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Tém tit

May cit ¢co tur hanh gdm cum co ciu cit ¢ lap trén may co so tu hanh phu hop dé cat co hai ben duong quoc
16 va duong cao téc. Cum 16 to 12 bd phan quan trong clia cum co cAu cit o, trén cum 16 to ¢6 gén céac ludi cit
dé thuc hién cét co khi o to quay. bé qua trinh cit co dat hiéu qua cao, cac thong s6 ctia cum 1o to phai dugc
xem xét va danh gid cy thé. Mdi lién hé giira cac thong sé dwoc chi ra nhu mdi lién hé gitra toc do quay ludi cat
va chiéu cao nhip nhé c6 cao nhét theo toc do di chuyén ctia may co so; mdi lién hé gitra dwong kinh va tée do
quay ciia 16 to theo toc do dai ludi cat yéu cau. Thong qua khao sat va phan tich, cac thong sb chinh ciia cum 1o
to dugc lua chon. Tir do, co s khoa hoc xac dinh hop 1y cac thong $6 cua cum rd to dugc xay dung dé phu hop
vOi may co sd, day 1a tién dé cho viéc thiét ké va ché tao cum co cu cit co lép trén may cét co tw hanh phuc vu
cit co dat hiéu qua cao.

Tir khod: méy cit ¢ tu hanh; co ciu cit co; 1o to cit co; thong sb hop 1y; bb tri ludi cit co.

RESEARCH ON SELECTING PARAMETERS OF GRASS CUTTING ROTORS ON SELF-PROPELLED
LAWN MOWERS

Abstract

Self-propelled lawn mower, consisting of a grass cutting mechanism assembly mounted on a self-propelled base
machine, is suitable for cutting grass on both sides of national highways and expressways. The rotor assembly is
an important part of the grass cutting mechanism assembly, on which the cutting blades is mounted to cut grass
when the rotor rotates. In order to achieve high efficiency in the grass cutting process, the parameters of the
rotor assembly must be specifically considered and evaluated. The relationship between the parameters is shown
such as: the relationship between the blade rotation speed and the highest grass undulation height according to
the moving speed of the base machine; the relationship between the diameter and the rotation speed of the rotor
according to the required blade length speed. The basic parameters of the rotor assembly are selected basing
on the survey analysis. From there, the scientific basis for reasonably determining the parameters of the rotor
assembly is built to coincide the base machine, which is the premise for designing and manufacturing the grass
cutting mechanism assembly mounted on a self-propelled lawn mower to serve high efficiency in grass cutting.

Keywords: self-propelled lawn mower; grass cutting mechanism; lawn mower rotor; reasonable parameters;
lawn mower blade arrangement.
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1. Giéi thiéu

Cung véi su phat trién cua xa hoi, hé thong dudng bo nédi chung va dudng cao tde noi riéng & Viét
Nam ciing nhu trén thé gidi duoc xay dung ngay cang nhiéu va hién dai. Ngoai viéc quan tim dén
chat lugng ctia cong trinh thi qua trinh bao dudng, duy tu trong d6 ¢ cong tac cat co phan 18 dudng
duoc thyc hién thuong xuyén va dinh ky nham cai thién tim nhin cia ngudi tham gia giao thong, cai
thién méi truong va lam dep my quan d6 thi & cac tuyén duong giao thong chinh 13 viéc 1am can thiét
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dé nang cao canh quan d6 thi. Hién nay cong tic cat co ¢ nudc ta thuong dugc thuc hién thu cong
hodc dung cac may cit c6 cAm tay ¢ ning sudt thap, ton nhan cong, bé mit co cit xong khong bang
phang va diéu kién lam Vlec kho6 dam bao an toan cho nguoi lao dong. Vi vay viéc nghién cuu phat
trién may cit co ty hanh 1a can thiét. Viéc cit va don co hoan toan duoc thyuc hién bai mot nguoi didu
khién may cho ning suét cao, an toan, tiét kiém nhan lyc va kinh phi.

May cét co ndi chung duoc cac nha khoa hoc trén thé giGi nghién ctru va phat trién vé nhiéu mat
nhu két cAu may va bo phén cit, phuong 4n dan dong, cach thirc cit co, ... nhim muc dich ting ning
suat va hiéu qua lam viéc. May cit co cam tay dugc thiét ké nham tang ning suit va tiét kiém ning
luong [1] Anh huéng cua van toc cit dén qua trinh cit n6i chung da du0’c chi ra [2]. Khi van tdc cit
thay dbi trong khoang tir 1,8 dén 5,2 m/s thi lyc cat va nang luong yéu cau bi anh huong khong dang
ké; Kha ning chdng cit ctia cdy non thap hon dang ké so véi cay gia, nang luong cit cu thé ciing tang
theo duong kinh than cay [3]; Cac nghién ciru trong phong thi nghiém vé hiéu qua cat quay khi cat
cac than co don 1€ va cac bo c¢o duoc thuc hién [4]. Hiéu qua cta viéc kep than c¢6 da duoc nghién clru
d6i voi ca hai loai don 1é va bé. Str dung cac tim ké ludi cat ddn dén tdc d6 cit toi han thap hon so
v6i cach cit tic dong thong thuong khi cit cac than cdy don 1é. Tdc d6 cét can thiét khi quay ludi cat
da giam xudng dudi 35 m/s bang cach ting chiéu dai dé cit. Cac nguyén tic lién quan dén viéc cit
thuc vat va anh hudng cua hinh dang dao may cat déi voi viée cat duge xem xét [5]. Nghién ctu da
két hop nhitng wu diém chinh ctia may cit quay va may cat kéo v6i muc dich chinh 1a giam yéu cau
nang lugng cit; Mot thiét bi thir nghiém voi bd phan cit co ¢ truc quay thang dimg dung dé cat co
cao di duoc xdy dung dé cit tbe d6 cao [6]. Két qua thir nghiém dugc so sanh v6i két qua ly thuyét da
chi ra rang ché do lam viéc clia may cit quay phai c6 kha nang thay ddi va diéu chinh téc do sé& dem
lai hiéu qua cit tot nhat.

