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MO DAU
1. Tinh cép thiét caa dé tai

Trén thé gidi cong trinh ngdm ndi chung va duong ham nodi riéng duge ding
vao cac muc dich khac nhau dé dép tmg nhu cau cta nén kinh t& quéc dan nhur:
Giao thong, thuy loi, thuy dién, khai thac than, khoang san;

Trong nhimg nim gan ddy, nudc ta di trién khai nhiéu du an khai
khoang, xay dung cac cong trinh ngdm twong ddi 16n nhu ham 16 khai thac
than, duong dan nudc cac nha mdy thuy dién, ham duong bd. Mit khac trong
chién tranh cong nghé cao ¢ thé xdy ra, vii khi huy diét thong minh danh pha
chinh xdc vao cac muc tiéu: can ctr quan sy, cac khu vuc phong thu, khu cong
nghi€p, cac muc ti€u then chdt nam 16 thién trén mat dat; do dé viée xay dung
cac cong trinh ngam, cac ham ngam bao vé ngudi, tai san va viéc che dau
trang bi k¥ thuat 1a hét sitc quan trong va can thiét;

Trong quan doi, cac don vi cong binh, da va dang thyc hién nhiém vu
xdy dung cac cong trinh ngam, cadc ham trong ndi bao dam sé chi huy, vi tri
cat chira khi tai quan su cho cac quan binh ching, cic cong trinh phong thu
chién lugc ctia cac quan khu...

Pé thi cong dudng ham can nhiéu cong doan, trong d6 cong tac bde xtc da
n6 min tai guong dao 1a mot ndi dung cong viée thyc hién kha phc tap, chi phdi
khong nho t6i nang suat va tién do thi cong chung. Pé viéc boc xic da nd min
(DNM) dat hiéu qua cao, can phai c6 thiét bi dé co gidi hoa qua trinh bdc xuc
phuc vu trong thi cong dudng ham, thiét bi boc xuc s& gop phan giam thoi gian,
giam chi phi va nhan lyc trong thi cong;

Trong thuc tién, voi nhitng dudng ham c6 khau do 1on, viée bdc xuc vat
liéu sau khoan nd (VLSKN) bang cac may xtc 1at banh 16p d6 trude cong suét
16n cia Nhat Ban nhu Komatsu WA100 WA150...WA350 dung tich gau tir 1m?
—3,5m®; Liugong CLG836 (dung tich gau 1,7 m®), may ZL50CN (dung tich gau
3m?) ctia Trung qudc duge str dung khé phd bién [1], cac loai may ndy cho ning

sudt cao va giam thoi gian thi céng, tuy nhién ching khéng phu hop véi diéu



kién thi cong duong him c6 khau do vira va nho do khong khong gian thi cong
han ché, khong phat huy dwoc ning suat, tinh ning ky thudt cia may nén khong
duoc sir dung hodc str dung rét it. Cac don vi Cong binh thi cong dudng ham
khau d¢ vira va nhé hién nay cling di ap dung co gi6i hda qua trinh bdc xtic, van
chuyén bang may cio vo, may xtc dao gau nguoc hoic may xuc 14t banh 16p d6
trudc, loai nho két hop xe van chuyén, tuy nhién hi¢u qua kinh té chua dugc cao,
chua phét huy hét ning suat, tinh ning cua thiét bi khong khai théc hét ciing chi
yéu boi khong gian chat hep cta duong ham...Boi vay viéc bde xac van chuyén
vat liéu sau khoan nd & mot s6 noi van con st dung bién phap thi cong, bang tay
hodc bang cac loai phuong tién tho so...Diéu nay anh huong rat 16n dén chat
luong, ning suat thi cong va quan sb cac don vi, chua phu hop vdi yéu cau
chung ctia quan di 1a hién dai hoa trang bi, giam bién ché quan so;

Qua khao sat thuc t& & mot s6 don vi thi cong duong ham 10 dén trong khai
thac than, khoang san cho thdy méy xuc 14t d6 bén c6 nhiing uu diém noi trdi so
vOi céac loai may bde xtc khac, dic biét may co thé xtc va db vat liéu 1én phuong
tién van chuyén khéac trong khong gian dudng ham chat hep;

bé phuc vu cong viéc bde xtc vat liéu trong ham 10, Cong ty Co phﬁn ché tao
méy Vinacumin - Tap doan Than khoang san Viét Nam da thiét ké ché tao may
xuc 14t @6 bén VCM E500-1. Qua trinh thiét ké ché tao theo mau c6 sin va thir
nghiém mdy sau ché tao dé hoan thién dap mg cac yéu cau thyc té dit ra ma chua
cd nghién ctru, tinh todn phuc vu cho thiét ké ché tao;

Tir nhimg van dé dat ra néu trén, ndi dung “Nghién citu qud trinh béc xiic
vat ligu ciia mdy xiic lat do bén trong thi céng dwong ham bang phuwong phdp
khoan né” 1a hét strc can thiét.

2. Muc dich, nhiém vu nghién ciru
2.1. Muc dich nghién ciru

Nghién clru qué trinh tuong tac, dong hoc va dong luc hoc may xuc 1at dd

bén khi xtc, d6 DPNM trong khong gian chat hep lam co s& cho viéc danh gia, lya

chon kha nang, diéu kién 1am viéc; déng thoi 1a co s& khoa hoc phuc vu qué trinh



cai tién, hoan thién két cdu may xtc 14t d6 bén VMC E500-1 khi thi cong dudng
ham c6 khau do vira va nhod trong diéu kién dia chat Viét Nam.
2.2. NOi dung nghién ciru

Pé dat dugc muc dich dé ra, luan 4n can tién hanh nghién ctru mot s6
noi dung sau:

- Nghién ctru téng quan cac van dé lién quan dén vt liéu hat roi, vat liéu
sau khoan né, gua do xac dinh dugc dac tinh co ly, dac diém, hinh dang, kich
thudc cling nhu sy phan bd cia DPNM trong dudng ham;

- Nghién ciru ddc trung vé kich thudc, hinh dang ciing nhu khong gian
ctia dudong ham khau do vira va nho trong thi cong duong ham & Viét Nam, dé
lya chon loai may xuc 1at dd bén hop ly;

- Nghién ciru qua trinh twong tac ctia may xuc 1at d6 bén (MXLDB) véi
moi truong DPNM trong duong ham qua d6 xac dinh phuong phap xuc, quy dao
chuyén dong hop 1y ctia gau xuc khi xtic, 36 DPNM trong dudng ham c6 khong
gian chat hep; dong thoi xac dinh quy luat dich chuyén cac khau dan ctia may
dé tao ra quy dao chuyén dong hop 1y cua gau xuc;

- Xay dung, khao sat m6 hinh dong luc hoc dé xac dinh tai trong dong
cta thiét bi cong tac may xtc 1at do bén khi xtic, d6 DPNM trong diéu kién
khong gian lam viéc chat hep;

- Nghién ctru thyc nghi¢m léy s6 liéu dau vao phuc vu qua trinh tinh
toan 1y thuyét dong thoi so sanh két qua thuc nghiém véi tinh toan 1y thuyét
1am co s& khang dinh tinh dung dan ciing nhu d6 tin cay cta phuong phap va
mo hinh tinh toan.

3. Pdi twong nghién ciru
- P4 nd min trong duong ham khau do nho;

- May xuc lat d6 bén VMC E500-1.



4. Phuong phap nghién ctru

Phuong phap nghién ctru sir dung trong ludn 4n 1a két hop nghién ciru ly
thuyét voi nghién ctru thuc nghiém kiém chimg trén thuc té;

Trong nghién ctru 1y thuyét luan 4n di nghién ctru qué trinh dién day
PNM viao gau, xac dinh luc can trong qua trinh xiic DPNM, tng dung thuét
toan thuan nghich xac dinh dugc quy dao chuyén dong hop 1y cua gau xuc va
quy luat thay doi cac khau dan dé tao ra quy dao hop 1y cia gau xtc, khi xuc
PNM trong dudng ham khau do vira va nho; xay dung khao sat mo hinh dong
luc hoc dé xac dinh tai trong dong cta thiét bi cong tac may xtc 1at 6 bén. ..

Nghién ctru thuc nghiém, duoc tién hanh dé xac dinh mot sb thong s6 va
hé s6 phuc vu cho tinh toan 1y thuyét, dong thoi stir dung mot sé két qua thuc

nghiém dé so sanh danh gia do tin cdy ctia mo hinh nghién ctru 1y thuyét.

5. Y nghia khoa hoc va thuec tién

5.1. Y nghia khoa hoc

Xay dung va khao sat mo hinh dong hoc MXLDBB VMC E500-1 qua do
xac dinh duoc khong gian lam viéc can thiét cia may khi nang, 46 PNM
trong duong ham, xac dinh quy dao chuyén dong hop 1y cua giu xic, trong
qua trinh xc DPNM bang phuong phap phdi hop; tir quy dao chuyén dong hop
1y ctia gau xtc, st dung phuong phap dong hoc nguoc, xac dinh mbi quan hé
chuyén dong giira cac khau dan: nang can, quay gau va tinh tién ciia may,
nham dam bao viée tich vat liéu vao gﬁu hiéu qua nhét;

Xay dung, khao sat m6 hinh dong luc hoc dé xac dinh tai trong dong tac
dong vao khau, khop thiét bi cong tac 1am co s phuc vu cho tinh toan 1y thuyét;

Nghién ctru thue nghiém xéac dinh mot sb thong sé dé kiém ching, danh gia
tinh chinh x4c ctia phuong phéap tinh toan 1y thuyét, mé hinh dong luc hoc va lam
co so dé phuc vu bai toan thiét ké ciing nhu kiém bén, cai tién, hoan thién két cau
cua MXLDB VMC E500-1.



5.2. Y nghia thyec tién

Két qua nghién ctru cua luan an da khiang dinh kha ning lam viéc cta
may MXLDB VMC E500-1 (quy dao chuyén dong, khong gian 1am viéc..)
khi st dung thiét bj nay thi cong dudng ham quan sy khau do vira va nho
bang phuong phap khoan nd trong diéu kién dic thu dia chat ¢ Viét Nam;

Nhitng két qua nghién ctru cta ludn 4n 1 co s& khoa hoc phuc vu qué
trinh tinh toan, thiét k¢, ché tao, cai tién d6i véi MXLDB VMC E500-1, khai
thac st dung MXLDB hop 1y phuc vu thi cong ham 10, khai thac khoang san
va duong ham quén sy khau do vira va nho tai Viét Nam.
6. Tinh méi caa luan an

- Xac dinh duoc phuong phap xtc va quy dao xuic DPNM hop 1y ciia may
xuc 1at d6 bén trong trong diéu kién khong gian duong ham 1am viéc chat hep;
dong thoi tim ra quy ludt thay d6i ctia cac khau dan dé tao ra quy dao chuyén
dong hop 1y cua gau xuc khi xtic DPNM bang phuong phap phdi hop;

- Xay dung, khao sat m6 hinh dong luc hoc (PLH), xac dinh tai trong dong
cta thiét bi cong tic may xuc 1at dd bén VMC E500-1 khi xac, d6 DNM trong

duong ham khau do vira va nho, thi cong dudng ham bang phuong phap khoan no.

7. B6 cuc luan 4n
Luan an duge bd cuc nhu sau:

Mé diu

Tinh cip thiét, ¥ nghia khoa hoc va thyc tién ctia luan an;

Muc dich, noi dung, dbi tugng, phuwong phap nghién ctru va bd cyc cua
luan an.

Chuong 1: Tong quan vé vin dé nghién ciru

Noi dung cta chuong nay s& dé cap dén tong quan vé dudng ham co
khong gian chat hep va duong ham quan sy khau do vira va nho; méi truong
vat liéu roi, d sau khoan nd min; may va thiét bi bdc xtc duogc st dung trong

thi cong duong ham; cac nghién ctu vé€ tuong tac gitra gau may xuc lat voi



moi truong hat roi; cac cong trinh nghién ctru vé dong hoc, dong luc hoc qua
trinh 1am viéc cia may va thiét bi cong tic may xuc 1at. Tir nghién ctru tong
quan, phan tich cac van dé con ton tai can nghién ctru va hoan thién, tir d6 xac
dinh muc dich nghién ctru va nhiém vu cua luan an.

Chuwong 2: Nghién ctru qua trinh twong tac va quy dao chuyén
dong hop 1y ciia ghu xic khi xiac, d6 DPNM trong thi céng dwong ham

Nghién ctru qué trinh tuong tic gitta thiét bi cong tac cia MXLDB véi
mdi trudng DNM, xac dinh lyc can trong qué trinh xtic DPNM trong dudng ham,
xac dinh phuong phép xuc, quy dao chuyén dong hop 1y cua gu xtc khi xtc, do
PNM trong duong ham c6 khong gian chat hep; dong thoi xac dinh quy luat dich
chuyén cac khau dan ctia may dé tao ra quy dao chuyén dong hop 1y clia gau xdc.

Chuwong 3: Nghién ciru tai trong dong ciia thiét bi cong tac may xic
14t @6 bén trong qua trinh xic va do PNM

No6i dung chuong nay tap trung nghién ctru, Xay dung, khdo st moé hinh
dong luc hoc, xac dinh tai trong dong cua thiét bi cong tac may xuc lat dd bén
VMC E500-1, khi xtc, 46 DNM trong diéu kién khong gian lam viéc chat hep
bang 1y thuyét co hoc hé nhiéu vat, dong thoi khao sat mot sb yéu td anh hudng
dén cac thong s6 PLH cta may.

Chwong 4: Nghién ciru thuc nghiém

Nghién ctru thuc nghiém duoc tién hanh bao gom: Xay dung mo hinh,
phuong an thuc nghi€ém, lya chon cac thong s6 do va thiét bi do; tién hanh
thue nghiém dé 1dy dir liéu dau vao phuc vu tinh toan 1y thuyét dong thoi s
dung két qua thuc nghiém dé kiém chtmg khang dinh tinh ding dan d¢ tin cay

cua cac mod hinh va céc cong thire tinh toan.



Chuong 1: TONG QUAN VE VAN BE NGHIEN CUU
1.1. Tong quan vé dwdong ham va PNM trong dwong ham.

1.1.1. Pic diém chung ciia cac dwdng him va dwong him khau nhé
Puong him duoc bao boc bdi méi trudng d4 tw nhién, viée xay dung trudc tién

phai tao khong gian dé thi cong, cac dudng ham thudng cb chiéu dai 16n mét cit nho
xuyén ndi hodc sau dudi long dat nén bét bude phai thi cong theo phuong phéap kin.
Khi d co hé sb kién cb fi, > 8, cong nghé thi cong str dung chit yéu 1a phuong phap
khoan no. Pudng ham c6 khong gian 1am viéc chét hep (khau do vira va nho) thong
dung hién nay, c6 hinh dang mit cat, kich thudc pho bién nhu Hinh 1.1.
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Hinh 1.1. Céc kich thudc co ban ciia dudng ham khau d6 vira va nhod
pho bién hién nay: a,c) Mat cat vi nho nhat, b,d) Mat cat vi tri 16n nhat.



Pic diém chung khi thi cong dudng ham khau do vira va nho:

- Khong sir dung duoc cac thiét bi ki thuat thi cong thong dung ma phai
str dung cac loai thiét bi dic ching c6 kich thude phu hop voi khong gian lam
viéc va diéu kién thi cong duong ham;

- Piéu kién thi cong rat nang nhoc do anh hudng cua bui, do am, nhiét
d6, tiéng On va kha ning thiéu khi s& anh hudng rat 16n dén sirc khoé ctia con
nguoi va tudi tho cua trang bi k¥ thuat;

- Khong gian thi cong rat chat hep; co chiéu rong hep (b<6m), chiéu cao
thap (h<3m), nhung chiéu dai 16n, thong thuong khoang tir 100 dén 300m va
c6 thé dai hang nghin mét; dién tich mit guong khoan nd khong 16n, nén
phuong an thi cong doi hdi lya chon may bdc xtc phai nho, gon, nhung van bao
dam duoc yeu cau bdc xtc dat hiéu qua cao nhét;

- Kha nang co dong, trién khai tac nghiép, thu hoi trang thiét bi phuc vu
thi cong gip rat nhiéu kho khin do khong gian chat hep, vuéng hé thong
khung chéng néc cong trinh, hé thong khi nén, thong gio, dién va hé thong
cap thoat nudc nén anh hudng rat 16n dén tién do va ning sut thi cong;

- Kha ning bdc xtic va van chuyén vat liéu sau khi thi cong bang phuong
phap khoan n6 gip rat nhiéu khé khan, thuong sir dung phuwong phép thu cong
nén ton nhiéu thoi gian va nang suét rat thap;

- Trong thyc té c6 ba loai dudng hiam pho bién hién nay la: Puong ham
duong bo co tim dudng him kha thang d6 ddc nho, tiét dién mat cat khong thay
d6i trong sudt chicu dai ciia ham; Puong ham dan nudc cho cic nha may thay
dién, duong ham 10 dan khai thac than, co ban gidng ham dudng bo nhung do
dbc doc than ham khé 16n; Puong ham quan su c6 dic diém khéc biét véi hai
loai dudng ham trén nhu: tim duong ham khong thang theo mot huéng ma thay
d6i lién tuc doc theo chiéu dai hdm; hinh dang, di¢n tich mat cat & cac vi tri cia
ham rat khac nhau, chd thu hep, chd mé rong, chd thay d6i hudng tim dudng

ham; ctra ham thuong nhé hon phan than ham va c6 do doc 1én;



a) Mo hinh du’g ham quan su

a) MXLDB lam viéc trong duong ham

Hinh 1.2. M6 hinh dudng him quan su va thiét bi boc xuc trong duong ham

Tir nhitng ddc diém néu trén cho thdy, cac loai phuong tién xe may,
trang thiét bi 1am viéc trong diéu kién thi cong duong ham vira va nho, chi
chuyén dong tién va Iui theo phuong doc truc ham, kha ning quay vong hodc
quay thiét bi cong tac (TBCT) ctia cac phuong tién rat khé thuc hién hodc rat
cham; su dich chuyén va khong gian lam viéc ctia mdt phuong ti¢n da chiém
gan hét khong gian lam viéc tai guong ham, dic biét 1a phan thu nho cta dudng
ham khéu do nho, nén tinh nang k¥ thuat, hi¢u qua kinh té va nang sut bi anh
hudng dang ké. Vi vy viéc bdc xic DPNM trong dudng him bang phuong tién

tho so hién nay van con & mot vai don vi thi cong thuc hién, Hinh 1.3,

a) Burong ham b) Bbc xtic DNM |
sau khoanné  trong dudong ham

¢) BPuong ham sau khi boc xtic

Hinh 1.3. Hinh anh bdc xac DPNM va duong ham trude, sau khoan nd

1.1.2. Pic diém ciia PNM sau khoan nd trong thi cong dwong ham
Sw phén bé, tinh chdt co 1y va dé hat ciia PNM trong dwong ham
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P4 ty nhién sau khoan, nd min c6 ty 1¢ kich thudc hat rat khac nhau,
hinh dang da giac, sic canh, bé mat khong phang, phan bd xen k& ngau nhién,
gitra c6 khe rong tao nén mdi trudng hat roi; mit khac chung bi ving tir
guong ddo ra xa va phan bd ngu nhién tao nén mot 16p phu trén bé mit cua
day ham. Hinh dang va ty 18 kich c¢& hat duoc tao ra sau nd phu thudc rat

nhiéu vao tinh chét cua da ty nhién ciing nhu ho chiéu n min, Hinh 1.4.

Mét guong Vom ham

25:30m
L6p d& phan bé trén nén hdm sau nd min

30-40 cm.
]
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d) So d6 phan b6 DNM trong dudong ham
Hinh 1.4. So d6 phan b6 PNM trong duong ham.

Qui luat phan b thanh phan c¢& hat cia DPNM di duoc nhiéu tac gia
trén thé gi6i nghién ctru nhu Roézin-Ramle, L.I.Barén, V.M.Kuznhetxdp,
I.P.Oxanhit,...trong d6 két qua nghién ctu qui luat phan bd thanh phan ¢ hat
cia nhom Goden-Andrep va GS Nhit Van Bach Hinh 1.5 da phan anh sat véi
thuc té, ty 16 ¢& hat duoc xac dinh 1a:

X m
Py = (x—] (1.1)

Trong do: X - Kich thudc cuc da khao sat; Xmax - Kich thudc cuc 16n

nhit duoc tao ra sau khoan no; m - Hé sé thuc nghiém.
P

)c.o

X X

max

Hinh 1.5. Sy phén b6 ¢& hat theo Goden — Andrep va GS Nhir Vian Béch.
1- thg V61 da dé no; 2- g voi dé co do kho no trung binh; 3- tng vai da kho no.
Dé ning cao hiéu qua cua may bdc xtc, ngoai viéc xem xét cac thong

s6 dau vao 1a kich thude duong ham, dic diém két cdu, ning sudt cia may va



11

phuong tién van chuyén, can phai cht y dén thong sé chung cua PNM, cu
thé: kich thudc ¢ cuc da 16n nhat, ty 1 da c6 kich thuéc qué cd, kich thudc
& hat trung binh cia DNM;

- Do khéng gian lam viéc trong guwong ham khau do nho kha chat hep
nén kich thudc caa cac phuong tién van chuyén va mdy bdc xtic duge xac
dinh so bo trudc; khi d6, kich thudc ¢ cuc da 16n nhat phai dugc xac dinh
pht hop véi dung tich va cac thong sb hinh hoc cua gau xtc (bao dam nho
hon kich thuéc canh nho nhat caa gau xuc) va duoc goi 1a kich thude hat cho
phép, day 1a diéu kién bién cho cong tac khoan ndé min va viéc lya chon kich
thude hinh hoc ctia gau may bdc xtc duge xac dinh nhu céng thic sau:

D,, =(0,7+0,8)3V, (m) (1.2)
Trong do: D, - kich thudc cuc da cho phép 16n nhat (m); Vg - dung tich

gau xuc (m3).
- Trén co so nghién ciru qui luat phan bo ¢d hat da sau né min, Giao su

B.N. Kutudép da thiét lap ty 18 da qua c& sau nd min qua cong thirc

Vo =V [ 1- 522 o (1.3)
qc 0 4Dtb '

Trong do: V,, -ty I¢ da qua cd sau nd min; Vo - ty 18 cac cuc da qua c&
c6 kich thuéc 16n hon D, trong nguyén khoi trude khi nd (%); Dy - kich
thudc trung binh ctia cac hat sau nd; Dgp - €& hat cho phép 16n nhét.

Nhu vay, mdi truong DNM 1a mdi trudng hat roi, duge dic trung bang
qui luat phan bo thanh phan ¢ hat va ty 18 da qua ¢& sau nd min. Do su khong
ddng déu vé kich thudc ¢& hat nén thudng coi kich thude trung binh Dy, 1 mot
dai luong dic trung cho mic 46 dap vé PNM bang phuong phap khoan né.
Hién nay phuong phap xac dinh Dy thong dung nhit 1a phuong phap ning
luong; vai da co do dap vo binh thuong xac dinh nhu sau:

D, :i:iw (1.4)
r & (Pl 9 a1 7
Trong do: o - hé s6 phu thude vao chi phi nang luong no; ¢, - hang so dap vo,
W- 14 ning luong riéng pha v mot don vi thé tich DNM da, J/m®,
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Qua nghién citu cho thdy, méi truong DNM 1a méi trudng hat roi voi
cac hat c6 kich ¢& va ty 1€ ¢& hat khac nhau, moi truong nay dugc dac trung
bang céc dic diém nhu sau:

- Cac cuc da co6 hinh dang da giac, sic canh, c6 kich c¢& khac nhau va
duogc tach biét nhau hoic tiép xuc véi nhau theo cac bé mat;

- Luec lién két gitra cac hat rat nho, nén kha nang lién két gitta ching 1a
khong bén vimng. Tinh lién két nay dé bi pha v& va dé boc tach thanh cac phan
riéng biét khi c6 luc tac dung vao khdi DNM:;

- Tinh d6ng nhat va tinh dang hudng khong 16n, nén khi chiu tac dung
ctia mot ngoai luc, cac hat chuyén dich khong theo mot hudng théng nhat;

- Cac cuc da it co kha nang hut nudc va ngdm nudce, nén da tao ra ma
sat kho trén bé mit tiép xuc giita cac hat va cac hat véi bé mat cua thiét bi
cong tac may bdc xic;

- Bé mat truot giita cac 16p hat khong duoc rd rang va thay doi rat
nhanh tuy theo hudng dich chuyén cua cac hat. Do cac cuc d4 sac canh nén dé
tao ra cac ném hoic cac go chin, gy can tr su di chuyén cuaa cuc da nay so
Vai cuc da khéc;

- D6 rdng 16n, nhat 1a khi kich ¢& cac hat ting, nén tao ra sy giam thé
tich ban dau kha 1n sau khi chiu lyc;

Céc dac trung trén day cho thdy, méi truong DNM, co su khac biét S0 V6i
mdi truong hat roi khac, didu nay da anh huong rat 16n dén ning suat bbc xtc
DNM va sy hinh thanh cac thanh phan lyc can TBCT cua may bdc xtc khi tham
nhap trong mdi truong ndy. Pay ciing 14 mot méi truong rat phuc tap, dé danh gia
ban chat cia moi trudng va xem xét dén méi lién hé gitra moi truong va TBCT
Cia may, mot s6 nha khoa hoc d3 néu nhu sau:

- Theo [31], gido su, vién si A.I Baldpnhép coi mdi truong da sau
khoan n6 1a moi truong hat roi, lién két nho, c6 hé sb d¢ cing fi,=1.5, cac loai
may bdc xuc théng dung cé thé truc tiép thi cong ma khoéng can phai st dung

cac phuong tién hd trg khac;
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- Theo [9], coi san pham sau nd min 1a mdi truong da dang roi, ¢6 hé sd
ma sat trong va ngoai 16n nhat (f,=0.9; f;=0.84), khi tinh toan lyc can bang
cong thuc cia N.G Dombrovski, hé sé luc can khi xac DNM, véi TBCT cua
may xtc lat 1a k (K3=200+250 N/cm?);

Nhu vay, DPNM 1a mot moi truong khong dong nhét, dugc tao boi cac vién
da c6 kich thude khac nhau, sip xép ngau nhién trong khéi DNM va phén b trai
trén mat nén ham trong pham vi nd min; kich thudc cac vién da phu thudc rat 16n
vao ho chiéu nd va do cimg caa da. Sy khac biét cia ¢a nd min trong duong ham
khau d6 nho véi moi trudng hat roi 1am cho sy twong tac ciia TBCT may xuc 1t
Vi d4 nd min dién ra phac tap hon. Ty 1é kich ¢ vién d4, hinh dang, d6 sac canh
va su phan bd ngau nhién, roi rac sau n6 trong khong gian dudng ham chat hep 1a
Mot trong cc yéu td anh huong truc tiép dén qua trinh xtc, d6 DNM, nén khi 4p
dung 1y thuyét twong tac méi truong hat roi dang dong, khong gian rong hién co,

can phai xem xét dén sy anh huong nay.
1.2. Tong quan veé thiét bi boc xic va may xic 1at d6 bén
1.2.1. May va thiét bi boc xiic PNM trong dwong him

Pé co gidi hoa cong tac boc xic PNM trong thi cong dudng ham, nguoi ta
can phai str dung cac loai may bdc xtc chuyén dung. May bdc xuc DNM trong
duong ham rat da dang vé hinh thirc, kiéu dang, ché do lam viéc va co cau di
chuyén bao gém céc loai chinh: kiéu gau xuc, kiéu cang cua, kiéu vudt dimg, kiéu
gﬁu dao; loai boc xuc lién tuc, ngét quang; loai thung lat db sau, d6 trude, do bén;

loai banh 16p, loai banh xich, loai chay trén ray. ..[13].

- May béc xiic kiéu gau gt dé sau: Loai may ndy thuong dung co céu di
chuyén trén ray. May dung gau xtic PNM ¢ phia truéc nhung d6 DPNM ra
phia sau vao trong xe van tai hodc d6 vao bang tai, Hinh 1.6. Loai may nay chi

thich hop véi loai dudng hAm mit cit nho hodc quy mé khong 16m.
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a)

Hinh 1.6. May bdc xuc kiéu gﬁu 1at sau.
a) Loai d6 lén thung; b) Loai d6 1én bang tai
1 - gau; 2 - vo may; 3- moc ghép vao may van chuyén; 4- co cau di chuyén; 5- bang tai

- May xuic 1t do phia triedc:

Hinh 1.7. May xuc lat
d6 phia trude

a)so do két cau;

b) so dd dong hoc

TTT

1hi

Loai may nay chi cho phép xtic va d6 DPNM & phia truéc mdy, nén
thuong dung bc xac PNM sau khoan nd min trong cac tuyén duong ham co
dién tich mat cat guong ham 35— 70 m?, tic 1a mat bang thi cong kha 16n.

- May may cao vo.

Hinh 1.8. So d6 ciu tao may

‘%l//m_:/b bdc DNM kiéu cang cua

1-cang gat; 2- mam nhén

L7 4 5 __—\ DNM; 3-than mdy; 4- xich
W"_I | ————— gat; 5-bang tai

A A O

Di chuyén bang banh xich, diéu khién bang dién va bdc xuc lién tuc;
may chi bdc xtic duge loai d4 c6 kich thude nho, roi; may c6 ning suat ky
thuat trong khoang 60 — 80 m3/h
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- May xuc lat doé bén: So véi cac loai may trén, MXLDB, 1a loai may co
két cdu nho gon, di chuyén bang banh 16p hoidc xich; may d tai duoc ca hai
bén, nén c6 thé hoat dong tbt trong diéu kién khong gian han ché. Vi duong
ham c6 khau d6 vira c6 chiéu rong di cho may va xe ché DPNM dd song song.
buong ham khau d6 nho chi da cho may co dong, xe chd PNM dd ¢ vi tri mé
rong, may tién vao xac DNM, lui lai d& tai bang hinh thic d6 bén va khong

can phai quay dau dé d tai.

0934 266 662
hitp://mayeongtrinhnhapkhau.vn/

Hinh 1.9. MXLDB di chuyén béng 16p va xich
1.2.2. Sir dung MXLPB trong thi cong dwong him
Str dung MXLDB trong thi cong duong him khau d vira va nho 1a mét giai
phap nang cao hiéu qua qua trinh boc xtic PNM. Pé danh gia hiéu qua st dung
MXLPB v6i cac loai may bdc xtc khac trong qua trinh xac, d6 da nd min khi thi
cong dudng ham khau d6 nho, can thiy duge nhing so sanh nhu sau:
1.2.2.1. U, nhuoc diém cia mdt sé loai may boc xiic PNM trong dudong ham.

- May xtic gau nguoc thudng ding dé xtic vat lidu, cd két cau can dai va
phai quay vong khi xtic, ¢ nén can phai c6 khong gian rong, chiéu cao can thiét.

- Str dung may cao vo dé bdc xtc da nd min tai gwong ham 1a giai phap
kha phd bién twong ddi hiéu qua trong thi céng duong ham khau do vira va
nho hién nay, tuy nhién, ciing gip kho khin néu da nd min c6 kich thudc 16n
do khong thé cao gat va van chuyén trén bang tai duoc.

- May xuc lat banh 16p d6 trude chi co thé d& tai d6 vat lidu 1én xe & vi
tri d6i dién phia sau hodc vudng goc véi thung xe tai. Do do, st dung may xuc
1at banh 16p d6 trudc can phai c6 khong gian thi cong rong du dé cho xe cho

vat li€u va c6 du ban kinh quay vong ctia may xuc lat.
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- Mt s6 may su dung dong co dbt trong, nhién li€u diesel, khi hoat
dong tao ra tiéng on, phat khi thai doc hai...

Nhu vay cac loai may ddao giu ngugc, mdy cdo vo, may xtc 1at banh
16p d6 trude, khong phu hop hodc khong thé st dung trong thi cong duong
ham kich thudc vira va nho. Vi vay can lya chon thiét bi phu hop dé thi cong

duong ham kich thudc vira va nho trong diéu kién dia chat Viét Nam.

1.2.2.2. Pic diém két cau ciia may xic VMC E500-1

12 11 10 9 8 76 5 4 3 2
[ -

13
@//[ / 2N
// '_| / j[\/;\_ L ' Vs
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@ > ® 1

S/ S S

Hinh 1.10. So d6 cAu tao MXLDB VMC E500-1
1- ring gau xuc; 2 - gau xac; 3- xi lanh lat gau; 4 - gia gau 5 - can nang; 6 -
xi lanh ning can; 7 - xi lanh quay gau; 8 - gia quay thiét bi cong tac; 9 - Xi
lanh quay thiét bi cong tac; 10 - b phan diéu khién; 11 - co cu di chuyén;
12- khung gia may;13 - nguon dong luc.

Qua nhimg phan tich & trén két hop vai khao sat thue té & mot sé don vi
thi cong duong ham hién nay cho thiy MXLPB VMC E500-1 c6 nhiing wu
diém ndi troi vé két cdu may nhu sau:

- Hé théng di chuyén ctia may bang xich nén c6 kha ning bam tdt, gitip may
lam viéc 6n dinh, khong bi truot trong qua trinh tich vat liéu vao trong gﬁu nhét 1a
trong diéu kién thi cong ¢6 do déc 16n, mét nén kém 6n dinh;

- Két cAu cua may nhé gon, dd duoc ca hai bén, nén c6 thé hoat dong t6t trong
diéu kién khong gian han ché;

- Nguon dong lyc ciia may 1a dong co dién nén khong gay ra tiéng on,
khong phat khi thai doc hai moi trudng cong tac, rat phu hop voi nhiing
duong ham dai, chat hep, kha ning thong gid kém;
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Vi nhitng wu diém ndi troi trén, may xtc d¢6 bén VMC E500-1, Hinh 1.10
d3d duogc tdp doan than khoang san sir dung rat hiéu qua c6 thé ap dung trang

bi nay vao phuc vu thi cong duong ham quan su khau d6 nho.

1.2.2.3. Thiét bi cong tac lip trén may xic 1at

2) : ) IS
‘ Hinh 1.11. Géau xtc pho bién lap trén MXLDB
a) Gau xuc co rang voi mot thanh bén; b) Gau xtic c6 rang khong c6 thanh bén

Hién nay c6 rat nhiéu cac thiét bi di kém c6 thé tich hop dugc trén may xuc
1at, tiy theo chiic ning nhiém vy trong d6 dién hinh 1a may xtc 14t loai nho cta
Hang BOXCAT c6 thé tich hop dugc gan 50 thiét bj cong tac phuc vu trong cac
linh vuc giao thong, xay dung cong trinh, ham 16, néng nghiép. .. Trong thi cong
duong ham dé xtic DPNM thi thiét bi xtc 14t chu yéu duoc sir dung véi MXLDB
1a hai loai géu xuc c6 rang, voi mot hoac hai thanh bén, Hinh 1.11.
1.2.2.4. Chu trinh lam vi€c ctia may xuc lat

Chu trinh lam viéc cia may xuc 1at bao gém: tich vat liéu vao gﬁu, nang
gau, van chuyén vat liéu trong gau, 1at giu x4 tai va ha gau di chuyén. Thoi gian
tich vat liéu vao gau, duoc xac dinh tir thoi diém cham rang gau xtic vao vat liéu
dén khi dua gau xtc khéi vét xtc; Thoi gian nang can nang tinh tir thoi diém két
thiic tich vat liéu, bat dau nang gau xuc 1én dén vi tri cao nhat dé xa tai; Thoi
gian van chuyén xac dinh tir thoi diém két thic qua trinh nang can nang, di
chuyén may dén vi tri d6 vat liéu 1én phuong tién van chuyén; Thoi gian d6 vt
liéu, tinh tir thoi diém dimg hoan toan céc thao tac khac, bat dau diéu khién lat
gau d6 vat lidu vao phuong tién van chuyén dén thoi diém d6 hét vat liéu, gau
xuc rong hoan toan; Thoi gian ha gu va di chuyén, tinh tir khi két thuc qua trinh

do vat li¢u, di€u khién may xtc 1at quay trd lai vét xtic, bat dau tich vat li¢u.
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D061 voi cac so do cong tac, co dung dén su co dong cua thi€t bi van chuyén
vat liéu, trong cac so d6 lam viéc con thoi, thoi gian co dong ctia xe van chuyén

cling dugc tinh vao thoi gian cta chu trinh cong tac, 1.V Boyarkina [34].

Trong truong hop cta Hinh 1.12 a, b, ¢ so d lam viéc cuia MXL d6
trude duge thue hién khi xe van chuyén dimg & vi tri tiép nhan vat licu, [34]
khi d6 dién ra chuyén dong cong ctua may xtc tir khi roi déng vat liéu bang
hanh trinh Iii, va qua trinh nay duoc thyc hién dén thoi diém dinh hudng
dugc duong tam ddi ximg clia may xuc vudng goc véi dudng tim cia xe chd
vat liéu. Sau d6 dién ra qua trinh thay d6i huéng chuyén dong cua may xic,

chuyén dong ti€n vé phia xe ti€p nhan vat li¢u.
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Hinh 1.12. So d6 chuyén dong cua may xtc 1at d6 trude [34].
Trén Hinh 1.12, d thé hién so dd 1am viéc con thoi ¢6 su co dong cua ca
Xe tiép nhan vt li¢u va may xtc lat. Cu ly van chuyén vat liéu trung binh ctia
cac may xuc lat xdy dung & muc tiéu chuan 30 — 40 m. So d6 lam viéc con

thoi gitp tao dugc niang sut 16n nhat.
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1- Guong ham
2- May xtic 1at do bén
3- Xe ché da n6 min

Hinh 1.13. So d6 chuyen dong cuia MXLDB trong thi cong duong ham
a) duong him rong; b) dudng ham hep c6 phan mo rong.
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Nhu vay, phu thudc chinh vao loai may xtc, kich thudc va khong gian
duong hdm ma chu trinh lam viéc hay quy dao chuyén dong ciia MXL c6 thé
ap dung cac phuong an khac nhau nhu thé hién trén Hinh 1.12 hodc Hinh
1.13, v6i thi cong duong ham kich thude vira va nho, phuong an chuyén dong
chu yéu theo so @6 Hinh 1.13

1.2.2.5. Niing suét ky thuit va thoi gian ciia chu trinh cong tic ciia may xiic 1at

Ning suét k¥ thuat ciia may xuc lat ITr:

Phuong phép xac dinh ning suat k¥ thuat ciia may xuc lat da dugc cac
tac gia V.F. Korelin, L.G. Focht, Chebanov L.S nghién ctru, trinh bay trong
cac tai liéu [54],[61],[62],[63] va dua ra cong thirc tinh toan.

I, :3600% (tan/h) (1.5)

™
Trong d6: Vr - thé tich vat liéu dugc xuc vao gau xuc, duoc lay udc 1¢

bang thé tich gau xtic, m3; pm — khoi lugng theo thé tich vat liéu trong déng
vat lidu, t/m3; Ky - hé s6 dién day gau xtc; Ty — thoi gian ciia chu trinh, h; Kp
— hé s toi x6p dat khi dién day gau xuc, dbi véi véi loai vat liéu hat roi K,
=1,1; khi xuc vat liéu rdi bang gau xac tiéu chuan cho pM =1,6 tAn/m°.
Thoi gian ctia chu trinh cong tac may xtc 14t db trudc theo cong thirc:
T, =t +t +t +t, +1,, (s) (1.6)
Trong do6: tg - Thoi gian tich vat liéu vao gau; tr - Thoi gian van
chuyén vat liéu trong gau xuc; tc - Thoi gian qué trinh ning can nang; te -
Thoi gian qua db vat lidu trong gau xtic vao phuong tién van chuyén; tx - Thoi
gian hanh trinh khong tai.
1.3. Tong quan cac nghién ciru trong va ngoai nuéc
Nghién ctru vé may moc phuc vu trong thi cong xay dung néi chung va
may xuc 1at noi riéng 1a linh vyc da dugc nhiéu nha khoa hoc trong va ngoai
nuéc quan tdm. O linh vuc nay cac nha khoa hoc di theo cac huéng nghién
ctru chinh nhu: d6 bén két cAu, dong luc hoc qua trinh lam viéc, nang cao

ning sudt, nghién ctu hé théng diéu khién thay luc...Nhitng cong trinh
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nghién ctru cua cac tac gia da dat co s cho viéc thiét ké, lua chon thong s6 va

co sO hoat dong c6 hi€u qua cua may.

