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TOM TAT

Can truc xép kho la thiét bi trung tam, quyét dinh truc tiép dén hiéu sudt toan hé théng nha
kho tir dong. Viéc yéu cau van hanh véi toc dd va gia téc cao gdy ra hién twong quay tron/trieot tron
banh xe trén ray hodc sai léch vi tri dimg do bién dang dan hoi ciia hé thong dan dong dai rang.
Bai bdo tdp trung phan tich sau hai phwong phdp dan déng co cau di chuyén can truc xép kho, xdy
dung co s6 khoa hoc xdc dinh cdc gia toc di chuyén téi han dé tir @6 dwa ra cdc khuyén nghi thiét ké
co cau di chuyén va diéu khién van hanh can truc. Day la mot co so khoa hoc trong viéc phat trién
va tirng bude ndi dia héa can truc xép kho.

Tir khéa: Hé thong logistics; Nha kho tw déng; Can truc xép kho; Gia téc téi han; Quay
tron, Trwot tron, Sai léch vi tri.

ABSTRACT

The stacker crane is a core piece of equipment that directly determines the overall efficiency of
an automated storage and retrieval system. Operating requirements at high speeds and accelerations
induce wheel spin/slip on the rails or positioning deviation caused by the elastic deformation of the
timing belt drive system. This paper focuses on analyzing two driving methods for the stacker crane's
travel mechanism and establishing a scientific basis for determining the critical travel acceleration.
Based on these findings, design recommendations for the travel mechanism and crane operation
control are proposed. This study serves as a scientific foundation for the development and gradual
localization of stacker cranes.

Keywords: Logistics system; Automated storage; Stacker crane; Critical acceleration;
Wheel spin;, Wheel slip,; Positioning deviation.
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1. PAT VAN PE

Trong nén kinh té quéc déan, logistics
dong vai tro 1a linh vuc chién luoc, dic biét
quan trong voi Viét Nam nho loi thé bo bién
dai va vi tri ctra ngd hang hai quc té. Dé nang
cao nang luc canh tranh, viéc chuyén ddi sang
mo6 hinh nha kho tw dong 13 tat yéu nham t6i vu
hoa khong gian va toc do xtr 1y hang hoa. Hé
théng nha kho hién dai da chuyén minh thanh
cac trung tim phan phdi thong minh. Trong hé
théng nay, can truc xép kho dong vai tro quan
trong quyét dinh hiéu suit van hanh. Tuy nhién,
trong thuc té yéu cau van hanh véi tbe d6 va gia
téc cao dang dit ra nhiing thach thic 16n doi
v6i co cdu di chuyén cua can truc xép kho, do
chinh 1a hién tugng cac banh xe bi quay tron/
trugt tron trén ray khi dan dong bang banh xe
chu dong hodc can truc bi sai 1éch vi tri ding
khi dan dong bang day dai rang. Tong quan cac
nghlen cltru hen quan xoay quanh van dé nay
va can truc xép kho hién nay c6 thé tong hop
theo ba hudng chinh. Huéng thir nhat 13 toi wu
hoa té hop va 1ap lich nhu st dung hé théng
chuyén gia két hop giira 1ap lich theo chu ky
va quy tic “IF-THEN” dé diéu chinh thoi gian
thuc khi ¢6 sy ¢6 [1]; tng dung lap trinh tuyén
tinh nguyén hon hop, 1ap trinh rang buodc va
thuat toan dé giai quyét bai toan da can truc
[2]; phan chia khu vuc dé can bang tai trong
va Ung dung thuat toan di truyén dé giai bai
toan nguoi ban hang, giam tdi da tong quang
duong di chuyén [3], [4]. Huéng thir hai 12 diéu
khién théng minh va thich nghi nhu st dung bo
diéu khién Fuzzy-PID kép dé diéu khién giai
doan ting toc/phanh [5]; két hop bu tién dinh
dua trén mo hinh nghich dao va bu phan hoi
theo phuong phap Lyapunov dé triét tiéu rung
dong [6]; mo hinh hoa do cimg virng bién d6i
theo thoi gian dé bu sai s6 vi tri do gidn dai
[7] va st dung k¥ thuat dinh hinh tin hi¢u diéu
khién dé giam chan cha dong [8]. Hudng thi
ba 1a dong luc hoc két cau va khir rung nhu st