Nghién ctru vé may xdi 1o to c6 cong dung cit co duoc thyc hién [7]. Qua trinh cit duoc nghién
ctru trong phong thi nghiém dé xac dinh yéu cau nang luong khi cit co. Khi tde do cét tang tir 10 m/s
1én 25 m/s thi nang lugng can thiét giam khoang 58%. Kha niang cit hidu qua & toc do cit trén 20 m/s.
Goc cong ctia dao khong anh huéng nhiéu dén ning luong cat; Nang 1u'0ng yéu cau cét co bang luoi
cit gdn trén rd to ting khi toc do 6 to tang [3]. Nghlen ctru cling chi ra ring nang luong yeu cau cit
c6 giam khi toc do 1o to khong ddi va téc do ludi cit ting 1én; Piac tinh may cat quay dbi voi cay
bong duoc nghién ctru [3]. Bai béo chi ra van toc dai ludi cat, ning lugng va cham, diém cit va luc
cit trong phong thi nghiém va trén thuc dia. Luc can cét riéng cta ludi dao tir 24+29 N/em. Vén tdc
dau ludi cit toi da 47+51,9 m/s va tbi thiéu 33,6+36,5 m/s; Cong sudt dong co phai 16n hon it nhét
25% so v6i cong sudt ma méy cat yéu cau dé khic phuc nhitng thay doi vé toc d6 cit, mat do co va
diéu kién dia hinh [8]; Nghién ciru trong truong hop cét co dai, ludi cit quay trong mat phang dang
va cit song song voi huong may di chuyén [3]. May cit duoc ¢6 nho tée do cao va chu yeu dua vao
lwc quan tinh dé cung cép luc cét cho qua trinh cét. Hiéu qua cia may cit co trong cac diéu kién cét
¢6 khac nhau duoc chi ra nhu cudng do co, chiéu cao va toc do cat c6 29,2 m/s; Tinh chat vat 1y cta
cac soi o ciing duoc nghién ctru dé xac dinh kha ning 1am dut soi cé [9]; Phuong phap diéu chinh
tbc d6 di chuyén ctuia may co sé dé phu hop véi ting diéu kién 1am viéc da dwoc chi ra [10].

O Viét Nam hién nay chi c6 mot sb nghién ciru vé may cit co ¢& nho cam tay hodc mang vai,
chwa c6 tai liéu vé may cit co ty hanh. Tuy nhién, c6 mot vai nghién ctru vé may phuc vu néng nghiép
c6 dac diém lam viéc cua bo phan cét twong tu nhirng nghién ctru trén thé giéi nhu nghién ciru thiét
Kké, ché tao may thai co lam thirc an cho chan nuéi h¢ gia dinh [11] co tdc d6 dai ludi cit lya chon 1a
35 m/s.

N6i chung da c6 nhiéu nghién ciru v& may cét co, nhung nghién ctru Iya chon hop 1y cac thong
sb cia cum 1o to cét co trén may cit co tu hanh chua dugce xem xét cu thé dé nang cao hi€u qua lam
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viéc ciia may phuc vu cit co hai bén dudng quéc 16 cho nang suit cao, an toan, tiét kiém nhan luc va
kinh phi. Bai bao nay dé xuét cum 1o to cat cd va cach bd tri ludi cit, cac bude tinh toan lua chon cac
thong s6 cum 10 to cit ¢6 nhu duong kinh 16 to, bé rong ludi cét, tbe do rd to, toc dd may co so khi
cit co, luc can cét ... dé dem lai hiéu qua cit ¢6 cao cua may cit ¢o tu hanh.
2. May cit cé tw hanh va két cAu cum co ciu cit co

CAu tao cua may cit ¢o tu hanh dugce chia lam 2 phzlfm chinh 1a may co sé va cum co cAu cit co
(Hinh 1). My co s thuong 1a may kéo banh 16p dé phu hop voi ning suit va tée do di chuyén theo
yéu ciu dé ra. Ngay nay may kéo dan dong thiy luc duge sir dung phd bién, dap ing dwoc nhu cau
dan dong cum rd to. May kéo 1a loai may phtrc tap gdm nhiéu co cau, hé thdng khac nhau, ¢6 tac dong
13n nhau. CAu triic va phan b nhitng co cau va hé thdng nay c6 thé khac nhau, nhung vé nguyén tic
cAu tao va nguyén ly lam viéc cua ching giéng nhau.

1- May co s0; 2- Can; 3- Cum co céu cét co; 4- Xy lanh diéu khién 10 to; 5- Xy lanh tay can;
6- Xy lanh didu khién cin; 7- Khung truot; 8- Xy lanh quay cin

Hinh 1. May cit co ty hanh

Cum co céu cat ¢o sd 3 duoge lién két voi may
co s& qua can s6 2 va khung truot s6 7. Can lién
két co tac dun g chiu lyc cling nhu dinh huéng duoc
cac hudng cit ctia cum co ciu cat co thong qua cac
xy lanh s6 5 va 6. Xy lanh s 4 dé diéu chinh goc
nghiéng cta cum co cdu cit ¢6 3 khi can cét trén
maéi ddc. Can c6 thé dich chuyén ngang trén khung
trugt 7 dé ting tAm véi lam viéc va d& dang xép
gon cum co cau cat ¢ khi khong 1am viéc. Can
lién két thuong duge chia lam 3 phan véi muc dich
gitip cho tay can vuon dugc ra xa may va dé dang
diéu khién thay d6i khoang cach 1am viéc ¢ xa hodc
gin, phia truéc hodc canh may. Tiy vao loai may, 1- B9 truyén; 2- Dong co; 3- Cum lién két voi tay cin; 4- Vo
tay can c6 thé vuon ra xa tir 5 dén 7 m so véi thm bao ngoai; 5- Con lin dan huéng; 6- Cym 16 to; 7- Ludi ct;

- , A .7 8- Tam thanh bén; 9- Tam chan trudce
may va chiéu rong vét cat tir 1 deén 1,3 m. Véi cau
tao nhu trén may cat co ty hanh c6 thé thuc hién
don co ¢ toan by mat bﬁng (ké ca mai déc).