1.3.1. Cac cong trinh nghién ciru ngoai nuwdc

Trén thé gi61, may xuc lat da dugc cac nha khoa hoc nghién ctru trén
nhiéu khia canh khac nhau nhu: qua trinh twong tic giita gdu xuc voi moi
truong hat ro1; dong luc hoc may trong qua trinh thi cong; dong luc hoc cua
thiét bi cong tic may xuc lat trong yéu té cua chu trinh cong nghé; nghién ctru
vé dong luc hoc thiét bi dan dong thiy luc va phuc hoi niang luong dan dong
thiét bi cong tdac may xuc lat; tinh toan két ciu, cai tién k¥ thuat ning cao

nang suat may...

1.3.1.1. Céc nghién ciru vé qua trinh twong tic clia may xuc 1at véi mdi truong

Clic nghién ciru vé e can ciia méi truong lam viéc tac dung lén gau xiic

Luc can ctia mdi truong 1am viée tac dung 1én giu xuc 1a dic tinh dé
xac dinh cac thong s6 co ban ctia may, Vi vdy di c6 nhiéu cong trinh nghién
clru vé qua trinh twong tac giita gau xuc 14t va méi truong 1am viée dé xac
dinh lyc can cia moi truong lam viéc tac dung lén gﬁu xuc trong qua trinh
lam viéc. Phuong phéap phén tich dé tinh toan luc cta gau xtic v6i moi trudng
lam viéc dugc xem xét dau tién boi V.N. Tarasov [55]. Ngoai ra, trong mot
cong trinh nghién ctru khac ciia minh V.N. Tarasov da dé xuat mot phuong
phap tinh toan cho qua trinh xtc vat li¢u hat ro1 cua may xuc 1at, dua trén 1y
thuyét vé ting suat giéi han cat. Bén canh d6, da c6 nhiéu tac gia dwa ra cac
cong thirc thuc nghiém va cac md hinh tinh toan luc can tac dung lén gau xuc
trong qua trinh thi cong, tiéu biéu c6 thé ké dén:

Cong thirc xac dinh lyc can cia mdi truong hat roi tic dung vao gau
xuc dugc dua ra boi S.G Kalmykov [42]:

W.=W+W,=k:I-h+f-g (1.7)
Trong d6 W — luc can sy xAm nhap cua giu vao trong dong vat liéu; W,

— luc ma sat cua vat liéu khi nang gau Ién c6 chtra vat liéu trong gau; K - hé so
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ctia lyc can dao riéng; 1 - Chiéu rong gau; h - Chiéu cao vat liéu trong gau; g —
trong luong vat li€u trong gﬁu; f - hé s6 ma sat cia vat liéu. Cac luc can khac
duoc bo qua khi tinh toan.

Khi str dung cong thire (1.7), ¢6 mot s6 han ché can luu v

- Cong thtrc khong tinh dén tat ca cac loai luc can 4n gau xtc vao vat
liéu; gia thiét duoc dua ra boi tac gia vé anh huong khong dang ké cua cac luc
ma sat cua vat liéu trong gau xtc va gau xtic véi vat liéu 1a chua phu hop;

- Anh huong cia chiéu sau an, hinh dang gau, hinh dang va kich thudc
d6ng vat ligu 1én gia tri luc can khong dugc thé hién;

O.P. Ivanov [41] d4 nghién ctru anh hudng ciia tinh chat vat Iy va co hoc cua
hat roi, kich thuée, chiéu cao 16p, chiéu sdu cua sy thim nhap va vi tri clia cac
canh phia trudc clia gdu so voi vi tri dong vat liéu. Trén co sé xir 1y cac dit lidu
thyc nghiém, tac gia da dé xuat mot phuong trinh xac dinh lyc can 4n gau xuc:

P=B-P,(1+ AP, + AP, + AP,) (1.8)

Trong d6 B - chi€u rong canh lam viéc cua gau; Py — luc tham nhap khi
lam viéc trong diéu kién ban dau; AP;, APy, AP« — gia tri tang cua lyc tham
nhép trong su phu thudc vao do sau cua sy thadm nhap (i), chiéu cao cua 16p
(h) va tinh chét co 1y cua vat liéu (K).

Bang s6 lugng 16n cac két qua thuc nghiém V.N. Stogov [52] di dé
xuat cong thirc xac dinh tong cic thanh phan lyc can nam ngang ddi voi
phuong phap xuc phan doan:

W, =W, +W, + W, (1.9)
Trong d6: Wi — luc can trén cac canh cat phia trudc cua gﬁu; W, — luc

can ma sat trén bé mat day phia trén va mat bén phia trong cta gau; W3 — luc
can ma sat cua bé mat day gau ma mat trén dong vat li¢u.

W, =k-k,-B-x (1.10)
Trong do: k - hé s6 phu thudc vao loai vat li¢u; K; - hé s6 tinh dén luc can

ctia cac thanh thang dtng; B - chidu rong cua gau; x - d sau thAm nhap ngang.
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W, =k, p'-p (1.11)
Trong d6: ks - hé sb tinh &én ma sat trén cac thanh bén; p' - ap luc trén day

nam ngang cta gau; p - hé sé ma sat giita cc mat phia trong ctia gau va vt lidu.
p' =P(L+sin’¢)/S (1.12)
Trong d6: P=0,5-B-x*-y-tgep - Trong lugng ctia vat liéu trong thé

tich cua lang kinh vat liu; (1+ sin® (p) - yéu tb c6 tinh anh huong cia dbéng

vat liéu; S — dién tich cua day gau.
W3:‘N-k3-H , (1.13)

Trong d6 N - ap luc cuia gau trén dong vat liéu; ks - hé so dac trung cho
phan khéi luong gau xtc tac dung 1én dong vat liéu, phu thudc vao hé thong
can, xi lanh can; u - hé s6 ma sat giira ddy cua gau va vat liéu.

Theo so d6 tinh toan Hinh 1.14, khi 4n gau xtc vao déng vat liéu hinh thanh
khéi lang tru truot, duoc giGi han boi day gau xtc, mat nghiéng ctia déng vat liéu,
mit phang truot va hai miat phang bén theo chiéu rong ciia gau xuc. Trong cac tinh
toan chap nhan rang, cac mat phang bén va mat phang truot vudng goc voi bé mat
day cta déng vat liéu. Cac luc can tong cong thanh phan Wi duge x4c dinh bang
cach xem xét trang thai can bang cua khéi lang try truot.

Hinh 1.14. So d0 tinh

toan xac dinh cac
I Jw lyc can an gau theo
Sk V.N. Stogov

Khi dua ra phuong trinh (1.9), V.N. Stogov gia thiét rang, day gau khi 4n
vao déng vat liéu nam song song véi bé mat day dbng vat liéu, mic du trong
qua trinh xac thyc té, n6 duoc dat & gbdc 7+ 2 °[55]. Ngoai ra, trong qua trinh
xuc thuc té theo phuong phép phan doan, dé dién day ti da gau xuc, nguoi

diéu khién s& an gau vao ddng vat liéu cho dén khi luc can an gau xtc lam
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trugt hoan toan bo phan dan tién cia may xuc. Tai thoi diém nay, vat liéu
tuong tac voi thanh sau ciia gau xuc tao ra luc can an, ma cac cong thic cua
V.N. Stogov khong moé ta duoc. Khi quay gau xtc, cac lyc can 4n cua gau tao
ra lyc can bang R, dat vao canh cit cia day gau. Tuy nhién, so dd tinh toan
duoc thiét 1ap cho thoi diém, khi dong vat liéu khong tuong tac véi thanh phia
sau cua gau, diéu nay dic trung cho phuong phap xtc két hop. Do d6, cong
thire ciia V.N. Stogov khong thé st dung cho phuong phap xtc két hop.

A.D. Kostylev, di chi tiét nghién ciru anh hudng dén thanh phan ngang
ctia lyc can, cac yéu té nhu hinh dang canh trudc ciia gau va cac phuong phap
ting cuing cua rang, hinh dang cua thanh bén cia gau, chiéu rong, goc
nghiéng cua day gﬁu va vi tri cia gﬁu so vOi déng vat li€u, d sau tham nhap,
cac tinh chat vat 1y va co hoc cua vat li¢u. Két qua la, tac gia dua ra mbi quan
hé thuc nghiém dé xac dinh luc tham nhap theo cong thirc [44]:

P=a-Ly,-B-C-k, -k, -k, (1.14)

Trong do: a - hé so tinh dén dang cua vat li€u ro1; Len - chi€u sau ctua
su tham nhap; B - chiéu rong cua gau; C - hé sé tinh dén cac thanh phan kich
thudc hat ctia d4 va mac d6 nén chit ctia né; ks - hé s6 tinh dén anh huéng cua
chiéu cao cua déng vat liéu; ks - hé s6 tinh dén do doc cua day gau véi nén
cua dong vat lidu; k, - hé s6 tinh dén anh hudng cua hinh dang gau. Pay 1a
cong thire thé hién day du cac yéu té anh hudng dén luc can xtic cia gau, tuy
nhién dé tmg dung cong thirc ndy can tién hanh mot khdi luong thuc nghiém
rat 16n voi da sau khoan nd cia Viét Nam.

St dung cac két qua nghién ctu trudc day [46], [50], [51], V.A
Bauman [53] dé xuit phwong phap xac dinh luc can sinh ra trong qua trinh
tuong tac gitta gau mdy xtc 14t voi moi trudng hat roi dé phuc vu tinh toan
thiét ké. Theo so dd tinh toan ctia phwong phap nay Hinh 1.15, cac bé mit

truot cta lang kinh vat lidu nghiéng mot goc khong doi (n [4+¢l 2) SO voi

bé mit ddy cua dong vat lidu, ¢ 12 gbc ma sat trong cua vat liéu dang hat roi.



24

Hinh 1.15. So dd tinh toan dé xéac dinh luc can theo V.A Bauman [53].
Lyc can tham nhap duoc xac dinh boi diéu kién can br?mg cua lang kinh
vat liéu ABC v6i cac hé s tinh toan duge xac dinh bﬁng thuc nghiém. Luc P
dit vao vi tri dau xi lanh quay gau va dugc xac dinh theo cong thirc:
(P,+P,+G, ), +G,l,
I

Trong d6 P; - luc tiép tuyén véi quy dao quay cua gau va duge dit vao

(1.15)

cudi canh cét; P, - tong luc dit vao thanh bén ctia gau (phan b tri ring cat); Gn
- trong luong cua lang kinh vat liéu; Gk — trong lugng cua gﬁu; 1, 13, I, — canh

tay don cua cac luc.

Cac nghién cuu vé qua trinh tham nhdp gdau xuc vao trong dong vdt liéu.

Hinh 1.16. Céc luc tac dung lén gau xtic [17]
a— cac luc can; b — cac lyc nang
Nghién ctru qua trinh tich vat liéu vao gau, A.Hemani [17] da chi ra, cac

luc lién tyc thay doi tir thoi diém bét dau xtc, cho dén khi két thic, trong mdi thoi

diém cua qua trinh xuc vat li¢u, tong luc can s€ 1a hop luc cia cac thanh phan luc
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[, I, I3 f4 Is; nhu thé hién & trén, Hinh 1.16. Trong d6: ry 1a khéi lugng cta
luong vat liéu da xtic nam trong gau xtc; luc nay tac dung 1én trong tam tirc
thoi ciia gau xtc va thay ddi trong qua trinh xtc, do d6 ca do 16n va diém dat
cua luc nay s¢€ thay ddi lién tuc; 7 1a lyc can tac dung mat dudi gﬁu xUc trong
qué trinh x1c; r3 1a lyc ma sat gitra thanh géu xuc voi vat liéu; 14 1a luc can cua
vat li€u tac dung lén cac canh cat vat liéu trén gﬁu xtc; 15 lye can thiét dé
chuyén vat liéu vao phia trong gau xtc. Su thay doi do 16m, diém dat va chiéu
ctia cac luc trén dugc nghién ctru dé dua cac luc ndy vao trong qué trinh diéu
khién chuyén dong xuc cua giu xuc. Trong cac luc néu & trén, cac luc 1y, Iy, Is
la quan trong hon, bdi vi luc 2 ¢co thé béng 0, r3 gid tr1 khong 16n xac dinh

bang thuc nghiém [17].

1.3.1.2. Céc nghién ciru vé dong lwe hoc qua trinh lam viée ciia may xuc 1at
Cic két qua nghién ciru chung vé DPLH qud trinh lam viéc ciia may xiic Idt
Pi c6 nhiéu cong trinh nghién ctru ngoai nude vé 1y thuyét cling nhu thuc
nghiém dong lyc hoc qua trinh lam viéc cia may xuc 14t trong do tiéu biéu nhur:

- Nghién ctru, danh gia va Iya chon cac théng so cua TBCT; xéac dinh
chiéu cao nang lon nhét cia may xuc lat khi xa vat liéu lén thung chira cua cac
xe van chuyén, mdi lién hé giira cac van tdc nang ctia can nang voi véan tée quay
cua gﬁu xtc, cO cAu can béng; xac dinh cac gia tri 1on nhat cua luc can tac dung
1én gau xuc trong qué trinh tich vat lidu vao gau va chuyén dong trong déng vat
liéu dang hat roi; xac dinh cac gia tri 4p suat dinh mirc trong hé théng thuy luc
ctia thiét bi cong tac va hé thong 14i boi cac tac gia A.F. Bazanov, |.V.Boyarkina,
V.F. Korelin [30], [34], [54].

Panh gia cac phuong phap giam lugng ning lugng tiéu tén trong qua
trinh tich vat lidu ctia gau xuc loai c¢6 rang va khong ring. Pong thoi nghién
ctru cac yéu td dé giam luong ning lugng tiéu tén trong qua trinh tich vat liéu
nho viée t6i wu hoa mdi lién hé gitta van téc chuyén dong tinh tién va chuyén

dong quay, nang can ctia may xuc lat, A.N. Zelenin, [25][40].
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Nghién ctru vé qua trinh tuong tac gitra gau xuc 1at v6i vat liéu, nam
trong déng vat liu dang hat roi dugc nghién ctru boi cong trinh cia G.V.
Roédionova [51], P.A. Mihirev [47], A.M. Lukin [45]. Trong cac cong trinh
nghién ctru ndy mot loat cac phuong 4n khac nhau ctia qua trinh 4n giu xtc
tham nhap vao trong déng vat liéu dugc dé cap dén, cling nhu mot s6 két luan
trén co s& nghién ctru 1y thuyét da duoc dua ra.

Trong cac cong trinh cua V.N. Taraxdp [55], [57], N.I. Fisenko [60], M.V.
Kozlova [43] nghién ciru cac phuong phap tinh toan dong hoc cho thiét bi cong
tac cia may xuc 1at, gitip dua ra phuong phép ludn cia qua trinh thiét ké so do
dong hoc hop 1y cia co ciu nang cin nang.

Trong nghién ctru ctia minh S.V. Abramov [27] d3 dé xuét thay doi thiét
ké thiét bi cong tac cia may xuc 1at bang cach chuyén doi ciu tric cin ning
ha, quay gau xuc thong qua co cdu thanh don thanh nguyén khoi gidng nhu
may xuc gau nguoc. NO dugc gia dinh ring véi xdy dung két cau nhu vay,
thiét bi cong tac ctia may xtc 1at khi thi cong sé& hiéu qua hon.

Phan tich dong luc hoc cdac qua trinh lam viéc cua mady xuc lat.

Khi nghién ctu vé nén dit, theo cac dai lugng cho trudc cua N.I
Fisenko [60], qué trinh xtic vat liéu bang co cdu nang cua can nang duoc thuc
hién khong hop ly. Ché do phdi hop gitta chuyén dong tinh tién cta may xtic
v6i chuyén dong quay cta gau xtc duge coi 1a so dd 1am viéc hop 1y.

Theo cac thong s6 cho trudc cua L.G. Fokhta [62], CHFNAT [37],
B.M. Pozin ChTZ [49] thoi gian lam viéc ciia may xuc 14t & ché do di chuyén
c6 tai chiém khoang 50% thoi gian tong ctia chu trinh, ma trong d6 co cau
thuy luc tiép nhan cac tai trong dong 16n. Theo cac thong sb nghién ctru cho
thay, su phdi hop nang thiét bi cong tac cung v6i ché dd van chuyén ctia may
xuc s& tang cong suat tong cong 1én 20-22%. Can chi y rang, cac hién tuong

tuong tu dién ra khi ha thiét bi cong tac trong ché do van chuyén.
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Cdc mo hinh nghién ciru vé dong lyc hoc mdy xuc ldt.
Trong tai liéu nghién ctru [29], D.M. Agiyenko da dua ra phuong phap xay
dung mo6 hinh, mo6 phong chuyén dong ctia may xtc lat, Hinh 1.17.
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Hinh 1.17. M6 hinh dong luc hoc may xuc 1at cua D.M. Agiyenko

1 — nura khung phia sau, cau sau cung voi doi trong can bang phia sau; 2 — nua
khung phia trude voi cau trudc; 3 — gia lap thiét bi cong tac; 4 - co cau can nang;
5 — co cau can diéu khién gau xtc; 6 — thanh kéo; 7 — gau xtc.

Theo tac gia, may xuc lat dugc coi 1a mét hé co hoc, duoc thé hién mot
cach quy wéc trén hinh Hinh 1.17 & dang hé nhiéu vat; dong thoi tac gia dua ra
phuong phap bién ddi toa do két hop véi phuong phép tam giac dong hoc 1a
phuong phép tinh toan dong hoc va luc hoc cho cac co cdu cua thiét bi cong tac
trén may xuc lat; Nho tam gidc dong hoc xac dinh dugc toa d6 goc cua vat thé
chuyén dong sau cung trong chudi co hoc; Trén co sé phuong phép bién dbi toa
dd va phuong phap tam gidc dong hoc, xay dung dugc cac mod hinh toan hoc cta
cac thuat toan chuyén dong quay cia cac vat thé, cac chuyén dong song phang va
thuat toan clia co cdu can bang trén may xuc lat, co cdu can bang nay dugc xép
vao loai cac co cau tiy dong.

Trong nghién ctru gan day hai tac gia Ying Lil va Wenyuan Liu [25],
da dua ra mot so do dong hoc gian lugc cia may xtc 1at banh lép, Hinh 1.18.

T so d6 dong hoc gian lugc; may xuc 1at banh lép nay duogc coi nhu 1a mot tay



28

robot v6i 7 khau, trong d6 mat dat duoc coi 1a khung (L), than xe phia sau (Ly),
cum thiét bi cong tac phia trude (Ly), can nang (Ly), cang quay (Ls), thanh kéo gau
xtc (L), va gau xuc (L7). Cac khau robot duoc lién két v6i nhau bang cac khép
quay Oi, Oy, O3, O4, Os, Og, va O7. Cac diém b va d twong g gan lién véi cac
dinh cua géu XUc; tay may nay co bdn bac tu do, duoc xac dinh béi chuyén dong
tién toi ciia may, chuyén dong lai ciia cum thiét bi cong tac phia trudc, chuyén

dong nang cua can nang va chuyén dong quay cua gau xuc.

Hinh 1.18. So d6 dong hoc ctia may xuc 1at banh 16p Y. Li and W. Liu [25]
Phuong phéap dong hoc thuin duoc tac gia sir dung dé xay dung cac phuong trinh
dong hoc béng cach gén hé toa do Dé cac véi so dd may xuc 14t banh lép gian
lugc. Trén co s md hinh dong hoc, mot mo6 hinh 3D 4o cia may xuc 1at banh lép
duoc xdy dung trong méi truong ADAMS dé mo phong cac chuyén dong 3D cia
may xuc 1at banh 16p véi cac budc thoi gian da chon. Phép md phong dong hoc,
thé hién trong ndi dung nghién ciru cta tac gia, 1a co s xay dung mot md hinh
dong luc hoc khdng gian hoan thi¢n cia mdt may xuc lat banh lép va dé xac dinh
luc dan dong khép quay, ap dung hé thong diéu khién va mo phong dic tinh dong
luc hoc cia may xuc 1at banh 16p.

Mo hinh dong hoc cia A.Hemani [17], Hinh 1.19, cho thdy so dd mé hinh
dong hoc ciia mot may xuc 1at d6 trude. M hinh duoc gia dinh c6 mot bé do ma

hai thiét bi truyén dong tuyén tinh duoc gin 1én. Bé d& duoc ty do di chuyén vé



29

phia trudc va phia sau dbi véi mit dat, didu nay duoc biéu twong bang cac con lin
nhé dugc gan vao khung. Quan sat hoat dong md hinh ctia may nay cho thay
chuyén dong cta hé thong khi tich va xa vat liéu 1 chuyén dong phing, c6 nghia
1a ba Iuc lién quan: luc day cia xe va luc cta hai xi lanh thiy luc tao nén cac
chuyén dong phang ctia giu xuc. Lirc, md men duge cung cip boi ngudn dong luc
cta may khi tich DNM vao gau tip trong tai diém L cua gau xuc, va tach thanh
hai thanh phén luc theo hai phuong doc theo X4, va Y, va mo men xoan Zy, ciia hé

toa 6 OX,Y4Z4 gan vao gau tai diém nay.

Hinh 1.19. M6 hinh dong hoc bo coéng taic MXL d6 truée ciia A.Hemani [17]
Tir mo hinh trén cho thay, thiét bi cong tac ctia may xuc 1at do trudc,
dugc mo6 phédng nhu mdt canh tay robot véi ba bac tu do duge lién két véi
nhau bang mot khop truot va hai khép quay. Trong phan nghién ciru tac gia
cling da dua ra phuong phap xac dinh luc, m6é men can tac dong 1én gau xuc
va trinh bay, mot cach tiép can chung dé xac dinh quy dao chuyén dong lién
quan vdi tiéu thu nang luong t6i thicu, dya trén viéc chon dudong chuyén dong
ma cac lyc can 1a thap nhat.
1.3.1.3. Cac nghién ciru vé lue twong tic va lie kéo ciia may banh xich
Luc day ctia may xuc lat di chuyén bang banh xich 1 gia tri nho trong
hai gia tri: lyc tinh theo kha nang ma dong co cé thé tao ra duoc va lyc bam
16n nhat ma dat co thé tiép nhan. Khi tich DPNM va di chuyén, do may xuc di

chuyén bang mé to thuy luc nén lyc do mé to thuy luc di chuyén sinh ra trén
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banh sao cht dong thuong 16n hon lyc bam 16n nhat ma dat co thé tiép nhan,
vi vay luc ddy (kéo) ciia may s& dugc tinh theo diéu kién bam. Ban chét cua
luc kéo ctia may xtc 1a phan Iyc tir nén tac dung 1én xich theo phuong doc xe,
lién quan dén cac tmg suét tiép phat sinh trong qua trinh tuong tac giita xich va
d4t khi mo men xodn truyén tir dong co t6i banh sao chii dong, Hinh 1.20.

Gm

g g g A P RTT: e — g w————

Hinh 1.20. So d6 xac dinh luc kéo theo di€u kién bam cua xich va banh xe
trén cadc may thi cong lam vi¢c trén nén cling.

Luc kéo theo diéu kién bam dugc xac dinh theo trong lugng ciia may, van toc
cta dai xich, chi€u rong, chiu dai phan xich ti€p dat, cac thong s co 1y ctia nén

dudng va cac théng sb thuc nghiém. Theo Ahmad Hemami [24] va Wong J.Y [23]:

2 il . il
k R R I e
P. =G tgo, 1—2(ﬁj (1—e "m—lkxe "mJ (1.16)

Trong do: Gn, - trong lugng may Xuc, kg ; ¢t - gobc ma sat trong, do; km -

mo dun bién dang cat, cm; I - hé so trugt cua dai xich; Iy - chiéu dai dai.

Hinh 1.21. Cac luc
tac dung Ién cac phan
to cua dai xich khi
chuyén dong. [38]

Trong cong trinh nghién ctru ciia Dombrowski [38] dua ra phuong phap
xac dinh cac luc tac dung 1én phan dan tién xich khi chuyén déng phuong trinh

chuyén dong Hinh 1.21:
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SH6 = Sﬂaq + Pk = SCG + Pk (117)
Trong do6: Sus - luc cang cuia nhanh xich chay lén banh chu dong; Sya. -

dd cang ban dau dai xich; Ses - luc cang cua nhanh xich chay ra khéi banh chu
dong; Py - luc déy.
P =%¢=S,-S (1.18)
Trong d6 My - md men chuyén dong cia dong co, dugc dwa dén banh
chui dong ctia bo phan dan tién xich ; ry — ban kinh banh chu dong.
1.3.2. Cac nghién ciru trong nuéc
Céc cong trinh nghién ctru trong nude vé linh vyc lién quan dén dé tai
luan an ctia NCS 1a rat it, chi ¢6 thé ké ra mot vai noi dung lién quan nhu
Tac gia Vi Thé Loc, Vil Thanh Binh, Luu B4 Thuan [12],[15] d4 co
nhimg nghién ctru co ban vé may 1am dat bang phuong phap quy dan, di xac
dinh duogc cac thong sb két cdu, thong sé do cimg dé tinh toan khao sat cac
tham s6 ctia may ui trong chuyén dong tinh tién c6 va dap khi dao va chuyén
vat lidu. Cac phuong trinh vi phan chuyén dong cdp hai dang khong thuan
nhat véi hé s6 hang mé ta cac bién do dao dong ctia may theo ham thoi gian.
- Theo [9], khi nghién ctru vé may 1am dat, cac tac gia Pham Hiru Pdng,
Hoa Van Ngii, Luu Ba Thuan da c6 nhitng nghién cru anh huéng cua cac
thong s6 co ban dén luc can khi cat dat. Khi may ui ddo va chuyén dat gip
chudng ngai, van tdc ban dau cua may, d§ cing cua TBCT va cua chudng
ngai anh hudng dang ké dén luc dong.
- Dya trén mo hinh dong luc hoc may xtc cua Koéivo, theo [7],[6] GS.
TS Chu Van Pat, GS. TS Phan Nguyén Di, da img dung phuong phap dong
luc hoc hé nhiéu vat dé nghién ctru, danh gia cac tham sb dong luc hoc may
xuc mot gr:flu dan dong thuy luc, dé cap dén céac lyc va md men trén cac khau
ctia TBCT ddi voi may xtic Caterpilar, luc can trong qué trinh tuong tac cua
gau voi moi truong dat nhim tim ra cac yéu td anh hudng dén tham sé dong

hoc va dong luc hoc, lam co s¢ dé€ lua chon qui ludt dao hop 1y ciia may xtc.
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- Trong dé tai nghién ctru vé thiét bi boc xuc trong duong ham khau do vira
va nho cta GS.TS Chu Vin Pat, PGS.TS Nguyén Viét Tan [7],[14] da thiét lap
md hinh nguyén 1y két cau may bdc xuc kiéu giu nguoc, dang can trong duong
ham khau d6 nho, mo hinh tinh toan cac thanh phan luc can trong qua trinh cao
gat DPNM vao bang tai, mé hinh khao sat cac tham ) dong hoc va dong luc hoc
cia TBCT may bdc xtic dang can-tay giu-gau, xac dinh duoc cac thong s6 hinh

hoc t61 vu cia gu may boc xuc theo ham muyc ti€u chi phi nang luong riéng;

Hinh 1.22. Mo
hinh khao sat
PLH cua TBCT
may bbc xtc [14]

- Nghién ctru vé dong luc hoc may dao mot ééu dan dong thuy luc [5],
TS Lé Van Cuong, da nghién ctru tuong tac va phat trién cong thirc xac dinh
luc can dao dat ctia may dao mot gau dan dong thiy luc trén co so Iy thuyét cat
dat cia AN. Zélenhin, xdy dung so d6 x4c dinh luc can dao dat va cac théng

) dong luc hoc ciia may dao b'fmg thuc nghiém trong diéu kién Viét Nam.

- Nhim tao ra duoc mdt loai may, phuc vu cong tac bde xuc vat liéu trong
ham 10, tir nhig nam 2000, Cong ty C6 phan ché tao may Vinacumin (VMC)
thuoc Tap doan Cong nghiép Than Khoang san Viét Nam da bit tay vao nghién
ctru thiét ké ché tao va thir nghiém may xuc 1at hong trong ham 16, dung tich 0,5
m?® va dén nam 2008 da ché tao hoan chinh mot may xtc 1at hong, dung tich gau
xtic 0,5 m® mang nhan hiéu “VMC E500”; sau nhiéu lan cai tién, thay doi thiét ké
MXLPB VMC E500-1 ra doi di khic phuc nhitng nhuoc diém cta thé hé may
trude va dd duge Bo Cong Thuong tham dinh danh gia chat luong tot [2].
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Hinh 1. 23. Ché tao MXLDB VMC E500-1  Hinh 1. 24. MXLDB VMC E500-1 lim
tai Cong ty Vinacomin. viéc tai mo6 Than Ha Lam.

Qua nghién ctru cho thdy hién chua c6 cong trinh nghién ctu, tinh toan
chuyén sau vé may xuc lat néi chung va may MXLDB néi riéng dugc cong bd ma
dang ap dung phuong phép thuc nghiém, ché tao theo miu c6 san ctia nudc ngoai.
1.3.3. Panh gii, phan tich cac nghién ctru ngoai nwéc, trong nwdc

- Vat liéu dang hat roi n6i chung va DPNM noi riéng gém rat nhiéu loai
c6 tinh chat co 1y rat phuc tap, kém dong nhat, duoc tao nén bai cac hat, cac
cuc, c6 cac kich cd, hinh dang hat khac nhau, do vay TBCT cia may xtc va
phuong phap xuc d6i véi mdi loai ciing rat khac nhau; diéu nay dan dén viéc
xuat hién nhiing cach tiép can khac nhau trong xac dinh luc can va phuong
phap tich vat liéu cling nhu DPNM,;

- Trén co s& 1y thuyét trang thai téi han cia méi trudong hat roi, cac
thanh phan luc can sinh ra trong qua trinh twong tac ciia gau xuc Vai cac loai
vat liéu la khac nhau; Cac gia tri luc céan, sinh ra trong qua trinh xuc vat li¢u
phu thudc vao chiéu sau 4n gau xdc vao trong déng DPNM va cdc tinh chit co
1y cua vat ligu;

- Két qua cla cac cong trinh nghién ciu vé phuong phép tinh toan,
khao sat xac dinh lyc twong tac gitta gdu may xtc voi méi trudng 1lam viée
mang tinh thyc nghiém 13 chinh va trong nhiéu truong hop chua tao du tinh
téng quat khoa hoc;

- MXLDB VMC E500-1 1a loai may rat phu hop véi cong viéc bde xuc
DNM trong thi cong duong him khau do vira va nho bang phuong phap khoan nd

vi vay loai may nay la dbi tuong trong tam cua chuyén dé nghién ctu.
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Két luan chuong 1

1. Mai trudng tuwong tic cia MXLPB trong thi cong dudng ham khau
d6 vira va nhé mang tinh dic trung béi cac yéu to: khong gian 1am viéc chat
hep va khong dong nhit trong tuyén dudng ham (thu hep, mo rong, thay do6i
hudng); vat li¢u sau khoan nd 1a DPNM c¢o nhitng dac diém chung cua hat roi,
ddng thoi c6 dic diém riéng nhu: sy phan bd khong tap trung thanh dong ma
trai dai trén nén ham khoang 20-25m véi mat d6 ting dan tir ngoai vao trong
guong ham; kich thudc cac cuc da chénh 1éch khé 16n 0<dy<35cm;

2. Nghién ctru tong quan vé ciu tao, nguyén 1y xic, d6 VLSKN ciia cac
loai may bdc xtc truyén thong da va dang st dung trong thi cong dudng hiam cho
thay, v&i cong suat va kich thudc twong dwong thi MXLDB VMC E 500-1 1a thiét
bi phit hop nhét trong viéc xtic, d6 PNM ¢ dudng ham khau do vira va nho;

3. Cac két qua nghién ctru da cong bd chu yéu vé dong hoc va qué trinh
trong tac ctia may xuc 1at banh 16p, d6 trude voi moi truong twong tac 13 hat
roi dang dong ma chua thiy c6 cong trinh nghién ctru d6i véi MXLDB banh
xich, xtc va d6 DPNM trong duong ham khau d6 vira va nho;

4. May xtc 1at d6 bén VMC E500-1, 13 may san xut trong nudc nhung
chua thdy cong bd cong trinh khoa hoc nghién ctru chuyén sau vé qua trinh 1am
viéc loai may nay trong thi cong duong ham khau do vira va nho, thi cong bang
phuong phap khoan né;

5. Tir nhilng van dé néu trén cho thay, viéc nghién ciu vé qua trinh
tuong tac, dong hoc, dua ra phuong phap xuc, quy dao xuc va khong gian lam
viéc hop ly, dong thoi xac dinh tai trong dong cta thiét bi cong tac may xuc lat d6
bén VMC E500-1 v&i moi truong da nd min trong duong ham khau do vira va
nhé mang nhiéu ¥ nghia khoa hoc va thyc tién, can duoc tién hanh nghién cau

mét cach dy du bang phuong phap 1y thuyét két hop vai thuc nghiém.
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Chuong 2: NGHIEN CUU QUA TRINH TUONG TAC VA QUY BAO
CHUYEN BONG HOP LY CUA GAU XUC KHI XUC, PO DA NO MIN
TRONG THI CONG BUONG HAM

2.1. Twong tic ciia gau xiic Véi da nd min trong qua trinh xiic da nd min
trong dwdong ham

Qua trinh xGic PNM cua may xtc lat dugc thuc hién khi s dung tit ca
cac co cau chinh cia may: co cau chuyén dong khi may thuc hién chuyén
dong tinh tién vé phia trude dé an sau gau xuc vao trong déng PNM; céc co
Ccdu nang can ning va quay gau xuc trong d6ng DPNM, lam day thém DNM
vao gau xtc. Pé xac dinh tong luc can tic dung 1én gu xic trong qua trinh
xtc DNM; ta phan tich, tinh toan cho timg trudng hop cu thé nhu sau.

2.1.1. Phén tich dic diém két cAu va qua trinh 1am viéc cia MXLDB

MXLDB 12 loai may chuyén dung dé xtic PNM trong thi cong duong ham
khau do vira va nho, do ¢ thiét ké riéng biét nén loai may nay c6 thé hoat dong tot
trong khong gian 1am viéc ciia duong ham chat hep ma cac loai may khéc c6 cong
suét, nang suat, kich thudc twong duong khong thuc hién duoc, Hinh 2.1.

Hinh 2.1. MXLDB
phuc vu bbc xtc trong
thi céng duong ham
khau do vira va nho.

Cau tao may gom hai phan chinh la may co s& va thiét bi cong tac;

May co so 1a loai may di chuyén bang banh xich, st dung ngudn dong
luc 1a dong co dién, dan dong, diéu khién, béng truyén dong thuy luc;

Thiét bi cong tac ciia may gdm co gia quay, can, gia giu va gau, cac bd
phan duogc lién két v6i nhau bang cac khép quay va hoat dong thong qua luc
dan dong ctia cac xilanh thiy luc;

Do dic diém thiét ké dé chuyén mon héa cong viéc xtc, d6 DNM

trong diéu kién thi cong duong ham khau d6 vira va nho nén MXLDB hoat
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dong v6i nguyén 1y co nhimg nét riéng, khac véi may xuc 1at do trude thong
thuong. Mit khac do PNM phén bd ngiu nhién trai doc theo mit day ham, tir
guong khoan nd ra phia ctra hAm, muén tich PNM, mdy phai di chuyén mot
doan kha dai dé tich DNM vao gau, khi gin day gau két hop véi quay gau,
nang can lam day gau; khi di ddy giu, nang giu két hop 10i may dén vi tri
phuong tién van chuyén, khi dat dugc do cao can thiét xo0ay thiét bi cong tac
va nghiéng gau, d6 DPNM lén phuong tién van chuyén, sau d6 tiép tuc lap lai
chu trinh tiép theo. Diéu khac biét cia MXLDB ¢ day 1a khi tich PNM may
va thiét bi cong tac ctia may hoat dong gan giéng v4i may ui khi tich vat lidu
trong qué trinh san, 0i; qua trinh d6 DNM 1én phuong tién van chuyén, mdy
dung yén, xoay thiét bi cong tac va d6 DNM, khong phai xoay cd may nhu
may xuc 14t d6 trude nhu da trinh bay ¢ muc 1.2.2.4 phan trudc.
2.1.2. M6 hinh khdo sat qua trinh twong tac giira TBCT ciia may xuc 1at
v6i mdi truong PNM sau khoan nd.

Nhu d3 phan tich ¢ chuong 1, méi truong DNM va thiét bi bbc xuc
trong thi cong dudng ham cé nhimg dic khac biét, Theo Hinh 2.2. qua trinh

tich DPNM vao gau ciia TBCT mdy xtic 1at gom cac giai doan sau:
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Hinh 2.2. Cac giai doan cua qua trinh tich DPNM vao gau.
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* Giai doan xuc khong tii (img voi Hinh 2.2 a): déc trung cho giai doan lam
viéc khong tai ctia TBCT. Trong qua trinh tich DPNM vao gau, trude tién gau duoc ha
xudng tiép can ddng DNM, ring gau chua tiép xic véi DPNM nén chi c6 thanh phan
Iyrc can ma sat tai cac khdp quay, chua xuét hién cac thanh phan luc can 1én TBCT.

Pong hoc ciia TBCT dugc thé hién bang su thay d6i goc 03 quay gau
quanh diém Oz va giu quay cing véi can quanh diém O, theo goc 0, dong
thoi tinh tién may vé phia déng DPNM theo phuong OX.

* Giai doan xic, tich PNM va 4n siu gau xiic vao trong dong PNM
(Gmg v6i Hinh 2.2 b,c): Pic trung bang viée gau xtic duoc 4n sdu dan vao trong
déng DNM bang doan dich chuyén tinh tién ciia may, dé khao sat su tuong
tac ciia TBCT voi DNM ta xét so dd Hinh 2.3. Trong giai doan nay riang gau
xuc dich chuyén trén mit nén cla 16p DNM; khi do, trén canh trudce va rang

cua gau xuc s¢€ tac dung lyc can an sau gau xtc vao trong dong DPNM.

Hinh 2.3 So do mo ta vi tri cac cuc d4 khi an gau xtic vao trong déng DNM.
Do rang gau di chuyén sat mit nén cta 16p PNM nén cac cuc da déu
dugc rang gau day 1én phia trén va di vao trong gau, boi vay gia thiét rang
mat nén khong c6 cac map mo 16n, qua trinh di chuyén ctia gau khong bi can

cuc bg dung lai hodc di 1€n trén, rang gau ludn ti sat mat nén.

* Giai doan lam day giu biang phwong phap quay gau xiic

Sau khi 4n sau gau vao trong déng DPNM va dé 1am day gau bang cach
quay gau quanh khép quay Oz Hinh 2.4 va quay gau cung can quanh khép
quay O, d¢ dién ddy PNM vao trong gau, Hinh 2.5
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a) b) c) d)
Hinh 2.4 So d6 mé ta vi tri cac cuc da khi quay gau xuc trong dong DPNM.

Khi quay gau trong dong DPNM ring giu xtc s& chuyén dong theo mot
cung tron, phan DNM phia trong ring gau s&é nam yén va chuyén dong cing gau.
Phan phia trudc ring gau sé trugt qua rang gau xudéng nén; phan ling kinh DPNM
trong gau do gau quay, goc xoai tu nhién thay d6i, DPNM sé& truot xudng dién day
vao khoang tréng trong gu theo goc xoai tu nhién, Hinh 2.4.b,c; gau xuc tiép tuc
quay, khi ring gau tach khoi mit phang nghiéng ctia ddng PNM; phan DPNM phia
trén rang gau sé chay xudng phia dudi theo goc xo4i ty nhién, Hinh 2.4d.
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Hinh 2.5. So d6 chuyén dong khi quay gau xtc trong dong DNM.
Khi quay gau xtic quanh diém Os, can khéng chuyén dong, dinh ring
gau quay véi ban kinh Ry.
R, =1 (2.1)
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Khi quay gau xuc quanh diém Os, can chuyén dong quay quanh diém

0., dinh ring giu quay v&i ban kinh Ro.

