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NANG, CAU DA NANG CO' NHO DUNG TRONG NHA XUONG

RESEARCH ON OPTIMAL LOAD SELECTION FOR SMALL-SIZED MULTI-
PURPOSE LIFTING EQUIPMENT USED IN FACTORIES
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TOM TAT

Kha nang ndng cua can cdu trén cdc thiét bi xe nang van chuyén bi gioi han boi do on dinh
va dg bén két cdu ciia toan thiét bi néi chung, phin can cau néi riéng. Thiét bi ndng, cau da ndng c&
nhé diing trong nha xwong la thiét bi dwoc ché tao méi, do vdy viéc tinh todn tdi trong néng hop Iy
la yéu cau can thiét. Bai bdo trinh bay két qud nghién civu tinh todn, lwa chon tdi trong hop Iy trén
thiét bi ndng, cau da ning c& nhé ding trong nha xwong dwa trén tinh todn on dinh tinh cia thiét
bi va kiém nghiém d¢ bén ciia can ndng trén phan mém 3D. Két qua kiém bén cho thdy ing sudt,
chuyén vi ciia can tai cdc vi tri déu nam trong giGi han cho phép. Két qua ciia bai bdo la co s¢ dé

lwa chon tai trong hop ly trong thuc té van hanh thiét bi.
Tir khoéa: Tai trong; On dinh; Xe ndng c& nhé; Can cau,; Kiém bén.
ABSTRACT

The lifting capacity of the crane on transport forklift is limited by the stability and structural
durability of the overall equipment, especially the crane component. Small-sized lifting equipment,
multi-purpose crane used in warehouses is newly created, so calculating the rational combined
lifting load is a necessary requirement. The research presents the results on calculating and selecting
a rational lifting load on small-sized versatile lifting equipment used in warehouses based on the
static stability calculation of the equipment and testing the durability of the lifting arm using 3D
software. The durability test results show that the stress and displacement of the arm at various
positions are within acceptance limits. The result of research provides foundation for selecting a

reasonable lifting load in practical equipment operation.

Keywords: Load capacity; Stability, Small-sized forklift; Crane,; Durability testing.
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1. PAT VAN PE

Xe nang, cau da ning c& nho 1 san
pham thiét ké méi dugc nhom nghién ctru tinh
toan, ché tao thanh cong st dung dé nang, van
chuyén hang hoa trong cic nha xuéng. Thiét
bi duoc thiét ké véi tai trong nang dinh mic
500kg. Tuy nhién, trong cac diéu kién khac
nhau thi can thiét phai lya chon tai trong nang
hop 1y dé bao dam an toan khi st dung thiét bi
cling nhu tranh hong héc vat tu, hang hoa can
nang, van chuyén. Viéc lua chon tai trong hop
1y cho thiét bi nang, cau duoc thuc hién dua
trén viéc tinh toan tai trong dit tai dau can dé xe
nang 6n dinh khong bi 14t va can phai dam bao
cum can cau lp trén xe nang c6 két cdu du bén
trong moi diéu kién lam viéc khi thay d6i tim
Vo1, goc nang.

Trong pham vi bai bdo, nhom nghién
ciru da gi6i thiéu thiét bi nang, ciu da ning
¢& nho thiét ké méi va tom tit mot sé két qua
vé tinh toan tai trong dat tai dau can theo diéu
kién on dinh tinh; két qua phan tich, kiém bén
cum can cau thong qua moi truong Ansys trong
phan mém Inventor.

2.NOI DUNG

2.1. Tong quan vé thiét bj nang, cAu da niing
¢& nho thiét ké méi

Thiét bi nang, cdu da ning c¢& nho la
kiéu xe nang hang ban ty dong v6i co cdu nang
dan dong dién, truyén dong thay luc, di chuyén
bang stc nguoi. Cac bo phan chinh trén xe
nang dugc thé hién trén hinh 1.
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a)
Hinh 1. M6 hinh 3D xe ndng cau da ndng c& nho:
a) Xe ndng khi ldp can cau b) Xe ndng khi khong
ldp can cau.

Trong do:

1 - Cang ndng; 2 - Banh xe phia trudc;

3 - Chan cang truoc, 4 - Cum khung xe nang;

5 - Puly mée cdau; 6 - Can cdu;

7 - Cdp; 8 - Thanh giang cdu;

9 - Xilanh thuy luc; 10 - Hop dién diéu khién, bé ngué‘n
thuy lyc;

11 - Banh xe sau; 12 - Toi dién.