Hinh 2. Cum co cau cat co
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Két cdu bén trong cum co cau cat c6 (Hinh 2) duge tdi wu gitp cho sd ludi cat trén 16 to chi can
bd tri it nhung phan c6 duoc cit 1a tdi da. Cum 16 to bao gdm truc 6 to lién két véi cac ludi cat. Cac
ludi cit sir dung vat liéu chdng mai mon va c6 thé thay thé duoc. Mot con lin duge bb tri & phia sau
gitip may xac dinh mit bang cit c6. TAm chén trudce 9 co tic dung bao vé ving phia trude khong bi
vat ctmg bin ra va gioi han chiéu cao cit ¢ (co cao s& bi ép xubng dén do cao theo yéu cau cit va qua
trinh cat gidng cat co thip).

Méy cit c6 thudng ¢ hai chuyén dong chinh 1a chuyén dong di chuyén may co so va chuyén dong
quay cum r6 to, ca hai chuyén dong nay thuong duoc din dong boi dong co chinh cia may co so.
Pong co trén cum co ciu cit tao ra chuyén dong quay cho rd to. Trén rd to co gin cac ludi cit va cac
ludi cit nay quay theo 1o to c6 tac dung cit cay co. Cum co cdu c6 thé thay d6i vi tri linh hoat trong
ving 1am viéc do ¢6 cac xy lanh thuy lyc gén trén cac doan can va 16 to dé thay ddi tim voi va quay
vé vi tri 1am viéc theo yéu cau. Nho ¢6 may kéo ma cum cét co c6 thé thay doi trong ving lam viéc
dé cét co trén cac ddc va mat bz"mg kho khan. May cit co ¢6 thé cat dugce tit ca cac loai co tir lau sdy,
¢6i, ¢o san thé thao, khu cim trai, san bay, ...

3. Co s6 Iy thuyét xac dinh cac thong sé co ban ciia cum rd to cit cé

Cac théng sd co ban clia cum 16 to cét co bao gdm dudong kinh va chiéu dai cum 16 to, toc d6 quay
cua 16 to, bé rong ludi cit va sd lugng diy ludi cat.
3.1. Phan tich qud trinh cdt cé

C6 duge cat do ap luc két hop véi toe do cua

ludi cat tac dung 1én than cta nd 1am cau trac than 2@// 1 Vo_

cay bi pha huy, gay bién dang déo cuc bo. Khi ludi 7 \ ) /

cét tién sau vao than cay lam cac soi lién két trong AN @{ S

than cay bi léch di sau d6 bi pha huy khi d¢ cang 2/ \Of/L | *6“// )

vuot qua tri tri cho phép. C6 3 cach tdc dong cta + =

ludi ce"lt~ lam dl:l't than cay cd bao g?)m cit khong ( ‘C¥)/ /ﬁ\ 5

dugc ho tro, cat chén mdt bén va cat ghén 2 bén. 3 iO\ — /

Cum 16 to ce'}t co sfr’ dung phuong 4n cat khong hd \\ ( \ | //g%/

trg doi héi toc do cat cao tir 25+50 m/s nhung khi 4

do 1}IC can Cét riéng glam [12] va thu:O’l’lg dlI'Q'(i gQi 1- Tryc 106 to; 2: Ludi cit; 3- Bé, mat C(’)‘ sau khi cit; 4- Bé dyz‘iy
la cat quén tinh hOéC va dap vi ]uc cat du(_rc ho tro 16p co dugce cat cua mét dao cat; 5- Bé mat co trude khi cat
boi lyc quan tinh cla ludi cat. Hinh 3. So d6 qué trinh cat co ciia cum 16 to

Qué trinh cét c6 ctia cum r6 to duge mé ta nhu
Hinh 3. Cum 16 to s6 1 mang ludi cét s6 2 thuc hién dong thoi hai chuyén dong 1a chuyén dong cing
may co s& v6i van tde vy va chuyén dong quay vai toe do n,,. Khi do, cac ludi cit s& cit dan timng 16p
0 sb 4 theo dd cao co yéu cau. Co duge cét truc tiép trén ludi cat ma khong c6 bo phan chén h tro
nén toc do dai tai dau ludi cit tiép xUc voi co phai du 16n moi cit duoc co. Qua trinh lam viéc tir cit
vudng goc voi than ciy sau d6 dén cét truot nén luc can cit thay doi tir 16n dén nho. Co dugc cac canh
cudn vé phia sau r6 to.
3.2. Xdc dinh két cdu cum ré to cdt cé
a. Lya chon phuong an két cAu cum rd to cit co

C6 hai phuong an bd tri ludi cit bao gdm cum 16 to sir dung xich dé cat va sir dung ludi cat. Cum
16 to st dung xich dé cat chi phut hop véi mot sb trudng hop cu thé nhu cét co dé lam phan bon. Vi
cum 16 to sir dung ludi cit, cac ludi cit lién két véi ro to thong qua khdp. Khi cit co cac ludi cét duoc
giit & vi tri vira da dé cét co nho lyc ly tm va c6 thé tranh chudng ngai vat. Cac ludi cit c6 bién dang
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hinh chi nhat va bo cong, trén mdi vong tron cta rd to phai b tri it nhat mot ludi cat dé khi ro to quay
ct co s& khong bo sot cac cdy co trong pham vi bé rong rd to. Cac ludi cat duge phan bd trén bé mit
16 to theo cac day nam doc theo vo truc rd to. Phuwong an sir dung ludi cit lién két khop vai truc 16 to
hop 1y nhét v6i myc dich chinh 12 cit c6 cac dudng qudc 16, dudng cao tdc. Loai ndy ¢ thé cat dugc
nhitng ciy duong kinh 16n khoang 10-30 mm. Khi lam viéc thi cdy co va dét da chi tac dong 1én ludi
cit nén anh huong dén truc o to khong déng ké va viéc thay thé ludi cat dé dang.

b. Phan tich bd tri ludi cit trén cum 1 to

C6 nhiéu cach bd tri ludi cét trén cum 1o to véi muc dich khi hét mot vong lam viéc ciia cum 16 to
thi co s& duoc cat hét trong ving cum r6 to di qua. Tty vao két cdu cum 16 to, tc do va dudng kinh
16 to ma s& lwa chon phuong an b tri Iudi cit trén chu vi 16 to cho thich hop.