dung 1y thuyét ddm Euler-Bernoulli va phuong
phéap ma tran chuyén dé xac dinh chinh x4c tan
s6 riéng thay doi theo vi tri ban nang [2], [9];
thay vi st dung phan tir hitu han (FEM) phl'Ic
tap, & nghlen cu’u [10] str dung cac toa do tong
quat de tang téc d6 mo phong; thay doi thong
s6 bo diéu khién dya trén vi tri cia ban nang
dé thich tung voi sy thay doi tan s6 dao dong
[11]; str dung vat liéu Composite hodc két cAu
sandwich c6 hé $6 giam chin cao dé tu triét ti€u
rung dong [12-14] va nghién ctru hién tugng
cong huong hé thdng khi tan sé dao dong cua
dai trung voi tan sb riéng cua cot [15].

Nhu vay c6 thé thay rang, cic nghién
ctru cong bd hién nay chua dé cap day du co
so cho viéc Iya chon gia toc t6i han cia co cdu
di chuyén phuc vu cho thiét ké ché tao va diéu
khién vén hanh can truc xép kho. Bai Viét nay
phan tich ha1 phuong phap dan dong co cau di
chuyén can truc xép kho dang duoc sir dung
hién nay. Trén co so cac dic diém cau tao va
van hanh, nghién ctru xay dung mo hinh toan
hoc cho qua trinh dé x4y ra hién tuong quay
tron/trugt tron va sai 1éch vi tri dung; khao sat
cac yéu té anh huong dén gia tri gia toc t6i han;
dé xuat kién nghi cho viéc lam tang gia tri gia
tdc t6i han va lua chon phuong an dan dong
phu hop.

2. XAY DUNG MO HINH TOAN HQC
XAC PINH GIA TOC TOI HAN

2.1. P6i véi phuwong 4an din dong bang banh
xe chu dfng

Trén hinh 1 1a phuong an dan dong co
ciu di chuyén can truc xép kho bang banh xe
chu dong (bang mot banh xe chua dong — Hinh
1a, bang hai banh xe chii dong — Hinh 1b). Toan
bd trong lugng cua cin truc va hang truyén Ién
dam di chuyén 2, roi truyén xudng ray 4 thong
qua cum banh xe chu dong 1 va cum banh xe
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bi dong 3. Hé di chuyén nho lyc phéat dong tir
dong co, thong qua hop giam toc va khép ndi
(hodc ndi truc kiéu am duong) truyén dén banh
xe chu dong (xem hinh 2). Diéu kién dé hé di
chuyén binh thudng 1a Iyc phat dong tir dong co
phai 16n hon tong luc can cua co cau di chuyén
va dong thoi ciing phai nho hon luc bam giira
banh xe chu dong va ray.

b)
Hinh 1. Din déng co cdu di chuyén can truc xép
kho bang: a) Mét banh chii dong; b) Hai banh chii
dong; 1 — Cum banh xe chu dong;

2—Dam di chuyén; 3 — Cum banh xe bi dong;
4 — Ray di chuyén.