Xe nang c6 thé thuc hién nang ha hang
hoa bang cang nang khi chua lap can cau (hinh
1b) hoidc bang can cau (hinh 1a). Trong pham
vi nghién clru cta bai bdo, nhém trinh bay
nguyén 1y hoat dong xe nang khi sir dung can
cau (hinh 2).

Khi ldp can cau, xe nang khong st dung
dén cang nang. Luc nay, xilanh day tim lién két
(11) theo phuong thang dimg y ma khong tac
dung dén cac phan khung két cdu khéc. O trang
thai ban dau, khi xilanh (10) chua tac dung thi
can ciu ¢ trang thai ndm ngang (hinh 2a); con
khi xilanh tac dung day 1én, can cau s& hop véi
phuong ngang mét goc nhat dinh (hinh 2b).
Cén ciu gém can ngoai (4), can trong (5) xép
10ng nhau ¢6 chdt giit hai can (05 Vi tri chét).
Thanh giang (9) hen két véi gbi cb dlnh tren
khung tinh dé giir can. Sy 1am viéc cua can cau
thuc hién thong qua xilanh, h¢ to1 dién (8) duoc
giit ¢6 dinh bai gdi (1), cac puly (3, 6, 7), day
cap (2).
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Hinh 2. So do nguyén ly can cau trén xe nang

2.2. Tinh to4n tii trong theo sw 6n dinh tinh
cua thiét bi nang, cau da nang

Gia thiét tinh toan: Xe nang dit tai vi
tri nén ngang bang bang; trong luong va vi tri
trong tdm cua cac by phan khac nhau cua trén
Xe nang dugc 1dy tir mo hinh 3D; trong lugng
P c6 diém dat tring v6i diém O, trén rong roc
dong; trong tim xilanh va tam quay céan cau
nam trén mot duong thing; can ciu hop véi
phuong ngang goc a, bo qua luc can cua gid
(hinh 3).

Theo thiét ké, phan can cau lap trén thiét
bi nang, cau da nang cd nho co the thay doi goc
nghiéng so véi phuong ngang trong gidi han tur
0° =+ 50°.

R DL T ——

Hinh 3. So dé tinh toan én dinh tinh trén thiét bi

ndng, cau

Yéu té chu yéu kiém soat mirc tai trong
dat 1én dau can cau cua thiét bi nang la do on
dinh chéng 1at. Tai trong 1at 1a tai trong dat trén
can cAu ¢ mot ban kinh xac dinh quanh mot
duong goi la diém tya 1at, 1am cho xe nang bi
1at. Xe nang s& bi 1at khi mo-men 1at (m6-men
cua tai trong d6i voi diém tura 1at) trd nén gan
bang hoic bang mo-men chdng 1t ctia xe ning
(mo-men cua trong lugng may, trong luong can
ciu d6i voi diém tua 1at). Su 6n dinh tinh cia
xe nang duoc danh gia thong qua hé sé 6n dinh
[1-3]:

L
Trong do: M,
M, 1a m6-men gy 1at so véi diém tua 14t K
(hinh 3).

LIS<K =

la mé-men chong lat,

Taco: M, =G, L, +G L +G, L, +
G..(L, = X..cosa) (N.m) (2.2)

M, = PL,= P(Lcosa~ L,), khiLcosa~ L, >0

.m)(2.3
M, =0, khi Lcosa— L, <0 (N.m)(2.3)

Gid tri c4c thong s6 G, G, G, G, L,,

L., L, dugc 14y theo bang 1.

XL

Do khi L cosa — L, <0 thi M, =0, lac
nay xe nang 6n dinh tuyét doi cho du tai trong
dat tai dau can co gia tri bat ky mién 1a thoa
méan d6 bén két ciu cac chi tiét trén xe ning.
Trong trudong hop nay, ta coi tai trong bi gioi
han trén béi tai trong dinh muc cta thiét bi dé
phii hop véi két cau can cau P, =5000 N. bé
xac dinh tai trong hop 1y trong cac truong hop,
ta chi xét:

L cosa—L,>0vaM, =PL,=P(L cosa—L,) (24)
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Bang 1. Théng s6 tinh todn 6n dinh

Théng sb Ky hié¢u Ponvi | Giatri @ Ghichu

Trong lugng cum khung xe nang (bao gdm ca xich, con G N 2715

lan, to1 dién, cac banh xe di chuyén) K

}"rong luong phan hop phia sau (tinh ca bo ngudn thuy luc, G N 539

ac quy) "