- Phuong an b tri 1ién ludi cét theo chidu doc ciia rd to: Phwong 4n nay c6 uu diém két ciu gon,
kh()ng phai bb tri nhiéu vi tri ludi cat. Nhung n6 c6 nhuge diém phai bé tri it nhat mot cip ludi dao
ddi xtmg qua tAm 16 to dé khi lam viéc Iyc ly tim dugc can bang va khi gap chuong ngai vat thi ca
ludi dao bj anh huong gy tai trong dong 16n din toi mat can bang trong qua trinh cit co. Ngoai ra,
khi lu@i cat hong thi phai thay ca ludi dai khong kinh té. Phuong an nay chi pht hgp véi loai ¢6 chiéu
dai vét cat nho, nang suat thap.

- Phuong an chia mat bao r6 to thanh nhiéu day va mdi vét ¢o cit duge thue hién boi mot ludi cit:
So dd bb tri dao cét trén 16 to ciia phuwong 4n nay duoc khai trién nhu trén Hinh 4(a) véi 1a chiéu dai
10 to cit cd. Cac ludi cit duoc bd tri dang x04n 6c¢ trén bé mit truc o to, mdi day cit thuong co6 tur 1
dén 4 ludi tuy thudc vao chiéu dai r6 to va cac dao duoc bd tri cach déu nhau, mdi vét co cat chi duge
thuc hién bai mot ludi cit. Cac ludi cit phai b tri sao cho luc ly tm do cac luoi sinh ra dugc triét
tiéu trong qua trinh 1am viéc, do d6 sb day ludi cit thudng dugc bé tri 1a chan. Khi 16 to quay cac ludi
cét s& cat duoc hét ¢ ving 16 to di qua nhung phai dam bao khong co ludi cit nao cit co khong hiéu
qua. Cac diy lién tiép nhau ciing phai bd tri cac ludi cit c6 sy tring nhau mot doan dé dam bao ludi
cit sau s& bd tro cho ludi cét trude d6 nham cét toan bd ¢ va khong bé sot ¢é luc lam viée.
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(a) Mai vét cit thuc hién béi mot ludi cit (b) MJi vét cit thue hién boi hai ludi cit

Hinh 4. So' dd khai trién bé tri lui ct trén truc ro to

- Phuong an chia mat bao r6 to thanh nhiéu day va mdi vét co cit duoc thuc hién bai nhiéu hon
mot ludi cat: Trong phuong 4n nay mdi diy thuong cé dén 6 ludi cat duge bd tri cach déu nhau nhu
Hinh 4(b). Trén mdt vét cd can cét duge bd tri nhiéu hon mot ludi cat dé dam bao bé mit co cét sé
phing theo yéu cau, cc ludi cit duge b tri dang xodn dc trén bé mat tryc 16 to va 6 tir hai dudng
xodn dc tro 1én.

100



Diing, C. T. / Tap chi Khoa hoc Cong ngh¢ Xay dung

3.3. Cdc yéu t6 chinh anh hiong dén qud trinh cdt c¢é bang ludi cdt

Theo phén tich qua trinh cét c¢6 ciia cum 16 to thi ban dau co dugc cit hudng tim (vudng goc voi
truc doc cua thin cay) va sau d6 duoc cit truot. Trong d6, qua trinh cit hudng tdm yéu cau luc can cit
16n hon cit ¢6 trugt nén dé don gian hoa, bai toan chi nghién ciru trong trudng hop ludi cit tac dung
hudng tam.
a. Luc can cit riéng

Luc can cit riéng ¢ (N/cm) 14 yéu t6 truc tiép dam bao qué trinh cit dut va lién quan dén cac yéu
t6 khac thude pham vi ludi cit va vat lidu dugce cit. Luc can cit riéng dugc xac dinh theo phuong trinh
(1) [13]. Trong d6 F, 1a tong luc can cat can thiét (N); ABy. 1a tong do dai cac ludi cit tham gia cit c¢o
tai thoi diém xét (cm). Theo vién si V.P. Goriatkin thi khi cit thai khong c6 truot (chit bd), ddi véi co
thi lyc can cat riéng ¢ = 40 + 80 (N/cm). Con khi cét c¢é trugt thi ¢ nho hon va thay d6i phu thudc vao
goc trugt cia dao.

Fe

ABlc

q= (M
b. Cac yéu t6 thudc vé ludi cat

Goc sic dao anh huong dén luc can cat. Goc sic noi chung nho, nhung vi d6 bén cua vat liéu lam
dao c6 han nén goc sac thuong lén hon hoac bang 12°: doi véi may cat co chon goc sac tir 12+15°.
Theo cac y€u cau cua bai toan dat ra lya chon ludi cat c6 dang bua.

Van toc cua ludi cat toi thiéu v, (m/s) khi cat va dap dugc xac dinh theo phuong trinh (2) [14].
Trong d6 d; la duong kinh than cay tai mat phang cat (mm); F 1a luc cat (N); F}, 1a kha nang chong
uon cua goc cay (N); m,, 1a khoi lugng phan cat cua cdy (kg); z¢, la chiéu cao trong tdm phan cay cat
(m) va r, 1a ban kinh quay phan cat ctia cay (m).

F F Z2 0,5
gix by e 2
SlOOOmP[ r @

Ve =

Céc thir nghiém vé viéc cat va cham cua cay trinh nit [14] d4 chi ra rang viéc cat c¢6 thé duoc thuc
hién & van tc dao thép téi 25 m/s nhung van tdc 45 m/s 1 can thiét dé cat tit ca cac than cay mot
cach d& dang. Do d6, khi ¢6 dugc cit huéng tim va khong co hd trg thi téc d phan ludi dao tir 45
m/s tré xudng 13 dat yéu cau va toc do cang 16n thi luc can cét riéng cang giam.