Diéu chinh ting téc d6 co cau di chuyén
duogc thuc hién thong qua diéu khién tdc do cua
dong co va diéu chinh giam toc d6 nho vao didu
khién mo6 men phanh dit trén truc quay nhanh
(truc dong co). Viéc diéu khién nay phai dam
bao can truc di chuyén binh thuong (banh xe
chu dong khong bi quay tron/truot tron), dung
dung vi tri mong mudn (c6 sai léch trong pham
vi cho phép) va khong gay ra rung dong qua
muc.
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Hinh 2. So' do6 dan dong banh xe chii dong:

1 —Pong co lién hop giam téc; 2 — Phanh;

3 — Dam di chuyén; 4 — Banh xe chu dong;
5— Bdnh ty bén; 6 — Ray di chuyén

Piéu kién dé banh xe khong bj truot
trén ray ¢ qua trinh mé may:

. P N
—WM,, -J g, )i N G, (1
Dbx " kat ’ZZI:
qua trinh phanh:

2 ihgt RN
D, M,-J,e,) N < - ;Gi 2)

Trong do: D, - Buong kinh cua banh xe;
M M - M6 men mo may va mo men phanh
quy ve truc dong co; ¢ w & - Gia tbc gbc cua
truc dong co khi m& may Va phanh; 1 Lo M- Ty
sO truyen va hleu suat truyén dong ctia hé thong
truyén dong co cau; o, - H¢ so bam cua banh xe
v6i ray di chuyén; k -HE s6 an toan; T J,- MO
men quan tinh ctua cac chi tiét may quay trong co
ciu quy vé truc dong co tmg véi trudng hop mé
may va phanh; n - S lugng banh xe din dong
trong co cau; G, - Tai trong thang dung tac dung
1én banh xe dan dong th i.

Gia tbc goc cua truc dong co khi mo
may va phanh:
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M —-M
g, =, 3)
JOm
M +M.
g, =—L— (4)
Jop

Trong do: M__, M - M6 men can tinh
co cau di chuyén quy vé truc dong co khi mo
may va phanh, o J - M6 men quan tinh quy
dan cta co cdu quy Ve truc dong co khi mo may
va phanh.

Rut M M tir (3) va (4), thay thé vao
(1) va (2), rdi blen d01 ta dugc:

D, 9, iG‘ M
2katihgtn i=1 l «
g, < , (5)
Jou =

m

Duensg M,
2katlhgt i=l 6
& = J, —J ' ©)

0p P

Xét & didu kién cén truc lam viéc trong
kho véi ray di chuyen nam ngang, mo men can
tinh co cdu di chuyén quy vé truc dong co khi
dong co mé may hodc phanh:

m d
M, =M, ="+l ™
Ingt 2

Trong d6: m - Khdi luong cua may; p
- Hé sO ma sat lan; f - HE s6 ma sat truot; d -
Puong kinh ngdng truc.

M6 men quéan tinh quy dan cta co cdu
quy V€ truc dong co trong truong hop mo may
va phanh nhu sau:

D2
4zhg,n
mD} 1
=J +—=>=_, 9
Op V4 4l.;gt ( )

Thay (7)-(9) vao (5) va (6), ta dugc
cong thie xac dinh gia tdc gbc 16n nhét cua truc
dong co co thé dat trong qua trinh moé méay va
phanh:

ZZhgtg x(pb Z G / G 2lhgtgkatn(2”' + fd)
g = ,(10)
m 2
katDbx

2ihgthbx(pbnz Gi / G+2ihgtgkat (2H+fd) (11)
gme — i=1 .
! katDben

Tuong tmg vé6i gia tbe goc 16n nhat cia
truc dong co, gia tdc toi han cia can truc xép
kho trong qua trinh mé may va phanh co cu
di chuyén ma may van dam bao diéu kién bam
duogc xac dinh:

:|:(Ph (iGi /Gj/kat —ﬂ(2u+fd)/Dbx}g ,(12)

f"“*{cpb[ZG/G]/k +(2u+fd)/(Dbm)}g (13)

Tir cong thire (12) va (13) ¢6 thé thiy gia
tde di chuyén td1 han phu thude chu yéu vao hé
s6 bam va ty 1¢ phan bé trong lwong may trén
banh xe chu dong, khong phu thudc vao trong
luong may, cong sut dong co dan dong, mo
men phanh hay ty s truyén ctia hop giam tdc.