T.rlong lwong cum can cau (can trong, can ngoai, thanh G N 262.6

giang) c

Trong lugng cum xilanh Gy, N 460 02 xilanh

KAhoaAng cach tur trong tam cum khung xe nang dén diém L m 0.638

gay lat K 5

Khoang cach tir trong tdm cum xilanh dén diém gay 1at K L, m 0,809

Khodng céach tir trong tdm phan hop diéu khién phia sau

XA a1 L m 1,014
dén tam gay lat K 6
Khoang cach 16n nhat tir tim quay can cau O dén diém O
A N A2 ! m 1,847
trén puly dong can cau Imax
Trong cong thirc (2.3), (2.4), L1 (Khoang e

cach tir tAm quay can cau O dén diém O, trén
puly dong can cau) va X . (Khoang cach tir trong g T
tdm cum can cau dén tdm quay can cau O) la cac - -
gié tri thay doi khi ta thay i tri chot ¢6 dinh can ]
ngoai v4i can trong clia cum can cau (co ndm vi ![m] A4
tri chét 1, 2, 3, 4, 5). Do cac chdt cach déu nhau ..

AL=200mm=02mmal _=1847mnénL,
thay ddi tir 1,047 + 1,847 m.

Trén hinh 4, Gmg voi can khi vuon dai
nhat, thu lai ngan nhat, ta xac dinh duoc vi
tri trong tdam C cua cum can céu trén mo hinh
3D céach tim quay can cau O lan luot 13 Xes=
543,385 mm, X = 277,413 mm. Ta thay X
twong ung khi L, X tuong Gng khi L
nén theo phuong phap ndi suy, ta tinh dugc gia
tri cua X, X, X, 1a cac vi tri xac dinh toa
d6 trong tam khi can cau dugc chot lién két can
trong, can ngoai tai vi tri 2, 3, 4.

Imin
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Hinh 4. Vi tri trong tdm cum can cau khi can vieon
dai nhat, thu lai ngcfn nhat

Thay céc s6 liéu trong bang 1 vao (2.2),
(2.4), ta duogc:

M, =2863,3-262,6.X .cosa, M, =P(L,.
cosa — 0,809) thay vao cong thurc (2.1), ta co:

_ 2863,3 — 262,6X cosct
od P(L,cosa —0,809)

p_ 28633 — 262,6X cosx
K, .(Lcosa—0,809)

(V6K _=13) (2.5)
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Str dung phan mém Matlab, ta v& dugc
do thi biéu dién cua tai trong P khi céc thong s
L, X thay doi, goc a thay ddi tir 0°+ 50° dong
th(n them diéu kién néu L,.cosa — L, <0 hodc

khiP>P thiP=P, = 5000 N.
. B Bl L e e 35 dn Sah Kl ]
T
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Hinh 5. D6 thi tai trong theo sy on dinh khi thay
doi khodng cdach ddt tai trong va géc ndng can: a)
Do thi trong khéng gian ba chiéu; b) Po thi trong

khéng gian hai chiéu.

2.3. Kiém bén két cau can nang

Muc dich viéc phan tich két cau cua can
ciu trén thiét bi néng nhém loai trir cac hu hong
c6 thé xay ra vé két cau khong hop ly trong
qua trinh lam viéc. M6 hinh 3D cum can cau
da duoc xay dung trén phin mém véi cac kich
thude thue nhu kich thude ché tao, sau d6 phan
tich kiém bén thong qua moi trudng Ansys
trong phan mém Inventor [4-8].

Can cau duoc cdu tao bao gdm cin
trong va can ngoai duoc xép 1ong vao nhau.
Cén trong lién két voi can ngoai thong qua chét
va duogc giit ¢6 dinh boi cac bé mat phia trong
ctia can ngoai. Két cau va thong sb chinh cac
chi tiét cua cum can cAu nhu trén hinh 6.

AR 15)

E A ',.-.—-"”"ﬂ\-\

N e e sy e
| L1
T
LE
= A AAL 15 )
L i
9 ; 1=l
K] &
{1 =
." :.:_ .............. | —
LY
b)
B o &

Hinh 6. Két cau va théng sé chinh cdc chi tiét can
cau: a) Can ngoai, b) Can trong; c) Thanh giang

Lua chon vat liéu ché tao cn ciu la
thép CT38 c6 gi6i han bén cho phép 1a [c] =
380 +~ 490 MPa [9].