3.4. Quy dao chuyén dong tong hop cia diém trén dau ludi cdt

Gia stir may co s& di chuyén voi tée do khong doi v va ro to quay déu w,,. Goi ban kinh ré to tinh
dén 1udi cat co 13 R,,. RO to thuc hién tdng hop cua chuyén dong tinh tién véi toe do vo cting may co
sO theo phuong x va chuyen dong quay quanh truc ctia nd trong mit phang (xOy) tam quay ro to ban
dau o toa do (xo, yo). Mdi lién hé gitra toc do di chuyen cla may co sO va toe do quay cua rd to phai
duogc xac dinh hop 1y dé dam bao co duoc cit voi d6 bang phing cho phép (d6 nhap nhé co sau khi
cét) trong mat phang (x0z). Pé xac dinh hop 1y mdi quan hé nay thi cac phwong trinh chuyén dong
riéng 1¢ cua ludi cit do may co sé va do 16 to quay duoc xac dinh, va tong hop lai d& moé ta quy dao
chuyén dong chung cua ludi cit.

Phuong trinh chuyén dong ctia mot diém trén ludi cat do téc do di chuyén ciia may co s¢ duoc
xac dinh theo cong thuc (3). Trong d6 (x;,, yi) 12 toa do cia diém xét trén ludi cét tai thoi gian ¢ khi
chi xét chuyén dong tinh tién ctia may co s¢. Phuong trinh chuyén dong ciia mot diém trén ludi cat
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do tdc d6 quay cua 16 to dugc xac dinh theo cong thuc (4). Trong d6 (x,0, yro) 14 toa do ctia diém xét
trén ludi cat tai thoi gian ¢ (¢ > 0) khi chi xét chuyén dong quay cua truc 16 to.

Xm = Xo + Vot
m 0 0 (3)
Ym = Y0
Xro = X0 + Ryp c.os Wyt @
Yro = Y0 + Ryo SIN Wyt

Phuong trinh chuyén dong tong hop ciia mot diém trén ludi cit do ca hai chuyén dong trong cong
thirc (3) va (4) tao ra dugc xéc dinh theo cong thuc (5). Trong d6 (x, y) 1a toa do thyc t€ cia diém xét
trén Iudi cat tai thoi gian ¢ khi tong hop ca chuyén dong tinh tién cua may co sd va chuyén dong quay
cua 10 to.

6]

X = xg + vot + R;, COS Wyt
Y =Y + Ry SIN Wyt

Quy dao chuyén dong tong hop cua ludi cit c6 dang nhu Hinh 5. Muc dich xac dinh quy dao nay
1a dé xac dinh d6 nhip nhé (d6 bang phang) ctia bé mit c6 sau khi dugc cit /iy Tly yéu cau do bang
phing /e, ma toc do di chuyén clia may co so va tde do quay cua 16 to duge xac dinh. Néu cac toe do
lam viéc khong dam bao yéu cau do bang phang thi phai giam tdc do di chuyén ciia may co so hoic
phai bd tri thém cac ludi cét trén 16 to dé ting thém s 1an cit co trén ciing chidu dai mot vét cit do
mot ludi cat tao ra, khi d6 d6 bang phang s& giam xudng dén gié tri theo yéu cau.

\ \ /" \ /’ /
\\ \. / \, / \.
/ \ / \_ /
N W - - N A

0 T 11T

1- Quy dao chuyén dong cua ludi cit; 2- Ving c6 con lai sau khi cit

Hinh 5. Quy dao chuyén dong tong hop cua diém trén dau mot ludi cét

3.5. Xac dinh chiéu cao nhd'p nhé bé mdt cé khi chi cé mét ludi cdt trén mét vét cé

Gia thiét chiéu cao nhép nhd 16n nhit cta c6 sau khi cét iy, nhd hon ban kinh lam viée cta 16 to.
Xét mot ludi cat bat ki thuc hién cit co trong vét lam viéc ctia nd, gia st trong thoi gian t,, thi ludi
cit bat du tir dinh nhip nhé cao nhét Ay, quay duoc mot goc ¢ thi vé lai diém nhap nhé d6 (Hinh 6),
ludi cit dang xét ¢ vi tri By cla trang thai 1 quay dugc mot goc ¢ vé vi tri A, cua trang thai 2. Ludi
cit tiép tuc quay mot goc (360° — @) tir vi tri A, cta trang thai 2 vé vi tri B3 ciia trang thai 3 thi hét
mot vong quay cua rd to.

Khi d6 quang dudng dich chuyén dai ctia cym 16 to x.5; do may co s¢ di chuyén dé ludi cat bat
dau tir dinh nhap nhé cao nhét quay duoc mot goc ¢ vé lai diém nhéap nhd dwoc xac dinh theo phuong
trinh (6). Trong d0 1,,1 1 thoi gian ludi cat bat dau tir dinh nhap nho cao nhét quay duoc mot goc ¢
thi vé lai diém nh:?ip nho do (s). Bén canh d6 x.;; duoc tinh theo canh A1B; va xac dinh theo phuong
trinh (7). Goc dich chuyén cia ro to duoc xac dinh theo phuong trinh (8).

102



Diing, C. T. / Tap chi Khoa hoc Cong ngh¢ Xay dung

1- Trang thai ludi cht xét ¢ vi tri By; 2- Trang thai ludi cAt xét ¢ vi tri Ap; 3- Trang thai ludi it xét quay dugc mot vong vé B3

Hinh 6. M6 phong quing duong dich chuyén dai cta 16 to khi ludi cit bat ddu tir dinh nhap nhé cao nhit
quay dugc mot goc vé lai diém nhap nhé do

Xes1 = Vol (6)
L2 —
sm( 5 90)‘ =2R,,

© = Wrolrt1 (8)

Xest = A1B1 = 2R,

. P
= 7
smz‘ @)

T phuong trinh (7) va (8) xac dinh duoc x5 theo phuong trinh (9). Thoi gian mét vong quay
cua 16 to dugc xac dinh theo phuong trinh (10). Trong d6 T 1a thoi gian mot vong quay cia 16 to (s);
t, 14 thoi gian rd to quay tir vi tri goc ¢ dén vi tri xét ban dau (s); wr, 12 vén tde goc cia 1o to (s~1);
Ny, 12 toc d6 quay cta ré to (v/ph).