2.2. Déi véi phwong an din dong bing dai ring

Dé tranh hién tuong quay tron/trugt
tron cua banh xe trén ray do khong dam bao
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diéu kién bam. Phuong 4n dan dong can truc
xép kho bang day dai rang duoc ap dung. So dd
dan dong cua phuong an nay dugc thé hién nhu
trong hinh 3. Céac rang trén banh dai an khép
v6i rang trén day dai 1, khi b truyén dai rang
4 quay 1am cho dam di chuyén 3 chuyén dong
tinh tién va cac banh xe ¢ cum banh xe 2 lan
trén ray.

r
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: =

3 n
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Hinh 3. So d6 dan dong co cau di chuyén can truc
xép kho bang bé truyén dai rang: 1 — Ddy dai;
2 — Cum banh xe; 3 — Dam di chuyén;

4 — B¢ truyén dai ring.

Luc cing ban dau cua day dai ring phai
16n hon luc cang do luc quan tinh ly tdm sinh
ra dé khic phuc khe hé khi n khép va dam bao
cho dai ring tiép xtic tot v&i banh dai [16]. Luc
cang dai ban du xac dinh nhu sau:

F=11+1L3)g bv ,N (14)

Trong d6: v - Van tbe vong, m/s; b -
Chiéu rong dai, mm; q,,- Khéi lugng 1 mét day
dai c6 chiéu rong 1 mm, kg/(m.mm).

Khi co cdu di chuyén lam viéc, day dai
phia truéc va phia sau can truc xép kho luon
cang va dong vai tro la nhanh kéo hodc nhanh
nha phu thudc vao qua trinh phanh hodc qua
trinh mé may. Hé sé dan hoi cua day dai twong
g v6i nhanh kéo, nhanh nha va tong hop 1a:

b

k, =CSPZ, (15)
b

k, =CSPL—2, (16)

b(L, + L))
L-L,

k=C (17)

r sp

Trong do: C_ - Bg cung riéng cua day
dai, N/mm; b - Chiéu rdng cua day dai, mm,;
L, - Chiéu dai cua day dai nhanh kéo, m; L, -
Chiéu dai cua day dai nhanh nha, m.

Vi ¢6 hé sd dan hoi cua day dai ring
dan dén qua trinh di chuyén cta can truc c6 thé
gay ra hién tuong bi 1éch vi tri khi phanh dung.
Diéu kién dé can truc dat vi tri c6 sai léch nho
hon gié tri sai 1éch cho phép:

Xl (18)

2 bt
D_(Mp _JPSP)TgSkV

bd

Trong d6: D, - Dudng kinh banh dai;
x,, - Khoang sai 1¢ch vi tri dung cho phép.
g

M6 men phanh Mp duoc xac dinh tuong
tu ’nhgf cong thuc (9), chi khac 1a D, dugc thay
theé bang D, ,. Thay cong thl:l’C x;ic dinh M va
cong thuc (3) vao (18) va bién doi, ta thu dugc:

mDy,m e < Dymk, xgh‘

.2 p
41hgt

+M, 19
20, * (19)

Véi luu ¥ vé gia tc phanh cua can truc
va mO men can tinh phanh quy vé truc dong co
la:

S
hgt
m d
Mcp:._g(u+f_)Dbd/Dbx' (21)

lhgt
Gia tbc t6i han tim duoc béng cach két
hop (19) vai (20), (21):
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max
Xp

—xgh\+§<2u+fd)/Dbx (23)

Nhu Vay, c6 thé thay g1a tdc t61 han phu
thudc chi yéu vao hé sé dan hoi tong hop cia
day dai rang, khéi luong tong thé cia may (bao
gdém ca hang) va khoang sai l1éch vi tri ding
cho phép. V1 gia tri k_thay dbi theo vi tri cta
can truc xép kho doc theo ray di chuyén nén khi
tinh toan gia toc t6i han phai sir dung gié tri nho
nhéat, g v6i vi tri can truc xép kho ¢ gitra kho
(khi chiéu dai ciia nhanh dai kéo va chiéu dai
nhanh dai nha bang nhau).

