau
trong qua trinh dao dong dong théi dat gid tri cuc dai. Tuy nhién su lic hang
trén cdp va dao dong dan hoi ket cau thép phdn quay khong c6 lién he dong luc
hoc. Vi du 6 can tryc chan d¢ ¢6 sic nang nho vi trung binh, chu ky lic hang
trén cdp vao khoang 8+15 s. con chu ky dao dong dan héi cha can & mat phéng
ngang vao khodng 0,2+1,5 s. Vi vay sau khi khdi dong hoiic hdm cd ciu quay.
vo thoi diém khi khéi luong can m,, dat d¢ léch 16n nhét thi géc nghiéng ctia
hang so véi phuong thang ding vin con nho. Khi hang treo trén cap bi nghiéng
tén nhat, dac dong cla can da bi giam nhiéu. Trong diéu kien tang cudng khai
thac tifc la tang s6 14n khéi dong va ham co c4u, vi dao dong clia hang trén cap
cham tat nén ching ta can phai tinh dén kha niing nay khi x4c dinh gid trj T
theo cong thic (5.114).

Néu thira nhin rang dao dong tr do clia két cau da bi tit va khong c6 su
trung dao dong thi:
a1,

T =2m,j va a, o (5.116)
Néu dicu kién (5.93) khong thod min thi tuong t nhu déng thic (5.100) ta cé:
Tmax = (1 + kr )(mw + !8’".& )J’ = [r’/(mM + ﬁlnh ); * (51 ]7)

con goc nghiéng cla hang so v6i phuong thang ding o khi luc chi dong
{phanh) tang tur tir;

tgar=(1+k)L =yl (5.118)
g g

O day he s6 k, xem 6 hinh 5.2.

Luc quén tinh ngang ctia kh6i lugng quay clia phan khong dan héi can truc
ddi v&i truc quay c6 thé xac dinh nhu tich clia timg khéi lugng thanh phan
m, voi gia toc dai:
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v F,
max __ : i p _ T
Pq = s E va ID:..' =mJ—,

O day r - khoang cach tif trong tam clia khéi lugng m, dén truc quay cla
c¢dn truc.

Luc quan tinh ngang clia khéi luong quy déi m,, & dau can khi gia e
hoac him dot ngdt bang:

max : = mas __ :
‘Pq - 2”’)\1‘ / l’lOc_lC Pq =My Jmax s

Khi khdi dong hodc ham tir ur: P o=myj.

Truong hop khdi dong hoac ham dot ngot dung dé€ tinh do bén, con khi
khdi dong hoic ham tr tir dung dé tinh do bén moi.

Qué trinh nghién ctiu sy lac hang trén cdp O cén tryc quay cho phép it ra
nhimg két luan co ban sau:

1- Géc nghiéng ciia cap nang phy thudc vao chuyén dong cua diém treo
hang, chuyén dong nay phit hop véi che 46 khai thac cin truc. Chuyén dong co
ban dac trung cho dao dong ciia hang 1a su quay can truc.

2- Tai trong dong 16n nhat sinh ra khi hang c6 trong luong 1én nhat va
chiéu dai treo hang nhé nhat (diéu kién 5.93).

3. Khi luan phién khdi dong, ham va phéi hop déng thdi cdc chuyén dong
riéng cha cdn truc, sy lic hang trén cdp gay ra do timg chuyén dong riéng (do
dao dong chia hang cham tit va tinh bao toan gan dung mat phéng lac hang khi
quay) ¢6 thé tring nhau ca v€ huéng va pha dac dong. Bi¢n 4 lac hang khi nay
dugc tinh bing tdng dai s6 cdc bién do lac thanh phan.

4- Géc nghiéng « va tuong quan véi né 1 luc T truyén len dau can
(h.5.12) phu thudc rat nhiéu vao ché do khai thdc can truc.

- Dé don gian xéc dinh géc nghiéng cua cap nang, chiing ta cho rang su kic
hang sinh ra do tdc dung cha cdc luc sau:

- Luc quén '/nh cda khéi lugng hang khi khdi dong hodc hdm co cdu quay;

- Ap luc gi6 tic dung lén hang P, :

- Suf trong tranh (6 cdn truc ndi).
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Khi ¢dp ning nghiéng géc « s€ sinh lyc nam ngang 7 = Otger. Luc T
théng qua cdp nang truyén lén ddu cén c6 hudng bat ky so véi mat phing cin
(h.5.12). Néu gia thiét cac lyc qudn tinh cua khéi lugng hang treo trén cdp la
tac dung tinh thi cac lyc quén tinh ndy s& bang:

Luc quan tinh ti€p tuyén khi quay, tdc dung vudng géevsi mit phang can:

T, = met =20 (5.119)
l g 30,
Luc quan tinh li tim khi quay tdc dung trong mat phing cin:
2
T, = QL[E] . (5.120)
g 30
Luc quan tinh khi thay d6i tdim vdi téc dung trong mat phéng cén:
) .
7. =Y" (5.121)
(ul I”v'

Lyc quan tinh khi di chuyén cin truc ¢6 thé cé hudng bat ki so véi mat
phing cin:

7, =LY (5.122)
g rdf_'

Trong dé n- t6c d6 quay cha can truc (v/p); v, ,v, - toc do thay ddi tdm
vGi va di chuyén can truc (m/s); 1,,1,,,¢, - thdi gian khéi dong hoac ham céc
¢0o cau twong Gng.