t
Xes1 = 2R, |SIn Crolrl )
2 60
T=tn+tp= = (10)
ro Nyo

Mébi quan hé gitra thoi gian ¢, v0i . theo goc dich chuyén cua 16 to dugc xac dinh theo phuong
trinh (11). Quang dudng di chuyén ciia may co s x. trong thoi gian 1,0 duoc xac dinh theo phuwong
trinh (12). Bén canh d6 tong quing duong di chuyén ciia may co so trong mot chu ky quay cua r6 to
duoc xac dinh theo phuwong trinh (13).

b L)

_ 1
P T (1)
Xes2 = Vol (12)
2r
Xes1 + Xeso = voT = vy (13)

ro
Tir Hinh 6, d6 cao vi tri nhap nho 16n nhat duge xac dinh theo phuong trinh (14). Trong d6 Amax
12 d6 cao nhip nhd 16n nhét (m); R, 12 ban kinh 6 to tinh dén dau ludi cit (m); ¢ 1a goc dich chuyén
ctia 16 to. Tir phuong trinh (8) va (14), d6 cao nhip nhé 16n nhit dugc chi ra theo phwong trinh (15).

hmax = Rro - Rm

2 —
cos( > "D)’ = Rm(l + cosg) 14)

(15)

Wrolrtl
hmax = R0 (1 + COSLn)
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Vé 1y thuyét, chiéu cao nhap nhé s& cang ting néu tdc do ctia may co so vg cang 16n so vai tde
dd quay cua 16 to. bé don gian hoa thi do nhﬁp nhod hpyax dugce minh hoa trong Hinh 7 va dugc tinh
gan dung theo phuong trinh (16) [15]. Trong d6 Amay 13 chiéu cao nhip nhé 16n nhit cua cé sau khi
cit (m); R, 1a ban kinh 16 to dén dinh cua ludi cit (m); A, 1a sb lwong ludi cit bd tri trén mot vét
cit cua mot ludi cit; ¢, 1a ty 1€ van tdc cuia van toc dai trén dinh ludi cit véi van tde may di chuyén.
¢y = Vie/vo VGi vy 12 van tde dai ctia mot diém trén dinh ludi cit (m/s).

— V -
Lwgi cat 0
y Wro - 0 - —
v P
P=Wrot
\ hooo
0 L o max T - — L Ve
X T
VO.T[/ Wro

Hinh 7. Phan tich qua trinh cit cuia mot ludi cét tao do nhép nhé cia ludi cét

hmax = Ryo [1 —cos( (16)

bis
Ap(1 +¢y)
3.6. Moi lién hé giita deong kinh va toc dg quay cia ré to

Téc dd quay cia rd to duoc xac dinh theo phuong trinh (17). Trong d6 n,, 14 tbe d6 quay cia 16 to
(v/ph); wy, 12 van toc goc cua roto (s’l); vie 1a van toc dai trén dinh ludi cat (m/s); R, 1a ban kinh r6
to tinh dén dinh ludi cat (m). Theo phuong trinh (17), tir toc d9 dai yéu cau ciia mot di€m bat ky trén
dinh ludi cat v;. x&c dinh dugec moi lién hé gitra dudong kinh va toc d¢ quay cua rd to. Phai lya chon
can doi gitra duong kinh va toc d9 quay cua r6 to cho phu hgp véi yéu cau thuc te cta thiét bi.

60w,, 60V
2r 2nR;,

Nyo = 17

Nhu véy, bai toan moi li€n hé giita cac thong so ctia cum 16 to cat cé da duge xac dinh. Cac gia
tri nay phuy thudc chinh vao téc dd di chuyén ctia may co s, lyc can cat riéng va tdéc d dai ludi cat.
Pé¢ xac dinh cac thong s6 nay phu hop cho qua trinh tinh toan va thiét k&, cac diéu kién thuc t€ phai
dugc xem xét dé giam céac bien so khong anh hudng nhiéu dén qua trinh tinh toan, lwa chon cac thong
s6 con lai.

4. Khao sat cac thong so co ban ciia cum rd to ciit ¢é trén may cit cé cu thé
4.1. Dat bai toan
Céc thong sé dau vao bao gébm céac thong sd ciia cum 16 to cat c6 dwoc khao sat dé cat duge
mét co co be r6ng pho bién B = 1m; bo tri mot ludi cat lam viéc trén mot vét co; bé rong ludi cat
= 60 mm; chiéu cao nhap nhé 16n nhit cia co sau khi cat Ay, nho horn 5 mm (tuy theo yéu cau);
Toc d6 di chuyén may co s& 16n nhét khi cit co vo = 5 km/h Cac thong s6 diéu khién can xem xét 1a
duong kinh 16 to D,,; tdc do dai cua dinh ludi cit vj.; s6 lwong day b tri ludi cat. Theo kinh nghiém,
so bd chon D,, = 0,2 = 0,8m; v;e = 25 + 45 (m/s) va so lugng day bo tri dao cat tir 2+8 day. Cac
thong so dau ra xem xét 1a toc d quay cua r6 to n,,; chi€u cao nhap nhoé lon nhat cta co6 sau khi cat
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hmax. Su dung cac phan mém tinh todn dé xay dung cac do thi bién thién ctia cac thong s6 voi nhau.
T cac d6 thi moi quan hé cua cac thong so két hop vai diéu kién thuc t€ chon ra cac thong so phu
hop cho cum co cau cat co.

4.2. Két qua khdo sat

Tir cac cong thirc xac dinh trong Muc 3, céac s6 liéu va dd thi can khao sat duoc chi ra dé mé phéng
cac thong $6 1y VA By theo su bién thién cla cac thong s6 diéu khién va cac thong s6 cho trudge.
a. Khao sat su thay doi toc do quay ciia r6 to theo dudng kinh r6 to

Téc d6 dai yéu cau cua ludi cit dé cit dugc co trong khoang tir 25+45 m/s tity thudc vao loai co
can cat. M6i quan hé gitra duong kinh va tbc do quay cua 16 to theo toc d6 dai ludi cit yéu cau dugc
chi ra trén Hinh 8. Dya vao Hinh 8 dé Iya chon cac thong s dudng kinh va tdc d6 quay cua rd to cho
hop 1y véi kich thudc va cac thong sé ctia méay co sé (khong nén lua chon dudng kinh va toe d6 quay
cua rd to 16n qua hodc nhé qua). Trong thuc té thuong chon duong kinh r6 to tir 0,4+0,6 m dam bao
cho cum co cau cit khong qua cong kénh va téc d6 quay ro to nho hon 2500 v/ph 1a phu hop dé lwa
chon céc thiét bi thily luc twong tng.