Nhém nghién ctru mo phong, kiém bén
bang Ansys trong phan mém Inventor cho cum
can cau (khi lap hoan chinh) tai chiéu dai can
16n nhat tng véi trang thai lam viéc goc ning
0°, 25°, 50°. Trong cac truong hop s& ldy tai
trong 16n hon nhiéu tai trong tinh toan theo sy
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on dinh nhu trén hinh 5b dé kiém tra; nhu vay,
ta kiém tra voi tai trong P = 3000 N khi goc &
0°, 25° va tai trong P = 4000 N khi goc ¢ 50°.
Trinh tu kiém bén dugc thuc hién nhu sau: Xay
dung mo hinh 3D; 1p rép cac chi tiét Gmg véi
tung trang thai lam viéc cua can; chia ludi va
dit diéu kién bién trong méi truong Ansys. Sau
khi phén tich, ta thu duoc két qua nhu trén hinh
7,8, 9.

1“

- ==
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L
LEN |

'95!]

Hinh 7. Ung sudat, chuyén vi trén can cau voi géc
ndng cdn 0°

Hinh 8. Ung suat, chuyén vi trén can cau voi géc
ndang can 25°

I
Hinh 9. Ung sudt, chuyé
ndng can 50°

3

n vi trén can cau voi goc

3. THAO LUAN VA KET LUAN

Nhom nghién ctru dd giéi thiéu thiét
bi ning, cau da ning c& nho thiét ké méi. Can
cau lam viéc v&i gbe ning can gi6i han trong
khoang 0° + 50°.

Trén hinh 5a 1a d6 thi biéu dién tai trong
tinh toan dua trén d6 On dinh tinh cua xe nang
cho thiy tai cac Vf}ng mau vang (}’ =P, )la
ving ma xe nang oOn dinh tuyét doi (M, = 0)
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hodc P> P, . Viéc lya chon tai trong nén,g dqu
€161 han badi tai trong dinh murc cua thiét bi dé
dam bao do bén két cdu va cong suat toi dién
trong thié:[ ké, gia tri P i ‘5000 N. Trén hinh
5b cho thay khi goc nang can tang tur 0° + 50°
v6i cung khoang céch tur vi tri dat tai trong dén
tam quay cua can, tai trong dinh méc P ting
1én; khi chidu dai can cang 16n vdi cing goc
nang can thi gia tri tai trong dinh mic giam dan
va khi chiéu dai can 16n nhat, & goc nang can 1a
0° thi tai trong dinh mirc cho két qua nho nhat
P=2016,24N. Két qua trén hoan toan hop 1y vi
khi géc nang can cang 16n thi khoang cach tir
tai trong vat nang dén diém tua 1at cang nho, xe
nang cang 6n dinh. Viéc lya chon tai trong hop
1y khong vurot qua gia tri P, duge lay theo hinh
6b gitip bdo dam an toan khi van hanh thiét bi
nang, cau.

Viéc mo phong, kiém bén bang phuong
phap phan tir hiru han trong phan mém Inventor
cho cum can ciu (khi 1dp hoan chinh) tai chiéu
dai can 16n nhat tng voi trang thai 1am viéc goc
nang can 0°, 25°, 50° va sir dung tai trong 16n
hon nhiéu tai trong tinh toan theo su on dinh
nhu trén hinh 5b dé kiém tra. Két qua nhu sau:
Khi goc nang 1a 0°, dat tai trong P = 3000 N,
gia tri cuc dai tong chuyén vi 1a 22,1 mm va
gia tri ing suét cuc dai dat 284,1 MPa; khi gbc
nang la 25°, dat tai trong P = 3000 N, gia tri
cuc dai téng chuyén vi 1a 22,72 mm va gia tri
ung suit cuc dai dat 290,5 Mpa; khi goc nang
la 50°, dat tai trong P = 4000 N, gia tri cuc dai
tong chuyén vi 1a 24,81 mm va gia tri tng suét
cuc dai dat 316,4 Mpa. Cac gié tri trén déu nho
hon nhiéu so v&i gia tri giéi han cho phép cua
vat li¢u. Nhu vay, két cAu cum can ciu duoc
ché tao d4p Gmg yéu cau an toan va c6 kha ning
chiu tai trong dinh muc theo két qua tinh toan
on dinh. <
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