Néu khi khéi dong hoac ham dot ngot co
cdu nao dé6 ma thoa man diéu kién (5.113) thi
cdc lyc twong ng 7, (5.119), T, (5.121), hoac
T, (5.122) can phai tinh tang gdp doi.

Néu diéu kién (5.113) khong thod main thi
céc lyc nay duge tinh bang w 7, w T,, w T,.,

!

0 day v < 2 duge xac dinh theo bang (5.2).

|
|
w
|
|
|
|

Hinh 5.12- So &8 lyc tac dung Khi khéi df)ﬂg hOaC him co cdu tir tr ¢6

lén ddu cdn momen tang déu trong thdi gian T, gid tri  duoc
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xéc dinh theo cong thic (5.14).

Nhu vay su nghiéng cap nang cé ihé xay ra do anh hudng cua cic luc 7, .
T.. T, sinh ra trong diéu kién khoi dong hodc ham co cdu c6 tinh dén dac tinh
dong clia chiing va céc lyc 7, va P, . Khi nay do su cham tat dao dong cua hang
va tinh duy tri mét phang lac khi quay cén truc ma bién dé lac ctia timg luc thanh
phin cé thé cong dai s6. Tuy nhién truong hop tinh tong cdc bién do lic 16n rhat

chia cdc luc ké trén khi khéi dong va ham dot ngot 1a khéng thue 1€, Gée nghiéng

thuc 16n nhat vao khoang % + % g6c nghiéng tinh todn 16n nhat ¢é thé.

Van dé su phéi hop chuyén dong vd géc nghiéng 16n nhét ciia cdp nang
phai duoc xac dinh déi vdi timg nhém cin truc riéng dua trén diéu kién khai
thac ctia ching. Vi du doi véi can truc quay dé tinh theo do bén, géc nghiéng
I6n nhat:

Jotdut Ty, Poy
g o

O day Jo»J, - gia téc i€p tuyén va gia téc li tam trung binh cda diém treo

tga, = (5.123)

hang khi quay & tdm v4i 16n nhat trong di€u kién hang treo cing; j, - ciing 1a
cdc gia t6c nhu trén khi thay déi tdm véi (hodc di chuyén néu dé 1a chuyén
dong cong tic), P, - luc gié tdc dung lén hang O trudng hop tinh todn tai
trong thit hai.

D¢ tinh theo do bén madi ta tinh theo géc nghiéng trung binh (theo xdc suat
G nhat):

a, =(03+05a,. (5.124)

Géc o khi quay can truc ¢6 thé & mat phing bat ky (rong dé ¢6 mat phang
chita cdn va mat phing vuéng géc véi cin.

Su nang hang léch ciing ¢6 thé gay ra nghiéng cdp nang so véi phuong thang
ding. Géc nghiéng gidi han thuc 1€ «, =6° (iga, = 0,}). Vi viy néu khi khao
sat sur chuyén dong chua 6n dinh cuia cén truc xdc dinh duge «, < 6° thi nén lay

a, =6". Trong thdt gian khdi dong hodc hdm co cdu quay, tic dung dong len két
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cdu khong chi do su lac hiang ma con do khai lugng quay clia phan quay sinh ra.
Néu phén quay c6 banh xe di chuyén trén ray vong thi téi trong déng thing ditng
do duong khong bang phang dugc tinh bing hé s6 va dap &, .

5.5.2- PONG LUC HOC KET CAU THEP KHI CO CAU THAY
POI TAM VOI LAM VIEC

Né&u thay d6i 1dm véi duge thyc hién bing cach di chuyén xe con doc theo
can thi luc qudn tinh tac dong Ién xe con duge xdc dinh gidng nhu khi tinh co
cdu di chuyén (§5.4).

Néu thay doi 1dm v6i bing cach lic can, viéc tinh todn anh hudng su lic
hang dugc tinh dong thisi véi su lac hang do quay phdn quay gay nén.

K&t qua nghién ctu luc quin tinh khi thay déi tdm vé6i clia can truc di
khang dinh khong ¢6 lién hé dong luc giita su lic hing va dao dong dan héi clia
cin, anh hudng 16n nhat dén img suit dong 12 cdc dao dong cé tan s6 thap nhat
va su tang cudng do khai thac (su tring dao dong khi khai déng hoac ham).

Khi khai dong hoac ham tir tlr, céc luc quén tinh cha khéi luong thiét bi
can dugce tinh theo thoi gian khoi dong va phanh ma khong diing hé sa dong.

Khi khéi dong hoac him dot ngot d6i véi co cau 6 che do 1am viéc nang
va trung binh, ¢6 thé 14y hé s6 dong bing 2 d6i véi luc qudn tinh cua khai
lugng thiét bi can.

§5.6. DONG LUC HOC KET CAU THEP KHI PHOI HOP
LAM VIEC MOT VAI CO CAU

Céc cong trinh nghién ciu su phéi hgp lam viéc cta mét 6 co cau it hon
nhi¢u so véi s6 cong trinh nghién cu sy 1am viéc riéng & cla timg co cdu, vi
viec nghién ciu 1y thuyét cling nhu thye nghiém trong trdmg hop nay phiic tap
hon. Ro rang 1a n€u thira nhén tai trong dong 1én nhat khi mot s& co cdu lam

viéc dong thoi bang 16ng dai s6 céc tai trong dong 16n nhit do timg co cdu lam
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viéc doc lap gay ra s€ lam tang ng suat thuc trong két cdu. Miic dé gia tang

nay phu thudc vao loai cén truc, cdc thong s¢ va cudng d6 khai thic cta no.