5,000 Van tde may co s& Vo=5(km/h)
4,500
—8—Vlc=25m/s
4,000 Vi30S ——VI[c=25m/s
3,500 Vie=35 m/s Vie=30 m/s
- Vlc=35m/s
E 3,000 VIc=40 m/s E 4
& —8—Vic=45 m/s E Vie=40 m/s
2 2,500 = 3 ——Vlc=45 m/s
o «Q
£ 2,000 |
1,500 =P ,
1,000 g
=1
500 o :
(@)
0 0
0.00 0.20 0.40 0.60 0.80 0.00 0.20 0.40 0.60 0.80

Dro (m) Dro (m)

Hinh 8. Mdi quan hé gitra duong kinh va tbc d6 quay ~ Hinh 9. Mi quan hé giira duong kinh quay cua 1 to
cua r6 to theo toc do dai ludi cat yéu cau va chiéu cao nhap nhd 16n nhat sau khi cat

b. Khao sat sy thay ddi chiéu cao nhap nhé 16n nhat theo dudng kinh 16 to

Méi lién hé giita toc d6 di chuyén may va tbc d6 quay cua rd to can duge xem xét vi no anh hudng
tryc tiép dén do bang phing cua c6 sau khi cit. Ty vao yéu cau cia ngudi st dung mudn do bing
phang c6 sau khi cit ma tdc do di chuyén may co sé va toc do quay cia rd to duoc Iya chon cho hop
ly. Bén canh d6, duong kinh cta rd to anh hudng truc tiép dén chit lugng bé mit co sau khi cit.

Khi téc d6 di chuyén may co so ting va toc do quay cua 16 to khong doi thi chidu cao nhap nho
16n nhit ciia bé mit 6 sau khi cit ting theo, do d6 trong bai toan nay khao sat cac thong sé dua theo
téc do di chuyén may co so 1a 16n nhat khi cét co. khi gia tri nay thoéa mén d6 nhip nhé cua co sau
khi cit thi téc d6 di chuyén may co s nho hon ludn luén thoa mén. Mdi quan hé giira duong kinh
quay ctia 6 to va chiéu cao nhap nho 16n nhét theo téc do dai ludi cit yéu cau khi tdc d6 may co s
14 5 km/h duoc chi ra trén Hinh 9. Tir Hinh 9 rat ra mot s6 nhan xét: khi téc do dai ludi cét khong ddi
ma duong kinh r to ting 1én thi chiéu cao nhip nhd 16n nhat ting theo; Khi dudng kinh 16 to khong
d6i va téc do dai ludi cit tang 1én thi chidu cao nhap nhé 16n nhit giam di. N6i chung mdi vi tri ¢6 can
¢t chi can bd tri mot ludi ct trén chu vi 16 to dé cit c6 dam bao chiéu cao nhip nhod 16n nhit cia bé
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mit co sau khi cat trong diéu kién cho phép (toc do dai ludi cat nho nhét 1a 25 m/s trong trudng hop
xét duong kinh 16 to 16n nhit 1a 0,8 m thi bé mét nhap nhé van nhé hon 6 mm). Do d6, tiép theo chi
can xem xét lya chon duong kinh va toc do quay ciia 1 to két hop véi bd tri hop ly sb day ludi cat
trén r6 to dam bao yéu cau tong luc can cét 1a nho nhat trong diéu kién mot vong quay cua 16 to chi
thue hién cét co mot 1an tai mdi vét.
¢. Khao sat hidu qua cta su thay dbi s6 lwong diy ludi cét trén 16 to

Thong thuong trong thyc té s6 lugng day ludi cat duge bb tri trén chu vi cia 16 to tir 2 dén 8 diy
(b6 tri nhidu day hon thi két cdu cum r6 to phuc tap) va sb luong day 1a chin dé dam bao triét tiéu
rung dong do luc ly tAm cta cic cum ludi cat tao ra khi quay. Khao st sy thay doi cua s6 luong diy
ludi cat tir 2 dén 8 dé xac dinh tong luc can cit co yéu cau, tir d6 xac dinh sb luong diy dam bao tong
luc can cét nho nhit dé lya chon. Néu sd luong day ludi cit 1a 2 thi sd luong ludi cit thuc hién cit co
tai mot thoi diém 12 mot nira. Xét tuong tu, khi sb luong day ludi cit 1a 4 va 6 thi sd lugng ludi cit
thue hién cét co tuong trng la 1/4 va 1/6, do tai moi thoi diém chi c6 mot day luoi cit thyc hién cét
6. Nhung khi sb lugng day ludi cat 1a 8 thi s6 luong ludi cat thuc hién cat co 1a 1/4, 1y do 1a chiéu
cao 16p ¢o can cét 16n nhat gin bang mot phan tu duong kinh ctia cum rd to (day 1a gidi han chiéu cao
c6 trude khi cat, néu co cao hon s& c6 thiét bi gat thip xudng theo yéu cau trude khi cit) thi ¢6 nhitng
thoi diém hai day ludi cit lién tiép dé)ng thoi cét co. T phan tich trén, xac dinh duoc luc can cit co
yéu cau theo s6 luong day bd tri theo Bang 1.