—_

R,=0,0, +R, (2.2)
R;=V,+V,+V, (2.3)

2.1.3. Xac dinh cic thanh phan lwc cin TBCT mdy xic it trong qua
trinh tich DPNM

Nhu da trinh bay & phan trén do mdi truong tuong tac 1a DPNM va
nguyén 1y hoat dong cia TBCT, MXLDB c6 nhiing dic diém riéng, nén su
tuong tac gitta TBCT voi DNM dién ra kha phirc tap. Dé xac dinh duogc cac
thanh phan lyc can TBCT céan phai khao sat quy dao chuyén dong ctia TBCT
trong mdt chu ky 1am viéc va su tuong tac gitra gau xuc véi DPNM ¢ timg thoi
diém, giai doan dic trung khac nhau. Quy dao chuyén dong cua mot diém &
dinh ring gau trong 1 chu ky tich DNM vao gau 1a mot dudng gém cac doan: I-11-
I11-1VV-V,VI Hinh 2.6 duoc chia thanh 4 giai doan nhu da phan tich & muc 2.1.1.

A D

A )
pS g Gk\ ICH KT
\%:

Hinh 2.6 Quy dao chuyén dong ciia gau xtic khi tich DPNM.

Qua trinh tich PNM 1a mot phan chinh trong chu trinh 1am viéc cua
MXLDB, trong d6 muc d6 dién ddy DPNM vao giu xdc, gia tri cac luc can
sinh ra trong qua trinh tuong tac cua bo phan cong tac véi moi truong lam
viéc va chi phi thoi gian thuc hién qua trinh cong tac [26] phu thudc rat nhiéu
vao dic diém cua qua trinh nay. Pé xac dinh tong luc can tac dung 1én gau
xuc trong qua trinh twong tac khi tich PNM vio giu; ta xem xét, tinh toan cho

ting truong hop cu thé nhu sau:
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2.1.3.1. Xac dinh hrc can trén dinh ciia ring giu

Giai doan bat dau tich DPNM bang phuwong phap an gau xtic vao dong
DPNM, tng véi doan I-11, Hinh 2.6; trong giai doan nay la cac Xi lanh nang
can, quay gau khong chuyén dong, viéc 4n gu xtc vao trong déong DNM
duoc thuc hién béng luc déy cta co cau di chuyén. Luc can TBCT tap trung
1én cac thanh trudc cta gau xtGc. Phan thanh trude, phia dudi cia gau xuc cé

gan rang gau. Hinh 2.7

Hinh 2.7 a) So d6 miéng gau xuc; b) So do tinh luc can tac dung 1én ring gau

Khi 1am viéc trong mdi truong DNM, gau cia may xtc 14t déu phai co cac
rang voi hinh dang va do cing viing, bao dam tham nhap dé dang vao trong déng
DNM ma khéng bi pha hity. Ddi v6i cac may xtc loai nho hoac trung binh, ¢6 chiéu
cao cua dinh rang b = 0,5+1 cm.

Khi 4n gau xuic vao trong ddng PNM, cac luc tap trung trén dinh cia ring
gau, thuc hién phd v lién két khéi DNM, nhiing cuc da di chuyén qua cac hudng vé
phia sau ctia dinh ring gau giai phong khong gian phia trude dé an sau gau xdc vao
trong d6ng DPNM. Luong tiéu hao ning luong cia phuong phap pha hiy co hoc ddi
v6i DNM phuy thude vao do lién két cia DPNM va kich thudc gau xic. Tinh chat coa
PNM thay doi trong cac gidi han rong, vi thé chia chung thanh cac nhoém va céc loai.
Phan chia cac loai DPNM (bang 2.1) da dugc kha nhiéu tac gia sir dung trong céc cong
trinh nghién ctu: N.G. Dombrowski [39], D.P Volkov [35][36], R.Yu.Poderni [48].
Bang 2.1. Phan loai DPNM theo tinh chat co 1y.
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Nhom Céc loai vat ligu da,c, trung !-I.IC can dao riéng | Khdi lu’@g riéng py,
nam trong khoi. cia DNM K_, Mpa. tan/m?3

I Than da dang hat roi 0,10 = 0,15 1,15 +1,25 (pm=1,2)

Il | Patlan da dim 0,15 + 0,25 1,65+1,75 (pm=1,7)

Il | Da sau khoan nd 0,25+ 0,35 1,55 +1,65 (pm=1,6)

Ung suat o, trén ring gau dugc xéac dinh theo phuong phéap dong dang voi
may xuc lat theo phuong phap [48]:

C,.= (1, 54K_ + 0’17)!% (2.4)
Trong do K_- dai luong dugc xéac dinh theo bang 2.1; u, - hé s6 thay doi

trong giéi han p, =11+0,7.
Luc can chinh dién trén ring gau dugc xac dinh tir phuong trinh tong céc

hinh chi€u cua cac lyc trén truc ndm ngang:

F=2(Nsinp+F, coso) (2.5)
Trong d6: N- ap lyc trén bé mat ring gau va dugc xac dinh theo cong thuc:
bb,,
= O (2.6)
2sIin @
Lyc ma sat Fpg dugc tinh theo cong thurc:
I:msr = MZN (27)
Thé phuong trinh (2.5) va (2.6) vao phuong trinh (2.7) nhan duoc:
Fo =(Sin@+p,cos )bbrg 2.8
rgx ¢ W, ¢ Sin(PGrC ( . )

Trong do: c,, - ung suat trén mit nghiéng cua ring cit; K, =tgp - hé
s6 ma sat gitra DPNM véi DPNM; b, - chiéu rong ring gu xic; @- goc ma sat
trong DNM, , lay ¢ = 44°.

Két qua tinh, voi gau xtic ctia may xic MVC 500E-1, ¢6 chiéu cao cua
dinh ring b=0,005m ddng thoi coi phan trude ludi gau xuc twong Umg v4i ring
giu ta c6 chidu rong phia trudc ring gau xic bg=1,53m [2]; véi DNM theo
[53] géc ma sit trong @ =44° ,u, =tgp =1g44° =0,966 K_=0,25; u =0,7

Str dung cac gia tri trén thay vao (2.4) va (2.8) ta nhan duoc

o, =(154K_ +0,17)p, =(1,54.0,25+0,17)0,7 =0,389Mpa
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) bb ) 0,005.153
F =(sino+wu,cos Y5 =(sind4®+0,966c0s44° ) ———"-0,389 =5951N
o = (SN0 + 1, (P)sin(pch ( ) sin44°

Khi luc can tong cong phia trude theo diéu Kién bam, tao boi may xtc
MCV 500E-1, dat gia tri dinh muc, P, =35kN, luc can chinh dién F , dat

rgx

17% cua lyc P, .
2.1.3.2. Luc can khi 4n giu vao trong dong PNM.

Giai doan tich DPNM vao trong gau xtic bang phuong phap 4n sdu gau xuc vao
ddng DNM: tmg véi doan II-IV, Hinh 2.6, dic trung cua giai doan nay 1a céc Xi lanh
nang can, quay gau khong chuyén dong, dé 4n sau gau xuc vao trong dong DPNM
duoc thuc hién bﬁng viée di chuyén may; DNM truot tu do trén mat phéng day géu
di vao gau, qua trinh ndy duoc xem xét nhur sau:

- Gau dich chuyén tinh tién vé phia trudc, rang va thanh trudc cia gau
xuc s& dong thoi nang, xoay cac cuc da nam phia trén ring gau di vao gau lam
xuat hién luc can DPNM vao gﬁu.

- An cic cuc d4 nam phia dudi ring gau xudng nén 1am xuét hién luc
can theo phuong phap tuyén (thang ding).

- Xoay va dich cac cuc da nam ¢ giita vét ring gau theo huéng chuyén
dong cuia gau lam xuét hién luc can theo phuong tiép tuyén (nAm ngang).

Qua trinh 4n gau xuc vao trong dong DPNM duoc xem xét trén co so 1y
thuyét bam va can bang gii han cta S. Coulon [56], Hinh 2.8. Khi 4n gau
bang lyc dich chuyén bén ngoai, sinh ra khéi ling tru dich chuyén phia trudc
vao trong gau theo mat phang day gau mot géc ,, trong mat phang nay tac
dung cac ung suat tiép tuyén t, tng suat phap tuyén o va do lién két C, gitra
chung thiét 1ap méi lién hé theo dinh luat S. Coulon:

t=0.tgp+C (2.9)

Trong d6: ¢ — gbc ma sat trong, p=44°; C - d6 lién két DPNM, C=5000 Pa [53].

O thoi ky dau cua qua trinh an gau xac, khi lang tru DNM, co tiét dién
OA:B va trong luong Gy, truot tu do theo thanh phang cia gau xuc Hinh 2.8,



43

tuy nhién khi tiép tuc 4n, ling try nay ti 1én ddy cong trong gu xuc va tao
thanh thé tich ling tru DPNM cé dinh trong gau xuc, tiét dién cua thé tich nay
la OA;1B, Hinh 2.8b.

y

s,
& \‘//‘ \va \l/
o050,

b)

Hinh 2.8 So d6 cac luc tuong tac khi tich DNM vao gau.
a) Qua trinh an gau x1c; b) qua trinh nang gau xtc

Luc ép ctia mat day trén gau xuc vao khéi DNM, vé gia trj bang phan
luc N1, ¢6 xu huéng dich chuyén ling tru OBA; song song vaoi mat phang co
canh OB dudi goc y,, con luc ép vudng goc tir huéng mat phang truot c6
canh OB, vé gia tri bang phan luc No, 1a lyc dich chuyén khéi ling tru OBA;
vé phia trong gau xtic. Cac luc da xem xét, trén Hinh 2.8, thuc chit 1a cac luc
phan b tac dong 1én cac mat twong ung cua ling kinh trugt BOA,;.

Nhu vay, thdy riang cac luc tac dung 1én gau xuc ctia mdy xutc lat,
khong don thuan 1a cac lyc can, ma con thuc hién cac chirc ning cong nghé

dé diéu chinh ching sao cho dién ddy PNM vao gau xic mot cach hop 1y.

2 ax
N, N tmax
L Fyrg

L
AG

, _Hinh 2.9 So d6 luc phan bd 1én gél{ XUc ,
a) Khi an so b gau xac vao dong BPNM; b) Khi an sau gau xic vao dong DNM.
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Cac lyc phap tuyén N; va N, duoc thé hién & dang cac luc phan bd
phap tuyén, tuyén tinh vé6i cac gia tri cuong do 16n nhat cua gian d6 tam giac
1a gy, va q,.,, (N/m), Hinh 2.9, [32][33], can thiét ¢ x4c dinh cac diém dat
cta cac luc phap tuyén trén ddy gau xuc trong céc tinh toan qua trinh quay
gau xuc; cac gia tri 16n nhat nay duoc tinh theo cac cong thic.
2N, A = 2N,

OA," ™ OB
Trén Hinh 2.10 xem xét cac luc chinh, tac dung lén khdi DNM dich

qlmax -

(2.10)

chuyén trong gau xuc dbi voi giai doan tinh toan thu nhat, chuyén dong cua
khéi lang tru theo thanh phang, dat dudi goc a, so véi mat nén [32][33].

Trong trudng hop nay, goc truot y, Vi bé mat nén bangy, = Oy -

% \J5't
g [OFR T«

Hinh 2.10. So d6 luc chinh tac dung 1én gau xtc
a) Khi an so bd gau xtic vao trong dong DPNM; b) Khi an sau gau xtic vao trong dong DNM.
K&t qua cia cac hién tuong da xem xét trén trong mat phang truot OA;,

luc ma sat trugt Fmg va luc phap tuyén Nj tac dung 1én khéi lang try tir canh

day gau xuc, con trong mit phang trugt OB sinh ra cac lyc Culon: lyc ma st

caa DPNM véi DPNM Fg, luc két dinh cia DNM F, va luc phap tuyén N..
Khéi lang tru DPNM c6 tiét dien OALB duoc coi 14 vét ran, thyuc hién chuyén

dong tinh tién va nam trong trang thai can bang dudi tac dung ctia hé ba luc hoi tu:

pull

R,R,,G,, . Cic lyc két qua R,,R, dugc coi la cac véc to: ﬁlzﬁm51+ N,;

F?z = Fms2 + Fic + Ni;
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Céac phuong trinh cin bang cta hé cac luc hoi tu duoc viét dudi dang
hinh chiéu cia cac lyc nay trén cac truc Oy va Ox, va bd sung cac phuong
trinh lyc ma sat va lién két [32].

Luc ma sat truot cua khdi ling tru véi day gau trong mat phang OA; bang.

I:msl :MlNl; , (2 11)
Luc ma sat trugt DPNM véi DNM trong mat phang truot OB dugc xac

dinh theo cong thirc.
Fo =N, , (2.12?
Trong d6 p;p, - twong Umg 1a h¢ s6 ma sat trugt cuia DPNM voé1 day gau
xuc va DPNM.
Luc két dinh trong mit phang trugt OB duogc xac dinh theo cong thic.
sina,,C

G _-
sin(y, —a,,)
Trong d6 C - hé so lién két, luc lién két tiep tuyén riéng trén 1 don vi

Fo =Byla ; (2.13)

dién tich bé mit truot, Pa.

Trong luong Gy cua khéi lang kinh DPNM OA;B duoc xac dinh theo
cong thirc [34]:
sinasiny,

sin(y, —a,,)
Trong d6: py — khdi lugng riéng cuia DNM, kg/mé; g — gia téc trong

Gy =0,5p,9L%:B, : (2.14)

truong, g = 9,81 m/s?; By, — bé rong cua gau xic, m; Lag - do sau tham nhap
cua gau vao déng PNM, m; ay — gbc X0ai ty nhién ciia ddng DPNM; y, — goc
truot cua lang kinh BDNM,;
Tir so dd Hinh 2.10, cac phuong trinh can bang lyc tac dung 1én ling
kinh DPNM theo phuong thang dtmg va nam ngang c6 dang:
Zn:Fiy =0; = N;siny, +F,, cosy, —(F ., + Fq)cosy, —N,siny, =0;
=

) (2.15)
Y F,=0; =-G+N,cosy, —Fsiny, —(F,, + Fg)siny, + N,cosy, =0;
i=1
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Hé nam phuong trinh (2.11) — (2.15) chaa 5 dai luong chua biét:

¢

Nl’N21Fm31’F de’TZ' V(,)’l \I]z :4.50_|_E

ms2?

Bang 2.2. C4c gia tri cia P, ddi voi cac loai DPNM khéc nhau [53].

Loai vat liéu Than d4 dang ran roi P4 nd min
Goc ma sat trong @ 38° 440
Goc trugt DNM v, 64° 67°

Giai hé phuong trinh (2.15) ta xac dinh duoc phan luc cua day gau Ny
va phan lyc caia DPNM N tac dung Ién lang kinh DPNM[56]:

N, - O (siny, +p,cosy, )+ R (2.16)
. KK, + KK, '

Gy + FaSiny, — N, (cosy, —psiny, )
COSy, — 1, SiNy,
trong d6: Ka, Ky, Ks, K4 13 cac hé s duoc xéac dinh:

N, = (2.17)

K, =siny, +u, cosy, ; K, =coswy, —pu,Siny,;
K, =cosy, —p, siny, ; K, =siny, + 1, Cosy,;
Luc can tré chuyén dong ngang clia may, tao ra boi cac luc trong gau, bang.
F., =FCOSy, N, siny;; (2.18)
Sau khi thay céac dai luong F & cong thuc (2.11) vaN, cong thirc

(2.16) vao (2.18) ta duoc

_ pycosy, tsiny, G (si _
= SNy, - +E
oix KK, +K K, [ Ik( W, -U,COSY, Th g )}: (2.19)
Fy =N, Cosy; — N, siny,; (2.20)
Gy (siny, +p, Cosy, ) + F -
= CoSwy, — L, SIN ; 2.21
sy KK+ KK, (cosy, —p,siny, ) (2.21)

2.1.3.3. Luc can khi quay gau xic trong déng PNM.
Giai doan lam day gau xiic bang phuong phap quay gau xtic quanh khop
ban 1& O3, sau khi di an sau gau xuc vao trong dong DNM. Str dung 1y thuyét
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B.A. Bauman [53], xdy dung mo hinh khao sét lyc twong tac cia PNM Vvéi gau
xuc trong qua trinh tich DNM vao gau, Hinh 2.11

B b M
[ [
I I
I I
I I
S— I
aseg T
0.9L¢ — | |
/£, o | |
G; . F_— F45—”£ |
A& Fof | |
3
> rgy c N
A 1 E rgx Fd’x
e
Lz

L
AG

Hinh 2.11 So do tinh toan khao sat cac luc tac dung 1én gau xlic
khi quay gau xtic trong dong DNM.

Qua trinh quay gau, sinh ra cac luc can sau: Fy - luc can dich chuyén
DNM theo bé mit chinh dién BE; Fg - luc can dich chuyén DNM theo cac bé
mat bén, DC va MN; Gy, - trong lugng khéi DNM dich chuyén; Gg - trong
lwong gau xdc.

* Phuong trinh tinh toan khao sat:

Tong luc can tac dung 18n gau xuc tai thoi diém két thiic qua trinh 4n gau xtc
vao déng BDNM, chuyén sang qua trinh quay gau xtc duogc xac dinh trén co sd lyc
tac dung ctia i lanh quay gau, thong qua phuong trinh cAn bang mo men

~ Ggl+(Fy + Gy ), +(Fy +Fy, )1

cty gy

(2.22)

xI3
Trong d6: - Fus luc tac dung CIﬁa xi lanh quay gau; I1,,1,,1, - cac canh
tay don ctia cac luc twong g so voi tim Oz quay vong cua gau xuc.
Céac mat phang dich chuyén caa khéi PNM trong qua trinh quay gau xtic
quanh khép quay Os trén can ning 1a cac mat phang BE, DC va MN, Hinh
2.11; Gia tri lyc can dich chuyén theo mit phang tich DPNM s& phu thudc vao

gia tri lyc lién két va lyc ma sat cua cac cuc da trén mat phang dich chuyén
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trong dong PNM. Theo 1y thuyét trang thai gidi han cia méi truong hat roi, ¢
trang thai can bang gidi han cua vat thé hat roi, khu vuc pha v lién két dbi voi
khdi DNM dich chuyén s 1a cac khu vuc nim & goc 45 -¢/2. Vi tri ndy duoc
str dung lam co s¢ dé xac dinh huéng cua khu vuc dich chuyén Hinh 2.11

Luc Fcix luc can phia trude do cac luc phia trudc gﬁu tao ra da xem xét
& phan 2.1.3.2 trong cong thic (2.19);

Luc Fe, luc can ma sat thanh bén, Iy theo phwong thang démg, chiéu tir trén
xubng va diém dit & diém trong tim mdt bén ling kinh PNM. Sau khi phan tich luc
Fe thanh cac Iuc thanh phan theo huéng mat phang dich chuyén va hudng vudng goc
v6i mit phang dich chuyén, phuong trinh can bang giéi han Hinh 2.11 ¢6 dang:

Fcb.cos(45° —‘gj Fcb.sin(45° —(gj.tg(p

= +C
Scb Scb

Trong d6 Se — dién tich chinh dién cia khéi dich chuyén & dang khéi hinh

(2.23)

tam gidc c6 chiéu cao 1a d6 dai ciia hinh chiéu canh BE, theo phuong ding.
Phuong trinh (2.25) ¢6 thé viét dudi dang:

F, =cC.S, 1 524
cos(450 —(gj—sin(45° —(gjtgq) (2.24)
Pé rat gon cach viét phuong trinh, chung ra dua ra:
k= : 2.25
cos| 45° — 2 | —sin| 45° - ? |tgo (2.25)
2 2

Khi d6: P, =cS, .k (2.26)

- 0 9
LAG.BE.sm(45 + 2) (2.27)

Scb =
2
Gia tri BE duoc xac dinh tur dinh 1y sin:
BE L e L e

sina sin(lBOo o, — 45 +‘§—90°J sin(45° - ‘gj (2.28)
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sina,,
sin(45° —a, +(2p) (2.29)

Trong d6 oy — gdc X0ai tu nhién cia DNM, lay a,=46°. Pé rat ngan
phuong trinh, dua ra:

—BE=L,,

sina,,
sin(450 —ay, +(§j (2.30)

Theo gia thiét & trén, luc can F tac dung 1én thanh bén cta gau xuc tai

k,=

trong tam tiét dién tam gidc ABE, va theo Hinh 2.11 twong tng khoang cach
0,9 Lag tir diém A, khi d6 c6 thé coi gan dung véi sai s6 nho 1a luc nay dat 1én
ring cua gau xuc [26].

Céc gia tri cta k va k; d6i v6i mot vai loai vat lieu duge dua ra trong bang:

Bang 2.3. Céc gia trj ctia k va ky ddi véi cac loai vat liéu khac nhau.

Loai vat liéu Than da dang roi D4 sau khoan nd
Goc ma sat trong (o) [53] 38° 44°
k 1,796 1,603
Ky 2,22 1,92
G- trong luvc DPNM dich chuyén c6 thé xac dinh theo cong thuc:
Gy =Vo 79 (kgm/s?) (2.31)

Trong d6 Vi, — thé tich khéi DNM dich chuyén, m?; y — khéi luong
riéng DPNM, kg/m?®; g — gia toc roi ty do, m/s?.
Thé tich khoi DPNM dich chuyén khi quay gau xtc trong déng DNM sau khi

an so bd dén chiéu sau Lag duoc xac dinh theo cong thic.

V,, :Sb.cos(45° —%){ng + %.BE.sin(45° —gﬂ (md) (2.32)

Luc Gy, dat ¢ trong tdm cta khéi lang tru DPNM dich chuyén, gia thiét
cung nam trén dudng dat luc Fep, gia tri cua luc phu thude vao chiéu siu an so
bo gau xiic vao trong dong PNM, Lag, chiéu rong gau xic Bgx va céc tinh

chat co 1y cua DNM.
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Nhu véy, cac luc can chinh sinh ra trong qué trinh tuong tic ctia gau xuc
trén may xuc 1at véi DPNM bao gom: luc can chinh dién phia trude Fy, luc can
ring gau Fyg; luc can dich chuyén theo bé mat bén cua khdi lang try PNM Fe, va
trong luc khéi lang truc dich chuyén Gy.. Gi4 tri ciia cac luc can nay, phu thudc
vao tinh chit co Iy cia DNM, chiéu siu 4n gau xuc vao trong dong DNM Lag va
chiéu rong gau xuc By Cac gia tri 16n nhat cia cac luc can nay sinh ra ¢ giai
doan dau cua qua trinh 1am day bang quay gau xuc, sau khi da 4n so bd gau xic
vao trong déng PNM.

Do thi cac mdi quan hé giira cac thong sb trong cac cong thirc tir (2.19)
dén (2.32); 4p dung doi voi MXLDB VMC E500-1 véi dung tich gau Vy=0,5
m?, chiéu rong Bg=1,34 m va chiéu sau day gau Lsg = 0,9 m:

35 T - s 6
—e—Than da —e—Than da

30 |——DNM g —DNM ,

0.2 0.4 0.6 0.8 1

0.2 0.4 0.6 0.8 1
L, (m)
L™ AG
0.22 ,0.44 0.67 ,0.89 1.10 0.22 ,0.44 0.67 ,0.89 110
LAG/LSG LAG/LSG

Hinh 2.12 Sy phu thudc cia e can trudc Fex va Fay, khi 4n gau xuc trong dong vat
liéu vao chiéu sau an gau xuc va loai vat liéu khac nhau.

2.5
—e—Than da
—DNM \
2 | -
2l ] Hinh 2.13. Sy phu thugc caa
K | cac luc can bén Fep, khi an
gau xuc trong dong vat ligu
05t vao chiéu sau an gau xuc va
goc ma sat trong cua vat ligu
0 : : : :
0.2 0.4 0.6 0.8 1
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. Lo .
Hinh 2.14. Sy phy thugc cua thé tich va khoi lugng DNM
vao chiéu sau an gau xac dong bBNM.

Qua phan tich cac d6 thi quan hé, Hinh 2.12-Hinh 2.14, d4i véi cac loai

vat liéu khac nhau rat ra mot sb két luan sau:

0.22

0.4 0.67 0.89 1.10

ILAGILSG

Gia tri cac luc can sinh ra trong qua trinh xtc vat liéu cia gau xac trén
may xutc 1at phu thudc vao gbc ma sat trong cua vat liéu; Sy thay doi cac
thong s6 hinh hoc ciia khdi ling truc dich chuyén (ting gbc ma sat trong cua
vat liéu) dan dén giam cac luc lién két theo cac bé mat chinh dién va bén cua
khdi dich chuyén. Trong luong ling tru vat liéu dich chuyén phu thudc vao
khéi lugng riéng cua vat ligu, tuy nhién cling nhan thay viéc giam trong lugng
vat liéu trong khoi lang tru dich chuyén khi ting goc ma sat trong. Nhu vay,
khi may xtc lat 1am viéc véi cac loai vat liéu khac nhau, chiéu sau an hop 1y
ctia gau xuc vao trong déng vat liéu s& khac nhau. Khi goc ma sét trong ting
1én, chiéu sdu 4n so bo Lag S& ting 1én. Pé dat duoc hiéu qua can thiét cho
qua trinh tich vat liéu vao gau, chiéu sau 4n so bd gau xuc vao ddng vat liéu
Lac, khi 1am viéc voi cac loai vat liéu khac nhau, s& nam trong gigi han Lac.
=(0,7...0,9)Lsg, trong d6 Lsg — chiéu siu cua gau xtc.

Qua trinh dién dy gau xuc bang chuyén dong quay hodc nang gau xiic
1én, khi di 4n gau xtc vao trong dong vat lieu. Bé thuc hién qua trinh d6 can
thang duogc cac luc can, Hinh 2.11 lyc can trudc Fux, Fay; luc can dich chuyén
theo cac bé mat bén cua khdi lang tru vat lidu, DC va MN — Fy,; trong luong khoi
lang tru dich chuyén Gy trong lugng gau xic Gix.
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- -Fcty _Vm +Fctx
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20 *  Hinh 2.15 Sy phy
z ol e _&  thuc cua cac luc can
Tx = va cac thong s6 cua

=" 10 % khéilang tru DNM
50 =" vao chidu sau an gau
_______ 5 xuc trong dong PNM
______________ 000 Lac, va vio ty s6 khong

2 s e s a1 honguyénlad/lss
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Str dung cong thirc da néu, gid tri cua cac thong sb lua chon da xay dung

cac d6 thi phu thudc cua ching vao chiéu sau 4n gau xtc vao trong dong DPNM
d6i véi may xtic VMC E500-1, co tai trong nang Q=1.000kg, tuong ung Voi
gau xuc cta dung tich V4=0,5 m®, Hinh 2.15.

Tir dd thi phu thude trén Hinh 2.15, thiy rang cac thanh phan caa lec can
qua trinh tich vat liéu bang gau xtc trén may xtc 1at bao gom: lyc can an gau
xic vao trong déng vat liéu Fex, Fay; trong lugng khdi lang tru vat ligu dich
chuyén Gyy; cac gia tri cia luc Fep 14 nho S0 Véi cac lya can Fex, Fay va Gyi
SV Abramov [27]. Khi d6 sau an gau xtc vao déng vat liéu, Lac=1,1Lsc, dam
bao dién day vat lieu vao gau xuc khi tich vat liéu bang phuong phép phan
doan, thé tich Vy va trong luong Gy, cua khéi lang tru vat liéu dich chuyén
1én 16n hon bén 1an so véi dung tich hinh hoc cua gau va tai trong nang cua
may. C6 nghia 13 khi dién day gau xtc, mot phan kha 16n vat liéu bi roi vai ra
ngoai, dong nghia véi nang lugng tiéu hao trong qua trinh tich vat liéu & dang
t6n that kha nhiéu. Nhu vay cé thé thdy rang, khi tich vat liéu bang phuong
phap phan doan 1a khong hop 1y. Phuong phap duoc coi 1a hop 1y, kinh té va
tiét kiém nang luong, khi chi phi ning lwong cho qua trinh tich vat liéu, sao cho

phan 16n vat liéu phai nam trong gau xac va phan roi vai ra ngoai 1a it nhat.
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Phén tich cac thong sé phu thudc da dua ra trén d6 thi, Hinh 2.15, nhan
thay rang, khi quay gau xac da 4n so b vao trong ddng DPNM dn chiéu sau
(0,8...0,9)Lsg, thé tich khéi lang tru DNM dich chuyén ABE, Hinh 2.11 bang hoac
I6n hon dung tich ctia gau xtic. Néu sau khi 4n so bd dén chiéu sau nay tiép tuc tao
cho gau xac mot chuyén dong, sao cho ring cua gau xuc chuyén dong theo quy
dao tring hoac duong gan vai dich chuyén chinh dién theo mat phang BE, Hinh
2.11, thi toan bo thé tich cua khdi ling tru DPNM s& dich chuyén di vao trong gau
xuc. Co thé thuc hién phuong phap tich PNM nay bang cach phdi hop cac thao
tac: chuyén dong tinh tién cia xe vé phia dbng DPNM dé 4n gau xtc vao trong
d6ng BNM, két hop véi quay va nang gau xiic.

Khi 4n so bo gau xtic vao ddng DPNM dén chiéu sau Lac=(0,8...0,9)Lsc;
ta thay luc can phia truc Few, Fey giam di 25-30%; trong luong khéi ling tru
PNM dich chuyén Gy, — giam di 40-50%, so V&i Lac=1,1Lsc. C6 nghia 13,
qua trinh thuc hién tich DPNM vao gau xtc bang phuong phap két hop s& gitip
giam dang ké cac thanh phan lyc can sinh ra trong qua trinh tich DNM, va
nhu thé 1 giam duoc tai trong tac dung 1én thiét bj cong tac va 1én xe co so.
Viéc giam chiéu sau an, phdi hop vai cac thao tac s& giam duoc thoi gian cua
chu trinh cong tac. Ngoai ra, phuwong phap nay khong nhat thiét phai dich
chuyén riang gau theo toan bo chiéu dai cua duong dich chuyén BE Hinh 2.11,
boi vi toan bo khdi ling tru DNM dich chuyén dudi tac dung cua tu trong sé
di vao trong gau xuc tir thoi diém bat dau dich chuyén.

Nhu vay, thuc hién xtic DPNM bang phuong phéap két hop dam béo ting do
tin cdy ciia may xuc do giam duoc tai trong tac dung 1én thiét bi cong tac va xe co
SO ctia may xuc, ciing nhu ting ning suat do giam duoc thoi gian cua chu trinh

cong tac, ting duoc hé sb dién day gau xuc.

2.2. Xac dinh quy dao lam viéc hop Iy ciia gau xic khi xiic, 3 DPNM trong thi

cong dwong him bang phwong phap khoan nd
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2.2.1. Xac dinh toa dd cac diém trén giu xic
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Hinh 2.16. So d6 tinh toan xac toa do cac diém trén gﬁu cua MXLDB

Nhu di trinh bay & phan trén, qué trinh xic DPNM ctia may xuc 14t bang
phuong phap phéi hop duoc thuc hién khi tat ca cic co ciu chinh cia may déu
lam viéc; Quy dao chuyén dong cia gau, phu thude vao ty I& van téc chuyén dong
tinh tién cua xe V& phia trudc, van tdc ning can nang va van téc quay gau xuc. Dé
xac dinh duoc quy dao chuyén dong hop 1y ciia gau xtc trong déng PNM khi xtic
ciing nhu x4c dinh khong gian 1am viéc ctia may trong qua trinh d6 DNM; trudc
hét can phai xac dinh toa do cac diém dic trung trén gau, thong qua cac diém dic
trung xac dinh dugc quy dao chuyén dong ciia gau trong cac qua trinh 1am viéc.
Pé dat duoc muc dich bai toan dit ra, ta tién hanh xéac dinh toa do cac diém
A,B,C,D,E theo 2 bac tu do, khi xi lanh nang can va xi lanh lam quay gﬁu Xuc
chuyén dong véi A,,A, 1a 2 hanh trinh caa xi lanh thay lyc twong ng. Tir cac
thong sb toa do va do dai cac khau tuong ung dugc xac dinh trén Hinh 2.16,
dua ra cac phuong trinh d6ng hoc chuyén dong cua gau xtc.

- Tinh goc o, :
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Gia st tai thoi diém khao sat, cac xi lanh déu chuyén dong di ra véi
quang duong la X;,X,; Chon h¢ truc toa do OXY nhu hinh vé, géc toa do
tring véi diém O, goc @, duge xac dinh boi.

¢, =£0,0B+ £0,0Y
Trong d6 Z0,0B dugc xac dinh nhu sau:

+ Xét AO,OB theo dinh ly ham cosin trong tam giac ta c6

0,0° + OB? - 0,B?
20,0.0B

ty
0,0=/X00+Yoo: OB=l+l,+x,—-A, xlzjvl.dt;
0

Trong d6 v11a van téc xi lanh 1-2; t; 1a thoi gian xi lanh 1-2 hoat dong.
A, =const; OB=lI,

cos £0,0B =

2 2 2 2
Xolo+yolo+(|1+|2+X2_A2) _|7 .

=a
2[\/)((2')10 + yélo '(Il + Iz +X, _Az)}

Goc O;0Y duoc xac dinh nhu sau:

cosZ0,0B =

c0sZ0,0Y = Yoo, ___ Yoo
Ool \/X(Z'Jol + Ygol
Trong truong hop ndy X6, Yo,0 cb dinh nén O,0Y = const
= €0s£Z0,0Y =const =b; ¢, =arccos(a) + arccos(b)
- Xac dinh toa d diém B:
Diém lién két xi lanh nang can va can; st dung cong thirc hinh chiéu
trong toa do dé cac Oxy.
f(t) quy luat chuyén dong cua xe.
Xg =f(t)+OBsing, =f(t) + (I, +1, + X, —A))sing,
{yB =0B.cosp, = (I, +1, + X, — A;)coso,
- Xac dinh toa do diém A:

Piém lién két ¢ dinh cua xi lanh xoay gau xtc trén can gau xtc. Goi

(2.33)

o, 12 goc hop béi O1A va O3B ciing nam trén can nén goc o, 1a hang sb.

o, = ZAO,B = const
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Goi B 1a goc hgp boi O1A va truc Oy; Goéce nay duge xac dinh nhu sau:
tan(o., +B) = Xos _ Xog ~ Xoo, _ O,B.sing, — Xo0, _d
’ Yog  Yos ~ Yoo, O,B.cose, — Yoo,
o, +p=arctan(d) ; p=arctan(d) — o
Hé phuong trinh x4c dinh toa do diém A.

Xp =F(t) +Xg0, +O,B.SIN Xa =F(t) +Xgp, +15.8INPB

&
Ya=Yoo, T OlB-COSB Ya=Yoo, T |3-COSB

- Xéc dinh toa d6 diém C:

(2.34)

Piém lién két can va gau xtc, dé xac dinh toa do diém C, ta can xéc
dinh duoc goc hop boi gilta 01C véi phuong Ox hoic O;C véi phuong Oy. O
mod hinh nay, tudn theo 16gic ctiia bai toan. Ta xac dinh goc gitta O1C voi
phuong Oy; (£LO,C,0Y) =Yy,

Goi y,1a goc hgp boi O:C va O1B. Do cac diém O, ,B.C cung thuoc 1
khaunén v, 1a h'flng s6. v, duoc xac dinh nhu sau:

Xét tam giac O1BC, 4p dung dinh Iy ham cosin trong tam giac ta ¢

2
|8

_0B*+0,C?-BC? 7+15c~
2.0,BO,C 2510
Cudi cling goc v, ta hoan toan xac dinh duoc
Y, Y, to ==y, =n—-y, —al—p;
=> hé phuong trinh xac dinh toa d¢ ctua diém C
{Xc =f(t)+O,C.siny, xC:f(t)+IolC.siny1
S
y. =0,C.cosy, Ye =loc€0sy,
- Xac dinh toa d6 diém D:

cosy,

=e; vy, =arccos(e);

(2.35)

Piém D lién két xi lanh xoay gau xuc véi gau xuc, mudn xac dinh
dugc diém nay, ta can xac dinh dugc goc gitra CD véi phuong ndm ngang, ta
dat 1a goc f3;. Pé xé4c dinh dugc B; ta lam nhu sau:

Goi B,=(L0B,0x); B,=£0,CB; B,=«£BCA; B,=£ACD
=Bs=n—P,—B,—B; B,
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Trong do: B, = g —v,; (v, xac dinh & trén);

B, =const do O; B,A,C cung 1 khau.
BC? + AC? — AB? _ 12+ 15— 13,
2.BC.AC 21510 c
B; =const do O; BAC cung 1 khau
BC? + AC? — AB? _ 12+ 15, — 135
2.BC.AC 2156
Xac dinh B, ta lam nhu sau: Xét AADC, theo dinh ly ham c6 sin ta co:
AC? + CD? — AD? B 2 +1%. — AD?
2.AC.CD 2151 5
AD 1a 1 khau c6 d9 dai thay doi => B,thay d6i, AD=1, +I, +X, —A,;

Vé6i cosp, =

CosP, =

cosB, =

x3di chuyén xi lanh 3; A, hanh trinh cua xi lanh 3 (luc nay ta gia sir xi lanh 3
lic dau & vi tri dong A, =0); Goi v 1a van toc clia pistong xi lanh 3.
t
=> X, = J'vg.dt Vi t; 1a thoi gian lam viéc caa xi lanh quay gau xuc
0

ty
=> AD =1, +1; + [ v dt—A,
0

t
B+ 15— (1, + g+ [vadt—A,)’
0

= COSP, =
2'IAC'I6

Céc goc B,,B,,B5.B, khi do .14 hoan toan xac dinh,
vay Bs=n—PB,—B,—B;—B,
= > hé phuong trinh x4c dinh toa d¢ diém D

{XD =X, — DC.sinp,

Yo =Y. + DC.cosfs (2:36)

- X4c dinh diém E:
Diém tiép xuc gitta ring gau xtc va DPNM mubn xac dinh dugc diém E

ta x4c dinh cac thong so:
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Goi ., 1a géc tao boi CD va CE; => o, =Cconst.

Gol g la goc hop boi gitta CE va Ox
o, —Ps (2.37)
{XE = X, + CE.Ccos@

Ye =Y. —CE.sing
Tong két lai co hé xac dinh bai hé cac phuong trinh sau: Cac phuong trinh

(2.38)

(2.33-2.38), 1a hé phuong trinh xac dinh quy dao cia can va gau xic; Phuong
trinh (2.37) x4c dinh gbc xtic cia gau xtic v6i phuong ngang OX.

Thuat toan da phan tich & trén 1a co s xac dinh quy dao chuyén dong
clia giu x0c trong cac trudong hop, théng qua dic tinh van toc cia cac diém
dac biét trén géu.