Cac cong trinh nghién ctu dong luc hoc két cau thép khi phoi hop lam viée
mot s8 ¢o cdu chi tap trung vao céan truc dang cin. Chinh vi viéc tinh gia tri 1én
nhdt ctia luc qudn tinh tac dung vao khéi luong hang (ké ca khoi lugng can quy
déi vé diém treo hang) bang 8ng cdc gid tri 1n nhat sinh ra khi lam viéc doc
lap cla c¢o cdu quay va co cdu di chuyén chi ding khi khdi luong hang va
momen quén tinh cta né d6i véi truc quay can truc nho hon nhiéu so véi khéi
luong va momen quan tinh clia ¢an truc.

Thuc t€ tai trong dong & cin truc ¢6 cin duge xdc dinh bang téng tai trong
khi co cau quay va di chuyén lam viéc riéng biét s& 16n hon 1,5+2 Ian néu khao

sdt sur chuyén dong phiic tap ctia cdn truc va hang khi tdc dung phéi hgp cla ca

hai co cidu noi trén.
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Chuong 6

TAI TRONG DONG KHI PHOI HOP LAM VIEC CUA
CO CAU NANG VA KET CAU THEP

NHAN XET BAN DAU

Trong linh vuc nghién cttu dong luc hoc may truc-van chuyén hién nay 16n
tai song song mot s¢ xu hudng sau:

I- Hudng nghién citu thit nhat - tinh tai trong déng cia co cau nang khong
tith dén do dan héi clia két cdu thép.

bé xdc dinh i trong dong cua co cau nang, nhiéu tic gia, trong dé 6
A.A.Vaison, C.A Kazak da st dung gia thiét: ket ciu thép can truc rat cing, do dé
anh huong chil yéu dén su phdt trién ciia qud trinh dong 12 tinh dan hoi cla cap, vi
d¢ cimg coa palang nhd hon nhiéu hon so v6i do ciing cua céc truc truyen dong.
Trong trudng hop nay co cau nang duge tinh theo so d6 hai khéi lugng (h.4.1):
khoi luong qui d6i phdn quay cia co ciu m, va khoi luong hang m1,: hai khéi
lwong nay lién ket véi nhau bing khau dan héi la cdp nang ¢6 do ciing Cp.

Hudng nghién cifu nay ¢6 vu diém: don gian trong viéc lap va gidi cdc
phuong trinh chuyén dong, tang tinh an toan cho co cau. So d6 tinh toin néu
trén chi ding trong trvong hop nang hang khi xe con nim & gan dam déu cla
cdu truc, hodc & trén chan d6 cia cong truc, tai day do clng cua k&t cdu thép rat
Ion nén phit hop véi gia thiét dé ra. Tai trong dong xdc dinh trong trudng hop
nay la tai trong dic biét, chi thich hop khi tinh do bén cho két cau thép khung
x¢ con, dam dau cha cdu tryc hay chan d& clia ¢éng truc.

Tuy nhién trong thuc t¢ khai thic cdn truc, viéc nang hang c6 thé thuc hién
o batl ki vi tri ndo trén khau do. Nhidu két qua nghién ctu 1y thuyét va thue

nghiém da ching to rang: khi nang hang & giita khau do cia cdu truc, cong truc
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hoac & ddu cong son cla cong truc sé gay ra bi€n dang dong 16n nhat, vi tai
day do cing cha cén truc 1a nho nhat. Day cing 12 vi tri cin thiét phai xdc
dinh trang thdi ting suit va bi¢n dang cba ket cau. Vi vay k&t qua tinh theo
gia thiét néu trén néu dung dé tinh d6 bén cho két cau thép dim cau s& mang
sai s6 dang ké, va khong phit hgp véi vi uri tinh todn theo quy pham thiét k&
cdn truc. Ngodi ra s¢ d§ tinh & hinh 4.1 ciing khong cho phép xic dinh do
cing dong cua ket ciu.

2- Huéng nghién ciu thit hai: tinh tai trong dong cua co c4u nang c6 tinh
dén do dan héi cla két cau thép

R rang 1a viec xdc dinh tai trong dong cua ¢ c&u nang c6 tinh dén do dan
héi caa két cau thép s& l1am tang do tin cay cla két qud tinh toan, déng thoi nd
phit hop v6i diéu kién khai thdc thyc t& cua can truc.

Tuy nhién khi nghién cir, cdc tdc gia da cho rang: O co cdu nang khai
luogng cta 16 to m, 1én hon nhiéu so véi khoi lugng cla hang 71, va cia két cau
thép m, khi qui doi vé truc dong co, vi vay ngay ca khi can truc va hang dao
dong manh ciing khong énh huong dang ké dén su lam viéc ciia dong co. Hon
nifa, dao dong cua palang nang tat rat nhanh. Do dé trong tinh todn da bo qua
bien dang dan héi clia cdp nang va chi tinh dén sy dan héi cua két cau thép.
Trong trudng hop nay (hinh 4.2), khol luong cin truc m, va khoi lugng cua
hang m, dugc khao sit nhu mot khoi luong duy nhit m. Nhu vay vé thyc chat,
trong ca hai giai doan trudc va sau khi nhéc hang khoi nén, h¢ duoc xét chi cd
mét khai lugng chuyén dong: hoac ka khéi lugng qui ddi ciia két cau thép m . .
hodc dugc cong vdi khoi luong hang m =m, +m,.