Bang 1. Lyc can cét co 16n nhat theo sb lwong day ludi cat

Tén Gi4 tri
S6 lwong diy ludi cat dwoc bd tri trén 16 to 2 4 6 8
,, . ) I ! I !
Tong luc can cat co 1on nhat F.= % F. = qz F. = % Fe= qz

Tir Bang 1, s6 luong day ludi cat bé tri trén chu vi 16 to 1 6 1 hop 1y nhét do trong trudng hop
nay luc can cit co yéu cau & thoi diém bat ky 1a nhé nhét. Cac trudng hop bd tri nhidu day hon hodc
it day hon déu cho luc can cit o 10n nhat 16n hon theo diéu kién yéu cau. Tir d6, lira chon 6 diy ludi
cét bd tri trén chu vi r6 to 1a hop 1y nhit.

d. Téng hop khéo sat chung sy thay ddi ctia cac théng s6 diéu khién

Dé xac dinh duge cac thong sd hop 1y clia 1o to thi cac gia tri trén hai do thi Hinh 8, Hinh 9 va
Bang 1 phai cting duoc xem xét khi cac thong s diéu khién thay d6i. Cac gia tri lua chon phai phu
hop véi thyc té 1a duong kinh rd to tinh dén dinh ludi cit va toc d6 quay cia rd to khong dwoc qua
16n. Bai toan di cho xem xét toc do dai yéu cau cua ludi cit dé cit dugc co 25+45 m/s, tir d6 rat ra
mot s6 nhan xét sau: Khi toc do dai ludi cat khong doi ma duong kinh 16 to tinh dén dinh ludi cit ting
1én thi téc d6 quay o to giam di va chiéu cao nhap nho 16n nhat ting 1én. Khi toc do dai ludi cit ting
1én va duong kinh r6 to tinh dén dinh ludi cit khong doi thi toc do quay 6 to ting theo va chiéu cao
nhap nho 16n nhat giam di. SO lugng day ludi cat bd tri trén chu vi 6 to 1a 6 thi hop 1y nhat do né c6
tong luc can cit co 1a nho nhat.

Tt cac phéan tich trén day va yéu cau tao ra san phém cum rd to cét duge vét co co bé rong B = 1 m,
chiéu cao nh?ip nhd 16n nhét sau khi cét iy, nhé hon 5 mm, tde do6 di chuyén may co so 16n nhét khi
cit vo = Skm/h va toe do dai yéu ciu cua ludi cat dé cat duge co 25+45 m/s, lya chon sé luong diy
ludi cat 13 6, bé rong mot Iudi By, = 6 cm, phén cit trung nhau gitta cac ludi cit1a 5 mm, téng $6 ludi
cat trén 16 to 1a 18 ludi v6i 3 udi cat trén mot ddy va lua chon dudng kinh 16 to D, = 0,5m, khi d6
tdc d6 quay r6 to 950+1720 v/ph va chiéu cao nhp nhé 3,5+1 mm 13 hop 1y.
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e. Xéc dinh cong suat dan dong cum r6 to

Cong suat can thiét dé dan dong cum 16 to cét co Ny, (kW) duoc xac dinh theo phuong trinh (18).
Trong do F, la téng luc cén cét co theo yéu cAu (N); vic la van tdc dai ciia mot diém trén dinh ludi cit
(m/s). Tong luc can cat cd yéu cau dugc xac dinh theo phuong trinh (19). Trong dé ¢ 1a luc can cat
riéng 1€iy theo kinh nghiém, chon g = 60 (N/cm) dé cét co co do cung trung binh & tdc do cat 16n; By
1a bé rong lam viéc cta ludi cat thi i (By; = 0,06 m); k. 1a hé s6 mat dd co can cit (k. = 0,5); m 1a
s6 ludi cit 16n nhat tham gia cat dong thoi trong mot thoi gian (m = 3). Tir d6, cong sudt can thiét dé
dan dong cum r6 to dugc xac dinh theo phuong trinh (20).

Fevie

Nyo = 18
10007 (18)
F.= cqz B (19)
i=1
40 - 4
40-95 )55 kw) (20)

= 7000 - 0,95

f. M6 ta két cdu cum 16 to cét cé da chon

Cum 16 to cit co dugce dan dong quay tir dong co thuy luc thong qua bo truyén va truyén dén truc
10 to. Trén truc ro6 to cd gan cac ludi cat theo yéu cau thong so da chon, két cau cum r6 to cat co dugc
mo ta trén Hinh 10.

=

1- Truc 16 to; 2- Ludi cit; 3- Khép lién két; 4- Tai lién két

Hinh 10. Két cAu cum 16 to lya chon

5. Kétluan

Dudi day 1a mot s6 két luan duge rat ra tir cac két qua tinh toan khao sat lua chon cac thong sb
clia cym 16 to ct c6 trén may cét co ty hanh:

- Mo hinh toan hoc tong quat thé hién mdi lién hé giira cac thong sb co ban cua cum rd to véi
tbc 6 may co so duoc xdy dung. Nghién ctru da xac dinh dugc mdi lién hé gitta duong kinh 16 to va
chiéu cao nhip nhé 16n nhat cia co sau khi cit theo toc d6 ludi cit va téc do di chuyén ciia may co
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s0. Céc thong s6 10 to phu thudc chinh vao tbe do di chuyén cua mdy co sé, lyc can cit va tdc do cit

clia ludi cat.

- Khi tc do dai ludi cit va tdc dd may co sé khong ddi ma duong kinh ré to ting 1én thi chidu cao
nhap nho 16n nhét ting theo va khi dudng kinh 6 to va tdc d6 may co s¢ khong doi, toc do dai ludi
cét tang 1én thi chidu cao nhap nho 16n nhat giam di.

- Mbi quan hé giita dudng kinh va téc d6 quay ctia 16 to theo tdc d6 dai ludi cét yéu cau duge xac
dinh, 1am co s¢ dé lya chon hop 1y giita duong kinh va toc d6 quay ciia 16 to.

- Mdi vi tri cit co chi can b tri mot ludi cat trén chu vi 16 to dé cit co dam bao chiéu cao nhip
nh6 16n nhét ciia bé mat co sau khi cit trong didu kién cho phép nhé hon 5 mm.

- S lugng day ludi cat duoc bd tri trén 16 to 13 6 dam bao tong luc can cit co 16n nhat ¢ thoi diém
bat ky 1a nho nhat.

- Viéc khao sat lya chon bd thong sé hop 1y ctia cum 16 to may cit co 1am tién dé cho tinh toan va
Iya chon dugc dong co thuy Iyc va b truyén dan dong cum rd to, tinh toan kiém tra d6 bén ctia cum
16 to. Cac két qua nay 1am co s& cho viéc ché tao, thir nghiém cum co cau cit co cia may cit co tu
hanh phuc vu cit c6 hai bén dudng bd noéi chung va dudng cao tdc ndi riéng tai Viét Nam.
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