Két qua khao sat quy dao chuyén dong ctia gau xuc trén MXLDPB VMC E500-1

- Mot s6 dit liéu khao sat: Kich thudc may: dai x rong x cao (4,910 x
1,530 x 2,810)m; chiéu cao khdp chan can so v6i mat bang may ding yoi=
0,25m; chiéu dai can, l;= 1,280m; gﬁu xuc cd kich thudc dai x rong
(1,53x1,25)m; hanh trinh lam viéc ctua xi lanh nang can: 0,366m, hanh trinh
lam viéc ciia Xi lanh quay gau: 0,425m, hanh trinh lam viéc cua xi lanh d6

nghiéng gau: 0,390m. Khao sat vdi cac truong hop tich DPNM cia thiét bi

cong tac:

3t ] 3t

2 2
z " E
=1 o =1}

o, RB oF
o) \B,B‘/
0 £ e 0
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
X(m) X(m)

a) Quy dao cla gau xtc khi hanh trinh lam  b) Quy dao ctia giu xtc khi hanh trinh lam
viéc cua xi lanh néng can va quay gau, & vi viéc cia Xi lanh néng can & vi tri ngdn nhét
tri ngén nhat VA quay gau vi tri dai nhét
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Y(m)

0 0.5 1 15 2 250 0.5 1 15 2 25
X(m) X(m)
¢) Quy dao ciia gau xuc khi hanh trinh 1am d) Quy dao cta gau xtic khi hanh trinh
vi€c cta Xi lanh nang can ¢ vi tri dai nhat va lam vi€c ctia Xi lanh nang can va quay
quay gau ¢ vi tri ngan nhat gau, ¢ vi tri dai nhat
Z 1 e v — v ' T T

Y(m)

0.5 — ‘ ‘ ' : : -1 ‘ ' :
0 05 1 15 2 25 3 0 1 2 3 4

X(m) X(m)
e) Quy dao cua géu xuc tich PNM bang f) Quy dao cua gﬁu xtic tich DNM bang
phuong phap phdi hop: Nang can két hgp phwong phap phoi hop: Nang can keét hop
quay gau quay gau va may xuc tinh tién

Hinh 2.17. Quy dao chuyén dong ctia giu xuc trong cac trudong hop lam viéc.

Qué trinh tich DPNM vao gau xiic c6 thé thyc hién bang nhiéu phuong
phap khac nhau, thuc hién timg dong tac riéng 1¢ hoidc dong thoi cac dong tac
cing mdt lic, trong Hinh 2.17 md ta quy dao chuyén dong cua gau xuc trong
cac truong hop xi lanh nang can, quay gau ¢ vi tri ddc biét va khi gau xtc tich
DNM bing phuong phap phan doan hodc két hop, trén phan mém Matlap.

Trén Hinh 2.17 cho thy khi thay d6i hanh trinh 1am viéc cua xi lanh
nang can, quay gau sé& thay doi khoang cach OB va AD; dong thoi két hop véi
chuyén dong tinh tién ctia may xtic, lam cho vi tri cac diém trén gau theo cac

quy dao chuyén dong khac nhau. Véi cac diém dic biét trén gau xtc: diém F
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canh trén ctia miéng gau, diém E 1a ring gau va hai diém C,D trén lung gau
xuc; thong qua bdn diém nay cho thiy voi cac vi tri thay d6i cia C, D, E, F
trong qua trinh xic DPNM, ludn xac dinh chinh xéc vi tri va v€ Ién cac duong
cong CC*, D D, E E*,F F” chinh 1 vi tri va quy dao chuyén dong cia gau xic
& ting thoi diém va khi xic DPNM bang phuong phap xtc phdi hop.
2.2.2. Xac dinh quy dao chuyén dong hep 1y cia gau xic khi tich PNM
bang phwong phap xic phéi hop

Quy dao chuyén dong cua rang gau xuc phu thudc vao van toc chuyén
dong cua cac xi lanh thuy lyc nang can nang va quay gau xuc, cling nhu phy
thudc vao van toc chuyén dong tinh tién vé phia trudc caa may. Céc gia tri luc
can sinh ra trong qué trinh xtc PNM, ciing nhu hiéu suat cua toan bo qua
trinh cong tac ciia may xuc lat phu thudc rat nhiéu vao quy dao chuyén dong
ctia gau xtc trong ddbng DNM khi xtic DPNM. Bé ¢6 quy dao chuyén dong hop
Iy ctia gau xuc, chinh 1a xac dinh quy dao chuyén dong cua rang gau xac khi
xtc PNM bang phuong phap hdn hop phai tring véi duong dich chuyén cua
PNM hoic gan voi duong nay Hinh 2.18

Qu§ dao chuyén dong
Duong trugt cia PNM - hop 1y cia gau khi xac .~

Hinh 2.18. So d x4c dinh quy dao chuyén dong hop 1y cua gau khi xic DPNM
bang phwong phéap phdi hop W
Khi xtic cac loai DPNM khac nhau s€ co cac quy dao chuyén dong hop ly cua

gau xtic khac nhau cho timg loai DPNM. Diéu nay c6 thé dat duoc bang cach xac dinh
ty s van toc chuyén dong cac can pit tong cua Xi lanh thuy e nang can nang, quay

gau xtc va van téc chuyén dong caa may xuc. So do tinh toan dé x4c dinh ty s van
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tdc duoc thé hién trén Hinh 2.18, trong so d6 cac ky hiéu quy wéc sau: V- van tde
ciia rdng gau, Vg, Vg, - cdc véc to van toc tuyét doi cua diem E; V, - van toc
chuyén dong tinh tién ciia may xdc.

Quy dao chuyén dong hop 1y caa gau cho mdi loai DPNM phu thudc vao goc
ma sat trong ¢, va goc xodi tur nhién o cia loai PNM d6. Bé c6 mét quy dao cu thé
cho mdt loai DNM, truéc hét can phai xét dén chiéu sau an gau xuc vao trong dong
DNM, Lag va chiéu cao t6i thiéu déng DNM, Hpin. Chiu sau 4n gau da trinh bay
trong phan 2.1.3, d thi Hinh 2.15.

Pé co thé dién day DPNM vao gau xtic mot cach tét nhat theo quy dao
hop 1y can tuan tha didu kién Vu/Vg; trong d6 Vy — thé tich khéi ling try
DPNM dich chuyén; V, — dung tich ctia gau xuc. Diéu kién nay duoc dam bao
boi chiéu cao caa déng PNM, Hpax, chiéu cao nay phai 16n hon chiéu cao toi
thiéu cua dong DNM, Huin;

B
Hinh 2.19 So do tinh
Ve ,  toan dé xac dinh
© oo chidu cao nhoé nhat
T s - cua dong DPNM
\(lv/ %]
(8] \
A \
A E Ve D

Chiéu cao can thiét dé tao duoc thé tich DPNM can thiét cua khdi ling tru
Hinh 2.23, dugc xac dinh theo biéu thic.

H,. =BEsiny, (2.39)
Trong d6 W»- goc gitra duong dich chuyén cia PNM va mit tua caa

déng DPNM. Gia trj cia goc ndy nam trong cong thic:

y, =90° —(45O —gj — 45 +g; (2.40)
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Trong d6 ¢ — goc ma sat trong ciia DPNM. Gia tri goc ¢ ddi véi cac loai
DNM khéc nhau dugc dua ra trong Bang 2.4.

Bang 2.4. Céc thong sb cta cac loai vat liéu roi dang déng chinh.

ic thong s6 chinh ph tinh to
Ciclogi DNV sau |- Ci hong 56 il vy o toin
2 Khoi lugng riéng ,y | Goc ma sat ngoai, ¢1 | GOc ma sat trong, @
khoan no 3 - =
kg/m rad do rad do
Than da dang hat roi 1.200 0,645 37 0,663 38
Da n6 min duong ham 1.600 0,610 35 0,764 44
Pai luong BE duoc xac dinh theo dinh 1y sin tur hé thuc:
BE L Ac L.

SN oy sin(l80°—ocvl—45°+(g—90°j sin(45°—avl+(§j (2.41)

sina,,
sin(45° —a, +(g) (2.42)

Nhu vay, chiéu cao nhé nhat cia dong PNM khi xtic bang phuong

—BE=L,,

phap phdi hop s& duoc xac dinh nhu sau:
L . Sina,,.sin [450 + (2'))
sin[45O + (g _av'j

Trong d6 oy~ goc X0ai tu nhién ctia ddng DPNM, 0=46°; ¢- goc ma sat

H =

min

(2.43)

trong cia DPNM xem Bang 2.3, ¢=44% Lag - chiéu sau an cia gau xuc vao
déng DNM, Lag, ddi voi phuong phap xtc phdi hop Lac=0,8Lssc=0,72m.
Thay céc gia tri vao (2.43) ta c6 Hmin=1,75m.

Nhu d trinh bay trén Hinh 2.11, khi xac PNM bang phuong phap phoi
hop thi khong nhat thiét phai dich chuyén ring gau theo toan bo chiéu dai cua
duong dich chuyén BE, boi vi toan b khéi lang tru DPNM dich chuyén dudi
tac dung cua ty trong sé di vao trong gau xtc tir thoi diém bat dau dich
chuyén; mit khac, vé Iy thuyét tiéu chi lam viéc hiéu qua nhat chaa MXLDB
phai bao dam dong thoi 3 yéu td: xtic PNM véi chi phi ning luong nhé nhat,

quy dao xuc ngin nhat, xac day gau nhat. Trong thyuc té, dé bao dam ning
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suat xiic DPNM cao nhat, Nguoi van hanh co thé diéu khién gau cua MXL di
chuyén theo mét phan hodc ca quy dao chuyén dong hop 1y vi vay chiéu cao

2.2.3. Qu¥ dao chuyén ddng cia giu xiic trong qua trinh d6 PNM.

_— —

TThmax

Hinh 2.20. M6 hinh x4c dinh khong gian 1am viéc ctia may xtic d6 bén
trong thi cong duong ham.

(a) lién két can-tay gau trong mit phang doc than may; (b) lién két tay gau-
gau xuc trong mat phang vudng géc vaoi than may.

May xtic 14t do bén trong qua trinh d6 DPNM, 2 vi tri dic biét can chu y
1a: diém H tGmg voi vi tri cao nhat, diém L Gng véi vi tri thdp nhét cua gau.
Khi d6 DPNM trong ham, thi hai diém dic biét nay can phai khéng ché dé gau
xuc ¢c6 thé d6 duoc DPNM lén xe van chuyén ma khong cham vao vom cua
ham. Voi két cu thiét bi cong tac va dic diém chu ky 1am viéc cia MXLPB
nhu trinh bay trén Hinh 1.10. N6i dung nghién ctru ctia phan nay tap trung vao
quy dao chuyén dong cia giu trong giai doan d6 DNM cua may xtc, giai
doan nay duogc tinh bat dau thoi diém diéu khién nang dan giu xuc dé dat
chiéu cao can thiét c6 thé dua duoc giu xuc qua thanh thung thiét bi van
chuyén, tiép dén 1a diéu khién 14t giu dé d6 DNM vao xe van chuyén. O day
dé dam bao diéu kién d6 hét DPNM trong gau thi goc nghiéng d6 bén cua gau
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phai dam bao 16n hon goc xoai tw nhién cia DPNM, tic 1a 0, >44°. M6 hinh
xac dinh khong gian 1am viéc cia mdy xtic d6 bén bén trong thi cong dudng
ham Hinh 2.20.

Ap dung phép bién d6i Denavit va Hartenberg [4],[20], dé xac dinh ma

tran thuan nhat caa hai khau 1ién ké [i va (i+1)], duoc viét tong quat 1a:

[ cos6, -Cosausine, sinousine,  a,cose, |
A= SinG, COSaL,COSe, -Sino,CoSH, a,Sine, (2.44)
I sino, €080, d,
0 0 0 1|

Trong d6: a;- Do dai cta khau i; ai- PO xo0an cia khau i (gbc gitra hai truc
nam trong mit phang vudng goc voi a;, do tir truc i dén truc (i+1) theo hudng
phai dbi véi o di- Do truot trong d6i gitta khau i va (i+1); 8- Goc xac dinh
su thay doi hudng gitra khau (i+1) so véi khau i.

Péi voi MXLDB, cac tham s6 cdu tric dong hoc di, ai, o va 0; (v6i i =
0+4) cho cac khau la xac dinh va duogc liét ké trong bang sau.

Bang 2.5. Cac thong sb cau tric dong hoc.

Lién két khau i o aj di 0i
0 0 ap=ag1= 001 = X 0 0
1 90° a;=a;= 010, di=di 01
2 0 a2=a23=0,03 do=di> 02
3 0 a3=a34=0304 0 03
4 -90° ay=ays=04 Os ds=dss 04

Thé cac tham sb trén Bang 2.5 vao (2.44) ta dugc cac ma tran chuyén thuan
nhat cho cac khau cia may xuc: Ab;AZ;AS; A AS chi tiét trong phy Iyc 2.1

Tu cac ma tran chuyén thuan nhét ap dung cong thuc ta c6 toa do tuyét
ddi ctia cac khau 1a: AL AZ: A2 A2 A chi tiét trong phy luc 2.2

Toa do twong dbi cua diém L, H trong toa d6 OsZsY's
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(xt] [0] X2 T 0 ]
Yo 0 TNV |5 c0s(35)
Co=|"%|= 245) Cl=|"°|= _ 2.46
Tl Tl B ST T e ysingy | 440
1] |1 1] | 1 |
Toa do tuyét d6i cua cac diémnay la:
Ci = Aicg' (2.47) Cy = Aj;c; (2.48)

Sau khi nhan ma tran va bién d6i ta duoc véc to xac dinh vi tri tuyét dbi
ctia hai diém H, L chi tiét bién d6i trong phu luc 2.3
Tur hai biéu thirc (2.47) va (2.48), chung ta c6 thé dé dang xac dinh
dugc quy dao chuyén dong cua hai 2 diém méc trén gau xuc; V6i muc dich
chinh 1a nghién ctru xac dinh khong gian 1am viéc ciia may dé sir dung thi
cong trong diéu kién chat hep cta dudng him, vi luan an chi tap trung xét anh
huong cua cac kich thude két cau dén viéc dap Gmg chtc ning xuc va do
DNM 1én xe van chuyén trong thi cong duong hiam va sy thay ddi goc
nghiéng miéng gau trong qua trinh nang can dwa gau xtc tir vi tri két thic qua
trinh xuc, dén vi tri vi tri d0; gi tri goc nghiéng nay duoc xac dinh thong qua
su thay ddi vi tri ctia 2 diém F va E theo cong thire sau:
b =arcsin ZOF — ZOE — arcsin ICFSin(elz + };1)H_ ICE Siﬂ(@lz + az)
mg mg

Pé miéng gau ludn ludn song song véi mat dat (tirc goc ¢=0), quan hé giita

(2.49)

goc 0, va 0, trong qud trinh ndng phai théa man diéu kién.

|l e (siny, —siny,)
| (cosy, —cosy,)

Két qua tinh toan, khao sat

tan0,, = (2.50)

Két qua tinh toan, khdo sat dua trén madt s6 dir liéu sau: Xe chuyén
DNM thong dung trong ham loai c6 dung tich thung 3,32m®, do Céong ty Co
phan Co khi mé Viét Bac-VVMI san xuit v6i kich thudc ngoai 16n nhat, dai x
rong X cao): (3,3 x 1,3 x 1,3)m; loai ¢ dung tich thung 1m3 kich thudc ngoai
16n nhat (dai x rong x cao):(1,7 X 1,2 x 0,8)m. Puong ham Hinh 1.1 véi kich
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thude, BhxHh: ch- Cira ham (2,4mx3,6m); th- Than ham (4,7mx4,1m). May
xuc 1at d6 bén VMC E500-1, c6 kich thudc trong bang phu luc 1, gia tri phuc
vu tinh toan cu thé nhu sau: Chiéu cao khép chan can so voi mit bang may
ding Zoo,=1,1m, chiéu dai can, axs= 1,28m; chiéu rong gau xtic By 1,53m,
chiéu cao gau xuc Hg, chidu sau giu xuc Lse. Khdo sat voi goc nghiéng can

thay d6i trong pham vi -35° dén +35°. Két qua tinh toan trén Hinh 2.21

5 T T T T
4.5 i
Hy o =4.1 (m) s
4f < " 1 Himax - chiéu than
35 Hch,min:3'05 (m) hﬁn’l thép Ilhﬁt,
| Hehmin - chiéu cao
—~ 3 . | ctra ham thap nhat;
€ L5l S, ,..,=2:80 (m) - I b hid
- H . =1.60 (m) o -~ gxmax - ¢nieu cao
> gx,min - A , , A
2 == 1 gau xtc 16n nhat;
15 =z 2 e | H‘gx,min - chi’éu cao
B gu xtic thap nhat;
0.5 S } ng max 1.30 (m) B HXg,maX ) Chl,eu Ca?
- xe goong lon nhat;
O 1 1 1 1 1 1 1
-40 -30 -20 -10 0 10 20 30 40
(o]
0, (°)

Hinh 2.21. Su thay d6i chiéu cao cta gau theo gia tri goc nang can

Trén Hinh 2.21 cho thdy mdi gia tri ctia 0, s& cho gia trj cia H va L
tuong mg (tao thanh hai duong Zow, ZoL); Hgxmin chinh 1a chiéu cao tdi thicu
ctia day gau nang lén dé co6 thé vuot qua thanh thung ctia xe chd DNM, Hgxmax
l1a d6 cao gidi han cua tran ham tai vi tri may xuc lam viéc déng thoi cling 1a
vi tri cao nhat ma rang géu xtic cham t&i; V6i ctra hAm va than ham, may hoan
toan c6 thé lam viéc véi goc nang can tdi da 34° ma chua cham t6i vom ham.

Trong pham vi géc quay can —35° <0, <30°, ¢ dinh goc,: két qua
khao sat goc nghiéng miéng gau thé hién trén Hinh 2.22 duoc tinh toan trong 3
truong hop: ing v6i goc nghiéng ban dau cua miéng gau tai thoi diém két
thic qua trinh xtc so véi phuong ngang song song mit dat 1a 0°, 20° va 30° va

két thuc qua trinh nang trude khi d6 DPNM tuong tng 13 65°, 45°, 350,
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a) b) ?,=0
R 60T X g,=20°| |
25+ 1 ,
+ 9,730
50 .
2t ]
— 40} K
g % S X
= L = X
= ! $+§< < X +
15F L o L
' + XoF
+ X+
0%+ X+ .
%N N
1t 1 X X
X X
M 10 X ++49<>< +++
X, A+
XX+t
05 1 1 O 1 1 + 1 1
05 1 15 2 30 20 10 0 10 20 30
a) s (m) b) )

Hinh 2.22 a) Quy dao chuyén dong cua giu; b) su thay d6i goc nghiéng miéng
gau trong qua trinh nang can; R-dinh ring giu, M - miéng gau

Véi truong hop sir dung xi lanh quay gau dé diéu khién miéng gau ludn
song song voi mat dat (tic ¢ =0). Trong cong thirc tinh toan su thay doi goc
0, theo goc 0, khi nang gau tir vi tri bat dau 1én vi tri két thic qua trinh nang,
c6 thé thiy dé miéng gau ludn song song v4i mat dat thi goc quay cua can va
goc quay cla gAu phai bang nhau. Véi géc xoay cia can 1a 65°,
—35°<0,<30° thi hanh trinh diéu khién xi lanh ra vao tay giu trong qua
trinh nng gau xuc can phai dam bao goc xoay cia gau dat AG, = 65°. Xét tam
giac ACD, Hinh 2.20 v6i 2 kich thudc cd dinh la AC=1,34m va CD=0,55m,
gia str goc ZACD =18° hanh trinh Xi lanh quay gau & vi tri ngan nhét va goc
ZACD =71° hanh trinh xi lanh quay gau & vi tri dai nhat. Khi d6 c6 thé tinh
dugc hanh trinh lam viée cua xi lanh tay gau 1a 0,39m (1, —1,, ). Riéng
d6i vé6i xi lanh nang can, hanh trinh cua Xi lanh nay c6 thé im duoc nho vao
quan hé chiéu dai cic canh ctia tam giac OO,B, véi kich thudc 100,=0,79m
va lo g =0,39m, hanh trinh cta xi lanh nay tim dugc 0,44m (I, 5 —1lp5 ).

C6 thé thy rang kich thudc bé ngang cta gau xtc anh hudng rat 16n dén
chiéu cao ctia diém H va diém L khi 6 DNM cua may xuc 14t d6 bén trong thi

cong duong ham Hinh 2.20. Tuy nhién kich thudc nay chung ta khong thé chon
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nho hon bé rong co so. Két qua tinh toan chi ra rang, véi diac diém d6 bén nén
gdc quay gau xuc chi can thay doi trong pham vi nho 0, <65° d& thuc hién
nhiém vu diéu chinh d6 nghiéng ciia miéng gﬁu, tuong ddi khac biét voi chire
ning xuc va do so voi may xuc lat théng thuong. Chinh vi Iy do dé, xi lanh tay
gau lién két truc tiép vao gau xuc, két qua tinh toan hanh trinh 1am viéc 0,39m
cta xi lanh quay gau d khang dinh tinh kha thi caa két ciu ndi lién két xi lanh
quay gau-gau khong can qua cac thanh trung gian; gid tri goc ning can
—35° <0, <30° va tinh toan hanh trinh xi lanh can & gi tri 0,44m, cho thdy may
xuc 1at d6 bén bi khong ché khi thuc hién d6 trude so véi may xtc thong thuong.
2.3. Xac dinh quy luat diéu khién khau din dap &ng quy dao chuyén
dong hep 1y ciia gau xic khi xiic PNM

2.3.1. Phwong phap luin xac dinh quy luat diéu khién khau din

1,75

1,5 . ]
Duong co so xdc dinh quy dao /
chuyén déng hop Iy ciia gdu xiic i i
] //‘/ i
/_/' /
V /
7 /
/'/ /
. 1,75m
© G, /1
3 7/
/ /
/
O /s
T
0 e 70
o/ KR__aAl " n
L 0,97

‘1, 69m

Hinh 2.23. Quy dao chuyén dong hop 1y cua gau xuc khi xic PNM

Tir dudng quy dao chuyén dong hop 1y cta giu xuc trong qua trinh tich
PNM bang phuong phap hdn hop di trinh bay trong muc 2.4.2 va két qua tinh
toan thiét 1ap cac ma tran chuyén thuan nhat trinh bay trong muc 2.4.3. St dung
thuat toan, giai bai toan dong hoc nguoc xac dinh su thay doi cia cac goc 02; 03
va dich chuyén ctia xe thong qua van toc ciia cac ly lanh va vén téc chuyén dong
tinh tién cta xe; dé tao ra duoc quy dao chuyén dong hop 1y cua gau xtc khi xtc

PNM bing phuong phap xtic phdi hop nhur luan an dé xuat, Hinh 2.23.
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Toa d6 dinh riang gau dugc xac dinh boi Xg, Ve, trong cong thuc (2.38); Ky

hiéu véc to suy rong cua co hé 0=[x 6, 0,]" va véc to toa do vi tri gau xic
e=[Xe Ve X yF]T. Két qua dong hoc thuan & =T'(0) dugc tinh theo:

CO)=[T,®) T,0) T,0) T,0)] =[x Ye % Ve (2.51)
2.3.2. Thuat toan giai bai toan dong hoc nguoc
Nhiém vu cua bai toan dong hoc ngugc 1a phai xac dinh duogc cac gia
tri 0,; 03, x dé dat duoc gia tri € nhu mong mudn, tic 1a thiét lap duoc moi

quan hé 6=T""(g) xuét phat tir cong thuc (2.51), dao ham hai vé bicu thirc

e=TI(0) theo thoi gian:

i=L5=3(0)0 (2.52)
o0

Trong d6 J(6) 1a ma trn Jacobian c& 2x3 voi

1(0)=2L (2.53)
00
Gia sir ma tran tua nghich dao cia ma tran chir nhat J(@) c6 dang:
7 (8)=37(0)[3(6)I"(8) ] (2.54)
Nhén hai vé ctia phuong trinh (2.47) véi bieu thic J(0)ta nhan dugc
J7(6(t))&(t)=6(t) (2.55)

Véc to gia tdc cac toa do suy rong duoc xac dinh bang cach dao ham hai vé (2.55)

0(t)=J7(0(t))&(t)+I"(6(t))&(t) (2.56)

Ma tran J°* (G(t)) dugc xac dinh nhu sau:

J7(0)3()J7(6)=1"(0) (2.57)
Pao ham hai vé cua phu’O'ng trinh (2. 52) ta nhan duogc
37(0)3(0) (0)[3(0) (6)d7(0)]=3"(0) (2.58)

Bién d6i phuong trlnh (2.53) ta nhan duch ma tran J7(6(1))

3 (0)=(37(0)-3"(0)[3(0)37 (0) +3(0)J7 (8) )(3(0)37(0)) " (259)
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Pé x4c dinh duge O(t) trong (2.55) va (2.56) ta chia khoang thoi gian lam
viéc cta gau xtc [0 T] thanh N khoang bang nhau:
At=T/N,tacé t,, =t +At véik=1.2,....N-1
Ap dung khai trién Taylor dbi voi 0,.,quanh 8, nhan duoc:
0., =0(t, +At)=0, +6,At+8, (At) +... (2.60)
Thé biéu thic (2.55) vao (2.60) va bd qua vo cung bé bac 16n hon 1,
(2.60) tr¢ thanh:

0,,=0,+J(0,)¢At véik=1,2,...,N-1 (2.61)
Nhu vay quy luat chuyén dong cua cac khau dan duoc xac dinh theo

thuat toan gdm cac budc nhu dudi day

[ BAT DAU } o T(0);c(t);J(O):t,;0,N:; T
v
k:=0; t==t,; 6,:=0,
v
: Tinh J(8,);3°(6,);J(6,)
)
Tinh O, Tinh 6,;0,
Iln qk+1 l
Inra®,;6,;0,
k=k+1 Sai

A

[ KET THUC ]

Hinh 2.24. So d6 khéi thuat toan giai bai toan dong hoc nguoc
2.3.3. Quy luat thay d6i ciia cac khau din dé tao ra quy dao chuyén dong
hop Iy ciia gau xic khi xiic PNM.
Thong s6 dau vao phuc vu tinh toan: a;=1,28m; a,=0,54m; pham vi di Chuyén

coa xe 1a x=1,69m (0,72 m ban dau van toc ciia xe thay doi tir 0 dén max sau do



71

giam dan chuyén sang giai doan 2 vira di chuyén vira nang can, quay gau; may dich
chuyén tir 0,72m dén 1,69m trong giai doan ndy van toc ctia may c6 xu hudng giam
dan va dimg lai khi di hét quing duong 1,69m); pham vi lam viéc ciia goc nang can
0,=297/180 (tir-71/36 dén — 1/30) tinh theo truc O, Xz; pham vi lam viée goc quay
gau 0:=17/90 (tir -23 7 /60 d&én — 7 m /36) tinh theo truc Oz Xs; khoang di chuyén
ciia may 1a 1,69m; thoi gian lam viéc 20 gidy (doan dau 7 gidy, doan sau 13
gidy). Poan dau cic goc khong doi.

Két qua khao sat khi tich DPNM bang phuong phap phdi hop theo cong
thire mé ta quy luat thay d6i caa diém E, F nhu cong thic (2.64) theo quy dao

mong muén dinh trudc dugc thé hién nhu hinh Hinh 2.23.

84nt 84nt
Xe :2,5+1,5cos(180_l_ ) X =3,6+2c0s( 180T )
(E) Sant (F) St (2.62)
=2,7-1,5si =2 +1,5si
Ve S g0T Ve SN g0T

Str dung céc budc tinh toan d3 mo ta & trén két qua nhan duoc 1a
quy luat dong hoc twong ung cia cac khau dan dé diém rang gau E chuyén
dong theo cac quy dao dinh trudc trong thoi gian khao sat T=10 giay.

1. Quy luat chuyén dong cua cac khau:

1 T 0.6

04r
0.8

021

0Fr

m
62 (rad)
63 (rad)

021

04t

oF - -0.6 : -
0 5 10 0 5 10 0 5 10

t(s) t(s) t(s)

Hinh 2.25. Quy luat dich chuyén cua cac khau dan
2. Quy luat thay d6i van toc cac khau



3. Quy luat thay ddi gia téc cac khau

& (m/s)

0.45

0.4

035+

0.25

0271

0.15 1

72

0.1

Hinh 2.26. Quy luat van tdc chuyén dong cua cac khau

0.5

0.4

0171

5

t(s)

0

rad/s*)

3

-0.02

5
t(s)

-0.025
10

-0.005
-0.01 1

{1~ -0015}
3\

5

10

t(s)

05 (rad/s)

05 (rad/s?)

-0.02

-0.04 r

-0.06

-0.08

0171

-0.12

t(s)

10

0.5

0.4

o s
t(s)
Hinh 2.27. Quy luat gia tbc chuyén dong cua cac khau

4. Sai sb vi tri cia diém rang gau E theo thoi gian khao sat

751

10

Hinh 2.28 Sai s6 vi tri ctia dinh ring gau theo thoi gian khao sat

|y, —yel

%107

10

8

751

7t

6.51

6t

[ye]

5571

5t

45+F

4
0
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Két qua sai s6 Vi tri ring gau trén Hinh 2.28 cho thiy sai s6 déu khong vuot
qua gia tri 103, lvu y rang gi tri cua €° = [XCR A T duoc tinh theo gia tri cua quy
luat © tim duoc ¢ thuat toan

Hinh 2.24. Két qua giai bai toan dong hoc nguoc (dich chuyén, van tc, gia
td¢) gau xtic lp trén may xuc 14t d6 bén thé hién trén cac Hinh 2.25-Hinh 2.27. Bang
viée xdy dung thudt toan luan an da tim ra cac ma tran chuyén trung gian va quy luét
dong hoc ciia 3 khau din: can, gau va di chuyén may dé dap tng toa do diém miéng
gau va riang gau dat duoc quy dao cho trude. Sai s6 vi tri thé hién trong Hinh 2.28
cho thay céc gia tri nay nho hon 107 gia tri nay nam trong giGi han sai s6 cho
phép cua thiét bi xtc.

Két luan chuong 2

1. Nghién ctru qua trinh twong tac cho thay, cac luc can sinh ra trong
qua trinh xic PNM bang gau xuc trén may xuc 1at bao gom: luc can ring gau
Froxs Frgy; luC €an an gau xitic vao trong d6ng DPNM phia truét Few, Fery; luc can
bén Fg; trong luong khéi lang tru vat liéu dich chuyén Gy,. Gia tri cua céac luc
nay phu thudc vao tinh chit co Iy cia DPNM va ty 1é chiéu sau 4n gau Lag/Lsc.
Chiéu sau an gau hop 1y nhat nam trong khoang, Lac=(0,8...0,9)Lsc; Khi
Lac=1,1Lsg, ta thay luc can phia trudc Fex, Foy ting 25-30%; trong lugng
khéi lang try PNM dich chuyén Gy, — ting 40-50%; c6 nghia 13, qua trinh
thuc hién tich PNM vao gau xtic bang phuong phap két hop s& giup giam
dang ké cac thanh phan luc can sinh ra trong qua trinh tich DPNM.

2. Bang phuong phéap nghién ctru dong hoc thuan, xac dinh quy dao chuyén
dong cia gau xtic MXLDB khi d6 PMN, 1am co s& danh gia kha ning 1am viéc
cia may dong thoi dé diéu chinh cac thong sb ciia may cho phi hop véi yéu cau
han ché cua khong gian duong ham. Véi két qua khao sat: Hgxmax= 2,8m <
Henmin=3,05M va Hgxmin=1,6m> Hygms=1,3m cho thiy MXLDB VMC E500-1
c6 kich thude TBCT phu hop va 1am viéc hiéu qua trong duong ham khau do nho,
ké ca vi tri mdt cit nho nhat cua dudng ham co bxh=2,3mx3,5m;
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3. Khi xuc vat liéu hoic DPNM mdi loai s& c6 quy dao xuc hop 1y khac
nhau, phu thudc vao cac théng sb: o - goc xoai tu nhién (o=46°), ¢ - géc ma sat
trong (Vi da nd min ¢=46°), dy, - kich thudc hat trung binh cia DPNM (dy ~0,3m),
Lac - chiéu sau 4n gau (véi phuong phap xtc phdi hop Lac=0,72m) va Hpin -
chiéu cao ti thiéu cua ddng DPNM (Hmin=1,75m). Bé xac DNM dat hiéu qua
nhat, MXL phai bao dam dong thoi 3 yéu td: chi phi nang luong xtc nho nhat,
quy dao xuc ngan nhat, xtc diy gau nhat; boi vay trong thuc té, dé bao dam
nang suat xac PNM cao nhat, gau xtc s& chuyén dong theo quy dao hop 1y
nhung Hpin thuc té c6 thé thiap hon Huin 1y thuyét.

4. Quy dao chuyén dong hop 1y ctia gau xuc, khi xtic DPNM chinh 1a qui dao
chuyén dong ciia rang gau xuc trong déng DNM, sao cho quy dao niy phai tring
hoic gan véi duong dich chuyén cua ting loai DPNM. Piéu nay duoc xéac dinh bang
su thay dbi cua cac khau dan: goc quay nang can 6, (8, thay doi trong khoang tu-
71/36 dén — /30, tinh theo truc O, X»), quay gau xuc 0s (85 thay doi trong khoang tir -
23 70 /60 dén — 7 1 /36, tinh theo truc O3 X3) va chuyén dong tinh tién ciia may x (X
khoang di chuyén ciia may 13 1,69m); thong qua phuong phép nghién ctru dong hoc
nguoc nhu luan 4n da trinh bay. Két qua khao sat tinh toan 14 co s& cho viéc nghién
cau tr dong hoa qua trinh xtc d6 DNM khi thi cong duong ham trong truong hop

doc hai, nguy hiém.
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Chuong 3: NGHIEN CUU TAI TRONG PONG CUA THIET BI CONG TAC
MAY XUC LAT PO BEN TRONG QUA TRINH XUC VA PO PA NO MIN

3.1. Xay duwng mo hinh khao sat dong luc hoc
3.1.1. Muc dich xay dung mo hinh khao sat dong luc hoc

Xay dung mo hinh, phuong phép tinh toan, giai cac bai toan dé xac dinh
chuyén vi, van tdc, gia tde va cac luc, momen dong trong cac khau khép can,
giu cta may xuc 1at, khi xtic va 6 DNM trong timg truong hop, diéu kién cu
thé. Cac két qua khao sat DLH 1a co s& phuc vu qua trinh tinh toan khao sat tai
trong dong tac dung 1én cac khau, khép ctia TBCT. Ngoai ra cac thong sé DLH
tim dugc cling chinh 1a co s& dé gidi cac bai toan khac vé dong luc hoc may,
kiém tra do bén va toi uu két cdu cia MXLDB VMC E500-1.
3.1.2. Co sé xay dung mo hinh khao sat dong luc hoc

Mo hinh dugc xay dung trén co s& cdu tao, nguyén 1y hoat dong cua
MXLPB VMC E500-1, Hinh 2.1 va Hinh 3.1. C4u tao may gém phan xe co s
va phan thiét bi cong tac. Thiét bi cong tac gom 5 khau dong lién két v6i nhau
bdi cac khép ban 18 1a than may, gia quay, can, gia gau va gau; tu:ong ung voi
n6 12 4 xi lanh dan dong: xi lanh quay gia TBCT, xi lanh nang ha cén, xi lanh
quay gau va xi lanh d6 nghiéng gau Hinh 2.1 va Hinh 3.1.

Nang can va di chuyén D4 vat liu

Z)A

T

\l
Il

Hinh 3.1 So d6 ket cAu chung MXLDB VMC E500-1 ¢ cac tur thé lam viéc
1 - than xe; 2 - gid quay; 3 - can; 4 - gid gau; 5 gau xuc.
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Trong qua lam viéc, khi tich DPNM vao gau, xi lanh quay gia TBCT, xi
lanh d6 nghiéng gau khong lam viéc, than may-gia quay TBCT 1a mot khoi;
gau-gia gau 1a mot khdi, may di chuyén két hop véi diéu khién xi lanh nang
can va xi lanh quay gau dé xic DPNM vao gau. Khi DPNM dugc xuc diy gau,
nang gau lén va di chuyén may dén vi tri d6; dicu khién xi lanh 1at gau dé
nghiéng gau xuc d6 PNM [2].

3.1.3. Cac gia thiét.

Trén co s6 so dd két cAu va nguyén Iy 1am viéc cia may, ndi dung nghién ciru
cta luan an, chi tap trung xay dung mo hinh khao sat dong luc hoc qua trinh xtic va
d6 DNM cua may xtic 1at do bén. Dé don gian, thuan tién va khong anh hudng nhicu
dén két qua trong qué trinh tinh toan, luén an str dung céc gia thiét sau:

- Hé khao sat trén mo6 hinh téng quat g(‘Bm 5 khau dong, véi 5 bac tu do,
cac khau lién két v6i nhau bang cac khép ban 18 tai O1;0,;03;04va Os;

- Trong toan bd qua trinh xtc va tich DPNM vao gau, cac toa do suy rong
X, 02,03, bién thién trong mit phang 01X1Y1; 01 va 04 khong thay doi;

- Qua trinh quay thiét bi cong tac 0 bién thién trong mit phang O1X1Zy,
khi d6 x, 05, 03, 04 khong doi;

- Qua trinh dd vat liéu 04 bién thién trong mat phéng OsXsZs; cac toa do
suy rong con lai X, 01, 02, 03 khong doi;

- Céc qua trinh xtc va tich DPNM, quay thiét bi cong tac va d6 PNM dién
ra doc 1ap, ndi tiép nhau (theo cac chu trinh nguyén 1i hoat dong cuia may);

- Trong tdm cuia cac khau nam & miat phang d6i xing ciia may;

- Trong tam ctia khdi DNM trong gau tring voi trong tim clia giu xuc;

- Khéi lwong ctia khau 5 khi tinh toan bao gdm gau va DNM trong gau;

- Bo qua luc ma sat tai cac khop.

3.1.4. M6 hinh khéo sat dong luc hoc

Véi cac gia thiét néu trén, mo hinh khéao sat dong luc hoc cia MXLDB
VMC E500-1 dugc xay dung nhu Hinh 3.2. Hé khao st trén mé hinh, gdm 5
khau: khau 1 — than xe; khau 2 - gia quay; khau 3 - can; khau 4 - gid giu va
khau 5 14 gdu va DNM trong gau. Cac khau lién két v6i nhau bang cac khép

ban 18 tai 01;02;05,04 va Os; Dé quan sat cac vat trong mit phang thing
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ding, gén vao co hé mot hé toa do cd dinh X¢O0YoZo, cac hé toa dd
X10:1Y1Z1, X202Y2 Za, X303Y3Z3, X404Y4Zs, va Xs0sYsZs, cd gbe gan tai
cac diém lién két gilta cac khau. Vi tri tuong ddi cua mdi khau duoc xac dinh
bai 3 thong sb: cac toa do (xi, Vi): (Xi, zi) va goc 6; (i=1,2,3,4).

- Hé truc toa do ¢b dinh Xo0oYoZo, gén v6i mit nén, co gé)c cd dinh tai (Ov);

- Hé toa d9: OX,Y,Z,, gan véi gia quay, c6 gdc tai (O1);

- Hé toa d9: O,X,Y,Z,, c6 gbc tai diém lién két gia quay — can (O);

- H¢ toa do: O,X,Y,Z,, c6 gbc tai diém lién két can — gi gau (O3);

-Hé toa do: O,X,Y,Z,, c6 goc tai diém lién két gia gu - xi lanh d6 gau (O);

- H¢ toa do: O X.Y,Z, c6 goc tai diém lién két gid gau — gau (Os);

OUYO Xo ’ Fk

Nhin theo A
1- Vi trf gAu bit dau qua trinh d6 2 @
2- Vit ghu gitia qua trinh O Iy thuydt .

3- Vitri gau cudi qua trinh dé) 1y thuyét A
4 Vitri ghu cudi qua trinh dd thye €6

Hinh 3.2. M6 hinh dong luc hoc cua MXLDB VMC E500-1
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Cdc théng s6 ddc trung chuyén dong cua hé:

- X : la khoang dich chuyén ciia may so véi hé toa do ¢b dinh: OX,Y,Z,;

- 0,: Goc quay TBCT 1a goc gira truc O, X, cua hé toa do O, X,Y,Z va
truc O, X', cuahé toadd O’ X', Y, Z', song song véi Oy{X,Y,Z,}, goc nay
do gia thiét bi cong tac quay tao ra trong qua trinh lam viéc, duéi tac dung cua
xi lanh quay gia thiét bi cong téc.