Trong thuc t¢, hdu hét cac cdn tryc cong dung chung thudng st dung cap
nang 181 mém, nén do clng cua palang nang va cla két cdu thép khong khdc
nhau nhiéu, nhat 1a d6i véi cdn truc dang cén hoac cin truc dang cdu c6 khau
do 16n. stic nang nho, boi suat palang thap. Vi vay néu b qua bién dang dan
héi cua cap nang s& giam &6 chinh xdc khi tinh todn. Mait khdc, mac du dao
dong cua palang nang tat rit nhanh do tinh giam chan ctia nd, nhung thuc t&
nhiéu cong trinh nghién ciu I thuyét va thuc nghiém di ching 10 rang: thoi
gian tit dao dong cla palang néng ciing khong nho hon mot vai lan chu ki dao
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dong tr do cla két cau, Trong khi dé, d6i vi hé ¢6 mét hoac hai khéi hwong,
bién d¢ dao dong cuc dai thuong xuat hien & pha dao dong dau tién. Vi VAy viée
xdc dinh tai trong dong va bién dang cia két cau theo gia thiét néu trén chic
chan s& lam giam do chinh xéc cha bai toan.

3- Hudng nghién et the ba: xac dinh tai trong dong c6 tinh dén su lam
viec phoi hop cia két cdu thép va co cau nang.

Trong trutmg hop nay he cin truc-hang duge dé nghi tinh theo .1 d6 ba
khoi luong (hinh 5.4) bao gom: m, la khoi lugng cita xe con va két . thép
clia clu. qui d6i vé chuyén vj thing diing ciia hang: m, -kh6i luong phuii quay
cla co ciu nang qui déi vé chuyén vi tinh tién cga hang va khdi lugng hang m,.
Ba khéi lugng nay lien két vai nhau bang hai khau dan héj 1a cdp nang va két
cau thép c6 do cung tuong tmg 1a ¢ va Cp.

Tuy nhién khi khao sit dao déng cha két c4u va hang, cac téc gia (M.P.
Alechxangdrop, C.A. Kazak) chi xét hién tong dong luc déi véi cau truc theo
50 dé tinh todn hinh 5.6. Trong so d6 nay, he gém hai khai luong: két cdu m,
va hang m,, mi khong xét téi khoi heong cita co cau m,, tic 13 di bo qua sy
dan héi cla co cdu va anh huong dao dong tén s6 cao cla luc cang cap dén che
do6 1am viéc cla déng co.

Nhu vay hudng nghién citu nay tuy hoan thién hon hai giai phap dau tién
vi dii xét dén do dan héi cua cap ndng va ket cdu thép, nhung van chura tinh dén
anh huong t6c do tang tai dén che do lam viec cia dong co.

4- Céac huong nghién ciiu néu trén déu dua trén gia thiét: ltc chi dong
cha déng co trong thoi ky qud 46 hoac 1a hang s6, hoac thay déi theo mot
quy luat dinh trudc. Ro rang 1a luc chi dong cha dong co va tuong tng 13
lye du bang hang s6 khong phai 1a truémg hop dic trung cho hé truyén dong
cha mdy truc-van chuyén.

Hién nay nhiéu cong trinh nghién ciu da ching t6 rang hre cha dong cha
doéng co Ia ham clia t6¢ d6 quay cua réto. Trong rat nhiéu h¢ truyén dong dién
dung bién trd khéi dong, moémen cia dong cd thay déi theo quy ludt tuyén tinh
phu thudc vao t6¢ dé ciia né.
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Trong tit ca cac cong trinh nghién ciru ké trén, cdc tdc gia déu co xu
huéng dua két cdu thuc vé so d6 tinh toan don gian nhat c6 thé. Trude hét vi
viec lap va gidi cdc phuong trinh chuyén dong clia hé nhiéu béc ty do ndi chung
1a phic tap. Sau d6 la v6i muc dich chi can xac dinh tai trong dong cuc dai
trong co cau va ket ciu thép thudng xudt hién ¢ chu ky dao dong dau tién \ng
Vv6i tin s6 co ban, vi vay trong mot s6 trudng hgp. mac di1 4o chinh xdc clia ket
qué tinh toan chura cao, nhung déu thién vé an toan.

Hién nay, nhd (ing dung rong rii cac chuong trinh phan mem chuyén ding
trén mdy vi tinh, cho phép chiing ta khong may khé khan va cing khong ton
nhiéu thoi gian dé giai cdc he phuong trinh vi phan bic cao chia hé nhitu khoi
lugng. Mat khic, nhitng so 46 tinh toan néu trén ngoai nhimg han ché& nhu da
néu ra, ching van chua dp tng dugc ddy du muyc dich nghien cliu dong tuc hoc
mdy truc theo xu hudng phat trién cua nghanh ch€ tao may nang-van chuyén
hién nay: ché tao cac loai cén truc cung voi thiét bi phy trg (nhu b giam chan,
thigt bi cach rung, thi€t by dap tit dao dong) co cdc thong s6 két cAu hop 1y,
thuan tién khi khai thdc, tang nang sudt lao dong, gid thanh ha, thoi gian su
dung kéo dal.