3. KHAO SAT, PANH GIA CAC YEU TO
ANH HUONG PEN GIA TOC TOI HAN

3.1. Péi v6i phwong 4an din dong bang banh
xe chi dfng

Khao sat gia toc di chuyén toi han theo
ty 1& phan bd trong lwong may trén banh xe chil
dong vé6i cdu hinh may cu thé co cac thong sb
nhu trong bang 1. Cac gia tri trong bang dugc
lwa chon tuwong tmg v6i mot cdu hinh can truc
xép kho thong thuong va giai gia tri hé s6 bam
dugc lay theo cac nghién ctru [17-19].

Bdng 1. Théng s6 phuc vu khdo sat phwong dan dan dong bang banh xe chii dong

g Dbx IJ“ d
(m/s?) (mm) P N (mm) f (mm) ky
9,81 500 0,1-0,5 0,85 0,3 0,02 100 1,2

¥ (msT)
1.5

4
35

2.5

15 T -

I e’ = , =01

05 Lt -
o

a) 04 05 06 07 08 B8 1y 04 05 06 0T 08 09 ]

IG/G YGIG

Hinh 4. Gia toc di chuyén t6i han trong qud trinh:
a) Mo may; b) Phanh

Trén hinh 4 1a d6 thi gia toc toi han (qua
trinh m¢ may - hinh 4a, qua trinh phanh - hinh
4b) theo ty 1¢ trong lwong may phan b trén
banh xe chii ddng va vai 5 gi tri cia hé s bam
khac nhau. Gia toc t6i han ty 1& thudn voi gia tri
hé s6 bam va véi ty 1¢ trong lwgng may phan bd
trén banh xe chu dong. Thanh phan ma sat co
anh huong khong dang ké dén gia toc toi han

(lam giam 0,04 m/s? gia toc toi han trong qué
trinh mé may va lam tang 0,06 m/s? gia toc t6i
han trong qua trinh phanh). O diéu kién hé sd
bam bang 0,2 va v4i 50% tai phan bd trén banh
xe chu dong thi gia tdc t6i han dat 0,77 m/s? va
0,79 m/s* tuong ng véi qua trinh mé may va
phanh. Cac gia tri gla tdc nay ting 1én gap doi
khi 100% tai phan bd trén banh xe chu dong.
Dic biét, khi hé s6 bam duoc cai thién dat dén
gia tri 0,5 va toan b banh xe 1a chu dong thi gia
tri gia toc toi han & qua trinh mé may va phanh
dat dén 4 m/s2.

Nhu vay, véi phuong 4n dan dong nay
gia tc t6i han cua co cu di chuyén khong thé
lam tang 1én qua 16n. Giai phap trong thiét ké
dé tang gia toc toi han nhu sau: dau tién, giir
nguyén h¢ thong ray va banh xe, ting tai phan
b trén banh xe chi dong bang cach bd tri lai
két cAu trén can truc hoac tang s6 banh xe chu
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dong; sau khi da ting tai trong t6i da phan bd
1én banh xe chu dong (100% banh xe chu dong),
cach tiép theo dé tiép tuc ting gia tdc téi han la
thay thé vat liéu banh xe va ray hodc 16p bé mit
ctia banh xe va ray dé hé s bam ting 1én t6i da
(lwu y van phai dam bao cac diéu kién thiét ké
khéc ctia banh xe va ray).

3.2. Poi v6i phwong an din dong bang day
dai rang

Khao sat gia toc di chuyén toi han theo
khéi lugng may va hé s6 dan hoi cia day dai
ring voi cac thong s nhu trong bang 2. Cac
s6 liéu nay dugc lya chon dya trén cac may va
thiét bi c6 sén trén thuc té.