- 0,: Goc nang, ha can 1a goéc giira truc O,X, cua hé toa do

0,X,Y,Z,vatryc O,X, cua hé toa do O,X,Y,Z,, goc nay do su hoat dong cua
can nang, dudi tac dung cua xi lanh nang can tao ra trong qua trinh 1am viéc;

- 0,: Goc quay gau la goc giira truc O,X, cta hé toa d6 O,X.Y,Z,
va truc O,X, h¢ toa d60,X,Y,Z,, géc nay do sy hoat dong cua xi lanh
quay gau tao ra trong qua trinh 1am viéc;

- 0,: Goc do beén 1a goc giira truc 0,Z, cua hé toa @ O,X,Y,Z,va truc
O.Z. cuahétoadoO.X.Y,Z, goc nay do sy hoat dong cua xi lanh d6 nghiéng gau
tao ra trong qua trinh lam viéc;

- Véc to toa do suy rong cua co hé co dang: g =[x,6,,6,,6,6, ]

Viéc thiét 1ap hé phuong trinh vi phan chuyén dong dwoc thuc hién trén co
so ap dung 1y thuyét dong luc hoc hé nhiéu vat. Cac dai lugng dai dién trong hé
phuong trinh vi phan chuyén dong gom: khéi luong; mémen quan tinh khoi
lwong; d6 cing, hé s6 can, luc tac dung cua cac xi lanh thay luc; luc kéo ciia may;
lyc can ciia PNM; Phuong phép giai hé phuong trinh vi phan chuyén dong dé xac
dinh dap g ciia hé va dé phuc vu cho cac tinh toan khéo sat.

* Cac ngoai luc tac dung 1én hé trong qua trinh lam viéc:

- Luc can trudc: F - luc can tiép tuyén; F, - luc can phap tuyén;

- Trong luc: Ps,, Ps,,Pss, Pos;Pes; gy ra boi cac khoi luong cia cac
khau mjy, my, M3, My; Ms; tai vi tri trong tam cua cac khau Gi; Gy; Gs; Gg4; Gs;

- Luc xi lanh: F,,F,,,Fys,Fye; luc do xi lanh 1,2,3,4 tao ra;

- Luc kéo cua may: P, sinh ra trong qua trinh chuyén dong tinh tién.
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3.2. Thanh 1ap hé phuong trinh vi phan mé ta qua trinh PLH cia co hé
DPong luc hoc chuyén dong tong quat cia md hinh duge moé ta bang
phuong trinh Lagrange loai Il trong hé toa d6 suy rong c6 dang co hoc [8],[11]:
%(2;:)—2; +2§+2;§:Qi; Vé6i:1=1+5 (3.1)
Véc to toa d0 suy rong c6 dang: g = [X,91,92,93,94] (3.2)
Cac tham so trong phuong trinh Lagrange loai I1:

- T: Tong dong ning cua co hé;

- IT: Tong thé nang cta co hé;

- ®: Ham hao tan cta nén dat bién dang;

- Qi: Cac luc suy rong khong thé ning duogc tao boi luc can xuit hién &
phia truéc gau xuc trong qua trinh xac DNM;

Xac dinh dugc cac tham s trén ta thay vao (3.1) s€ thu dugc hé
phuong trinh vi phan (HPTVP) mo6 ta qua trinh PLH cua co hé.

3.2.1. Dong nang cua h¢

Pé phuc vu qua trinh tinh toan dong ning cia co hé trudc tién can xac
dinh van tdc tuyét ddi cua trong tam cac khau trong co h¢.
3.2.1.1. Xac dinh van toc tuyét doi ciia trong tim cac khau trong co hé

Tir cac ma tran chuyén thuan nhat AL, A2 A3 A} A> d3 trinh bay trong
muc 2.4.4 ta c6 thé xac dinh dugce vi tri ctia cac diém bat ky trén thiét bi cong
tac trong qua trinh lam vi¢c, rng véi cac goc quay tuong ung. Po 1a xac dinh
toa do ctia diém O;, phu thudc vi tri p' trong hé toa do thir i va véc to p™*! trong
hé toa do thir (i+1) nhu sau [8], [11]:

p'=A"p" (33)

Béng viéc st dung cong thire trén ta co thé x4c dinh toa do trong tam

cua cac khau trong hé toa do c6 dinh O, {X,,Y,,Z,} nhu sau:

Co=(A0)C (34)
Trong d6: Cy - Toa do trong tam khau thit i trong hé toa do c6 dinh O, {X,Y,Z,};
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k=it , <y , -
Ay = U AS"-Ma tran chuyén tir khau i vé goc toa d c6 dinh Oy; C| - Toa do
k=0

trong tdm khau thir i trong hé toa do dong O,{X,Y,Z;};

Xac dinh tga do cac trong tam, trong h¢ toa do dong
Goi 8,,8,,8,,8, ; 1an lugt 1 cac géc hop bai truc O,G, va O,X, (1=1,2,3,4.)
Toa d¢ trong tdm khau thir G, xc dinh nhu cac ma trén (3x1) dudi day [8], [11]:
Toa d¢ trong tdm khau 1 trong hé toa do dong O, {Xllel}:
Xa, OlGl COS(81)

Ci(G,)=|Ye, |=| O,G,sin(s,) (3.5)
Z 0

Gl
Toa dd trong tdm khau 2 trong toa do dong O, {XZYZZZ}
_XGz | _0262 COS(Sz)
Cg(Gz): YG2 = Oszsin(Sz) (3.6)
z 0

LG | L

Toa d6 trong tdm khau 3 trong hé toa d¢ dong O, {X3Y323}

XG3 _0363 COS(Bs)
Ci(G,)= Yo, |=| 0:G;sin(3,) (3.7)
Z, 0

Toa d trong tAm khéu 4 trong hé toa do dong O,{X,Y,Z,}

_XG4 | _O4G4 C05(64)

C:(G,)=|Ys, | =| 0,G,sin(3,) (3.8)
z 0

| %6, | L
Toa d6 trong tdm khau 5 trong hé toa do dong O, {XSYSZ5}

_XGs | OSGS COS(65)

Cg(G4): Yo, | =| OsGssin(3s) (3.9)
z 0

L "G5 |

Xac dinh toa dd cac trong tim trong hé toa dd c¢6 dinh
Pdi véi may co cac hé toa do duoc gén vao cac khau nhu, Hinh 3.2, ta

¢ thé xéac dinh toa do trong tam G,,G,,G,,G,,G, cua cac khau 1,2,3,4,5 va
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diém E (toa do dinh rang gau) trong hé toa do tong quat bang cach ap dung hé
phuong trinh (3.4) vo1 1= 0,1,2,3,4 va E nhu sau:

Co=ACri Co = (AA])C; =ACS;
Co = (AAIA;)C; =AC:; C! = (ALA’ASAY)C: = Alct;  (3.10)
Co = (AAIAAA)C, =ACs Co = (AAIAA;)Ce =ACe;

Trong d6: Céc véc to Cy,C2,C3,Cy,C?, xac dinh cac diém trong tAm clia gau
xuc trong h¢ toa d6 co dinh.

Toa d¢ trong tim khau 1 trong hé toa do ¢6 dinh

X, | [L,+X]
y 0
Co=ACi=| " |= 3.11
s=AC= = (3.11)
Toa dd trong tdm khau 2 trong hé toa do ¢ dinh
X, | |l,€080;+a,cos6, +X
y sind, (1, +a,)
Ci=AXC=|"% |z B (3.12)
z, | |d,(l,+a,)cos6,
1] 1

Toa d§ trong tdm khau 3 trong hé_t(_)a dd cb dinh

x,] |L,c0os0,cos(6,+3,)+a,cos6,c0s0,+a,c0s0, +X |

Co oA - Ys | _ Lzsfnelcos(ez+82)-—a23in61c0362—alsinel (3.19)
Zy | | L,sin(0,+38,)+a,sin6,+d,
1] 1

Toa d6 trong tam khau 4 trong hé toa do ¢ dinh
L,cos6,cos(6, +6, —8,)+a,cos6,cos(6, + 6, )+

Xa +a,C0s0,c0s6, +a,cos0, + X
Ci=AlC:= i/“ =|sin6, (~L,cos(6, +6,—3,)+a,c08(6, +6,)+a,c086, +a,) | (3.14)
14 —L,sin(0, +6,-8,)+a,sin(0, +6,)+a,sinb, +d,

1
Toa dd trong tdm khau 5 trong hé toa d6 ¢ dinh
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X5
Co=AC: = Vs (3.15)
Z5
Trong do:
6 L,cosd,cos(0,+6,+6,)+L,sind,cosa,sin(6, +6,+6,)+...
X, = COS +...
° " a;cos(0, +0,+8,)+a,c0s(6, +6,)+a,c088, +a,

(L,sing,sino, +d;)sin6, +x
_ [L4 cosd, cos(0, +0,+9,)+L,sind, coso,sin(0, + 0, +64)+...]
Y, =Sin0, +...
a,cos(0, +6,+6,)+a,cos(6,+6,)+a,cosh, +a,
-(L,sin3,sina, +d,)cos6,
L,cosd,sin(0, +6,+6,)+L,sind,cosa, cos(6,+6,+6,)+...
‘ _Lassin(ez +6,+80,)+a,sin(6,+6,)+a,sin6, +d, )
Xac dinh van toc tinh tién ciia cac khau
Pé tinh toan van téc tinh tién cac khau, ta 1an lugt dao ham céc toa do

cua cac khau theo thoi gian t.

Van tdc cua khau 1: Vv, = Ct — : — Z)( (3.16)
| Z, 0
%,] |—(l,+2a,)0,sin6, +x
Van téc ciakhdu2:  v,=C2=|vy, |=|cost,(l, +2,)6, (3.17)
z,| |0
X3
Van tdc ctia khau thir 3: v,=Ci=|y, (3.18)
Z

3

Trong do:
X, =—L40,5in0,cos(6, +3,)— L,0,cos6,sin(0, +3,)—a,0,5in 6, cos6, —...
a,0,sin0,cos0, —a,0,sin o, + X
Y, =L,0,cos0,cos(0, +3,)—L,0,sin0,sin(0, +3, ) —a,0, cos6, cosO, +...
a,0,sin0,sin®, —a 0, cose,
2, =L,0,cos(0, +3,)+a,0,c0s0,
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X4

Van tdc ctia khau thir 4: v,=Ci =y, (3.19)
Z4

Trong do:

%, =—L,0,5in0,c0s(0, + 0, —8;)—L,(6, +6,)cos,sin (6, + 0, —3,)—...
a,0,5in0,cos(0, +0,)—a, (6, +6,)cos0,sin(0, +6,)—...
a,0,sin0,cos0, —a,0,cos0,sind, —a,n,sin o, + X

Y4 =—L,0,c056,c05(0, + 0, —3,)+ L, (6, +6,)sin0,sin (6, + 0, —8;) +...
a,0,0s0,cos(0, +0,)—a, (6, +0,)sin0,sin (6, +6,)—...
a,0,sin0,sin 0, +a,0, cos0, cosO, +a,0,coso,

2, =—L,(6,+0,)cos(0,+0,—3,)+a,(6,+0,)cos (6, +6,)+a0,cos,

X5
Van tbc dai khau thi 5: v, =Ci=|y, (3.20)
25
Trong do:
g L, cosd,cos(6, +8,+6, )+ L,sind, cosc,sin(6,+6,+6,) +...
X, =0, sin +
© 0 la,cos(0,+0,+6,)+a,005(0, +6,) +a,0080, +a,

o -L,(0,+0,+0, cosd,sin(6, +0,+0, )+ (6, +0,+0, |L,sin3, cosoL,cos(0, +0,+0, )+ .. )
1 ~(8,+0,+0, Ja,sin(0, +0,+0,)-a, (0, +0;)-sin(6, +6,)-a,0, sinf,

(L,sind,sinc, +d,)6, cosd, +X

o L,cosd,cos(6,+6,+6,)+L,sind,cosa,sin(6,+6,+6,)+...
Y =0,c0s0, +...
a,c0(0,+6,+6,)+a,c08(6, +6,)+a,c086, +a,

~L,(0,+6,+0, )cos, sin(0, +0,+0, ) +...
sin6, | (0,+0,+0, )L,sind, cosa, cos(0, +0,+0,)+... F
—(02 +0, +(§4)a43in(62 +0, +€)4)—<313(62 +()3)—sin(62 +0,)-a,0,sin0,

(L,sing,sina, +d,)0,sin6,
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L,(6, +6,+6,)cosd,cos(0, +0;+0,)+....
2 =| L, (0,+0,+6,)sin3,cosa,sin(0, +0,+6,)+...

a,(0,+0,+0,)cos(0,+0,+0,)+a,(6,+0,)cos(6, +6,)+a,0,coso,

Xac dinh vén tdc goc ciia cac khau
Tur cac ma tran Denavit — Hartenberg [11] ta suy ra ma tran cosin chi
hudong cua khau thur 1, thtr 2 |, thu 3, thtr 4 va khau 5; d6 1a cdc ma tran vudng
cap 3 & bén phai, phia trén cia cac ma tran Aj, A2, A, A, A, suy ra cac vén
toc goc clia cac khau: m;,®,,0,,w,.
100
Ma tran cosin chi hudéng khau thu nhét: C,=/010 (3.21)
001
cosd, 0 sin6,
Ma trén c0 sin chi hudng khau the hai:  C, =|sin6;, 0 —cos6,

N (3.22)

Ma tran co6 sin chi huéng khau thir ba:

cos0,cos0, —cosO,sinb, sino,
C,=|sin0,cosH, —sinO,sind, —cose, (3.23)
sino, cos0, 0
Ma tran co6 sin chi huéng khau thu tu:
cosf,cos(0, +6,) —cos6,sin(6,+6,) sind,

C,=|sin6,cos(6, +6,) —sin6,sin(6,+6,) —coso, (3.24)

sin(0, +6;) cos(6, +6;) 0
Ma tran co6 sin chi huéng khau thir nam:
cos6,cos(6, +0,+6,) —cosb,sin(6,+6,+6,) sinb,
C, =|sin6,cos(6,+6,+6,) —sinbsin(6,+6,+6,) —cos6, (3.25)

sin(0,+6,+6,) cos(6,+6,+6,) 0
Khau thtr 1 1a than xe chuyén dong tinh tién cho nén van toc gbc clia nod
0

bang 0 hay van toc goc khau tht nhat: w, =| 0
0
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Toan tir song cua véc to van toc goc khau thir hai:
0 06
®,=C}C,=| 0 00
6,00
0
Suy ra van téc goc khau tht hai: ©, =| 6,
0
Toan tir song cua véc to van toc goc khau thi ba:
0 -0, 6,c0s6,
®,=CiC,=| 6, 0 -6,siné, (3.27)
—0,cos0, 6,5in6, 0

(3.26)

0,sino,
Suy ra van tc goc khau thir ba: o, =| 6, cos6,
0,
Toan tir song cla véc to van toc goc khau thir tu:
I 0 —(62+é3) 0,cos(0, +6,)
0,=C;C,=| (0,+6,) 0 -0,sin(0,+6,)| (3.28)
—0,c0s(0, +6,) 0,sin(0,+6,) 0

0,sin(0, +6,)
Suy ra van toc goc khau thir tu: @, =| 0, cos(0, +0,)
0, +0,
Toan tir song cua véc to van toc goc khau thir 5:
[ 0 ~(6,+6,+6,)  0,cos(0,+0,+0,)
0, =CiCy=|  (0,+0,+0,) 0 ~0,sin(0,+0,+0,)| (3-29)
—0,cos(0, +0,+0,) 6,sin(0,+6,+6,) 0

0,sin(0, +0,+6,)
Suy ra van toc goc khau thir 5: o, =| 0,c0s(0, + 6, +0,)
0,+6,+6,
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3.2.1.2. Tinh dgng nang cua co hé¢

Pong nang cua cac khau va tong dong nang ctua hé dugc tinh nhu sau:

T=T+T,+T,+T,+T, (3.30)
1 2 e
leaml(xf+y12 +zf) (3.31)
. 1 .2 .2 .2 l 2
T, _Emz(x2 +Y,+ 22)+ 2J2w2 (3.32)

1 2 .g a2\ A 1. 4. 1. . 1
T,=om, (6 5 +2)+ 0ol + 20, 05’0, 43, Bloos' 0, + 0,00 (3.39)

T4:%m4(xi+yi+zi)+%.]4mi
1. 5 .5 1, o 1 0 (3.34)
+23,07sin (92+93)+§J4y91 cos (62+63)+§J4Z(62+93)

T, :%ms(xé +y? +2§)+%J50)§ +%J4Xéfsin2(e2 +6,+6,)+

1. . 1 . . . N2 (3.35)
+ §J4yef cos?(0, +0,+0,)+ > (6,+6,+06,)
Phan tinh toan dong nang ctia cac khau dugc trinh bay chi tiét trong phu luc 3.2
3.2.1.3. Tinh cac dao ham riéng cia dong ning

Trén co s& dong nang cua hé, ta tinh toan cac dao ham riéng ctia hé nhu sau:
5

P
oT ) or, o1, oT, OT,
= =—+ + +
aq oq oq. oq

(3.36)

+ GE ,00;=X,0,,6,,0;,0,
j j j j 00q; 00q; 00q,

5
o1 _\&')_ ot o1, oT, T, o,
o o4 69, o9, o4, o4, og

;qj = )'(,91,92,93,94 (3.37)

j ] ] ] ] ] ]

(3.38)

5
o )T,

dorT d \%3 d{oT, oT, oT, oT, 0T, |. . A & & &
——=— : =—| S+ S+ +—+=0,=%6,0,,6,,6,

dtog, dt oq, dt{ 69, o4; o4, oq; o,
Céc biéu thic tinh toan dao ham riéng duoc trinh bay chi tiét trong phu luc 3.3:
3.2.2. Thé ning ciia hé.

Thé nang cua hé 1a thé nang cua cac khau 1, 2, 3, 4, 5. Chon géc thé

nang tai Oo.
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IT=mgy, +m,gy, + Mgy, + m,gy, + Mgy, (3.39)
IT=m,gsin6, (I, +a,)+myg(L,sin6,cos(6, +35,)—a,sin6,cos6, —a,sin6,) +
m,g(sin, (L, cos(6, + 6, -3, )+a,cos(6, +6,)+a,cos0, +a, )) +
. L,cosd,cos(6,+6,+6,)+L,sind,cosa,sin(6,+6,+6,)+...
Sin +...
mg| |@a;cos(6,+0,+6,)+a,cos(6,+6;)+a,c080, +a,
-(L,sing,sina, +d;)cos,
3.2.3. Ham hao tan cua hé.
Ham hao tan c6 nang luong @ =0
3.2.4. Luc suy rong cua hé.
Luc suy rong cua h¢ gém cac lyc suy rong co thé va cac luc suy rong
khéng thé. Tinh nhu céc cong thirc dudi day:
Ta quy doi luc do cac xi lanh thuy luc F,, IEX,3 ,F,, tac dung lén cac
khau cta co hé thanh cic mdé men tdc dung xung quanh cac khép
0,,0,,0,1an lugt 1a M,,M,,M,.

3.2.4.1. X4c dinh luc xylanh nang, ha cin Fx,

ll—m N

/FCX

Hinh 3.3. M6 hinh xac Qinh luc xi1 lanh nﬁng can, khi tich DPNM vao géu
bang phuong phap két hop.
Pé x4c dinh lyc Fu, khi may tién vao xic DPNM. Ta cho xi lanh nang can
di chuyén kha di 1a OX,. Khi do xi lanh quay gau khong chuyén dong => OX, =0.

Trong tdm Gs thuc hién dugc méot di chuyén la Sy(33 . Trong tdm Gy thuc hi¢n
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dugc mot di chuyén la 8y64; Trong tam Gs la SyGS; Hai luc can IECX ,Iq:cy di
chuyén dugc 1a 5x., dy, .

‘ Co hé can bang lic nay ta co tong cong tat ca cac cong do cac luc gy ra
bang khong hay:
D 8, =4, 8%, +F, 8%, =Py 8y, —Pe, 8Ys, —Pe,8Ys, —F. 8%: —F, 8y =0 (3.40)

1
=F, = 8—[P636y63 Py By, + P BYo, ~Fu X —Fydye | (341)
Ta can tinh toan cac ty sb sau:
8y63 _8y64 _8y65 _5XE _SyE
Sx, O,  Ox, OX, OX,
Yo, =1, cos(y,+6,) = &Y, = —1,8y,sin(y, +3,)
y=n-y;,—a,—B=mn-v,—a,—arctan(B)—o, = dy,=>5[arctan(d)]

Thuc hién céc bién d6i dao ham ta thu duoc:

8y, = A(X,)8x,; trong d6 A(X,) la ham phu thudc x3
5)’@3

1

=8y, = A(x)(-1,)sin(y, +8;)dy, = =—1,A(X,)sin(y, +8,)

Tuong tu ta hoan toan tinh dugc:

Sy ) ] ) OX

8;1 :_Ioch(Xl)Smyl’ SXT :|01CB(X1)COSY1

8Ys, — oy

Syi =—locB(X,)siny,; BXT lo,cB(X;)cos;
Tap hop lai ta c6

Fy = —PGSIZA(xl)sin(y1 +8,)- IOICB(xl)[sin (P, +Ps ) +Fy +Fy, COSVJ (3.42)
3.2.4.2. X4c dinh luc xylanh quay gau Fx,

Lam tuong ty khi tinh xac dinh lyc xylanh IE><|2 , lac nay ta cho xylanh 3
thue hién mot di chuyén kha di 1a 0X, # 0, xilanh 2 dimg nguyén hay 6x, =0
Trong tim Gs thuc hién mét di chuyén Y, =0 vi G khong chuyén dong.
Trong tam Ga, Gs, Fex, Fey; thue hién mot di chuyén Y, 10Yc, »OXg s OV ;
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Y
(o] Xo
@
/Fk /Ff
Hinh 3.4. M6 hinh xé4c dinh lyc xi lanh quay gau, khi tich DNM vao gau
bang phuong phap két hop.
Tong cong kha di ltic nay dugc tinh nhu sau:
ZSAX =F4,0%; = Pg,0Y6, —P5,0Y6, —F, 0Xg —F 0y =0 (3.43)
1
Fa, = ST[PG“S)/G“ + P, 0¥, +Fy OXc + FctySyE:| (3.44)
3

&Y, . s, . 8X. . By,
Ox,  OX, OX, OX,
Yo, =1;C08P; = 8Yg, = —0(Bs )138in By =1, f;(X;)sin Bsdx,

Ta can tinh cac ty so sau:

S
= 6{(64 =—1,,(X,)sinBs; trong d6f,(X,) 1a ham phu thudc x3
3
SyGA .
Tuong tu ta thu dugce 5 :|4f3COS(64—(p)[35,
X3

OXe dy .
—= =—CEcosof,(X,); e _ _CEsinof.(x
6)(3 (P 3( 3) 8)(3 (P 3( 3)

Fy, = —|3f3(X3)SinB5PG4 t |4f4(X4)COS(54 _(P) Pe. _{CEf3(X3)[FctX COSQ+ Fcty Sin(P}} (3.45)

Xac dinh lyc xylanh Fx,, Fx, khi gau tach khéi dong PNM.
Khi gau tach khoi déng DNM lic ndy may xuc chi con cac luc sau:
r:xlz; Ifxlg; |3G3;|3G4;§G5

Céc luc xylanh dugc tinh toan tuong tu nhu cac truong hop trudec.
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Fa, = _P63|2A(X1)Sin (2 +3;)- loc B(x,)sin Y1(Ps, +Ps,) (3.46)
=—1,%,(x,)sinpgPs, +1,f,(X,)cos(8, )P, —| CEF,(x,)] (3.47)

Hinh 3.5. M6 hinh
Xac Siinh lu07 x1 lanh
lat gau, khi d6 BNM

y I
,I/’ 5
‘3/.1r4i K
Pl X i
cttl ol Z /
N zZ

Khi 14t giu d6 bén lic nay cac xi lanh 2 va 3 s& khong di chuyén; mot

cach gan dung ta co thé coi Fx, va ﬁxl3 1a hing sb. Xét hé lyc tac dong 1én gau
truong hop nay chi ¢é céc luc sau: Fx, va Pc, luc nay do DNM db ra khoi
gau nén Pe. thay doi tir gia tri 16n nhat dén nho nhat.

Cho xylanh 4 mot di chuyén kha di 8x, =0, liic nay trong tim gau va da

trong gau Gs thyc hién mot di chuyén 1ady,, .

ZSAX =F,, 8%, =8y Ps, —Pg,8Yg, =0 (3.48)
8de
Fy, = ~ (Ps, +Ps,) (3.49)

3.2.4.3. Tinh toan luc kéo ctia may trong qua trinh tuong tac

Luc kéo cua may xuc lat 1a gia tr1 nhé trong hai gia tri: luc tinh theo
kha ndng ma dong co co thé tao ra dugc va lyc bam 16n nhit ma dit co thé
tiép nhan. May xtic 14t 1a may st dung nhiéu chtic niang khéac khi di chuyén,
luc kéo chiém khoang 70% cong suat cta ca may, nén lyc kéo sinh ra tinh
theo cong sudt dong co 16n hon luc bam 16n nhat ma dét co thé tiép; vi vay,

luc kéo ctia may s€ dugc tinh theo di€u kién bam.
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Gm

Hinh 3.6. Hoat dong
— cua xich va banh xe.

e e e e

Pk
Ban chat cua luc kéo ciia may xtic 1a phan lyc tir nén tac dung 1én xich theo

phuong doc xe, lién quan dén céc ung suét tiép phét sinh trong qué trinh twong tic
gitta xich va dat khi md men xoan truyén tir dong co téi banh sao chu dong, Hinh 3.6.

Luc kéo theo diéu kién bam dugc xac dinh theo trong lugng ciia may,
van toc cua dai xich, chiéu rong, chiéu dai phﬁn xich tiép dat, cac thong s6 co
Iy ctia nén dudng va cac thong so thuc nghiém. Theo[18][23][24] :

- Ung suit truot cta dai xich dugc tinh theo cong thic:

=(c+ pxtgd)t)(l—ekm] (3.50)

Trong dé: ¢ — luc két dinh, kPa; py - ap suét tiép xuc, kPa; @ - goc ma sét trong,
d6; km — mo dun bién dang, cm; j - khoang truogt ctia dai xich, xac dinh bai:
. V.X V., —V_ )X .
j=- :( I m) =1.X (3.51)
, Vlt Vlt , i
¢ day: vj— van toc truot, m/s; vir — van toc ly thuyét cua may, m/s; x — khoang

cach tinh, m; v, — van toc thuc cia may, m/s; 1 — hé s6 truot cia dai xich.
- Luc kéo Pk cua may xuc dugce xéac dinh theo img suat trugt T qua cong thic:

=

X

P = jrdF =b, j(c+ pxtgcl)t)(l —ekm]dx (3.52)

Trong d6: Fy — dién tich tiép xtic ctia xich (m?), Fy = by.lx; by - chiéu rong cua xich.

Thay (3.53), (3.54) vao (3.55) ta nhan dugc cong thuce tinh lyc kéo:

j (C+ p.tg o, { ]dx (3.53)

Pé co thé str dung cong thic (3.56), can phai xac dinh duoc ap sut p,
Hinh 3.7 biéu dién quy luat phan bd cta ap suét py theo chiéu dai dai xich, [22]
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SNONO

X

HINnnmnm
Hinh 3.7. Phan b &p suat trén giai xich

Pbi v6i may xtc 1at trong qua trinh tich vat lidu vao gau, phan bd ap suat
trén dai xich dugc 14y theo quy luat hinh chir nhat, trang thai tinh; boi vi trong
ndi dung nghién ctru cua luan an, st dung py dé tinh luc kéo Py 1a mot thong
s6 dau vao phuc vy tinh toan ngoai luc cho nén khong xét dén truong hop px &

trang thai dong, Hinh 3.7

B0 qua luc két dinh (14y c=0), lic ndy cong thirc (3.56) trd thanh:

Iy LS
P :bxjiGlg“ tgd, (1—e "m]dx
0 XX

2 P N
=P, =G, tgd, [1—2(!%’"] [1—e kn _ Ik'lx e o H (3.54)

Cong thuc (3.57) 1a cong thire tinh luc kéo tong cong cliia may xtc. Theo

cong thire nay, luc kéo clia may xuc phu thudc vao chiéu dai dai xich (Iy),
trong lwgng méay xtic va DPNM trong gau (Gp), tinh chat co 1y cua dat (¢, ,Km)
va tde do di chuyén caa may v, [23]

May xuc 1at VMC E500-1, co ciu di chuyén din dong bang mo to thiy
luc nén ngoai phuong phap tinh luc kéo tong quat trinh bay & trén; luan an sir
dung tinh luc kéo truc tiép thong qua mé men sinh ra trén mé to thay luc tai
banh chu dong véi cac thong sé dau vao 13 ap suit, luu luong vén toc di
chuyén duoc do truc tiép trong diéu kién cu thé lam viéc cua may, vo1 muc
dich c6 két qua nghién ctru chinh xac hon cho trudng hop cu thé dong thoi

lam co so dé danh gia do tin cdy cia md hinh, tinh toan tong quat.



93

Cong suit truyén dong ctia mo to thuy luc dugce tinh theo cong thirc

N =A6p—l'czgtn (3.55)
Trong d6: Nm - cong suit moé to thuy luc (KW); Ap - ap suit cia bom
(KG/cm?); Q - luu lugng riéng cua mod to (I/ph); gt - hiéu suat cua moto thuy
luc (%); 612 - hé sb chuyén doi gitra cac don vi.
M6 men xo0dn ciia md to thuy luc dugc nhu sau
N

My, = 7,126 (3.56)

Trong d6: My - mdmen xoan trén truc ctia mo to (kN.m); Ny - cong suat mo
to thuy luc (KW); sd vong quay cta truc (vg/ph)

Luc kéo trén dai xich duogc tinh theo cong thirc

M
P =—™ (3.57)

rbx

Trong d6: Py - luc kéo sinh ra trén dai xich (KN); Mpy, - mdémen xodn
trén truc ctia mo to (kN.m); rpx - ban kinh ctuia banh xe chu dong (m)

Theo céc y kién cta gido su H.A. Ulyanov [58][59], ché d6 1am viéc hop 1y
nhit ciia may ty hanh 13 ché do twong tmg voi gia tri cong sut kéo 10n nhat. Vi
thé khi thiét ké may xuc, xac dinh cac phuong phép 1am viéc ciia chiing cling tuan
thi nhitng quy tic nay.

Str dung phuong phap xuc phdi hop di dé xuat cia MXLDB VMC E500-1
d6i voi DNM theo [58][59] duoc thé hién bang duong dic tinh kéo Hinh 3.8

Vm (km/h)

2
N dc(kwih) \ \@

50
—\
Ngc .~
40 Y

30 -

\

\/ r

20 | 5 50

\

10 - O

10 20 30 Pk (N)
Hinh 3.8. Bac tinh kéo cua may xuc 1at VMC E500-1
Vm - van toc chuyén dong thuc té: Ny - cong suét dong co; 0 - hé sb truot cua
bd phan chuyén dong; Pk - luc kéo.
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So sanh cac gia tri lyc can sinh ra trong qua trinh twong tc cua bo phan
cong tac trén may xdac véi moi truong lam viéc Hinh 2.12, Hinh 2.13 va duong
dic tinh kéo ctia may xuc Hinh 3.8 khang dinh cac wu diém ctia phuong phap
xtc phdi hop so véi phuong phép ngit quing dang duoc dung pho bién.

Trong phuong phap xuc phdi hop, luc can tong ma may xtc can khic
phuc khi 4n gau xuc vao trong dong vat liéu khong vuot qua cong suat toi da
ctia dong co 50kW, diéu nay phu hop véi ché do 1am viée hop 1y nhét cia xe,
gan véi ché do co cong suat kéo 16n nhét.

Pc,Pk,Pkx(kN)

Pc- Téng lwc can trén gau xuc
Pk- Lwc kéo tinh theo LT
Pkx - Lwc kéo xac dinh theo do TN

40

30 | P, PR IR

20 PV i W
—\//’}/ \ N
0l T f S

— =
\ RhRREEE phpmyelyler=

~——

2 4 6 8 10 12 14 16 18 20 t(s)
Hinh 3.9. M6i1 quan hé gitra luc can va luc kéo ctia may xuc lat d6 bén VMC E500-1

Két qua khao sét trén hinh Hinh 3.9 cho thdy mdi quan hé gitta Pc - tong
luc can tac dong 1én gﬁu khi xic DPNM vo1 Py - Luc kéo tinh theo 1y thuyét, luc
kéo theo didu kién bam va Py - Luc kéo xéac dinh theo thuc nghi¢m, két nghi¢m
tinh toan thong qua gia tri do truc tiép ap suat, luu luong ciia mo to thuy luc
trén banh chu dong; So sanh gia tri lyc kéo tinh theo phuong phép thuc nghi€ém
cho két qua sat véi viéc tinh toan lyc kéo theo 1y thuyét 1a co s¢ khang dinh
viéc ap dung cong thirc (3.54) dé tinh luc kéo ddi véi MXLDB 1a phu hop va
dang tin cdy, c6 thé ap dung trong tinh toan 1y thuyét hodc nhing truong hop
khong xac dinh dugc bang thuc nghiém; dong thoi véi két qua nay ciing 1a
minh ching cho mo hinh va két qua tinh toan luc tuong tac ctia chuong 2 13 co

co so khoa hoc va thuc tién.
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Theo nguyén Iy cong 4o, ta lin lwot tinh cac lwe suy rong nhu sau:

QX——%_I+P ~F, =P -F, (3.58)

o X, X, 5 X, O,
Qe - M F _Fcy_y_ Z i ay M _F _':X_I:cy_y (359)
56, o8, Y08, Sy o8, 0, 708,

Q,, = -m,g(L,cos6, cos(6, +38,)—a, cos, cosh, —a, cos6,-mg.cos,...
L,cosd,cos(0,+6,+6,)+

~L,cos(0,+6,-5,)+
3 ( 2T Y3 3) +L4Sin84COSOL4Sin(92+93+94)+
+a,c08(0, +6;)+  |-m,g(cos6, '
+a,c08(0, +6,+6,)++

+a,c0s0, +a, (3.60)

a,c0s(6, +6,)+a,cos0, +a,
-(L,sind,sina, +d,)cos6,) + M, +

F (6, +0,+0,)+a,cos(0, +0,)+a,cos0, +a, |- dlcosel)—

FEy.(cose1 a,c0s(0, +0,+6,)+a,cos(0, +6,)+a,cosh, + aJ+ d,sin 61)

(
-.(5in6,] a,c0s
[

11 aXc : i OXC
Q, =- 8 +M,-F, —% Ky Fcy_y:—Z@%+ MZ—FCXaX—CX—FCy L (3.61)
2 89 892 00, iz 0y, 06, a9, a0,

Q,, = M,g(L,sin6,sin(6, +3,)-a,sin6,sin6,) + M,
+-m,g.sin6, (L,sin(6,+6,-3,)—a,sin(6, +6,)—a,sin6, )+

—-L,cosd,sin(0, +6,+6,)+L,sind,cosa, cos(6, +6,+6,)+

-m, g(sin® -
gleind, —a,sin(0,+6,+6,)—a,sin(0, +6,)—a,sinb, (3.62)
., (cos6,[ —a,sin(0, +0,+6,) —asin(6, +0,)-a,sing, |) -

-FEy(sine [-a,sin(0,+0,+0,)—azin(6, +6,)-a,sino, | )
ar ox, _ X, &om ay. ox
=———+M,-F —2%_F —2=_% — 214 M -F —* 3.63
<. 0, 893 Yoo, Soyo0, ° o0, o ae (3.63)
Q,, = -M,gsin®, [ L,sin(0,+0,-5,)-a,sin(6,+0,) |+ M,
_(-L,cosd,sin(0,+6,+86,)+L,sind,cosa,cos(6,+6,+6,)+
-m, g(sin6, : : -
~a,sin(0, +0,+0,)-a,sin(6, +0,) (3.64)

F

ctx

F

cty

(cos6,[—a,sin(0, +6,+6,)—a,sin(0, +0,)])-
(sin 0,[ -a,sin(6, +0,+6,)—a,sin(6, + 93)])
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oll Xy X L on 6y 8X " OX
QO4 =—_—* M4 ch cy__ Z 4 cx - _Fcy . (3'65)
00, 89 0, = Y, 89 0, 00,
-L,cosd,sin(0,+6,+6
Q,,=-m,g(sin6,[ (6 +6r+0,)+ . -
+L,sin8, cosa, cos(6, +6,+6,)-a,sin(6,+6,+6,) | (3.66)
ch(cosel[—aélsin(e2 +0, +94)])— Fcy(sin 0, -a,sin(6,+6, +e4)])+ M,
3.3. Thanh lap h¢ phwong trinh vi phan mé ta chuyén déng cia hé.
Thay céc két qua trén vao phuong trinh Lagrang II ta duoc hé phuong

trinh vi phan mo ta chuyén dong cua co hé nhu sau:

d(oT,_ oT, oT, oT,) (oT, aT, ot an)_ 5
dtlax x| ox | ox OX oOX OX  OX "
d(o1,_ eot, aT, oT,) (et aT, eT, e,
- - + + + =Q,
dtl 20, " 26, | 0, 06, ) \ 26, o6, = o0, a6, :
dfen, o, on on) (o oT, o o) o
dtl a0, 00, 00, 06,) (60, a0, a0, o0, 2
d(ot, oT, om, T, j (aT1 o, , ot o, ]

+ + + + Qo

(3.67)

dt| 20, " 8, 663 o0, ) |20, o0, o8, 0

d(oT, oT, 4T, ot (en et T, o,
— + — + — + + + — Qe
dtl 20, "o, o6, o0, \ o6, o0, o6, a0, ) o

Tir phuong trinh trén c6 thé viét gon hé phuong trinh vi phan & dang

véc to nhu sau:

[M]{di} +[Cliana +[K]{ai} =Q, (3.68)

Vi céc diéu kién dau vao vé kich thuée, diéu kién hinh hoc, diéu kién

dong hoc; hé phuong trinh vi phan chuyén dong trén cé thé giai dugc bang
giai tich hodc phuong phap sd, cac phan mém chuyén dung. Luan 4n str dung
phuong phip Runge — Kutta 4 véi bude tich phan H=10"; két qua nhan dugc
la cac chuyén vi, van toc, gia tdc va cac luc, mémen dong trong cac khau

khép can, gau cia TBCT may xtc 14t.
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3.4. Nghién ciru xac dinh luc tai cac khép trong qua trinh xiic, 30 PNM
3.4.1. Xac dinh lyc tai khép quay cin O

Dua trén nguyén 1y Dlambe, sau khi tinh dugc cac yéu té dong luc hoc
tuong (ing cua céc toa do suy rong q=[x,0,,0,,0,,6,] bao gém chuyen vi, van
téc va gia toc, ta s& tinh toan duoc gia téc cua trong tim cta khau theo cc
phuong x va y tuong tng; cac gia toc ndy sé& sinh ra cac lyc quan tinh tuong
ing, c6 do 16n bang tich gitra khdi luong khau véi gia toc cua khau va ¢ chiéu
nguoc lai véi gia toc. Nhu vay lic ndy s& thém vao trong tam khau hai lyc quan

tinh, theo phuong x va y duoc biéu dién nhu trén Hinh 3.10.

Hinh 3.10. So d6 tinh
toan luc téc‘dl_mg 1én
khép quay can O,

ctx

Pé tinh luc tai khop O, ta tach lién két tai O, ra va thay thé vao d6 2 luc

twong tmg theo 2 phuong x va y 1a Xoz, Yoz, xét can bang luc bén phai cua
khép O,. Cac luc lac nay duoc biéu dién nhu hinh v& trén. Luc nay co hé duoc

can bang dudi tac dung cia hé luc sau: Xoz,Yoz,Fy,Fy .Fy,,Pos,

vietx 1 Uty
Pe, Pe,,m%,,m,%X,,mX,,my.,m,y,, my.. Chiéu cac luc nay lén phuwong

Ox va Oy ta thu dugc cac phuong trinh cin bang sau day:

{on — MK, —M,KX, —MgXs — F +Fyp,sin(¢,) =0 69
Yoo ~Ma¥s =My = MeY - g(m3 M, + mS)_ FX|2COS((p1) —Fy =0 '
Xop =MyXy + MK, + MK, + Fy —F,sin(¢,)
{YOZ =m,y, +m,y, + M.y, +g(m, +m, +my)+F,cos(o,)+F, (3.70)

Do 16n caa luc tai khdp O, luc nay dugc tinh nhu sau:

Ry, =X3 +Y2 (3.71)
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X
V6i goc hop véi phuong Ox: o, = arccos( = ]

0,

Ta thiy rang ¢ day luc F,, ngoai viéc phy thuoc anh huong bai khoi
luong cac khau va cac luc can tac dung 1én ring gau n6 con 1a 1 ham lién tuc
bién ddi theo thoi gian va phu thudc vao cac bién toa dod suy rong
q= [X, 0,,0,,0,, 64] cling Vi van tdc va gia toc twong tng cia chung.