Nhu vay viéc nghién ciu dong luc hoc mdy truc khong chi gict han 14 bal
ton kidm tra ma phai trd thanh nhiem vu nhat thi€t phai c6 & giai doan bt ddu
tién hanh thiét ké.

Vi vay dé nghién cltu mot cach ddy du va toan dién déng luc hoc mdy truc,
ching ta can phai lap cdc so dé tinh toan khong chi gidi han & muc dich nang
cao do chinh xdc cua két qua ket qué tinh toan, ma phal o thé thé hién dugc
gdn nhat su lam viéc thuc ciia két ciu. Dong thdi trong sg d6 cho phep dua vao
tinh todn dé x4c dinh dugc cdc dac tinh va hiéu qua ctia cdc thiét bi can thi€t ma
ching ta mudn dat tai vi tri nio dé trén can truc, vi du thi€t bi han ché sifc nang,
thi€t bi cich rung, thi€t bi dap tat dao dong.

Sau day ching ta ti€n hanh nghién ciu dong luc hoc cha mot so loat cén

truc kiéu cau khi co cdu nang 1am viéc theo hudng nghién ciu néu trén.
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§6.1- DONG LUC HOC CAU TRUC
KHI CO CAU NANG LAM VIEC

Ching ta nghién ciu dong luc hoc cau truc khi xe con & giita khau do, thuc
hién nang hang tir nén ciing véi tdc do bang 16¢ d6 quay dinh mufc clia dong co.
Pay la ch€ d¢ tai trong va dap cua can truc.

D¢ xdc dinh tai trong dong 16n nhat tdc dung lén cap nang va két cau thép.
chiing ta khao sdt hé dong hoc & hai giai doan truéc (h.6.1.a) va sau (h.6.1.b)
khi nhdc hang khoi nén.

He théng “can truc-hang” khi nay gém ba khoi luong néi véi nhau bing
hai hién két dan héi, chiu tac dung cla luc chi dong cla dong co 1a ham s6 cha
téc do ¥, va tdi trong do trong luong hang Q. Nhu vay so dé tink todn ndy cé
tinh dén d¢ dan hoi cha co cdu nang va két cau thép, dong thai ciing tinh dén
khéi luong qui d6i cha roto va hé truyén dong, titc 13 d tinh dén su lién he
ngucc & dang anh hudng cua t6c do tang tai trong dén ché do am viéc ctia dong
¢o. Vi vay so do tinh todn & hinh 6.1 cho phép xéc dinh tdi trong va titong ting
1a bién dang dong trong cdc bo phan dan héi clia co cau va két cau thép.

Céc ky hiéu dung trong so d6: m, - khéi lugng phan quay cua co cau nang
quidéi vé chuyén vi tinh tién y,, trling v6i hudng chuyén vi ctia hang v, ; m, -
khot lugng clia xe con va két cau thép cha cdu qui déi vé bién dang thing dimg
clia cau v,, tinh tir vi tri can bing tinh cia cdu khi khong c6 hang; m,- khéi
lugng cua hang ¢6 trong luong Q: ¢, - d cing cla palang nang: c, -dd clng
cua két ciu thép & diém treo hang; S,, S, - tdng lyc cing trong cdp nang & giai
doan trudc va sau khi nhac hang khoi nén; F,, F,-luc tdc dung 1én két ciu thép
stnh ra khi nang hang & hai giai doan chuyén dong tuong tng; t-thoi gian tinh
tir thoi diém thu hét do chiing cap.
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Hinh 6.1 - Sa dé tinh toan déng luc
hoc cau truc khi ndng hang i nén

P - luc chi dong cha dong co, qui déi vé chuyén vi tinh tién cuia hang
dugc xdc dinh bing biéu thic:
_ 2Min

-

P 6.1

Trong d6 M-moémen khéi dong ctia dong co co ciu nang; 7 -ti s6 truyén cla
co cdu nang; D, -dudng kinh tang tinh dén tam cdp; 7 -hiéu suét clia co cau nang.
Neéu thira nhén tinh tuyén tinh cha dudng dac tinh co bic thap clia dong co
khong déng bo va ca dudng dic tinh co bac cao & ving momen dinh mic, thi
lyc chi dong & giai doan nay thay déi theo quan hé:
P=F -8, (6.2)
0 day P, - luc khoi dong cha dong co khi tc 4o quay bang khong; y, - t6c
do khéi lugng qui déi phdn quay ctia co cau nang; 8- hé s6 ti 1¢ phu thuoc vao
do cing cua dudng dac tinh co:
_120M i’y

6.3
., D, (63

Trong d6 M -momen quay trén truc dong cd khi téc d quay bang khéng,
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dugc xdc dinh o diéu kién tuyén tinh cta dudng dac tinh co, phi hgp véi t6c do
dong bo clia nd n, .

a- Giai dogn thi nhat-trude khi nhéic hang khéi nén (hinh 6.1.a)

Khi nay hang con ndm trén nén, déng co bat dau phdt trién téc do (7, I»
tuong ing véi t6c do hanh trinh khong tai:

m.n,D,

(yl ){) = (6.4}

i

Khi dong co bt dau quay, cdp cudn vao tang tao ra luc cang cdp va gay ra
bién dang két cau thép. Vi vay & giai doan thi nhat, hé co hai khéi luong
chuyén dong duge mo ta bang he phuong trinh vi phan:

my, =P-8; myy, =8, - F. (6.5)
Trong dé
Sy=coyi -y Fi=cpy, (6.6)
Thay céc gid tri P, §,,F, vao (6.5), ta tim dugc hé phuong trinh chuyén
ddng cha h¢ dong hoc & giai doan trude khi nhac hang khoéi nén:
.mljv',+,6’J'J,+|cﬂ(yl—y3)=Pn 6.7)
MYy =c, (Vi —y;)+ ey, =0
Diéu kién ban ddu cuia giai doan khdo sit trong trudng hop nang hang
nén cing:
=0, yv,=0, y,=(),, »,=0, y,=0. (6.8)