Bdng 2. Théng sé phuc vu khao st phiong dn dan déng bang dai rang

D

g o kr-107° m-107 u ¢ d Xg
(m/s?) (mm) (N/m) (kg) i (mm) (mm) (m)
9,81 500 2,3-9,2 1-5 0,85 0,3 0,02 100 0,005

0.32000
orl lc:.a;,
|
o0 1188
FL

FEL

-

X
P

Hinh 5. Gia téc di chuyén toi han trong qud trinh
phanh voi X, =5 mm

Trén hinh 5 1a d6 thi gia toc téi han cua
qua trinh phanh khi gi4 tri khbi lugng may va
hé sb dan hoi cua day dai rang thay ddi ing voi
gié tri sai léch vi tri dimg ctia co céu di chuyén
la 5 mm. Khi gié tri khoang sai 1¢ch vi tri cho
phép da xac dinh tir trude (thong sd dau vao),
gia tdc t6i han ty 1€ thudn véi gid tri hé s6 dan
hoi cua day dai va ty 18 nghich vé6i khdi lugng
ciia may. Cu thé, voi sd lidu cua truong hop
khao sat, gia tdc téi han dat gia tri lon nhét 4,66
m/s? Gmg véi gia tri khéi luong may nho nhat
1000 kg va gia tri hé sd dan hdi day dai 1on

nhat 9,2-10° N/m. Thanh phan lyc ma sat cling
anh huong khong dang ké dén gia toc toi han
& qua trinh nay. Nhu vay, véi phuong 4n dan
dong nay, gia tc toi han co thé ting 1én 16n hon
phuong an trude, phit hop hon véi can truc xép
kho loai nho (khéi lugng nho) va can yéu ciu
day dai rang c6 hé s6 dan hoi 1on.

4. KET LUAN

Bai bdo da phan tich cAu tao va dic
diém lam viéc cta hai phuong an dan dong
co céu di chuyén cua can truc xép kho thuong
dugc st dung trong thuc té. Trén co s xay
dung mo hinh todn hoc ctia qué trinh m¢ may
va phanh dimg cta co cu di chuyén, nghién
ctru tién hanh khao sat cac thong s anh huong
dén gia toc di chuyén toi han, dé xuat giai phap
lam ting gia toc di chuyén t&i han va pham vi
ap dung ddi véi timg phuong phap din dong.
Mot s6 két luan chinh 1am co sé cho viéc tinh
toan thiét ké va van hanh can truc xép kho nhu
sau:

- Thanh phan ma sit c6 anh hudng
nhung khong dang ké dén gia toc to1 han cua
co cau di chuyén;
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- Cong suit dong co dan dong, ty sb
truyén ctua hop gidm téc va mdé men phanh
khong anh hudng dén gia toc di chuyén tdi han;

- V6i phuong an din dong bang banh xe
chu dong, gia toc di chuyén toi han phy thudc
cha yéu vao ty 18 phan bd tai trong 1én banh xe
chu dong va hé s6 bam giira banh xe va ray,
khong phu thudc vao trong lugng can truc.
Phuong an nay khong thé ting gia tri gia toc di
chuyén té1 han 1én qua 16n;

- Vé6i phuong an dan dong bang day dai
rang, gia toc di chuyén t6i han phy thudc chi
yéu vao khéi luong clia toan may va hé sé dan
hdi tong hop cua day dai rang. Gia tri gia tdc
t6i han c6 thé dat dugc 16n hon phuong 4n trén.
Tuy nhién, phuong 4n nay chi phu hop dan
dong can truc xép kho loai nho.

Huéng nghién ciru tiép theo s& 1a nghién
ctru thuc nghiém xéac dinh gia tc toi han khi
xem x¢ét thay thé vat liéu ché tao banh xe va ray
phu hop tng dung cho can truc xép kho. <
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