3.4.2. Xac dinh luc tai khép quay gau xiic O3
Tinh lyc trén khép Os, thuc hién tuong tu nhu qua trinh tinh lyc trén khép Os.

Hinh 3.11. So db tinh
toan lyc tac dung 1én
khép quay lat gau Os

ctx

Hinh 3.12. So d6 tinh toan luc tic dung 1én khép quay gau O

Ta tach khop Oz va thay thé vao d6 2 phan luc lién két 1a Xos, Yos xét
can bang lyc bén phai cta khop Os. Cac luc lac nay duoc biéu dién nhu trén
Hinh 3.12. Luc ndy co hé duoc cin bang dudi tac dung cua hé luc sau:
Xo3, Yoz, |EX|3, 504,565,m45<4,m4y4,m5x5,m5y5,lfctx,Tzcty. Chiéu cac lyc nay

1én phuong Ox va Oy ta thu duoc cic phuong trinh can bang sau day:

{Xos —m,X, —MgX; —Fy + FX|3COS(([)2) =0 (3.72)
Y03 - m4y4 - msys _g(m4 + ms) - Fx|33in((P2)_ Fcty =0 .
Xos =MX. +F,, —F,cos(o
03 5“5 t 13 ( 2) (3.73)
Yo3 =MgYs + g(ms)"' Fxlasm((Pz)"' Fcty

Do lon cua luc tai khop O3 lac nay dugce tinh nhu sau:

Foo = X%, + Y&, (3.74)

. . X
VGi goc hop voi phuong Ox: oy, = arccos[ O3j

03
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Tuwong tu khop tai O,, Ta thdy rang ¢ day luc F,, ngoai viéc phu thuoc
anh huong boi khéi lugng cac khau va cac luc can tic dung 1én ring giu nd
con 1a 1 ham lién tuc bién d6i theo thoi gian va phu thudc vao cac bién toa do
suy rong g =[x,6,,6,,0,,0,] ciing véi van toc va gia toc twong tng ciia chiing.
3.4.3. Xac dinh luc tai khép quay 1at giu Os

Tinh luc trong khdp Os, thuc hién tuong tu khi tinh cac luc O, va O3

Hinh 3.13. So db tinh
toan luc tac dung 1én
khép quay lat gau Os

Luc ndy ta tach luc tai khép Os ra va thay thé bang hai phan luc
Yog,,ios, xét can béng luc tac dung 1én co hé Iuc nay 1a hé géu xuc, bao gém
cac luc sau: Xos, Zos, Fy, v Pes, M X, M.Z.. Chiéu h¢ luc nay 1én 2 phuong
vuong goc Ox va Oy ta co:

X s —MgXs —Fy,c08(6,) =0 Xos =MgXs + F,,c08(6,)
{ZOS —mgZ, —g(m;)—F,,sin(6,)=0 {
Do 16n caa luc tai khop Os lac nay dugce tinh nhu sau:

Foo = X85 + 22 (3.76)

Vi goc hop voi phuong Ox: o = arccos(X%J

. _ (3.75)
Zos =Mz, +g(m;)+Fy,sin(6,)

05
3.5. Két qua khao sat tinh toan.
3.5.1. Céc thong so6 diu vao phuc vu tinh toan
Céc s0 liéu thong s6 hinh hoc va két cau dugc cho nhu trong bang 3.1.
Bang 3.1. Cac thong s6 dong hoc phuc vu tinh toan.
STT | Thong s6 co ban Pon vj tinh Gia tri
1 | Chiéu dai ket cau, Iy m 0,5
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2 | Chiéu dai két cau, 1, m 0,4

3 | Chiéu dai két cau, 13 m 0,4

4 | Chiéu dai két cau, a; m 0,3

5 | Chiéu dai két cau, a, m 0,963
6 | Chiéu dai két cau, as m 0,95
7 | Chiéu dai két cau, aq m 1

8 | Khoi than lugng may (mj) kg 5.858,4
9 | Khoi lugng gia quay TBCT (my) kg 200
10 | Khoi luong can (ms) kg 885,6
11 | Khoi luong gia gau xtc (my) kg 381
11 | Khoi luong gau xtc + DPNM (ms) kg 675 + 900
12 | M6 men khau, M; Nm -50
13 | M6 men khau, M, Nm 180
14 | M6 men khau, M3 Nm 80

15 | M6 men khau, My Nm 10

16 | M6 men quan tinh khau, Jy, Kg.m? 0

17 | M6 men quan tinh khau, Joy Kg.m? 2200
18 | M6 men quan tinh khau, J,, Kg.m? 2100
19 | M6 men quén tinh khau, J,, Kg.m? 2000
20 | M6 men quan tinh khiu, Jax Kg.m? 1120
21 | M6 men quén tinh khéu, J3, Kg.m? 1100
22 | M6 men quan tinh khau, J3, Kg.m? 1000

3.5.2. Piéu kién ban dau.

Chu trinh 1am viéc ciia may xuc 1at d6 bén dugc thuc hién theo trinh ty

sau: may chuyén dong tinh tién két hop nang gau xuic, quay gau dé tich vat

licu vao gau; khi da xiic day nang can va gau két hop véi di chuyén lui; trong

qua trinh nay 05, 8, c6 dinh. Sau khi nang can va di chuyén dén vi tri 46 DPNM

tién hanh quay thiét bi cong tac vé phia xe chd PNM; qua trinh nay chi 0, thay
d6i con x, 02, 03, 04 cd dinh. Qua trinh d6 DPNM dugc dién ra sau khi quay
TBCT dén vi tri do; trong qua trinh nay 0,4 thay dbi; X, 01, 0,, 03 cb dinh. Dé

khao sat chu trinh lam viéc cia may can xac dinh cac thong so ban dau cho

tung qua trinh lam viéc nhu sau.
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Qua trinh tich va xic DPNM

Piéu kién xac dinh & thoi diém to, thoi gian khao sat trong khoang 20s. Dé
tich DNM vao gau may di chuyén tinh tién mot khoang Xo trong tng Lag=0,72m,
v6i van toc trung binh V,p=0,1m/s; trong thoi gian t= 7s, gia toc sau khi xe
chuyén dong 4n gﬁu vao déng DNM, ay=0,03m/s, dat van toc cuc dai sau 5s,
Vy mx =0,5m/s. Giai doan lam day gau bang quay gau va nang cin; xe tiép
tuc di chuyén x=0,97m, to=13s; V,»=0,075m/s; a,=0,0057m/s. Tuong tng vdi
cac goc quay nhu sau: goc quay gia thiét bi cong tac 0, = const; 910 =0; élo =0;
goc quay ning can 0,, thay d6i tir -7n/36 dén m/30, tinh theo truc O, Xy;
6, =0,038rad/s; 6, =0,05rad/s?, goc quay gau 6, thay doi tir -23n/60 dén-
7/36, tinh theo tryc O Xs, 6, =0,01rad/s, 6, = 0,001 rad/s?; goc lat gau khong
thay d6i6, =const; 0, =0;0, =0.

Qua trinh nang can va i may

Piéu kién xac dinh & thoi diém ty, thoi gian khao sat trong khoang 10s. 1a
qua trinh no1 ti€p cua qua trinh xtc va tich DPNM nén luc nay X, =1,69m,
x,=0,2m/s, % =0,0057 m/s% 6, =const; 6, =0; 6, =0; 6, =— /30, tinh
theo tryc O, Xz; 6, =0,038 rad/s, 6, =0,005rad/s?; 6, =— 7 = /36 , tinh theo
truc Os X, 0, =0,01rad/s,8, =0,001rad/s? 0, =const; 0, =0;0, =0;

Qua trinh quay thiét bi cong tic

Piéu kién x4c dinh ¢ thoi diém t,, thoi gian khao sat trong khoang 3s, 1a
qua trinh néi tiép ciia qué trinh nang can va lui may; may ding yén va xoay TBCT
dén vi tri 46 DNM trong gu; cac gia tri lic nay X,=-2m, X,=0, X,=0;

0, thay doi trong khoang tir 0 dén m/4; 6, =0,26rad/s, 6, =0,18 rad/s;

0, =—m/30, tinh theo truc O Xz; 6, =0;0, =0; 6, =— 7 x /36, tinh theo

truc O3 Xs, 0, =0;6, =0, 6, =const; 6, =0; 6, =0 ;
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Qua trinh 46 PNM
Diéu kién xac dinh & thoi diém ts, thoi gian khao sat trong khoang 5s, 1a
qué trinh néi tiép ctia qua trinh quay TBCT; cac gia tri lic nay X, =-2m, X, =0,

%,=0; 6, =m /12,6,=0,6,=0; 6, =—n/30, tinh theo truc Op Xy

0, =0;0, =0; 0, =— 7 n /36, tinh theo truc O3 Xs, 6, =0;0, =0, 0, thay

déi trong khoang tir 0 dén 57/18, 6, =0,17 rad/s, 6, =0,1 rad/s?

3.5.3. Két qua khio sat chuyén vi, vin toc, gia toc ciia cac khau khi xiic, 3 PNM
Trén co so cac thong s6 dau vao va cic cong thirc tinh toan trinh bay
trong chuong cta luan an, két hop st dung chuong trinh tinh toan matlap, da

dua ra mot so6 do thi nhu sau:

3.5.3.1. Chuyén vi, van toc, gia toc clia than may

X(m/s)
0,002 \
/ \ Phuong phap
/ \ xuc phan dﬂ
0,001+ / \

/ \ Phu’ong phap

/ N xuc phéi hap
0 S
-0,006 - \ T =

2 4 6 8 10 12 14 16 18 t(s)

~
~

-~

Hinh 3.14. Quy luat chuyén vi ctia than may khi xic DPNM
X(m/s)

Phan doan / \
0,15
PR N Phuwong phéap
N x(c phan doan Phuong phap
N xuic phéi hop

0,1 // <
/ ~ /
/ T T ==
005/, ~~__
y ~
2 4 6 8 10 12 14 16 18 t(s)

Hinh 3.15. Quy luat thay d6i van tdc ctia than may khi xic DNM
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X(m)
7
15 Phwong phap /
s
Phwong phap xuc phén doan -
xuc phéi hop N _ =
‘| =T
5 | T
0
2 4 6 8 10 12 14 16 18 t(s)

Hinh 3.16. Quy luat thay d6i gia toc cta than may khi xac DPNM

Nhan xét, quy luat ctua cac dd thi cho théy: qua trinh xic DPNM béng
phuong phap phdi hop may di chuyén trong subt thoi gian khao sat tir t=0 dén
t=20s; trong d6: khoang thoi gian tir t=0 dén t= 7 1a qua trinh di chuyén tinh
tién 4n gau vao déng DPNM va khoang thoi gian tir t=8 dén t= 20 1 qua trinh
vira di chuyén két hop nang can, quay gau dé 1am day gau; vén toc va gia toc
cling lién tuc thay do6i theo nhung véi phuong phap xtic PNM bang phuong
phéap phan doan may chi di chuyén trong khoang thoi gian tir t=0 dén t=11s
sau d6 may dung lai vi qua trinh nang cin va quay gu ctia phuong phap nay
may dung yén khong di chuyén; van téc va gia toc cling lién tuc thay doi; so
sanh cac gia tri cho thdy qua trinh xic PNM theo phuong phap phan doan tuy
di chuyén ngan nhung c6 gia tri van toc va gia téc 16n hon.

3.5.3.2. Chuyén vi, van toc va gia toc khau nang can

1 T T T 1.5

0.9

0.8 1

0.7 1

05(t)(rad)
05(t) (rad/s)

0.6

051

0'40 5 1‘0 1‘5 20 0 ; 1 E 20
t(s) te
Hinh 3.17. Quy luét bién do1i cua goc  Hinh 3.18. Quy luat bién d6i cua van

0, theo thoi gian tbc goc 6, theo thoi gian
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0.4
0.3F
0.2}

0.1F
Hinh 3.19. Quy luat
bién doi cua gia toc goc
d, theo thoi gian

05(t) (rad/s?)

-0.1

-0.2

-03 ¢

-0.4 : ‘ ‘
0 5 10 15 20
t(s)

3.5.3.3. Chuyén vi, van toc va gia toc gau xuc

1.1 ' ; T 1.15
1L 1.1
09 r 1 o~ 1.05 -
5 <
= 3
=08} £t
T oal 1 gosl
0.6 1 1 0.9 r
% 5 10 s 20 085 s 0 s 20
e t(s)
Hinh 3.20. Quy luét bién déi ciia goc ¢; Hinh 3.21. Quy luat bién doi ctia van toc
theo thoi gian g0c % theo thoi gian
0.06 -
004t
2ot Hinh 3.22. Quy luat bién
s 2. . .k , 49
= o doi cua gia toc gbe 3
= theo thoi gian
0.02 U
-0.04 r
.06 ' ‘ ' ‘
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3.5.3.4. Chuyén vi, vin tdc va gia toc goc 1at gau

0.6 : : : 0.335
05t ] 033 F “
04l 0.325
5 5
S 03f § 0327
= =
= 451 20315
< 02 =
o1l 0311
0 0.305 b U V
03 : : :
-0-10 é 16 13 20 0 5 10 15 20
t(s)

t(s)
Hinh 3.23. Quy luat bién dbi cia goc 6,  Hinh 3.24. Quy luét bién d6i ctia van

theo thoi gian toc goc 6, theo thoi gian
0.6
0.4F
Zoz - .
3 Hinh 3.25. Quy luat
= bién doi cua gia toc
= goc 6, theo thoi gian
02 r
0.4 ‘ ‘ -
0 5 10 15 20

t(s)
Nhan xét, két qua do thi chuyén vi goc, van tdc goc va gia toc goc cua

khau nang can, quay gau, 1at gau tir d0 thi Hinh 3.17 dén Hinh 3.25 cho thay:

- (4 tri cua céac quy luat nay lién tuc thay ddi theo thoi gian khdo sat, mac
du diéu khién may & ché d6 nang can, quay gau hodc 14t gau va cong suit dong
co O vi tri ¢6 dinh. Diéu ndy chimg t6 gia tri luc tac dung 1én may xuc 14t 1a lién
tuc thay doi;

- Chuyén vi goc 02, 03, 04 thay doi lién tuc tir gia tri ban dau cho toi
khi hét hanh trinh di chuyén cia xi lanh. O két qua nay, luan 4n dang khao
sat qué trinh nang can, quay gau 1én va 1at gdu — twong Gmg véi qua trinh
xtic va d6 DPNM. Céc gia tri ndy trude khi dat téi gia tri 16n nhat chung

lién tuc thay doi sau d6 maéi 6n dinh dan do khi van hanh co luc tac dong
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1én may xtc lién tuc thay d6i tic dung 1én cac xy lanh, lic nay ta coi céc
x1 lanh nhu 1 hé 16 xo — can nhot;

- Luc tac dung 1én céc xi lanh lién tuc thay dbi giam ting dan t6i gia tri
cuc dai (hanh trinh ctia xy lanh bit dau dich chuyén lam cho gu quay trong
déng DNM va khi DNM diy ¢ trong gau) va giam dan cho t&i gid tri nho nhit
(hét hanh trinh di chuyén ctia xy lanh ltc nay gau tach khoi ddng DPNM va DPNM
da duge do hét 1én xe goong, chi con lai khdi luong ban than cua géu xUc);

- Quy luét thay ddi cua van toc va gia tbe goc clia goc nang can, quay
gau va 1at gau thay d6i voi quy ludt phtc tap hon gia tri chuyén vi goc. Tan sb
va bién d6 ctia chiing lién tuc thay doi theo thoi gian.

3.5.4. Két qua luc tac dung 1én cac khéop 1am viée theo thoi gian

50 kiN 77777777777777777777777777 —
' /7\’\\ Phu'o'ng phap
2 / \U‘ ;‘\/\\ /} xuc phan doan
7777777777 G R S AN f / f I ‘\
Phuong phap ) / } ‘
xtc phéi hop ND‘ / /‘\‘ \/}/ n
30 ; ‘{/T‘\V "‘ 1 ‘i// \\//\ ‘K/ \
{ |
] | I T \
20 /N \ | |
[ | |
l l
10 | |
1 {
l l
0 | | ‘ ‘ ‘ ‘
2 4 6 8 10 12 14 16 18 t(s)
Hinh 3.26. D6 thi lyc tai khdp O2 theo thoi gian
kN
40
Phwong phap
777777777777777777777777777 o xuc phan doan
30 Phwong phap m

xuc phéi hop I \
,,,,,,,,,,,,,,,,, — \ \
o

\

20 I
"L A

2 4 6 8 10 12 14 16 18 t(s)

Hinh 3.27. D4 thi lyc tai khép Os theo thoi gian
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kN
15

10 |

Hinh 3.28. B6 thi luc tai
khép Os theo thoi gian

0 I I I
2 4 6 t(s)
Nhan xét do thi luc thay rang, gia tri luc tac dung 1én cac khdp O, O3 va Os

lién tuc thay doi theo thoi gian 1am viée clia may, & day 13 thay doi ca vé bién do
va tan sb cu thé nhu sau:

Déi voi khop Oy, luc tac dung 16n nhat 1én khdp nay 1a 48,5 kN tai thoi
diém t =13 s, Gng voi cudi giai doan 4n sau giu vao dong DPNM va dau giai doan
quay gau lam day, ctia qué trinh xac DPNM bang phuong phap phan doan truyén
thong. Luc ndy gid tri ciia cac luc bao gém: luc can ring gau, luc can trudc tac
dung 1én may, lyc can bén la 16n nhét, lam cho phan luc tac dung 1én khop O, dat
gid tri max, cac gia tri luc sau d6 giam dan va 6n dinh khi gau xtic khong tiép xtic
v6i déng DPNM trong qua trinh ning can va quay gau dé lam day gau, trong khi
may ding yén; lam cho luc tai khdp O, giam theo. Tuong ty qua trinh xic DPNM
bang phuong phap phdi hop ma luan an dé xuat trong chuong 2; gia tri luc tac
dung 1én khép O, dat gia trj 16n nhét 13 39kN, tai thoi diém t=7s, sau d6 giam dan;
g voi giai doan ndy 13 4n so bd gau xuc vao trong ddng PNM véi chiéu sdu an
Lac=0,9Lsc. Qua trinh lam day gau clia phuong phap nay ngoai nang can, quay
gau con c6 sy két hop cua di chuyén may.

Khép Os lién két voi khdp O, qua can nang boi vy quy luat thay doi luc
tac dung trén khép Os, tai cac thoi diém va cac phuong phap xtic co nét tuong
ddng voi khép Oy; tuy nhién gia tri luc trén khép nay c6 gia tri nho hon, tai =7 va
t=13 c6 gia tri 16n nhat 1a 33kN va 25,5 kN.
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Xét tong thé tai hai khdp véi hai phuong phap xuc ta nhan thay rang, gia tri
Iuc 16m nhét tai cac khép va quy luat thay doi luc ctia phuong phap xac phan doan
16n hon khoang 19% va thay d6i nhanh hon so véi phuong phéap xtic phdi hop.
nguyén nhan cta sy sai khac gitta hai phuong phép nay 1a do khi xac DPNM bing
phuong phap phéi hop, gia tri Lag nho hon va khi nang can, quay gau, dong thoi
két hop v6i di chuyén tinh tién cta xe;

Déi voi khép Os. Lic dau, khi khép chua 1am viée, né chi chiu mét phan
lyc tinh, do qua trinh gift chdt tao ra. Khi bat dau chuyén sang giai doan 1t gau dé
d6 vt liéu 1én xe goong, luc tac dung 1én khép Os ting dan 1én cho dén khi dat gid

tri cuc dai ro1 giam dan do vat liéu di chuyén ra khoi gau xtc.

Két luan chuong 3

1. Trén co s& phan tich dac diém két cau, nguyén ly, diéu kién lam viéc,
mé hinh DLH trong luan an duoc xay dung véi cac gia thiét cho truong hop
MXLDB VMC E500-1 khi xtic va d6 DPNM trong dudng ham c6 khéng gian
chat hep. Str dung phuong trinh Lagrange loai II v6i cac két qua tinh toan dong
ning, thé ning, ham hao tan va cac luc suy rong thiét 1ap dugc hé phuong
trinh vi phan mé ta chuyén dong cta co h¢;

2. Bang phuong phép tich phan sb truc tiép Runge — Kutta 4, v6i céc
diéu kién dau vao vé kich thude hinh hoc, thong sé dong hoc qua trinh xdc,
dd DNM; két qua nhan dugc l1a cac chuyén vi, van tdc, gia tde va céc luc,
momen dong trong cac khau khép can, gau ciia may xuc lat, khi xtc va do
DNM trong timg truong hop, diéu kién cu thé;

3. So sanh cac gia tri lyc 16n nhét tai cac khop Oz, O3 va Os cho th?iy, luc
tac dung 1én cac khop O,, va O3 c6 gia tri 16n nhat 1a 48,5 kN va 33kN, tai thoi
diém t =13s; 39kN va 25,5 kN, tai thoi diém t =7s (mg v6i chiéu siu 4n gau
Lac=0,9Lsc va Lac=1,1Lsc cua qua trinh xac DNM bang phuong phép phan
doan truyén théng va phuong phép phbi hop ma luan 4n dé xuat trong chuong 2



109

cho thiy rang, gia tri luc 10n nhét tai cac khép va quy luat thay doi luc ctia phuong
phap xtic phan doan 16n hon khoang 19% va thay d6i nhanh hon so véi phuong
phép xtic phdi hop, dong thoi 16n hon bdn 1an lyc 16n nhét tac dung 1én khép quay

Os (Fo, max = 48,5 kN; Fy ., = 12kN ); diCu ndy chi ra rang khi tinh toan kiém

bén chi tiét, ta chi can xét cho qua trinh tich PNM bang phuong phéap phan doan.
4. Cac két qua khao sat DLH 13 can ctr chinh dé thuc hién cac khao sat
anh huong ciia mot sé yéu to dén tai trong dong tac dung 1én cac bd phan may
xuc lat, dong thoi 1a co so kiém chimg, so sanh tinh hop 1y, hiéu qua khi xtc
PNM trong duong ham khong gian chat hep bang phuong phap phdi hop so
V&1 cac phuong phap xtic khac ma luén an da trinh bay trong chuong 2; Ngoai
ra cac thong sé PLH tim duoc ciing chinh 1a co s¢ dé giai cac bai toan khac vé

dong lyc hoc may, do bén va t6i wu két cdu cia MXLDB VMC E500-1.
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Chuong 4: NGHIEN CUU THUC NGHIEM
4.1. Co sé, muc dich, ddi twong va cac thong s6 nghién ciru thuc nghiém
4.1.1. Co sé, muc dich nghién ciru thwe nghiém

Co so nghién curl thuc nghiém

Khi may xuc thuc hién qué trinh xac DPNM trong diéu kién thi cong duong
ham bang phuong phép khoan no, ¢6 kich thudc da dang phan bd rai rac trén mat
nén map mo, qué trinh tuong tac giira ring giu xac véi DPNM dién ra kha phirc
tap, nén Viéc xac dinh luc can tac dung 1én rang gﬁu va luc tac dong 1én cac khop
theo cong thirc 1y thuyét c6 thé cho két qua chua that tin ciy; mat khac khi tinh
toan DLH can c6 cac s lidu diéu kién ban dau; vi vay can phai tién hanh thuc
nghiém dé kiém nghiém lai két qua tinh toan theo 1y thuyét véi s lidu do dac thuc

nghiém ciing nhu ¢6 s6 liéu dau vao dé phuc vu qua trinh tinh toan.
Muc dich nghién cuu thuc nghiém.

- Xac dinh mot s6 thong s6 bang thuc nghiém dé 1am bo dit liéu dau vao

phuc vu qua trinh tinh toan, khao sat;

- Str dung két qua thuc nghiém so sanh voi két qua tinh toan 1y thuyét dé
1am co s& khoa hoc minh chimg tinh dung dén, do tin ciy cta cac mo hinh va cac
cong thic tinh toan 1y thuyét.

4.1.2. Péi twong va diéu kién thuc nghiém

4.1.2.1. P6i twong thue nghiém
MXLDPB VMC E500-1 do Cong ty Co phan ché tao may- Vinacumin,

Tap doan Cong nghiép Than-Khoang san Viét Nam ché tao Hinh 2.1 véi cac
thong s6 k¥ thuat dugc trinh bay trong phu lycl.
4.1.2.2. Diéu kién thuc nghiém.

St dung d4 sau khoan no min dugc ly truc tiép trong duong ham, cia

cac 1an khoan nd vé bai thtr nghiém ctua Nha mdy Hinh 4.1.
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Hinh 4.1. Biéu kién thir nghiém va moéi trudng 1am viéc thuc té cua may

= Nt

4.1.3. Cac thong so thuc nghiém cin do

- Bo thong s6 do lam dit liéu dau vao phuc vu qua trinh tinh toan gom: Ap
suat, luu luong ciia cac i lanh va mé to thuy luc; toe do di chuyén cia may trong
chu trinh 1am viéc khép kin;

- Xéac dinh lyc tac dung 1én cac khép trong qua trinh lam viéc cua may.
4.2. Trang thiét bi thi nghiém.

Céc trang thiét bi, dung cu dé phuc qué trinh thar nghiém bao gom:

- Dong hé do toc do vong quay HHT13 - Déau do 4p suat OCM-511;

- Pau do Iuu luong R4S-7HD; - Cam bién do khoang cach H7;
- Cam bién do vén toc GSS25; - Tenzo do bién dang
- Thiét bi xir Iy tin hiéu NI; - Thiét bi xur 1y tin hiéu Spider 8

- May tinh cai phan mém xt Iy tin hiéu DaSyLab 11 v catman.

4.2.1. Pdng ho do toc dp vong quay HHT13

Téc d6 vong quay ctia banh sao chu dong duoc do bang déng hd do tdc
d6 vong quay HHT13, Hinh 4.2. Thiét bi nay c6 thé xuét tin hiéu dang analog
sang cac bo xir 1y tin hiéu khac, phuc vu viéc ghi dir liéu va déng bo véi cac
thiét bi do khac. Cac thong sd ky thuat caa dong hd do toc d6 vong quay
HHT13 duogc ghi trong Bang 4.1.
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Hinh 4.2. DPong
ho do toc d§ vong
quay HHT13

Bang 4.1. Thong s6 k¥ thuat cua ddng hd do tdc d6 vong quay HHT13.

TT Thong so Gia tri Pon vi Ghi chu
1 |Kiéu hién thi Man hinh LCD 5 s
2 |Daido 5+2x10° v/ph
3 |Do chinh x4c +0,01 %
4 |Cong suat laser 1 mw
5 |Budc song laser 650 nm
6 |Chum tia phan ky <15 mrad
7 |Kich thudc chum tia 4x7 mm O khoang cach 2m
8 |Cong két noi 3,5 mm
9 |Khoang cach do téi da| 7,62 m
10 |Géc do toi da 70 Do
11 |Tudi tho bong laser 8000 gio
12 |Nhiét @6 moi truong 5+40 °C
13 |P6 am 80 % O nhiét d6 31°C
14 |Dién ap st dung 3 \ (02 pin AA)
15 |Kich thudc DxRxC 176x61x41 mm
16 |Trong luong 210 g

4.2.2. Pau do luu lwong R4S-7HD.

Dé do luu luong, str dung dau do R4S7HD25, R4S7THD50, R4S7HD100
nhu Hinh 4. 3 Céc thong sb k¥ thuat co ban cho trong Bang 4. 2.

Hinh 4. 3. Cac dau do
luvu luwong: R4S7THD25,
R4S7HD50, RS7THD100
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Bang 4. 2. Cac thong s co ban ciia dau do luu lugng R4S-7HD-25, R4S-7HD-50

R4S-7HD-100
Gia tri diu do Ghi chu
TT Thong s RAS- | R4S- | R4S
7HD-25 | 7HD-50 | 7HD-100
1 |Nhiét d6 moi truong (C°)  |-10+116 |-10+116| -10+116
2 |Pién ap ngudn dau vao (V) | 12+-35 | 12+-35 | 12+-35
3 |Pién 4p tin hiéu dau ra (V) 0+5 0+5 0+5
4 |Dong tin hiéu ra (mA) 420 | 420 420
5 |Tansb (Hz) 0+2000 | 02000 | 0+2000
6 |Luu luong (Lit/phit) 0,296 |0,2+192 | 0,2+384
7 |Khoang ap suat lam viéc (Bar) | 0-410 | 0+410 | 0+410

4.2.3. Pau do ap suat OCM-511.

Pau do cam bién ap sudt OCM-511 do hang Huba Control ctia Thuy Sy
ché tao dung dé do 4p suit tiéu chuan cua chat long trén cac thiét bi cong
nghiép, hé théng thay luc, thiét bi diéu khién ap suat... Pau do nay duoc ndi
véi dudng 6ng dan dau vao cac vi tri can do. Cac thong sb co ban cia dau do

trong bang: va hinh dang bén ngoai nhu Hinh 4. 4.

\ Nvm/u»m,,,r,,.m.mm” w
o i
N\

Bang 4. 3. Thong sb ky thuat Dau do cam bién ap sudt OCM-511

Hinh 4. 4. Dau do cam
bién ap suat OCM-511

STT | Thong s6 k¥ thuat Gia tri Ponvi | Ghichi
1 Nhiét do lam viéc 40 = 150° CO

2 Khoang do 0+400 Bar

3 Pién ap ngudn 1+5 \Y

4 Dong dién tuong ung 4+20 mA
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4.2.4. Cam bién do khoang cach H7

Hinh 4.5. Cam bién do khoang cach H7.

Cam bién H7 dugc dung dé do khoang cach tir vi tri cta nd dén diém
phan chiéu theo nguyén tac twong quan quang hoc. Pay 1a loai cam bién do
khong tiép xtic Hinh 4.5, do haing DATRON Cong hoa Ao san xuat. Tin hiéu
ra ty 1¢ thuan vaéi gia tri do. Cam bién dugc thiét ké gon, nhe, dé thao lép va
sir dung. Trong qua trinh thi nghiém, n6 duoc két ndi véi bo thu thap dit liéu
NDAQ va vao may tinh thong qua cong BNC vao. Cac thong s k¥ thuat cia
cam bién H7 duoc ghi trong Bang 4.4

Bang 4.4. Cac thong s6 k¥ thuét ctia cam bién H7.

TT Thong s6 Gia tri Ghi chua
1 |Kich thuéc (D x R x C) 150x40x136
2 | Khéi luong 0,53kg
3 | Goc lap dat +20°
4 | Khoang do 0-+500mm
5 | Sai s6 tuyén tinh +1%
6 | Pién ap daura 1+10V DC
7 | Vi tri 1ap trén may cach mit duong 300+-800mm
8 | Pién ap ngudn 10+30V DC
9 | Nhiét do moéi truong lam viéc 5+50°C
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4.2.5. Cam bién do van téc GSS25.

2 DEWE-VGP$-200C

e

Hinh 4. 6. Lip Thiét bi dinh GPS 1én may.

GSS25 1a cam bién van tdc khong tiép xtc, Hinh 4.7 ¢6 thé hoat dong
trong moi diéu kién dia hinh, thoi tiét, gdm hai phién ban 1a kénh don va kénh
d6i. Pau ra véi tin hiéu xung xac dinh quing duong, dau ra tin hiéu tuong tu

dé xac dinh van toc di chuyén ctia mdy, giao tiép dir liéu qua RS-232;

Hinh 4.7 Cam bién
do toc do GSS25

Céc thong s6 ky thuat ciia cam bién GSS25 dugc cho trong bang Bang 4.5
Bang 4.5. Cac thong s k¥ thuat cam bién do toc do GSS25.

TT Thong sb Gia tri Pon vi
1 | St dung cong nghé Radar Doppler 24 GHz
D6 tré tin hiéu <10 ms
3 | Pham vi hoat dong 0,1 +300 km/h

4.2.6. Tenzo do bién dang

Tam phi trén

[
E
I\l}:]t Tam phit dudi

chinh

Ludi dign tro Day dan

- : ‘I /
g 1
Chieu dai ludi la dién tro

Hinh 4. 8 Tenzo do bién dang

|

Mat sau

Chiéu réng luéi 1 dién tre
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Thuc nghiém da st dung tenzoé do bién dang cta hang Tokyo Kenkyujo
Co. Ltd (Nhat ban) dé do luc thong qua bién dang, cac thong s6 ky thuat cho
trong Bang 4.6.
Bang 4.6 Thong s k¥ thuat ciia Tenzo FCA -5-11

Thong s6 Don vi tinh Gia tri Ghi chu
Chiéu dai mm 5

bién tro Q 120

Hé sb ty I¢ 2.13

4.2.7. Thiét bi ghi va xir Iy tin hiéu.
4.2.7.1. Thiét bj ghi va xir Iy tin hiéu NI.
- Thiét bi NI duoc thé hién trén Hinh 4. 9. Do hiang nationan Instruments

caa My ché tao, c6 chire ning nhan tin hiéu tir thiét bi do va chuyén 1én may tinh.

TN

Hinh 4. 9. Thiét bi chuyén d6i tin hiéu NI 6003, 6009

4.2.7.2. Thiét bi ghi va xir Iy tin hi¢u Spider 8.

b. May Spider 8
Hinh 4.8. May tinh PC va may do Spider 8
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4.2.8. May tinh va phan mém xi 1y s6 liéu

4.2.8.1. Phan mém xir Iy s6 liéu Dasylab 11

Hinh 4. 10. May tinh
Dell c6 cai phan mém
DaSyLab 11

My tinh DELL c6 cai phan mém DaSyLab 11, Hinh 4. 10. Dasylab 11
1a phan mém nhan va xu 1y s liéu da ning, 1am viéc trong mdi trudng
Windows, giao dién ciia phan mém thuan tién, dé stir dung. Cac phép tinh, hay
thuat toan duogc tich hop trén cac mo dun, ngudi st dung chi viéc Iy ra tir thu
vién va két ndi chung véi nhau thanh mét chudi cac moé dun (goi la
Worksheet). Pay 1a mot trong nhiing phan tién tién véi rat nhiéu moé dun co
san, cho phép thiét ké cac bai thi nghiém dang m¢ va rat linh hoat. Cac uu
diém cta phan mém la cho phép xir 1y dit liéu truc tuyén theo thoi gian thuc,
cac thong sb (dai luong vat 1y) c6 thé duoc xur 1y sau khi thi nghiém ma van
khong lam thay doi ban chat cua qua trinh.

Truéc khi tién hanh thi nghiém, can xdy dung chuong trinh do bang

phan mém Dasylab 11 dé nhan va xt 1y dit liéu do dac. Chuong trinh do bao
gom 5 khéi chinh nhu thé hién trén Hinh 4.11.

Analog Inp00 Formula0s WriteO0

it ChartOQ

Khoi 4 Khoi 5 Khdi 6
, “Hinh 4.11. Cac khoi md dun ctia phan mém Dasylab 11.
- Khéi 1: Tiep Qhan du |i§:u; - Khéi 2: Phén tich tinh toén; - Khoi 3: Luu trir
ket qua; - Khoi 4.5: Hién thi ket qua dang do thi; - Khoi 6: DPoc két qua.
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Pé chuyén doi tin hiéu tir cam bién dén thiét bi xtr Iy c6 cac mo dun sau:

- M6 dun nhén tin hiéu tir cam bién do 4p suét tir dau do 4p sudt OCM-511

- M6 dun nhan tin hiéu tir cam bién do luu luong tir dau do luu lwong
R4S7THD25

- M6 dun nhan tin hiéu tir cam bién do van téc di chuyén cia may
GSS25, cong thirc chuyén d6i 1a IN(0)/100[km/h].

- M6 dun nhan tin hiéu tir cam bién do téc do vong quay banh sao chu
dong HHT13, cong thirc chuyén dbi 1a IN/30[v/p].

- M6 dun loc tin hiéu trong dai thip tan cho cac kénh.

- M6 dun WriteFile dé ghi lai két qua vao tap tin luu trit dir liéu.
Mb dun ctia phan mém Dasylab 11 duoc xay dung trén 5 kénh, bo tri nhu Hinh 4. 12:

Read(0 Dhigital Fin0

FRecorder0l DCligital Me00

g E E
1 1 1
=g A AW 2
¢ N

i E E - |

4 4 4

I Maxgimum =0

Hinh 4. 12. So d6 c4u tric hé thong do trén DaSyLab 11.
-Kénh 1, Po ap suat ctia cum 1; - Kénh 2, Po luu luong ctia cum 1;- Kénh 3, Po
téc do banh sao chu dong; - Kénh 4, Po ap suat cia cum 2; - Kénh 5, Po luu
luong cua cum 2.

4.2.8.2. Phan mém Catman
Phan mém xtr 1y s6 liéu duoc sir dung trong thuc nghiém 1a phan mém
Catman. Phan mém nay c6 giao dién truc quan théng qua cac do thi va cac bang

s6 liéu, dat muc sai s6 cho phép ctia cac phép do.

4.3. Cong tac chuan bi thuc nghiém

Qua trinh thuc nghiém duoc tién hanh tai Cong ty C6 phan ché tao may
Vinacumin (noi ché tao ra may nay); Dia chi: 486 duong Tran Pha, Phuong
Cam Thuy, Thanh phdé Cam Pha, Quang Ninh Hinh 4.13, hinh anh céc nha
khoa hoc va chuyén gia tai vi tri thuc nghiém.
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Hinh 4.13. Cac nha khoa hoc va chuyén gia tal vi tri thuc nghiém.
- Phuong tién thir nghiém: Sir dung 01 May xuc 1at ¢6 bén VMC E500-
1 méi xuat xuong do Cong ty VMC san xuat;
- Trang thiét bi can thiét phuc vu do kiém ddy du theo phwong an thir
nghiém va hoat dong tot;
- Vi tri thir nghiém: Mit bang cong nghiép phia tdy Nha Nol, Phan
xuong May mo 1 - Cong ty VMC;
- Méi truong - diéu kién lam viéc cua may: St dung da sau khoan nod
min 1ay ngau nhién trong dudng ham.
4.3.1. Lap rap thiét bi do kiém vao cac hé thong va TBCT ciia may
Lap rap, gan két cac thiét bi do kiém chuyén dung vao hé thong thiy luc
cua may xuc VMC E500-1 theo phuong an da chon.

So do bé tri thiét bi do trén cdc thiét bi cong tdac cua may xuc lat

=Y
©
g/

Hinh 4.14. So d bd tri chung hé théng thiét bi do.

1-Thiét bj HTH13; 2-Thiét bj dinh vi GPS; 3-Miéng dén cin quang; 4,56 - Dau do
OCM-511 va R4S-7HD do ép suat va luu luong.
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So dé bé tri chung cdc thiét bi do trong hé thong thiy luc

Bz A2 B, 7A, ‘\‘ LA

!
DaSyLab 11

T, T, 2. vi tri gan HHT13
iy 1.3.6.7. vi tri g&n OCM-511 va R4S-7HD
: 4. Thiét bi chuyén dai tin hiéu NI

5. May tinh DELL cai DySyLap 11

. A.B,.A,B,. Budng dau vao vara clia mo to di chuyén
A,B,. Budng dau vao vara cua xy lanh nang can

AR AR A % A,B.. Dudng dau vao vara ca xy lanh nang can
et

Céc thiét bi do duoc két ndi truc tiép vao hé thdng thay luc cia may

nhu Hinh 4.14; khi may lam viéc, cac bom thay lec hoat dong, dau dugc hat
tir thung dau qua bom tao thanh dong dau c6 ap suat cao va di vao hé théng
thay lyc. Do cac dau do luu luong va do ap suat duoc lap trén dudng ra cua
van phan phdi dén cac xi lanh nén sé& xac dinh duoc gia tri luu luong, ap suat
tic thoi ctia bom cap cho cac xi lanh. Tin hiéu cta dau do luu lugng, dau do
ap suat va toc do vong quay duogc truyén dén thiét bi chuyén doi tin hiéu NI

sau d6 chuyén vao may tinh & dang tin hiéu dién.