Diéu kién chuyén tiép sang giai doan chuyén dong ti€p theo cha hé dong
hoc 12 déng thiic:

(8)), =0, (6.9)
O day (§,), - tong luc cang trong cap nang & cudi giai doan 1.
b- Giai doan 2- sau khi nhéc hang khoi nén (hinh 6.1,b);

He thong “can tryc- hang” khi ndy gém ba khéi luong chuyén dong. c6
by, bac tr do. Chuyén dong cta he dong hoc & giai doan hai duge mo ta bing
hé phuong trinh:
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m iy, =P -38,; m,y, =S, — £, {6.10)
mzj}z :SZ "Q‘

Luc tac dong 1&n két cdu thép va luc cang trong palang cap dugc xac dinh
bing biéu thiic:

Fy=cyy,
S, = (3~ ¥ m ) (6.11)
Thay cic gia tri P, S, F, viio (6.10), ta tim dugc h¢ phuong trinh vi phéan
mo ta su chuyén dong ctia he dong hoc & giai doan sau khi nhdc hang khoi nén:
m, + B, + e, — Yy —y:) = B
My, — €Yy = Yy — V) + ¢ Vs =0 (6.12)
my i, —cp(y, =¥ = ¥2) = ¢

Diéu kién dau cla giai doan chuyén dong thit hai chinh la diéu kién ket
thiic cia giai doan 1:

1, =0 vy =y vy = () ¥, =0
}-)1=(}.’|)1; .1.”3:(}./3)6 j)2=0,

G day (1), » ), » Gy va )y - chuyén vi va t6c do clia khdi luong
m, va m, & cubi giail dogn L.

He phuong trinh vi phan (6.7) va (6.12) dugc giai theo phuong phédp 8
Runghe-Kuta bac bon trén cd & cdc thong sO cua cau truc sic nang 12,5T,
khiu d6 16,5m, t6c o nang v=15.3m/p cho phép xdc dinh céc thong O dong
luc cén thiét.

Trén hinh 6.2 cho dé thi biéu dién sy bi¢n thién ctia luc dong o két ciu
thép F(t) va palang nang S(1), chuyén vi cha hang ¥, (1) (h) va oc do cua
dong co ¥, (1) (V). phu thugc vao thot glan (s).

Phan tich két qua trén do thi hinh 6.2, ta thay:

~ Téc do quay cia dong co v(v/ p) (tuong g 1a p,(1)) trong thoi gian
khdi dong khong phdi 13 hing s6. Luc bat ddu mé may, dong co phit trién dén

(8¢ do cyc dai gdn voi toc do hanh trinh khong i, sau d6 giam manh trong glal
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doan phdt trién (ai trong, cudi cung bién thién nhd gan véi tdc do dinh mic, thé
hi¢n anh hudng dao dong ciia hing va két ciu thép dén t6c do cia dong co.

- Thoi gian nhac hang khoi nén (thoi gian gia tai) ¢, = 0,5s tuong d6i ngan,
do d¢ lam tang tai trong dong tic dung 1én cd cdu nang va két cau thép, gdy ra
dao dong cua két cau, dong thdi dan dén chuyén dong khong déu cla hing
{tuong img 12 chuyén vi v, (1))

Do tai trong va dap khi nhac hang khoi nén giy ra bién dang dan héi clia
ca két cdu thép va co cdu nang. D¢ cling cla két cau thép va ¢o cdu nang Khic
nhau nén tai trong dong cita chiing ciing khdc nhau (F_, = S, ) va khong dat
gia tri cuc dai dong thdi.

- Két cau thép dao dong gan nhu ham diéu hoa véi chu ky 7 =0,66s.

|

- Tan s6 dao dong chinh:  n, ===15.1/s
T

- Bi¢n dang dong 16n nhat ciia két cau thép:

Vimax = 19,65mm .

Hinh 6.2-Dé thi F(2), S(t), ¥,(t) va y,(¢) cta cdu tryc khi nang hang

vin/s)
h{m)> F,S<(kN)
0. 24| Z40|
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_ Bién do dao déng cyc dai cua ket cdu thép:
@, = Vo — Yo = 19,65 —14.2=5,5mm.

_ Két cdu thép dao dong gan nhu ham diéu hoa véi chu ky = 0,66s.

- Tan s6 dao dong chinh:
", ! =151/s
T

_ Bién dang dong 16n nhat cua két cdu thép:
=19,65mm .

Yima
- Bién do dao dong cuc dai cua két cau thép:

a ~y, =19.65-14.2 =5,5mn.

mas T X 3max
Luc dong 16n nhit tdc dung [én k&t cdu thép xudt hién & chu ky thi hai:
F. . =17515kN khi 1=1,2535s.
Luc dong 16n nhat téc dung 1én ¢o cau nang:
S . =16337kN khit=0.6s.