So do bo tri cac Tenzo xdc dinh luc tac dung lén khop.
Xac dinh cac thanh ph?m luc tac dung 1€n khau khép duge xac dinh nho
cac bién dang cua tenzo bé tri trén thiét bi cong tac clia mdy, vi tri dan tenzd

duogc chon tai cic diém can do nhu hinh Hinh 4.15, danh sach bé mit vi tri
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dan tenzo dat do bong V7, lau sach bﬁng con va dan béng keo chuyén dung,

cac day dan 1a loai day chéng nhiéu.

Hinh 4.15. So db bd tri
cac Tenzo xac dinh luc
tac dung 1én khau khop
khi xic BPNM

A‘1 V| tri dén cac Tenzo trong I6 truc

4.3.1.1. Lip dong ho do toc dp vong quay HHT13.

Pong hd do téc d6 vong quay HHT13 duoc gan vao khung may phia
trén banh sao chu dong may xuc lat, do tbc d6 cua banh sao chu dong kha

cham nén trén chu vi phia ngoai ctia banh sao c6 gan 30 miéng can quang dé

qué trinh do dugc chinh x4ac hon Hinh 4.16.

Hinh 4.16. Lap ddng hd do
téc d6 vong quay HHT13

va dan miéng can quang vao
banh chu dong may xuc.

Muc dich ldp déng hd do tdc d6 vong quay HHT13 dé do téc do vong
quay cua banh sao chu dong Hinh 4.16; Trong qua trinh di chuyén va tich
DNM, c6 thoi diém lyc can tang, luc bam giam khi dé banh chu dong van
quay nhung may dung yén khong di chuyén nén can co thiét bi do HHT13, dé
doi chiéu véi so liéu do cua thiét bi do GSS25.

4.3.1.2 Lip dau do lwu lwong R4S-7HD, dau do cam bién ap suat OCM-511.
Gan thiét bi do ap suat, do luu luong vao dudng ong thily luc cia xi lanh

nang can, Xi lanh quay gau va mé to di chuyén phia sau van phan phdi Hinh 4.17.
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Hinh 4.17. Lip dau do luu luong R4S-7HD, dau do cam bién ap suat OCM-511

Muc dich 1dp dau do luu luong R4S-7HD, dau do cam bién ap sut
OCM-511 vao hé thdng thuy luc ciia may xtc dé do ap sut, luu luong cta Xi
lanh nang can, xi lanh quay gau va mé to di chuyén dé lay sé liéu trong cac
truong hop diéu khién may di chuyén, tich DPNM vao giu bang cac phuong
phap khac nhau.

4.3.1.3. Thiét bi dinh vi GPS.

Hinh 4.18. Gan thiét bi dinh vi GPS trén may xic

Gan thiét bi dinh vi GPS trén may xuc hinh Hinh 4.18, v6i muyc dich dé do
van toc di chuyén thuc té cta may.

4.3.2. Két noi thiét bi ghi, xir Iy tin hiéu va hiéu chuan thiét bi

Trudc khi tién hanh thi nghiém, can xay dung chuong trinh do bang phan
mém Dasylab 11 dé nhan va xtr 1y dit liéu do dac. Chuong trinh do bao gom 5
khdi chinh nhu thé hién trén Hinh 4.11; két ndi cac dau do vai bo xtr 1y tin hiéu NI
6003 va may tinh DELL c6 cai phan mém DaSyLab 11, theo cic phuong an thir

nghiém da duoc tap thé cac Thay hudng dan va cac chuyén gia thong nhat.



123

Hinh 4.19. Két noi
thiét bi do vei bo xir
1y va may tinh

e

Két ndi thiét bi do véi bd xir Iy va may tinh, muc dich dé lay tin hiéu tir cac

cam bién qua bd chuyén doéi va hién thi thong s6 can do trén ma hinh bao gdm: Tin
hiéu tir cam bién do ap suét tir dau do ap sudt OCM-511; tin hiéu tir cam bién do luu
luong tir dau do luu lwong R4S7HD25; tin hiéu tir cam bién do vén téc di chuyén coa
méay GSS25; tin hiéu tir cam bién do tc do vong quay banh sao chu dong HHT13.

* Thiét ldp so do kénh do.

Dé nhan, xir Iy va luu trir cac két qua do, can thiét 1ap so dd cac kénh
do trudc khi tién hanh thuc nghiém. M6 dun cua phan mém Dasylab 11 dugc
xay dung trén 5 kénh, b tri nhu Hinh 4.20:

- Kénh 1 — Do 4p suét caa cum 1;

- Kénh 2 — Do luu luong cua cum 1;

- Kénh 3 — Do tdc d banh sao chu dong;

- Kénh 4 — Po 4p suét caa cum 2;

- Kénh 5 — Do luu lugng cua cum 2;

M arimum =100 Puls-Analyil e
0 i 0 PWME i
WD i x

Hinh 4.20. So d4 cau trac hé thong do trén DaSyLab 11
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4.3.3. Chon sb 1in va phwong phéap danh gia sai s6 thwe nghiém

Chon sé lan thuc nghiém: S lan thuc nghiém lién quan dén do tin cay
cua cac két qua do. Theo 1y luan vé phuong phap quy hoach thuc nghiém
[16], ¢ thé dat ra yéu cau vé do tin cay trudc, sau dé xac dinh s6 lan thuc
nghiém, ciing c6 thé chon truéc sb 1an thuc nghiém réi sau dé xac dinh d tin
cay cua két qua do. Theo d6, quan hé gitra sb 1an thuc nghiém va do tin cay
duoc thé hién qua cong thirc:

Dt’a
n, = A\ 4.1)
Trong d6 n; — s6 lan thyc nghiém, D — d6 roi rac thong ké, t - hé sb tra

ctiu, o - hé s6 do tin cdy, A - sai s6 cho phép cuia phép do.

Theo kinh nghiém thuc nghiém ddi véi thiét bi cong tic may lam dat, hé sb
d6 tin cay o thuong nam trong khoang 0,8 + 0,95 (trong luan an chon o= 0,95) va
sai sO thoi gian tich DPNM A = 2s. Chon so bo s6 lan thuc nghiém n, = 5, tra bang
lién quan trong [10] thi tim dugc t = 2,36 va D = 3,45. Thay cac gia tri nay vao
(4.1) ta tinh duoc n, = 4,8. Theo d6, d¢ dam bao d¢ tin ciy trong tinh toan, s6 1an
thuc nghiém can thiét khong nho hon 5. Ta chon s 1an thuc nghiém 13 5.

Phuong phéap danh gi sai s6 thuc nghiém : Viéc danh gia sai s6 két qua do
duogc thuc hién theo 1y thuyét xac suat va thong ké toan hoc. Theo do, néu goi
gia tri do duoc cua dai luong khao sat sau ng 1an do 14 X1, Xa, ... X VA gid tri Ky
vong (gia tri tin cay) 13 X thi tong binh phuong sai léch cua céac 1an do 1a:

f=(x—=%X)"+(X,=X)*+...+(x, —X)* (4.2)
Gia tri X duoc tim bang cach cyc tiéu hoa tong binh phuong sai léch cua
cac 1an do. Két qua:
§:X1+x2+...+xnt :iixi (4.3)
n n, o=
Phuong sai (sai 1éch trung binh binh phuong) o thé hién do chinh xéac

t

cua phép do dugc tinh theo cong thurc:
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o Jii(xi XY (4.4)

n,
Do cach do cua tat ca cac ttharln s6 thuc nghiém 1a nhu nhau nén phuong
phap danh gi sai s6 cua ching ciing nhu nhau. Pé danh gia sai sd cta phép
do @i voi dai luong x nao do, ta thuc hién cac cong viéce theo trinh tu sau:
- Thuc hién ny lAn do va ghi lai cac két qua do x1, X2, ..., Xnt.
- Tinh gia tri Ky vong X theo cong thirc (4.3).
- Tinh gi4 tri sai léch trung binh binh phuong o theo (4.4) dé nhan
duoc sai s6 Ve gia tri thuc cua dai luong can do.
4.4. T6 chirc thuc nghiém
Noi dung do dac duoc thuc hién béi cac chuyén gia, can bo ky thuat cua
Bd mon Xe may Cong binh, Khoa Bong luc va co quan Ky thuat cua Cong ty
Co phan ché tao may VINACUMIN, Tap doan Than-Khoang san Viét Nam.

- St dung 01 MXLBB VMC E500-1, bé tri mat bang 1am viéc, cung
cap day du cac trang thiét bi can thiét phuc vu hoat dong ctia may;

- Gan két cac thiét bi do kiém chuyén dung vao may nhu: Bo NI tich
hop v&i may tinh, bo do VGPS, thiét bi do vat tc quay, dau do luu luong - ap
suat thay luc.

- Khoi dong may xuc va thuc hién cac thao tac ctia may dam bao may
hoat dong tot theo chirc nang dong thoi kiém tra cac tin hiéu phan hoi cua
thiét bi do kiém vé may tinh, hiéu chinh dong bo hé thong.

4.4.1. Po ap suit, lvu lwong dau thiy lwe di vao xi lanh ning cin va md
to di chuyén

- Gan thiét bi do ap suat, do luu luong vao cac dudng dng thity luc cia
Xi lanh nang can va mé to di chuyén phia sau van phan phdi. Po 4p suét xi
lanh nang can va mé di chuyén trong trudng hop diéu khién tich DPNM vao
gau bang phuong phap di chuyén may két hop nang can nang. Luc nay xi lanh
quay gau khong hoat dong

- Cho may di chuyén tdc do trung binh, tai trung binh.
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- Cho may di chuyén tdc d6 nhanh c6 gia tdc, tai 1on

- Cho may di chuyén va tao can 16n téi ngudng banh xich quay tron.
4.4.2. Po ap suit, luu hrong diu thiy lre di vao Xi lanh quay gau va md
to di chuyén

- Gan thiét bi do ap suét, do luu luong vao duong 6ng thuy luc cia Xi lanh
quay gau va mo to di chuyén phia sau van phan phdi. Po ap suét xi lanh quay gau va
md di chuyén trong trudng hop diéu khién tich PNM vao gau bang phuong phap di
chuyén may két hop quay gau xtic. Lic nay Xi lanh nang can khong hoat dong.

- Cho may di chuyén tdc do trung binh, tai trung binh.

- Cho may di chuyén tc d6 nhanh c6 gia tdc, tai 16n

- Cho may di chuyén va tao can 16n téi ngudng banh xich quay tron.
4.4.3. Po ap suit Xi lanh nang can, xi lanh quay giu va mé to di chuyén

- Gan thiét bi do 4p suat, do luu luong vao dudng dng thiy luc cia Xi
lanh nang can, quay gau va mo to di chuyén phia sau van phan phdi. Po ap
suat Xi lanh nang can, quay gau va mé di chuyén trong trudng hop diéu khién
tich DPNM vao gau bang phuong phap di chuyén may két hop quay gau xtc.
Luc nay Xi lanh ning can, quay gdu va mo to di chuyén déu hoat dong.

- Cho may di chuyén tdc d6 trung binh két hop diéu khién ning can va
quay gau xuc.

- Cho may di chuyén tdc nhanh két hop diéu khién ning can va quay gau xdc.

- Cho may di chuyén két hop diéu khién ning can, quay gau xdc va tao
can 16n té1 ngudng banh xich quay tron.
4.4.4. Do 4p suat mo to di chuyén trong cac truong hop

- Gan thiét bi do 4p suat, do luu luong vao dudng ng thuy luc cia xi
lanh nang can, quay gau va mo to di chuyén phia sau van phan phdi. Po ap
suat xi lanh nang can, quay gau va mé to di chuyén trong trudng hop diéu
khién tich PNM vao gau bang phuong phap di chuyén may két hop quay gau
xtuc. Luc nay xi lanh nang can, quay gau va mo to di chuyén déu hoat dong.

- Cho may di chuyén 4n gau xuc vao trong déng PNM véi chiéu sau 4n

tang dan;
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- Tao can 16n phia trude t6i mirc may khong di chuyén duoc nhung
khong quay tron;

- Tao can 16n phia trudc t6i mirc may khong di chuyén dugc va quay
tron xich;

- Xtic DPNM day gau nang 1én dén vi tri d6 tai va di chuyén;

- Cho may chay khong c6 DNM trong gau xtc toc do téi da;

- Cho may di chuyén toc do nhanh c6 gia tdc.
4.4.5. Xac dinh luc tac dung 1én khau khép TBCT, khi xiic DNM

Trong phan nghién ctru chuong 2, khi nghién ctru qua trinh tuwong tac
gitta gdu voi DNM, d3 xac dinh cac thanh phan luc can xtc cia may MXLDB
bang 1y thuyét va trinh bay cac két qua nghién ctru xac dinh luc can khi gau
xtc di chuyén trong dong DPNM. Do khong thé do truc tiép céc tri sd cta cac
luc tac dung 1én TBCT, nén phai do gian tiép cac luc thanh phan lyc trén cac
khau khop. Co so dé tién hanh thuc nghiém xac dinh luc tai cac khop, dua
trén cac phuong trinh can béng tinh hoc ta c6 thé xac dinh cac thong s6 luc tai
cac khop Oy, O3 va Os dugc trinh bay trong 3.4

Thuyc hién 1am day gau bang phuong phap quay gau xuc trong dong DPNM
sau khi d4 4n so bd gu vao trong déng DNM, khi giu diy ning can nang theo
phuong thang dimg, khi giu ra khoi dong PNM dimg lai dé xac dinh cac gia tri
do, sau d6 46 DPNM trong gau ra va chuan bi cho lan do tiép theo. S lan lam thyc
thiém 1a 5 14n sau khi d4 loai bo nhimg 1an xtuc gip chudng ngai vat, kiém tra két
qua do va in ra, Tién hanh do dong thoi 3 thong sb trén ciing tryc thoi gian: - Kénh
CH; do lyc tac dung 1én khép quay nang can Oz; Kénh CH, do luc tac dung 1én
khdp quay gau Os; Kénh CHs do luc tac dung 1én khép quay lat gau Os. Cac tin
hi¢u thu duoc tir cac vi tri do dua truc tiép vao may, luu trit cac s6 liéu do duoc
vao cac file s6 liéu, chuyén sang may tinh va dugc xir ly bang phan mém
CATMAN, va Dasylab 11; luu, xuat két qua & dang tép dit liéu va do thi.

4.5. Két qua thue nghiém

4.5.1. Po ap suit, luu lwong dau thiy luc di vao xi lanh nang can va

mb to di chuyén
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b) Két qua do khi may di chuyén téc do nhanh cé gia toc, tai 16n.
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¢) Két qua do khi may di chuyén va tao can 16n téi ngudng banh xich quay tron.
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4.5.2. Po ap suit, lru lwgng dau thiy hwe di vio xi lanh quay giu va mé
to di chuyén
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b) Két qua do khi may di chuyén téc d6 nhanh c6 gia tbc, tai 1on.
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¢) Két qua do khi may di chuyén va tao can 16n téi ngudng banh xich quay tron.
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4.5.3. Po ap suit ciia hai mé to' di chuyén trong cac truong hop
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a) Két qua do khi an gau xtc vao trong dong DPNM
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b) Két qua do khi can 16n may khong di chuyén dugc nhung khong quay tron.
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¢) Két qua do khi can 16n may khong di chuyén duoc va quay tron xich
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d) Két qua do khi xic PNM day gau di chuyén nang 1én dén vi tri do tai
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e) Két qua do khi mdy chay khong co6 DPNM trong gau xuc toc do toi da;
4.6. Két qua so sanh giira nghién ciru ly thuyét va thwc nghiém

Két qua so sanh thyc nghiém nham danh gia ding qua trinh van hanh
va khai thac ctia may xuc 1at d6 bén khi lam viéc trong diéu kién thuc té k¥
thuat. Thong qua thuc nghi¢m s€ dua ra cic hé s6 hiéu chinh, dir kién dau
vao, cac diéu kién lam viéc thuc té cua may v.v.. dé chinh x4c hoéa lai Iy

thuyét. Cac két qua so sanh duoc thé hién nhu cac hinh duéi day:
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4.6.1. Két qua so sanh luc tai khép quay ning cin
50

Thi nghiém
Ly thuyét

10 1
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‘ L) ‘
Hinh 4.21. D6 thi lyc tai khop quay nang can O khi xac DPNM bang phuong
phap phoi hop theo 1y thuyét va thyc nghiém
4.6.2. Két qua so sanh tai khép ciia khau 3
40 r
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Hinh 4.22. D thi luc tai khép Os cua khau 3 theo ly thuyét va thuc nghi¢m
4.6.1. Nhan xét két qua so sanh lye tai cac khop
Tir Hinh 4.21 két qua cua luc tai khdp cua khau 2 cho ta thiy su twong

dong gitta 2 phuong phap 1y thuyét va thuc nghiém. Gia tri luc chénh 1éch 16n
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nhét cta 2 phuong phap khoang 7 kN tuong tng khoang 22%. Su sai khac vé
hinh dang va bién do luc giita Iy thuyét so v6i thuc nghiém, c6 thé giai thich nhu
sau: Qua trinh tinh toan 1y thuyét, bai toan da dua ra cac gia thiét nham don gian
va t6i wu qua trinh trinh tinh toan, gia tri tai duoc cho 1a lién tuc thay doi theo quy
luét cho trudc. Con trong qua trinh thuc nghiém da ké dén hau hét cac yéu t6 tac
dung truc tiép 1én qua trinh 1am viéc ctia may, bao gdm ca yéu to anh hudng ngiu
nhién va cac sai s6 trong phép do dac. Tuy nhién xét vé gia tri trung binh ctia do
16n luc thi két qua gitra 1y thuyét va thuc nghiém 1a twong dong nhau;

Tir Hinh 4.22 ta thiy rang, két qua luc giita 1y thuyét va thuc nghiém
ciia khop Os twong ty nhu khép Oy; d6 thi luc cua hai khop quay nay kha
giéng nhau vé tan s6 va hinh dang. Tuy nhién vé gia tr1 do 16n cua lyc tai cac
vi tri 16n nhat két qua 1y thuyét dang 16n hon két qua thuc nghiém khoang

17%:; xét vé mit téng thé thi sy sai khac nay co thé chép nhan duoc.

Két luan chuong 4
1. Qua trinh thuc nghiém cé su phdi hop gitta Cong ty C6 phan ché tao
may Vinacumin (nha san xuat), Hoc vién K¥ thuat quéan su (Co s nghién ctu)
va mot s6 don vi quan doi (don vi thi cong duong ham) da danh gia duoc kha
chinh xac kha nang lam viéc, cia MXLDB VMC E500-1 trong thi cong duong
ham khau d¢ vira va nhé ca vé Iy luan va thyc tién;

2. Céc sb liéu thuc nghiém thu duoc, thong qua céc thiét bi do, dugc gan truc
tiép 1én may bao gém: ap suat, luu luong dau thily di vao cac xi lanh, mé to thay
lyc, van toc di chuyén ctia may da phan anh sat diéu kién lam viéc thuc té ciia may
dong thoi 1a s6 liéu dau vao phuc vu qua trinh tinh toan 1y thuyét;

3. Bang phuong phap do tryc tiép, qua trinh nghiém ctu thuc nghiém da
xac dinh duoc luc tac dong 1én cac khau, khop TBCT trong véi cac truong hop

lam viéc dic trung cua may; két qua khao sat cho thay lrc tac dong 1én cac khop
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quay can O, va quay gau Oz V& quy luat va gia tri kha phu hop véi két qua tinh
toan luc can tdc dong 1én TBCT cua chuong 2 va luc kéo cuia chuong 3 cua qua
trinh xac DPNM bang phuong phap phdi hop; véi sai sé khong 16n gitra két qua
tinh toan tinh toan 1y thuyét va thuc nghiém khoang 17% - 22%; 1a co sé khoa hoc
khang dinh tinh dtng d4n caa cac mé hinh va cac cong thire tinh toan 1y thuyét;

4. Céc trang thiét bi, dung cu do kiém, phuong tién ky thuat va gia cong
cac chi tiét dé két néi giira may thuc nghiém va thiét bi do kiém bao dam tot
cac phuong 4n thuc nghiém, phan anh ding diéu kién lam viéc thyc t¢ MXLDB
VMC E500-1 xtic, d6 DNM trong duong ham khong gian chat hep. Cac s6 liéu
thu thap dugc xir Iy trén may tinh bang cac phan mém tng dung c6 thé Xuat ra dudi
cac dang hién thi khac nhau nhu d6 thi hoic bang s6 liéu. So sanh két qua thuc
nghiém véi cac két qua nghién ctru 1y thuyét dong thoi dbi chiéu véi cac
thong s6 ctia may sat diéu kién lam viéc thuc té 1a co sé khoa hoc dé diéu
chinh cac thong sb ciia may xtic dugc san xuat theo phwong phéap thuc nghiém

trudc day chinh xac va toi uu hon.
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KET LUAN VA KIEN NGHI
1. Két luan

1. So vdi cac loai may bdc xtc truyén théng, cho thdy may xuc 1at do
bén VMC E 500-1 14 thiét bi phu hop, hiéu nhat trong viéc xtic, 36 DPNM &
duong ham khau do vira va nho; voi két qua khao sat: chiéu cao ti da gau
xuc, Hgxmax= 2,8m < chiéu cao tdi thiéu ctra ham, Hep min=3,05m va chiéu cao
t6i thiéu gau xtc Hgxmin=1,6m > chiéu cao tdi da xe goong, Hyxg,max=1,3m cho
thdy MXLDB VMC E500-1 1am viéc hiéu qua trong duong ham, ké ca vi tri

mit cit nhd nhat c6 bxh=2,3mx3,5m;

2. Khi xuc vat liéu hoic DPNM mbi loai s& c6 quy dao xuc hop 1y khac
nhau, phy thudc vao cac thong sb: a - goc xoai tr nhién (0,=46°), ¢ - goc ma
sat trong (v6i da nd min ¢=46°), dy, - kich thudc hat trung binh cia DPNM (dg
~0,3m), Lac - chiéu sau 4n gau (v6i phuong phap xtic phdi hop Lac=0,72m)
va Hpin - chiéu cao t6i thiéu ctia dbng DPNM (Hmin=1,75m). Quy dao nay duoc
xac dinh bang su thay doi ctia cac khau dan: goc quay nang can 0; (0, thay
d6i trong khoang tir-77/36 dén — /30, tinh theo truc O, X»), quay gau xuc 03
(03 thay doi trong khoang tir -23 m /60 dén — 7 = /36, tinh theo truc O3 X3) va

chuyén dong tinh tién cia may x (x khoang di chuyén cuia may 1a 1,69m);

3. Luc tac dung 1én cac khép quay can O, quay gau Oz c6 cac gia tri
16n nhit 13 48,5 kN va 33kN; 39kN va 25,5 kN, ung v6i chiéu sau an gau
Lac=0,9Lsc va Lag=1,1Lsg cho théy rrfmg, gia tri lyc 16n nhat tai cac khop va
quy ludt thay ddi luc caa phuong phéap xtc phan doan 16n hon khoang 19% va
thay doi nhiéu hon so véi phuong phap xuc phdi hop. Piéu nay nay ching to
rang khi xac PNM trong duong ham khau d6 vira va nho bang phuong phap
xuc phdi hop ma luin an dé xuét hop 1y hon so véi phuong phap xuc phan

doan truyén thong.
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4. Két qua thuc nghiém xac dinh luc tic dong 1én khau, khop TBCT
cua MXLDB E 500-1, véi cac truong hop lam viéc dac trung ciia may: qua trinh
xiuc DPNM bang phuong phap phdi hop véi sai s6 khong 1on giira két qua tinh toan
tinh toan 1y thuyét va thuc nghiém khoang 17%-22%; 1a co sé khoa hoc khang
dinh tinh ding ddn cua cac md hinh va cac cong thire tinh toan Iy thuyét.

2. Kién nghi

Mic du ludn an d3 giai quyét dugc mot cach cin ban nhiing nhiém vu dit
ra, nhung van con van dé can tiép tuc giai quyét do la:

1. Bang phuong phap dong hoc nguoc luan an di dwa ra quy luat thay
d6i cua cac khau dan gom: chuyén dong tinh tién ciia may (X), goc quay nang
can (02) va goéc quay gau (02) dé tao ra quy dao chuyén dong hop 1y cua gau
xtc nhu mong mudn; 1a ndi dung can tiép tuc nghién ciu dé 1am co so, thiét
ké ché tao bo diéu khién ty dong qua trinh van hanh, khi MXLDB lam viéc
trong nhitng diéu kién dic biét, nguy hiém trong dudng ham hoic tu dong hoa
trong cac chu trinh lam viéc clia may theo yéu cau cua thuc tién dit ra.

2. Cac két qua khao sat DLH cho thiy, cac gia tri luc 16n nhat tac dung 1én
cac khop quay nang can Oy, Fop = 48,5 KN va khép quay gau Os, Fos = 33kN duoc
xac dinh bang tinh toan 1y thuyét két hop vai do bang thuc nghiém 1a co s¢ dé tiép
tuc nghién clru gidi cac bai toan khac ve dong luc hoc may, do bén va t6i uu két

cAu cia MXLDB VMC E500-1.
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PHU LUC

Phu luc 1. Thong s6 k¥ thudt co ban ctia may xuac 14t VIMC E500-1.

STT | Thong s co ban Pon vi tinh | Gi4 tri

| Théng s6 k§ thuit

1 Dung tich gau xuc dinh mirc m3 0,5

2 Chiéu rong gau xiic mm 1.530

3 | D9 cao dd tai 16n nhat mm 1.550

4 Goc do tai 1on nhat Do 50°

5 | Khe hd cach dat nho nhat mm 180

6 | D¢ sau ddo 16n nhat mm 600

7 Géc doc lam viée bo +16°

8 Murc do tiéng on dB(A) |90

9 Kich thudc ngoai hinh (bao) mm 4.080%1.480%2.100
10 | Trong lugng may kg 8.000

11 | Luc kéo dinh mirc KN 35

12 | Luc kéo 16n nhat kN 50

13 | Toc do di chuyén Km/h 2,2

14 | Chiéu rong xich mm 260

15 | Ap suat riéng tiép dat MPa 0,07

Il | Hé thong thily lre

1 | Ap suat dong co di chuyén MPa 210

2 Ap suat xi lanh cong tac MPa 210

3 Hanh trinh xi lanh ning can mm 336

4 Hanh trinh xi lanh quay gau mm 425

5 Hanh trinh xi lanh 14t gau mm 390

11 | Hé thong dién

1 Nguon dién st dung \Y; 1140/660
2 Ma hiéu dong co YBK2 200L-4
3 Cong suat dong co kW 50

4 Dong dién dinh mtrc dong co A 57.6

5 Téc dd quay dong co Vong/phut | 1.470

6 Kho1 dong tir chan khong phong QJZ-

no an toan dung trong moé

120/1140(660)V
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Phu lyc 2.1. Ma trén chuyén thun nhat cho céc khau

100 x|
. (o100
A, =

0010
0001

cosd, 0 sin®, a,coso, |
sin6, 0 —cos6, a,sin®,
01 0 d,
0O 0 O 1

[cosO, —sinB, 0 a,coso, |
sin6, cosB, 0 a,sino,
0 0o 1 0
0 o 0 1

cosO, —sin6, 0 a,coso, |
sin@, cosB, 0 a,sino,
0 0 1 0
0 0 O 1

[ cosO, —cosa,sin®, sino,sin®, a,coso, |
sin6, cosa,c086, —sina,cosB, a,sinod,
0 sina., cosa, d,
0 0 0 1
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Phu luc 2.2. Ma trin vi tri cac khau so véi toa dd ¢b dinh

[cos0, 0 sin@, a,cos0, +X |
sin@, 0 —cosO, a,sino,

0 1 0 d,

0o 0 O 1 |
0s0,c0s0, —cos0,sind, sind, a,cos6,cosd, +a,cosd, +X |
sin@,cosd, —sin6,sin6, —cosd,  sin6,(a,cos6, +a,)

sind, cos0, 0 a,sinf, +d,

0 0 0 1

Ag =AA; =

AS = AAAL -

B1, B2, Bs, dugc xdc dinh: B, =c0s6,[ a,cos(0, +6,)+a,Cc0s6, +a, |+X
B, =sin6, | -a,c0s(0, +0,)+a,c0s0, +a, |; B, =[ a,sin(6,+6,)+a,sin0,+d, |

[c0s0,C,,, —C0s0S,,, sind, B, ]
sin9,C,,, —sin®,S,,, —coso, B,,
8234 C234 0 BSS
0 0 0 1

A = ALAZAIALAS =

C,y =C05(6, +6,+6,), S,y =sin(6,+6,+6,)
B11, B2y, Bss duoc xac dinh:

B,, = cos6, | a,cos(6, + 6, +6,)+a,cos(0, +0,)+a,cos0, +a, |+ x+d,sin6,
B,, =sin6, | a,cos(6, + 0, +6,)+a,cos(0, +0,)+a,cos6, +a, |-d,cos6,

B, =[ a,sin(6,+0,+0,)+as;in(0,+0,)+a,sin0, +d, |



146

Phu luc 2.3. Toa d9 tuy¢t d6i cua diém H va diém L
Piém H c6 toa do tuy¢ doi:
X, = (sin(a,)sin(0,) cos(6,)cos(0,)cos(0,)
—sin(a,)sin(0,)cos(6,)sin(0,)sin(0,) +sin(a,)cos(6,)cos(6,) cos(6,)sin(0,)
+sin(a,)cos(0,)cos(6,)sin(0,)cos(6,) +sin(0,) cos(a,)) I+
+a, cos(0,)cos(6,)cos(6,)cos(6,) —a, cos(0,)cos(6,)sin(0,)sin(6,)
—a, sin(0,) cos(O,)cos(,)sin(0,;) —a, sin(6,)cos(6,)sin(6,)cos(6,) +sin(6,)d,
+a,co0s(0,)cos(0,)a, cos(6,) —cos(0,)sin(0,)a,sin(0,)
+cos(0,)a, cos(0,) +a, cos(6,) + X
Y, =(sin(a,)sin(0,)sin(6,)cos(B,)cos(6,)
—sin(a,)sin(8,)sin(0,)sin(6,)sin(6,) +sin(a,) cos(6,)sin(B,) cos(6,)sin(6,)
+sin(a,,)cos(8,)sin(0,)sin(6,)cos(8,) —cos(6,) cos(a,)) |
+a, cos(0,)sin(0,)cos(6,)cos(0,) —a, cos(6,)sin(6,)sin(B,)sin(6,)
—a,sin(8,)sin(0,)cos(6,)sin(8,) —a, sin(0,)sin(,)sin(6,)cos(8,) — cos(6,)d,
+sin(0,)cos(6,)a, cos(8,) —sin(6,)sin(6,)a,sin(6,) + cos(6,)a, cos(6,) + a, cos(v,)
z,, =(—sin(a,)(cos(6,) cos(6,) cos(6,) — cos(6,)sin(6,)sin(6,) )l
+a,cos(06,)sin(6,)cos(6,) +a, cos(6,)cos(B,)sin(0,)
+a,sin(0,)cos(6,)cos(6,) —a,sin(6,)sin(6,)sin(6,)
+sin(0,)a, cos(0,) + cos(0,)a,sin(6,) +a,sin(6,) +d,
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Piém L co toa do tuyé ddi:
X, =(—cos(a,)sin(6,)cos(6,)cos(0,)cos(6,)
+cos(a,)sin(0,)cos(6,)sin(v,)sin(0,) —cos(a.,)cos(6,)cos(6,) cos(6,)sin(6,)
—cos(a,)cos(0,)cos(6,)sin(6,)cos(6,) +sin(6,)sin(a,))
I,cos(54) + (sin(a,)sin(0,)cos(6,) cos(0,)cos(6,)
—sin(a,)sin(0,)cos(6,)sin(v,)sin(0,) +sin(a,)cos(6,)cos(6,) cos(6,)sin(6,)
+sin(a,)cos(0,)cos(,)sin(0,)cos(0,) +sin(O,)cos(c,))
(b—15)1;sin(d,) +a,cos(6,)cos(6,)cos(6,)cos(6,)
—a, cos(0,)cos(0,)sin(0,)sin(6,) —a,sin(0,)cos(O,)cos(0,)sin(0,)
—a, sin(0,)cos(0,)sin(0,)cos(B,) +sin(6,)d,
+c0s(0,) cos(0,)a, cos(6,) —cos(6,)sin(6,)a,sin(0,)
+c0s(0,)a, cos(0,) +a, cos(,) + X

y, =(—cos(a,)sin(6,)sin(0,)cos(6,)cos(0,)

+cos(a,)sin(0,)sin(6,)sin(0,)sin(6,) —cos(a.,)cos(0,)sin(6,) cos(O,)sin(6,)

—cos(a,)cos(6,)sin(0,)sin(6,)cos(0,) —cos(6,)sin(c,))

I,cos(5,) + (sin(a,)sin(B,)sin(6,) cos(6,)cos(6,)

—sin(a,)sin(8,)sin(6,)sin(6,)sin(6,) +sin(a,) cos(0,)sin(6,) cos(6,)sin(6,)

+sin(a,)cos(0,)sin(6,)sin(0,)cos(6,) —cos(6,)cos(a,))

(b—15)sin(5,) +a, cos(0,)sin(6,)cos(0,)cos(6,)

—a, cos(6,)sin(0,)sin(6,)sin(6,) —a, sin(0,)sin(6,)cos(0,)sin(6,)

—a, sin(0,)sin(0,)sin(6,)cos(0,) —cos(6,)d,

+sin(6,)cos(0,)a, cos(0,) —sin(6,)sin(0,)a,sin(6,)

+sin(0,)a, cos(0,) +a, sin(6,)
z, =cos(a,)(cos(6,)cos(0,)cos(6,) —cos(6,)sin(0,)sin(0,)
—sin(0,)cos(0,)sin(6,) —sin(0,)sin(0,)cos(0,),cos(5;)
—sin(a,)((cos(6,)cos(6,)cos(6,) —cos(B,)sin(6,)sin(6,)
—sin(0,)cos(0,)sin(6,) +sin(0,)sin(6,) cos(6,)(b—15)sin(3)
+a,c0s(0,)sin(0,)cos(0,) +a, cos(0,)cos(0,)sin(6,)
+a,c0s(0,)sin(0,)cos(0,) —a,sin(,)sin(6,)sin(6,)
+a,sin(0,)cos(0,)cos(0,) —a,sin(6,)sin(6,)sin(6,)
+sin(0,)a, cos(6,) + cos(0,)a,sin(6,) +a,sin(v,) +d,



148

Phu luc 2.4 Cac vi tri dic biét cua thiét bi cong tac MXL VMC E500-1

XL quay gau | XL nang can| XL lat gau

Chidu dai tam sa0] |78 770
f R Hanh trinh Bm vige 425 | 366] 1154 | 390 |1160

budng kinh xy Tanh 125 140 80
Budng Kinh ¢can piton (70 80 45
Ap suatlam viéc 210 210 210
Chiéu dai Ion nhat 1265 1154 1160
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Vi tri 1am viéc khi xi lanh gau & vi tri ngén nhat va xilanh nang can & vi tri ngdn nhat
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Goc lam viée 16n nht ctia can 79 do
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Vi tri 1am viéc khi xi lanh gau & vi tri ngan nhét va xilanh nang can & vi tri dai nhat
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XL quay gau | XL nang can| XL lat gau
Chiéu dai tam 840 ‘ 1265 788 770
Hanh trinh [am viec 425 366 1154 | 300 |60
Dudng kinh xy lanh {125 140 80
DUong Kinh can piton |70 80 45
Ap suatTam viéc 210 210 210
Chiéu dai lon nhat 1265 1154 1160
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Phu luc 3.1. Gié tri, thong $0, vi tri trong tdm cua cac chi tiét.

Khdi lugng, mé men quan tinh cua xi V1 tri trong tam cua xi lanh luc
lanh luc

| e | summny | et | St o S| 7 |
sae

Khéi luong, md men quéan tinh cia Vi tri trong tdm cua xy gia quay thiét
gia quay thiét bi cong tac bi cong tac

Khoi lugng, mo men quan tinh cta Vi1 tri trong tam cua gia gau xuc
gia gau xuc
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tay can

Khoi luong, moé men quan tinh cua Vi tri trong tam cda gau xic
gau xuc
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Phu luc 3.2 : Tinh toan dong nang
1 2 a2
TlZEml(Xlz +y12 +212)
1 2 a2 1
T, :Emz(xg +y§+z§)+§J2w§

(X3+y3+ 2§)+%J30)§ +%J3Xé}fsinze2 +%J3y(§f c0s*0, +%J329§

(v 2E) 4 200

+%J4X6fsin2 (6,+9,) +%J4y612 cos® (0, +0,) + %Ju (6,+6,)°

(1 2A20in2 2 202 2 2
L;0;sin"6,C,; + L30; €0s”6,S;;.