He 6 dong coa ket cau thép:

F . 1751
o Fa V315 s
F 1274
He s6 dong cua cd ciu nang:
S 163.3
k, = oo o 16337 _ 1 282,
ST 1274

Trong F,, S,- Luc tdc dung lén két cdu thép va & palang cdp do tic dung
finh ctia trong lugng hang Q.
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§6. 2- DONG LUC HOC CONG TRYC
KHI CO CAU NANG LAM VIEC

Do tinh khong déi xiing trong so d6 chiu tai clia cdn truc cong, nén khi co
cfu nang lam viéc sinh ra khong chi dao dong thang dimg, ma con ca dao dong
ngang cta cdu. Dao dong 16n nhatl xuat hi¢n & két cdu thép khi nang hang “cd
ngoam” & diu cong son chan cimg. Nhitng dao dong nay xay ra véi tan so thap,
bién do 16n, thai gian tat cham. Sy cham tat dao dong sau khi loai bo luc hoac
momen cudng biic dan dén 1am tang s6 chu ky fng sudt Jam gidm do bén moi
cuiia cd ciu ciing nhu két cau thép, can tro diéu ki¢n khai thic binh thudng cua
can truc. anh hudng c6 hai cho co thé cha ngudi diéu khién.

Dé xac dinh tai trong ciling nhu bién dang dong xudt hién & két ciu thép
theo hudng (hang ding va hudng ngang Khi ning hang tir nén ¢ ddu cong son
chan cimg, ching ta khao sat hé dong hoc & hai giai doan trudc (h.6.3.a) va sau
(h.6.3.b) khi nhic hang khoi nén.

Q) : D}
Fy] Fv?
C, C,

sz

4 opl
? F.; F.c Y'T mx X,

iy 1

C. m, i Y

3;

Co

Hinh 6.3-So dé tinh toan déng e hoc cong truc
khi néing hang ¢ ddu cong son chdn cung
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Cic ky hiéu dung trong so do: m -khdi lugng clia cdu va xe, con qui d6i vé
bién dang thiang ding cla cdu y, , tinh tir vi tri can bang finh cfia cau khi khong
c6 hang: m_-khoi lugng cha toan bo cau. khoi lugng xe con va khéi luong chan
dd. qui doi vé bién dang ngang cia cdu x,; m, - khéi luong phan quay cta co
cdu nang qui d6i vé chuyén vi tinh tién y,, tring véi huéng chuyén vi cha
hang v.; m,- khol luong caa hang cé trong lugng Q: ¢, - d9 clng cna palang
nang; ¢, ¢ -do cling clia két ciu thép theo huéng thing dimg va huéng ngang
tai di¢m treo hang: S,. S, - tdng luc cang trong cdp nang & giai doan trudc va
sau khi nhic hang khoi nén; F|, F,,, F, . F,,-luc tic dung 1én két cau thép
huéng thang déng va huéng ngang, sinh ra khi ning hang & hai giai doan
chuyén dong tuong ung; t-thoi gian tinh tir thoi diém thu hét 46 ching cdp:; P-
luc cha dong cila dong co, qui déi vé chuyén vi tinh tién ctia hang.

Trong so d6 nay, két cdu thép dugc tinh l1a hé hai khéi lugng m .m_ . qui
ddi vé diém trco hang. Khéi lugng m thuc hién dao dong theo phuong théang
ding, dugc tinh bang: m o=m, +k

fi nlr *

Trong 46 m - khéi lugng xe con; 7, -khéi lugng cuia clu: &, -hé s6 qui d6i .
Khéi lugng m_thuc hién dao dong theo phuong ngang:
1
m.o=m_+m +=Y m,,
¥ Ve [ 3 z ch
O day z m_ -tong khéi luong cdc chan dd cha cén truc.
a- Giai doar: thit nhét-trude khi nhdc hang khoi nén (hinh 6.3,a)

Hé théng dong luc “can truc- hang” khi ndy gém ba khéi luong chuyén
dong. cé ba bic ty do. Chuyén déng ciia hé dong hoc & giai doan thit nhat dugc
mo ta bang hé phuong trinh vi phan, xdc dinh tir diéu kién can bang dong luc
hoc cac khoi lugng cua hé ¢é tinh dén nguyén 1y Palam be:

my, =F - By —c.y -y)
¥, = 5_‘___[L'I,(y| -¥) -rrrly}]*c?”mw.f‘ (6.13)
x, =45 [c,, (¥, =y, )—my ]— o,.m X,

O day &, 8,0, .0, -chuyén vi theo phuong dao dong ctia cac khdi
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lugng m . m, do tdc dung cua luc don vi gay ra; chi s6 thit nhat tuong dng voi
vdi huéng chﬁyé’n vi, chi s6 thit hat 1a hudng dat lyc don vi; P,. B- xdc dinh
theo biéu thirc (6.2) va (6.3).
Dicu kién ban dau d6i v6i giai doan chuvén dong thir nhét cua he trong
truong hop nang hang tir nén cing:
t, =0, ¥, =0, ¥y =0 X, =0
y,o=0n),, »,=0, & =0. (6.14)
Khi hang con nam trén nén. (3,),- t6¢ do cta khoi luong m, g véi toc
d¢ hanh trinh khong tai cha dong co, duge xac dinh theo bidu thic 6.4.
Luc & két cau thép va lyc cang trong palang cdp duoc xdc dinh bing biéu thic:
F_l,, =c. ¥,y Fo=cx0 S =c (v, ~v): (6.15)
Dicu kién chuyen ti€p sang giai doan chuyén dong tiép theo cua h¢ dong
hoc 1a dang thie: (S,), = Q, _ (6.16)
J day (S,), - luc cang trong cdp nang & cudi giai doan thi nhat.
b- Giai doan 2- sau khi nhdc hang khoi nén (hinh 6.3,b):
Sau khi nhic hang khéi nén, do bién dang dan héi clia két cau thép theo ca

hai phuong nén cdp nang bi nghiéng so véi phuong thing dimg géc ¢ duoc xic
dinh theo biéu thirc:

{gqp: : . (6]?)

trong d6 1- chiéu dai treo hang. Vi géc nghiéng ¢ nho, nén gan ding c6 thé
tinh: Igp~sing~@, va cosp=xl.
Vi I>>y nén sing=(x, —x,)/1.
Nhu vdy. hé gom cé bon khai lugng chuyén dong. ndm bac tu do. Cic phuong
trinh vi phan mé 4 chuyén dong clia h¢ dong hoc & giai doan thit hai ¢6 dang sau:
my, =B =0 ~c.(y -y, -y
v, =4 [cf, 0, -y, -3, mlj.-‘_.‘]— d (m X, —mi); {6.18)

x, =8, [c;, (¥, =¥, — )~ m,j‘y]—é‘” (m X +mX),
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0

mx, = ~ch.,(x) -x. )

Diéu kién ban dau cla giai doan chuyén dong thit hai:
fzz(}, }’12(.}’1)“ y?.:(y_?)]* X, ={x:), ,V3:0~ x, =0,

=W Y=k X =5, j’: = 0. x, =0.

Trong dé (3,),: ()5 (x3),:(3), s (2),3 (%), - chuyén vi va tS¢ do chuyén
dong cta cdc khdi lugng m,, m,, m_ & cudli giai doan chuyén déng thir nhat.

Luc dong tic dung lén két ciu thép theo phuong thang ding, phuong
ngang va luc cang trong paling cap ¢ giai doan sau khi hang nhic khoi nén
duoc xdc dinh bang bi¢u thite:  F, =¢,y;: F,=cx,,

S, =cplyy, =¥, =) (6.19)

Nghiém ctia hé phuong trinh vi phan (6.13) va (6.18) xdc dinh chuyén vi,
tuong ng '2 tai trong dong tdc dung tén co cau nang va két cau thép.

Chiing ta sit dung so dé tinh toan néu trén dé xdc dinh tan s6 va dang dao

Y3I(end FyfkM)
104 250
8 - 200
6 1350
4 100
2 50
4 ti{s)
D U1[!IlI1T|I1I]I|I|IIT|I]I[
o 2 4 [ 8 10 12
K3 Com) Fax,3C(kH?>
10 250 .
8 — 200
6 - 150
4 100
2 - 50 -
7] B tis?
0 a

IR LR R AN AARNEN
D 2 9 6 8 10 12

Hinh 6.4- Do thi F, (1), F (1) .S(1), x;(1) va v 3, () va y, (1)
cha céng truc QO =12,57 khi nang hang
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dong cua cong true KKO-12.5. sic nang 12,5T, khdu do 32m. chiéu dai
congson 11.4m, 16¢ do nang v=0.512m/s. Trén hinh 6.4 cho do thi biéu dién su
bicn thién cha luc dong & két ciu thép F (¢}, F (t) va palang nang S(1). su bién
dang cua két cau thép x, (¢}, v,(z). t6c do cia dong co ¥, (1) va chuyén dong
cua hang y,(¢) phu thuoc vio thdi gian t(s).

Phan tich két qua trén do6 thi hinh 6.4, ta thay:

- Khi nhéc hang & dau cong son chan citng, lirc dong va tuong Umg la bién
dang dong ¢ ket cdu thép sinh ra ¢ ca hai phuong. Nhitng dao dong nay la dao
dong dieu hoa xay ra xung quanh vj trf can bing finh véi cung tan s6. Do chiu
tai trong va dap khi nhic hang khoi nén nén bién do dao dong trong mot vai
chu ky déu tién ¢6 trj s6 khdc nhau, sau d6 dao dong tré nén diéu hod. Tuy
thuge vao dac diém két cau ma bién dang theo phuong ngang ¢é thé 16n hon
theo phuong thang dimg x, > y,.

- Dao dong cua palang nang xay ra véi tan s6 [6n va 1t rat nhanh (thé hién
qua lyc cang cap S(r).

- Nhing két luan vé quy [uat bién thién téc do dong co ¥, (1) va chuyén
dong khong déu cita hang v, (¢)ciing phit hop vdi nhitng k&t luan da dua ra doi
véi cau truc.,

- Bien dang dong 16n nhat cla két cdu thép:
=8lem  khit=074s, x,  =1127cm khi t = 2,045s.

- Bien do dao dong cuc dai cua két cau thép theo phuong thing difng va
phuong ngang:

s
." Imas

a - ¥, =81-47=34dcm,

=y
max < Imax

a =Xy — Xy, = 11,27 -51=6,17cm

X max “Timan
Luc dong 16n nhat tic dung 1én ket cau thép xuat hién ¢ chu ky th( hai:
Frmax = 21 lkN khl l=0!?48: Frmax = 110,5kN khi t:2.0458.

Luc dong 16n nhdt tic dung lén co cau nang: S, =190,74N  khi t=0,78s.
Thoi gian nhac hang khoi nén: t, =021s.
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