+a20%sin?0, cos’ 0, + a20%sin?0, cos’ O, + a207sin? 0, + X +...
+2L,0,5in6,C,; L,0,056,S,; +2L,0,5in6,C,; a.0,sin6, cos6, +
+2L,0,5in6,C,; a,0,5in 0, cos6, + 2L,0,5in6,C,; a,0,sin6,
~2L,0,5in6,C,; X + 2L ,0,€0s6,S,; a,0,sin 6, cos,
+2L,0,€056,S,; a,0,5in 0,050, + 2L,0,€050,S,; a,0,5in 6,
~2L,0,c0560,S,; X + 2a,0, sin 6, c0s0,a,0,5in 6, cos6

+2a,0, 5in 0, c0s0,a,0, sin B, — 2a,0, Sin B, cos O, X

+a,0,sin 0, cos0,a,0,sin O, +a,0,sin 0, cosO,x —a,0,sinO,X +...
L302cos? 6,Cj; + L503sin?0,S5;

+a202cos® 0, cos? B, + a20%sin’ 0, sin’ 0, + a6’ cos® O,
~2L,0,¢0s0,C,; L,0,5in6,S,, —2L,0,c0s6,C,; a.6, cos, coso,
+2L,0,€050,C,; 2,0,5in0,5in 6, — 21,0, c0s60,C,; a,0,cos6,
+2L,0,5in6,S,; a,0,c0s6,c0s0, — 2L,0,5in 0,S,; a,0,sin 6, sin 6,
+2L,0,5in6,S,; 8,6, cosb, — 2a,0, cos6, cos6,a,0,sin6,sin 6,
+2a,0, c0s 0, cos 0,a,0, cos6, —2a,0,sin6,sin0,a,0,coso, +...
+L505C3;, +a203cos’0, +2L,0,C,; a,0, cos0,

+%J3Xéf sin? @, + %JSYGf cos’ 0, + %J&e;

(3.30)
(3.31)

(3.32)

(3.34)



+
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_Liéf sin”0, Co,, + L (23)2 cos® 0,55, +a;07sin”0, C,

-a’ (23)2 cos®0,S%, —a20>sin® 0, cos” 0, +a26>cos’0,sin’ 0,

+a707sin” 6, + X* + 2L,6,5in 6,C 5, L,23€0560,S,;, +2L,6,5in6,C,;; a,0,5in6,C,,
+2L,6,5in6,C,;; 2,23¢0860,S,; + 2L,6,5in6,C,,; a,0,5in 6, c0s 6
+2L,6,5in6,C,,; 2,0, c0sH,5in 6+ 2L,0,5in 6,C ;, 2,0, 5in 6,
—2L,6,5in0,C,y; X + 2L, 23¢056,S,,; 2,0,5in60,C,;, + 2L, (23)2 €036,S,3; 2,056,
+2L.,23¢056,S,;; 2,0,5in 0,050 + 2L, 2305 60,5 ,;; 2,0, c0sH,sin 6
+2L,23¢056,S,;, 2,0, 5in 6, — 2L, 23c056,S,;, X
+2a,0,5in0,C,;a,23c0s6,S,, + 22,0, 5in 6,C,,a.0,sin 6, cosO
+2a,0,sin0,C,;a.0, cos0,sin 0 + 2a,0,sin6,C,,a,0, sin 6,

—2a,0,sin0,C,.% + 2a,23c0s6,S,,a.0, 5in 0, cos O

+2a,23c0s0,S,,a,0, cos0, sin @ + 2a,23¢0s0,S,,a,0, sin 6,

—2a,23c0s0,S,.% + 2a,0,5in 0, cos0a 0, cos 6, sin O

+2a,0,sin 0, cos0a,d, sin 6, — 2a.0,sin O, cosOX + 2a,0, cosO, sinB,a,0,sin o,
—2a,0, c0s0,sin 0,x — 2a,0,5in 0,X + L367 cos® 0, C3,; + L, (23)2 sin”0,S3,;,
+a20? cos? 0, C2,—a? (23)2 sin?0,S2, +a202sin0,sin?6,

+a307 cos® 0, cos” 0, +a7b; cos’ 6, — 2L,6, c0s60,C,;, L, 23sin6,S,;;
—2L,6,¢056,C,,; a,0,c0s6,C,, + 2L,0,c0s6,C ;:a,23sin 6,S,,
+2L,6,€056,C,,; a,0,5in0,5in 6, — 2L ,6,c0sH,C ;; 2,6, c0sH, C0s 6,
—2L,6,056,C,,; 2,0, c0s6, + 2L, 23sin0,S,;; a,0,c0s6,C,,
—2L,23sin0,S,;, 8,23sin0,S,, — 2L, 23sin 0, ;, a,0,5in 0,5in 6,
+2L,23sin0,S,;, 2,0, 06, cos0, + 2L, 23sin 0, ,;; a,0, cOs 6,
—2a,0,c0s60,C,.a,23sin0.S,, —2a,0, c0s0,C,.a.0,sin0,sin 6,

+2a,0, c0s6,C,,a,0, cos0, cosh, + 2a,0, cos6,C,.a,0, cos 6,
+2a,23sin0,S,,a,0,sin 6,sin 6, — 2a,23sin 6,S,,a,0, cos 0, cos 6,
—2a,23sin0,S,,3,0, cos O, + 2a,0,sin 0, sin0,a,0, cos O, cosh,
+2a,0,sin0,sin6,a,0, cos 6, + 2a,0, cosh, cos 6,a,0, cos 6,

+12 (23)2 Cls, +25 (23)2 C2,+a202cos? 0,

~2L,(23) C,5, 2,8, —2L,23C,,, 2,0, 056, + 22,23C 2,9, cos6),
1 1 1

o o . o2
§J4X9fS§3 + EJ4y612 CZ+ > (23)
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025in?0, (L; C088,C s, + L SING, COS01,S,, +5Cos, +a,Cyy +8,€080, +2, )’

+05” 0, (L5 234C088,S 4, + 234L,5in3, C03 01,Cyyy — 234a,S,, —,23—S,, —a,0,5in0, )2

+ (Lgsing,sina, +d, )’ 62 cos? 6, + X°

S hieisaisteg C RN
sCs +2,Cyg +2,C080, +3, 5Sind, cosa,Cy, 55231 — Cos

L. cosd,C,,, + L. sind, cosa,S,,, +...

—20,sin0
M a,Chy, +a,Chy +a,c080, +a,

](Lssinésasinoc4 +ds)0,c0s0 —

—20,5in0, (L5C088,C, +a,C080, +a, + L SinS, C0sa,S,, +8:Cpp, +2,Cpp ) X
~L,234¢0s3,S,,, —,0,5in0,234L . sin§, cosa,C s,
-S,,—234a.S,,, —a,23

~L,234¢083,S,,, + 234L,5in5,cosa,Cpy, +
-234a,S,,, —2,23-S,, —a,0,sin0,

+200391( ](LssinéSAsinoc4+d5)élcose

+2cose{ Jx +2(Lgsing,sino, +dg )6, cos0,x +

+07 087 0, (L €088, C oy + L SN, COS01,S a4 +8;C gy +,Cry 28,0080, +8, )’
+5in” 0, (—L;23€08,S,5, + 234L,5in3, C03 01,Cyy, — 234a,S,, —,23—S,, —a,0,5in ez)z

+(Lysin 8, sina, +d; ) 62sin?6, +

220, cosel[LS €083,Cp, + L, SiNG, c050c48234]Smel —'L.s.2321c-os648234 - 234:;15823‘3 - (?1423
+2;,Cy, +a,Cy +2,C050, +a, +234Lsind, cosa,C,,, —a,0,5in 60, —S,,
. L, cosd,C,,, +Lgsind, cosa,S,,, + .
+20,c0s0,| ° 0 TE S ST TR () sing,sinay, +d,)0,sin0
a,C,, +a,C,, +a,c080, +a,
~L,234¢088,S,,, + 234L,5in5,c080,Cpy + ... .
+2sin0,| . e o BT (Lgsing, sino, +dg )0, 5in©
_934a.S,,, —a,23—S,, —a,0,5in0,

+12 (234)2 c0s?5,C2, + 2 (234)2 sin?5,cos? o, S, +a’ (234)2 cZ,

+a’ (23)2 C2,+a202cos’ 0, + 2L, 234¢0s3,C,,, L, 234sin 3, cos S s,

+2L, (234)2 €088,C48,C sy + 2L 234€088,C,s,a,23C ,; + 2L, 23405 8,C,,,8,0, COS O,
+2L,(234) 5in8, 005 01,5,,8,C 5, + 2L, 2345in 3, €08, S ,8,23C

+2L.,234sin 3, cosa,S,,,a,0, cos 0, + 2a,234C,,,a,23C,,

+2a,234C,,,a,0, c0s0, + 2a,23C,,a,0, cosH,
1

1

20, 00Ch + S (234)

Trong do:

Caay =C05(0, +0;+0,) 3 Sy, =5iN(0, + 0, +0,);CZ, =cos? (6, +6, +8,)5 Sy, =sin*(0, +6, +6,);
Cyy =€08(0, +6;):S,, =5in(6, +6;); Cypay =C0OS(0,+6,—3,):S,,; =sin(0,+0,-3,);
Clys, =008° (0, +0,-8;); S, =sin’(6, +0,-3,);Co, =cos’ (6, +6,);S5, =sin’(0,+9,);

230,

+0,5 (23) =(0,+0,)7; 234=0,+6,+0,; (234 =(6,+6,+6,) -
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Phu luc 3.3 : Tinh toan cac dao ham riéng

A oT, oT, oT, oT, oT,
Khiul: —1=0; —1=0; —2=0; —1=0;,—2=0
OX 00, 00, 00, 00,
n oT. oT. ¥
Khau 2: 8_2 =0; 8_92 =—2x%0, (1, +a,)cos6,
X 1
{—Lzé1 c0s0,C,; +L,0,5in0S, , - }
—a,0, cos0, cos0, +a,0,sin6,sin0, —a,0,coso,
-L,0,sin6,C, , —L,0,c056,S, ; —
, : _ + .
aT, _ Em —a,0,sin6, cosO, —a,0,sin 6, cos6, —a,0b,sin o, + X
0, 2 ° , -L,6,sin6,C, ; —L,0,c050,S, ; +
+a,0,sin 0, cosO, +a,0,sin 0, cos6, —a,n, sin 6,
L,0,c0s0,C, 5 —L,0,5in0,S, ; —
—a,0, cose, cose, +a,0,sino,sin 6, —a,0, cose,
T
00, 00, 00,
T.
Khau 3: 9T _ 0;
OX
—L;6,¢050,C, 5 +L,0,5in0,S, ; —a,0,cos6,cos6, +...
: . . X,
a,0,sin6,sin0, —a,0, coso,
~L,0,5in0,C, ; —L,0,c0s0,S, ; —a,0,5in06,c0s0, —...
. . +...
aT, lm a,0,sin 0, cos6, —a,0,sin v, + X
0, 2 °

~L;6,5in0,C,; —L0,c050,S, ; +a,0,5in6,cos6, +...

. . . X e
a,0,sin0,cos6, —a,0,sin o,

[Lﬁl c0s0,C, 5, —L.0,sin0,S, ; —a 0, cosd, cos, + }

a,0,sin0,sin0, —a,0, cose,




oT,
00,

156

2. L,0,sin0;S,, ~L,0,c050,C, , +a,0,5in0,sin0, —a 0,cos0,coso, |x...
—L,0,sin0,C, ; —L.0,c080,S, ; —a,0,sin6, coso, - } N

| a;0,sin0,c0s0, —a,0,sin 0, + X

2.[—L3él c0s0,S, ; —L,0,sin0,C, ; +a;0,cos0,sin0, +a,0,cos0,sin 61] X...
L,0,c080,C,; —L:0,sin0,S, ; —a,0,c0s6, oS0, +...

| a,0,sin0,sin 0, —a,0, cos6, ]+

2.[L362C9252 +a,0, cos 92][4—39239252 ~a,0,sin 92]

+%.Sin(292)-912'(‘]x _Jy)

Khau 4:

o1, 1
00, 2

o, _o. 9T
00, 00,
Trong do:

Cpap, =C€08(0, +0, —8;) 1S5, =5iN(0,+6,-8;)3 Cyy =C0S(6, +6,);
S5, =SiN(6,+6,);Co; =cos’(0,+0, —8;); Sk, =sin?(0,+0,-35,);

C3, =00s* (0, +0,); 8% =sin’ (6,+0,);23=0, + 05; (23) = (6, +6,)’

oT,

OX

9N _g
00,

=0:
2.{—L491 €056,C,q;, +L,235iN0,S,,; —a,0,c050,C,; +2,23sin0,C,, + } .
a,0,sin0,sin6, —a,0, cosO, cos6, —a 0, coso,

~L,6,5in0,C,,; —L,23c056,S,;; —a,0,5in0,C,, —a,23c0s6,S,, - ...

{ a,0,sin0,cosh, —a,0, cos6,sind, —a,0,sin 6, + X }L
2.{L4Glsin 0,Cs5, + L4 23c050,S,;; —2,0,5in6,C,, —a,23¢c050,S,; - ] )

a,0,sin0, cos6, —a,0,cos0,sin6, —a,0,sino,

{—Lﬁl C080,Cys5, +L,235IN0,S,,; +a,0,c080,C,, —a,23sin0,S,, - }

a,0,sin0,sin 6, +a,0, cose, cos, +a,b, cosh,




aT, _
00,

1o, {Lzlél €050,S,3;, +L,23sin0,C,,; —a,0,c0s0,S,, —a,23sin elcﬂ
. X
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) L,0,5in6,S,,; —L,23c0s6,C,;, +2,0,5in6,S,, —2,23c0s6,C,,
. 3 . X
—a,0,c0s6,cos0, +a,0,5in0,sin o,
{—L 0,5in0,C s —L,23c050,S,,, —a,0,sin0,C,, —a,23c0s 91823}
+...

—a,0,sin@,cosh, —a b, cose,sind, —a,f,sin6, + x

—a,0,c0s0,sin0, —a,0,sin 6, cos O,
—L,6,0086,C,y; +L,23sin6,S,,; +a,0,c0s6,C,; —2,235in6,S,,
. ) ) +
—-a,0,sin0,sin6, +a,0, cos0, cos6, +a,0, coso,

2.[ L,23S,,; —,23S,,—a,0,sin 62][—L423C2353 +a,23S,, +a,0,cos 62]

1 . R
+58in(20, + 20,)03(J, -J,)

oT,
00,

2.[L4915in 0,535, — L4230s0,C;; +2,0,5In6,S,; —a,23c0s6,C,, ] X..
{—Lﬁlsin 0,Cpss, — L, 23c056,S,;; — a,0,5in6,C,, —a,23c056,S,, - ]
+

a,0,sin0,cos6, —a,0, cos0,sin @, —a,0,sin 0, +x

=m,{2[L,0,0080,S,; +L,235in0,Cyyy — 2,0,€050,8,,-2,23siN0,Cpy [x... (..

—L,6,c086,C,s; +L,235in6,S,;, + 2,0,c0860,C,, —a,235in6,S,, —...
. ) ) +
a,0,sin0,sin 6, +a,0, cos6, cos6, +a,0, coso,

21,235, —a,235,, ][ -L,23C,,;, +2,23C,; +a,0,c0s0, |

1 . .
+58in(20, + 20,)03(J, -3, )

Khau

oT,

00,

Trong do:
Cyas, =008(0, +6,=8;) 1S, =5in(0,+0,-5;):Cp = cos(6, +6,);

Sy, =SiN(6, +6;);Coy; =c0s” (6, +6,-3,);5%, =sin’(6,+0,-5,);

C3, =00s* (0, +0,); 8% =sin? (0, +0,);23=0, + 05; (23)° = (6, +6,)’

5: %:O;
OX

%m4 {2Kf*1|<§*1 ¥ 2K§*1Kf;*1}
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L, c0s8,C,,, + Lo Sind, cosa,S,,; + j ]

—0,cos6
1 aCyy +a,Cyy +a,c080, +a,

Ko = Sinel[—L5234005848234 +234L,sing, cosmcm] _

—234a,S,,, —a,23-S,, —a,0,sin 0,

(Lgsind,sina, +d;)0,sin6,

_—élsin G{LS €0s8,C,,; + Ly SIS, cOsar,S,,, + ] N
a,C,, +a,C, +a,c080, +a,;

—L.234¢0s3,S,,, + 234L,sin, cosa,C,,, + J N

—234a.S,,, —a,23-S,, —a,0,sin0,

(Lgsind,sina, +dg )6, coso, + %

K5* =] cos e{

_—élsin 1 L5C088,Cppg + Ls$iN 3, COS0L,Sp +.) ]
a,C,; +a,C,; +2,C0s0, +a,
cosd, —F??34cos§4§234 + 234I753i-n 8,0080,Cpps +... N
-234a,—-a,23-S,,—a,0,sin0,

(Lssing,sino, +d, )0, cos,

[ L. cos5,C... +L.sind,cosa,S,,. +...
91 cos el 5 4123 5 4 4~123 + .
a;C,, +a,C, +a,C080, +a;

o (—Lﬁ.)éf’;ilcoséiilsm4 +234L,sin8,cosa,C,g, + ...
sino,

iy . +(L.sind,sina, +d,)0,sin®
—234a,S,,, —2,23-S,, —a,0,sin 6, J (Lssing, sino, +d )0,sin,

% = % m, {2K5 K52 + 2K5 K52 + 2KEPKE
2

+%-9125in(292 +20, + 264)(JX _‘]V)

. (-L.c088,S,, +L.sind,cosa,C,y, — ...
—0,sin6, _ +...
358234 _a4823 —a;3In e2

K;? = .
e —L.234c0s$,C,,, —234L.sind, cosa,S,,, —...
' 234a.C,,, - C,, —a,0,c050,
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_—élsin 0, L, c0s3,C,,, + L,Sing, cosa,S,,, + N
a.C,, +a,C; +a,C0s0, +a,

| cose, —I._?.23400364SZ?4.+ 234L53ir1 84.l cosa,,C,,, .

—-234a.S,,, —a,23-S,, —a,0,sIn0,

(Lgsing,sina, +d; )0, cos0, + X

. ~L.c0s8,S,,, +L.sind,cosa,Cpyy —) |
6, cos0, ) +...
a:S,5, —a,5,; —a,s8In0, +a,

Kg—z = . Ce.
sin6 —L.234c0s6,C,,, —234L.sinj,cosa,S,,,
1 _234a5C234 —C,— ase2 coso,

_91 cosel[Ls €0s3,C,,, +L.Sind, cosa,S,,, + ] L
a,C,, +a,C; +a,c080, +a,;
5o | ~L;234¢0s3,S,,, +234L,5in 5, cos 0, Coyy + ...
“2=|sing,| . ° * o .
-234a.S,,, —a,23-S,, —a,0,sIn0,

(Lysind,sina, +d;)0,sin 6,

oo —L.234c088,S,,, + L 234sin§, cosa,C,y, — ...
° |ag234s,, —a4(92 +é3)823 —a,0,sino,

5o _ L.234c0s3,C,,, +L.234sin5,c0s0,S,q + ...
° |a,234c,, +a,23C,, +a,0,cos0,

Trong do:

Cpyy =€0S(0, +6,+6,):S,, =sin(6, + 6, +6,);C,y, =C0s(0, +6,);S,, =sin(0, +6,)
234=0,+6,+6,; 23=0,+0,
oT, 1

5 =M {2KTPKE® 4+ 2K5 K + 2KE K
3

+%.é)lzsin(262 +20,+20,)(J, -J,)

) —0,sin0, (-L,c0s8,S,s, + L,Sin8,€050,Cpy —,S,, —:S,;)

K = " N "
" | +c0s0,(-L,234c088,Cy, — 234L,5in8, COS01,S 5, — 2348,Cp, — C o



0,056, (—L, c088,S,, +L,SiN3, c050,Cpyy —2,S,5 —8:S,5) + ...

KE® =
: [sin 0,(-L,234¢055,C,, — 234L ,5in5, COs 1, S,;, — 234a,C,;, — Cy )

}

[—L4 234¢0s3,S,,, +L,234sin3, cosa,C,,, —a,234S,,, — a323823]

5-3
I<5

5-3
K 6
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a,C,, +a,C,;+a,c0s0, +a,

~L,234¢0s3,S,,, +234L,sin 8, cosa,C,q; + ...

COS . .. .
1(2346148234 ~a,23-5,,—a,0,sin0,

(L,sing,sina, +d,)0,coso, + X

6, c0s6, (

L,cos5,C,,, +L,sind,cosa,S,,, +...)+

a,C,;, +a,C; +a,c0s0, +a,

Sino {—L4234c05648234 +234L,sin 8, cosa,C,y, +
'\ -234a,S,,, —a,23-S,,—a,0,5in0,

(L,sing,sina, +d,)0,sin6,

L L, c0s3,C.., +L,sind,cosa,S,., +...
elsln 1[ 4 4234 4 4 4%~234 +..

}

|

| L,234¢055,C,y, +L,2345iN3,C0501,S 5, +2,234C,, +2,23C,, |
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Phu lyc 4.2 Chuong trinh tinhn trén phin mén Matlap
I. Chwong trinh tinh dong hoc
format long
clc;
clear all;
%% Nhap cac thong so dau vao
% don vi do dai la m, goc la radian
17=389/1000;
v=0.1;% m/s
deltal=0.41;
tmax=deltal/v;
dt=20;
t=0:tmax/dt:tmax;
Xo001l=0.1255;
Yoo0l=0.78;
010=sqgrt (Xool"2+Yo0l1l"2) ;
OlB=17;
O01A=01B;
10=0.78;
101=10+0.2;
alphal=pi/3;
BC=1.05;0.9645;
01C=1.28;
AB=0.389;
AC=1.338;
CD=0.77/1.5;
CE=0.97;
h0=0.25;
for i=1l:length (t)
OB (1)=10+v*t (1) ;
x00 (1)=0*t (1) ;
%% toa do diem B
a(i)=acos ((010"2+0B (1) "2-01B"2)/ (2*010*0OB(1))) ;
al(i)=acos(Yool/01l0);
phil(i)=(a(i)+al(i))
xB(1)=x00(1i)+0B (i) *sin(phil (i));
yB (1) =h0+OB (i) *cos (phil (i)) ;
rB(i)=sgrt (xB (i) "2+yB(i)"2);
%% toa do diem A
if (yB(i))<=(Yool+h0)
c(i)=abs (atan(((yB(i)-h0-Yool))/ ((xB(i)-Xool-
x00(1)))))
beta(i)=(c(i)+alphal/2);
else
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c(i)=abs (atan (((xB(i)-Xo00l-x00(1)))/ ((yB(i)-h0-

)
Yool)))):
beta(i)=(c(i)-alphal);
end
xA (1)=x00 (i) +Xo0l+01lA*sin (beta (i));
vA (1) =h0+Yool+OlA*cos (beta (i) ) ;

rA(i)=sgrt (xA(i)"2+yA(i)"*2);

%% toa do diem C

alpha7=atan ( (O1B"24+01C"2-BC"2)/ (2*01B*0Q1C)) ;

if (yB(i))<=(Yool+hO0)

c(i)=abs (atan(((yB(i)-h0-Yool))/ ((xB(i)-Xool-
x00(1)))))s

beta(i)=(c(i)+alphal/2);

gammal (i)=pi/2-c (i) -alpha’;

else

c(i)=abs (atan (((xB(i)-Xo00l-x00(1i)))/ ((yB(i)-h0-
Yool))));

beta(i)=(c (i) -alphal);

gammal (i) =pi-c (i) -alpha’;

end
xC(1)=x00 (1) +X00l+01C*sin (gammal (1)) ;
yC (1)=Yoo0l-01C*cos (gammal (i) )+h0/1.5;
rC(i)=sgrt (xC(i)"2+yC(i)"*2);
%% toa do diem D
beta2 (1) =acos ( (BC"24+01C*2-01B"*2)/ (2*BC*01C)) ;
beta3 (i) =acos ( (BC"2+AC"2-AB"2)/ (2*BC*AC)) ;
betal (1) =pi/2-gammal (i) ;
AD(1i)=101+v*t (1) ;
betad (1) =acos ( (AC"2+CD"2-AD

(1)"2)/ (2*AC*CD) ) ;
betab (i) =pi-betal (i) -beta2 (i) -

) 7

) ;

beta3 (i) -betad (i) ;
xD(1)=xC (i) +CD*cos (betab (1)
yD(i)=yC (i) +CD*sin (betab (i)
rD(i)=sgrt (xD (i) "2+yD(i)"2)

%% toa do diem E

xE (1) =xC (1) +CE*cos (betab(i)-50*pi/180) ;
vE (1) =yC (i) +CE*sin (beta5 (i) -50*pi/180) ;
CF1=0.970;

xE1 (1)=xC (i) +CFl*cos (beta5(i)-9*pi/180) ;
yELl (1)=yC(i)+CFl*sin (beta5(1i)-9*pi/180) ;
%% graphic 2D

figure (1)

hold on

plot ([x00(1i),xB(1)], [hO,yB(1)]);
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plot([Xool+xOO(1),xA( )1, [Yool+hO,yA(i)]);
plot ([xB (1), (1)],[y (1), yC(')]);
plot ([xE1 (1 ) C(i)], [yE1 (1 ) C(i)1)~
plot ([xE (1), (1)],[y (1), ( ) 1)
plot ([xA (1), XEl(l)],[ A(1), yEl(l)])
end

o\

% do thi tuong ung

o\°

o\

o
o

o\

o\

figure (3)

plot (yB,phil*180/pi, '-*"', 'LineWidth',1.5)

hold on

grid on

set (gca, ...
'Units', 'normalized',
'Position', [0.15 0.2 .7 .7571,...
'FontUnits', 'points'
'FontWeight', 'bold',
'FontSize', 14,
'"FontName', 'Times"')

o® o® o© o© o© o© o° o o° o

o\

xlabel ('Thoi gian({”o})', 'Fontsize
FontName', 'times') ;

- o0

% ylabel ('Goc quay cua gau ({"0o}) "', "Fontsize'
)

FontName', 'times');

IL. Twong tic giu xiic va nén
clear all
clc
[eNe]

%% nhap so lieu vao
=[1 2 3 4];

gamma=[ 2 2 1.3 1.6]*0.1; % khoi luong rieng vat lieu

for dem=1:1length (KK) ;
if dem==
phil=30*pi/180; % cat
kcl=[6.5 10 14.8 18.3 21.2 25.3 29.6
40.41*1e3; % cat kho
kM3=1; % soi hat nho
elseif dem==
phil=30*pi/180; % soi
kM3=1.05; % soi hat nho
kcl=[7.5 12 15.5 19.5 23.1 27.3 31.8
43.7]1*1e3 ;% soi hat nho
elseif dem==
phil=38*pi/180; % than da

'114/

1141

34.

37.
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kM3=1.05; % soi hat nho
kcl=[4 6 8.8 11.2 13.4 16 18.3 20.5 24.7]1*1e3

% than da
else

kM3=1.12; % soi hat nho

phil=44*pi/180; %
kcl=[8.1 13 17.5

da dam
21.5 26.5 30.4

50.2]*1e3; % da dam hat nho

end

c=500; %N/m(Pa)

g=9.81; % gia toc roi tu do

o

% cac ham noi suy
kM1=1.1; % da dam hat nho

kM2= 1.05; % soi hat nhp
kM4=1,; % cat kho
IB=[0.2:0.2:1.9];

¢}

phid=pi/6; % cat

o o©

o°

phi3=phi4;
phil=44*pi/180; % da dam
B=1.2; % chieu rong gau
alpha=pi/4;

% ham cua kc

% kcl=[8.1 13 17.5 21.5 26
da dam hat nho

% kc2=[4 6 8.8 11.2 13.4
than da

% kc3=[7.5 12 15.5 19.5 23
soi hat nho

% kcd=[6.5 10 14.8 18.3 21
cat kho
1bl1=0.2:0.3/10:1.2;
kc=interpl (LB, kcl,Lbl) ;
n=length (kc) ;

for i=l:n

%% cong thuc tinh
phi=phil;

kM=kM3;

RB (dem, 1) =kc (i) "2*B*kM;

o\

phi2=38*pi/180; % than da

.5 30.4 36.7 42.5

16 18.3 20.5 24.

.1 27.3 31.8 37.3

.2 25.3 29.6 34.5

36.7 42.

50.21*1e3;
7]*1e3 ;
43.7]1*1le3

40.4]1*1e3;

BC(i)=Lbl (i) *sin(alpha)/sin(pi/4-alpha+phi/2);
kl=sin (alpha)/sin(pi/4-alpha+phi/2) ;
F1(1i)=(B+kl1l*Lbl (i)*tan(pi/4-phi/2))*BC(i);

.
14

.
14

o°

o\°

o\°

o\
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k=1/(cos(pi/4-phi/2)-sin(pi/4-phi/2) *tan (phi));

Pl (dem, 1)=c*F1 (i) *k;

F2 (i) =Lbl (1) *BC (i) *sin (pi/4+phi/2) /2

P2 (dem, 1)=2*k*c*F2 (1) ;

m(dem, 1)=F2 (i) *cos (pi/4-phi/2) * (B+2/3*BC (i) *sin (pi/4-
phi/2))

Gm(dem, 1) =F2 (i) *cos (pi/4-phi/2) * (B+2/3*BC (1) *sin (pi/4-
phi/2)) *gamma (dem) *g;

end

end

[e)

%% cac ham ve
% Luc can RB phu thuoc chieu sau an LB
figure (1)
hold on
grid on
% plot (Lbl,RB( )/20e3, '-+k', 'LineWidth', 2) ;
% plot (Lbl,RB( )/20e3,'--r', 'LineWidth',2.5)
plot (Lbl,RB (3, : )/(1e3*18421),’—*k','LineWidth',2)
plot (Lbl1,RB(4,:)/ (1e3*18421*1.8421),"'--
r', 'LineWidth',2.5)
x1lim([0.2 1.17);
set(gca, ...

'Units', 'normalized',

'Position', [0.15 0.2 .7 .75], ...

'FontUnits', 'points'

'FontWeight', 'bold"',

'FontSize', 14,

'FontName', 'Times"')
xlabel ('L {AG} (m)','Fontsize',14, 'FontName', 'times');
ylabel ('F {ctx} (kN) ', '"Fontsize', 14,
'FontName', "times') ;
% title('Luc can qua trinh an gau xuc vao dong vat
lieu', 'Fontsize',12, 'FontName',6 'times');

legend ('Than da', 'DNM', 'Fontsize', 16,
'FontName', "times')
box

% Cac luc can P1l,P2 theo LB

figure (2)

hold on

grid on

% plot(Lbl,P1(1,:)/1.0e3,'-+k', 'LineWidth',2)

% plot(Lbl,P1(2,:)/1.0e3,"'--r', 'LineWidth',2.5)
plot (Lbl,P1 (3 )/1 0e3, —*k','LineWidth',Z)
plot (Lbl,P1(4,:)/1.0e3,"'-r', 'LinewWidth',2.5)
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x1lim([0.2 1.17);
% plot(Lbl,P2/1e3,'--", 'LineWidth"', 2)
set (gca, ...

'Units', "'normalized', ...

'Position', [0.15 0.2 .7 .7571,...

'FontUnits', 'points', ...

'FontWeight', 'bold', ...

'FontSize', 14,

'FontName', '"Times')
xlabel ('L {AG} (m)','Fontsize',14, 'FontName', 'times');
ylabel ('F {cty} (kN)', 'Fontsize',14, 'FontName', 'times');
% title ('Luc can P 1, P 2 theo chieu sau an
, 'Fontsize',14, 'FontName',6 'times');
legend ('Than da', 'DNM', 'Fontsize', 16,
'FontName', "times')
box

fell

figure (3)
hold on
grid on
% plot(Lbl,P2(1,:)/1.0e3,"'-+k', 'LineWidth',2)
% plot(Lbl,P2(2,:)/1.0e3,"'--r', 'LineWidth',2)
plot (Lbl,P2(3,:)/1.0e3,'-*k', 'LinewWidth', 2)
plot (Lbl,P2(4,:)/1.0e3,"'-r', 'LineWidth', 2)
x1lim([0.2 1.17);
% plot (Lbl,P2/1e3,'--", 'LineWidth"', 2)
set(gca, ...
'Units', "'normalized', ...
'Position', [0.15 0.2 .7 .7571,...
'FontUnits', 'points', ...
'FontWeight', 'bold', ...
'FontSize', 14,
'FontName', 'Times"')
xlabel ('L {AG} (m)','Fontsize',14, 'FontName',6 'times');
ylabel ('F {cb} (kN)', 'Fontsize',14, 'FontName',6 'times');

$ title('Luc can P 1, P 2 theo chieu sau an
', 'Fontsize',14, 'FontName',6 'times');

legend ('Than da','DNM', 'Fontsize', 16,
'FontName', "times')

box

% Do thi VM vao chieu sau an LB
figure (4)

hold on

grid on
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% plot (Lbl,Vm(l,:),'"'-+k', 'LineWidth', 2)

% plot(Lbl,Vm(2,:),'--r','LineWidth',2.5)
plot (Lbl,Vm(3,:),"'-*k"', 'LineWidth', 2)
plot (Lbl,Vm(4,:),"'-r', 'LineWidth', 2)

x1lim([0.2 1.17);
set (gca, ...

'Units', 'normalized', ...

'Position', [0.15 0.2 .7 .75],...

'FontUnits', 'points', ...

'FontWeight', 'bold', ...

'FontSize',12,

'FontName', 'Times"')
xlabel ('L {AG} (m)', 'Fontsize',12, 'FontName', 'times');
ylabel ('V.M (m*3)', 'Fontsize',12, 'FontName',6 'times');
2 title ('The tich vat lieu dich chuyen vV M
, 'Fontsize',12, 'FontName',6 'times');

o\

legend ('Than da', 'DNM', '"Fontsize', 16,
'FontName', 'times')
box

% Do thi khoi luong dich chuyen Gm theo LB
figure (5)
hold on
grid on
% plot(Lbl,Gm(1l,:)*10,"'-+k', 'LineWidth',2)
% plot (Lbl,Gm(2,:)*10,"'--r', 'LineWidth',2.5)
plot (Lbl,Gm(3,:)*10,'-*k', 'LineWidth', 2)
plot (Lbl,Gm(4,:)*10,"'-r', 'LineWidth',2.5)
x1im([0.2 1.1]);
set(gca, ...
'Units', "'normalized', ...
'Position', [0.15 0.2 .7 .75], ...
'FontUnits', 'points', ...
'FontWeight', 'bold', ...
'FontSize', 14,
'FontName', 'Times')
xlabel ('L B(m)', 'Fontsize',14, 'FontName', 'times');
ylabel ('G M (kN)', 'Fontsize',14, 'FontName', 'times');

% title ('Khoil luong vat lieu dich chuyen
G M','Fontsize',14, 'FontName', 'times');
legend ('Than da', 'DNM', 'Fontsize', 10,

'FontName', "times')
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I11. Pong hoc nguwoc
clc, clear all,
close all

% lua chon kk=1/2/3/4, de ve lan luot cac do thi dich
chuyen/vantoc/giatoc/sai so

kk=2;

% lua chon kk=1/2/3/4, de ve lan luot cac do thi dich
chuyen/vantoc/giatoc/sai so

swidth=8; high=7.5; %figure 1

width=15; high=7;

xSize = width; ySize = high; %Real size of figure
xLeft = (21-xSize)/2; yTop = (30-ySize)/2;

set (gcf, 'PaperUnits', 'centimeters')

set (gcf, 'PaperPosition', [xLeft yTop xSize ySizel])
set (gcf, '"Position', [100 100 xSize*50 ySize*50])

for j=1
N=1000; T=10; al=4.015;a2=1.28;a3=0.54;1.450;t=0;
ql=0; gq2=2*pi-pi/6; g3=2*pi-pi/6;
a=[0.0318*tan(67*pi/180) 0.175];
for i=1:N
a=[ql g2 g3]"';
sl=sin(gl) ;sl2=sin(gl+g2);s123=sin (gl+g2+g3);
cl=cos(gl);cl2=cos (gl+g2);cl23=cos (gl+g2+g3) ;
s2=sin(g2);s23=sin (g2+g3) ;
c2=cos (g2) ;c23=cos (g2+g3) ;
if <2
xc=a(j,:)"';
else
% x1(1)=7.3965-
1.5+1.5*%cos (£t*30/3.14);y1(1i)=0.9092+1.5*sin(t*30/3.14);
xdc= 0.35*pi/T*sin (pi/T*t);ydc=0.35*pi/T*cos (pi/T*t);
xc=[xdc ydc]';

o\
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end
% J=[(-al*sl-a2*sl2-a3*sl123) (-a2*sl2-a3*sl1l23) (-
a3*sl23);
% (al*cl+a2*cl2+a3*cl23) (a2*cl2+a3*cl23)
(a3*cl23) ];

J=[1 - (-a2*s2-a3*s23) -(-a3*s23);

0 ( a2*c2+a3*c23) -(a3*c23)];
Jcong=Jd'* (J*J"')"-1;
gc=Jcong*xc;
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Jcham=[ (1) *gc(1,1) (-—a2*c2-a3*c23) *qgc(2,1) - (-
a3*c23) *qgc(3,1) ;
(0) *gc(1,1) (a2*s2+a3*s23) *qc (2,1)

(a3*s23)*qc(3,1) 17
Jcongcham= (Jcham'-Jcong* (Jcham*J'+J*Jcham') ) * (J*J"') "-
1;
g=g+Jcong*xc* (T/N) ;
gcc=Jcongcham*xc;
t=t+T/N;
al=aq(l,1); g2=9(2,1); 93=q(3,1);
deqgl (1) =qg(1,1);dcg2(i)=9(2,1);dcg3(1)=q(3,1);
vtql (i)=gc(1l,1);vtg2(i)=qc(2,1);vtg3(i)=9c(3,1);
gtqgl (i)=qgcc(1,1) ;gtg2 (i) =qgcc(2,1);gtg3(i)=gcc(3,1);
tt (1) =t;
xd (i)=gl+a2*c2+a3*c23;
yd (1)=0.2 +a2*s2+a3*s23;
xx=0;
yy=0;
$ 1f <4
% x1(1)=5.689505462104990+a(3,1) *t;
$ y1(i)=1.294108461891543+a(3,2)*t;
% else
$ x1(1)=5.689505462104990-0.35+0.35*cos (t*pi/T) ;
% yv1(1)=1.2941084618915434+0.35*sin(t*pi/T) ;
% end
if <2
x1(1)=xxt+ta(j,1)
yl(1i)=yy+ta(j,2)
else
hs=5.2;
hsl=1;
x1 (1) =xx+hsl*sin (48.3*pi*t/T/180);
vyl (i)=hs-hs*cos (48.3*pi*t/T/180) ;
end
end

*t"r2;
*t"r2;

color=[1 0 O; O 0; 001, 1 0 01;

line={'->"' '=<' '——=' '_v}.width=[1.5 1 2 2];
Y========================CHUYEN
DICH============———c=c——=-

if kk==

subplot(1,3,1);plot(tt,dcgl/1,1ine{j}, '"MarkerIndices"',1:
50:1ength(dcgl), 'color',color(j, :), 'LineWidth',width (3j))

’
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xlabel ('t (s)', 'fontsize',14);
grid on
ylabel ('Sx
(m)$', 'InterPreter', 'Latex"', 'fontsize',14) ;hold on;
x1im ([0 T]);
subplot(1,3,2);plot(tt, (2*pi-
dcg?),1line{3j}, 'MarkerIndices',1:50:1ength(dcgl), 'color',
color (j,:),'LineWidth',width(j))
xlabel ('t (s)','fontsize',16);ylabel ('\theta 2
(rad) ') ;hold on;
x1lim ([0 T]) ;
grid on
subplot (1,3,3);

plot (tt, (2*pi-

dcg3),line{]j}, 'color',color(j,:), '"MarkerIndices',1:50:1e
ngth (dcg3), 'LineWidth',width (7)) ;
xlabel ('t (s)','fontsize',16);ylabel ('\theta 3
(rad) ') ;hold on;
x1lim ([0 T]);

grid on

elseif kk==

subplot(1,3,1);plot(tt,vtgl,line{j}, 'color',color(j,:),"
MarkerIndices',1:50:1length(dcgl), 'LineWidth',width(3))
xlabel ('t (s)', 'fontsize',16);

ylabel ('$S\dot{x}~(m/s)S$', 'InterPreter', 'Latex', 'fontsize
',14);
x1lim ([0 T]);

subplot(1,3,2);plot(tt,vtg2,1line{j}, 'color',color(j,:),"
MarkerIndices',1:50:1length(dcgl), 'LineWidth',width(3j))
xlabel ('t (s)', 'fontsize',16);

ylabel ('$\dot{\theta 2}~(rad/s)$', 'InterPreter', 'Latex’',
'fontsize',106);
hold on; x1im ([0 T]);
grid on

subplot(1,3,3);
plot (tt,vtg3,line{]j}, 'color',color(j,:), '"MarkerIndices',
1:50:1ength(dcgl), 'LineWidth',width(3));
xlabel ('t (s)', 'fontsize',16);

ylabel ('$\dot{\theta 3}~(rad/s)$', 'InterPreter', 'Latex’',
'fontsize',106);
hold on;
grid on
x1lim ([0 T]);
elseif kk==
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subplot(1,3,1);plot(tt,gtgl,line{]j}, 'color',color(j,:),"

MarkerIndices',1:50:1ength(dcgl), 'LineWidth',width (Jj));

xlabel ('t (s)', 'fontsize',106);

ylabel ('$\ddot{x}~(m/s"2)S$"', '"InterPreter', 'Latex"', 'fonts

ize',14);

hold on;

grid on

x1lim ([0 TJ);

subplot(1,3,2);plot(tt,gtg2,line{]j}, 'color',color(j,:),"

MarkerIndices',1:50:1ength(dcgl), 'LineWidth',width(j))

xlabel ('t (s)', 'fontsize',16);

ylabel ('$\ddot{\theta 2}~ (rad/s"2)$', 'InterPreter', 'Late

x','"fontsize',16);

hold on;

grid on

x1lim ([0 T]);

subplot(1l,3,3);

plot (tt,gtg3,1line{j}, 'color',color(j,:), '"MarkerIndices',

1:50:1ength(dcgl), 'LineWidth',width(j) ),

xlabel ('t (s)', '"fontsize',16);

ylabel ('$\ddot{\theta 3}~(rad/s"2)$', 'InterPreter', 'Late

x','fontsize',16);

hold on;

grid on

x1lim ([0 T]);

elseif kk==

subplot(1l,2,1);semilogy(tt,abs ((x1-

xd))./xd/1e3,1ine{j}, 'color',color(j,:), '"MarkerIndices"',

1:50:1ength(dcgl), 'LineWidth',width(j) ),

xlabel ('t (s)', 'Interpreter', 'latex',6 'fontsize',16);

ylabel ('$\frac{|x"c_{E}-x_{E} |} {Ix_{E}I}$', ...
'Interpreter', 'latex',6 'fontsize',16);

hold on; xl1im ([0 T]);

grid on



