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TOM TAT: Co ciu vit me-dai 6c c6 mot s6 vu diém sau: két cdu don gian, d& ché tao,
kich thuéc nhod gon, c6 kha ning chiu tai cao, khong gy tiéng dn va lam viéc véi do
chinh x4c cao. Véi nhitng wu diém trén nén bo truyén vit me - dai dc ngay cang duoc
st dung nhiéu trong cdc may gia cong hién dai, Robot AGV la loai may nang hi¢n dai
nhu vay, (AGV - Autonomous Guided Vehicles). Robot nang van chuyén 1a cac Robot
c6 nhiéu chuyén dong phirc tap nhu: 1y hang, nang hang, diy hang. Viéc tng dung
nhiéu co ciu vit me - dai d¢ vao hé théng dong hoc Robot dé cho Robot thuc hién
duoc nhiéu nhiém vy nhit véi ning suat lam viéc cao nhat. Bai bao trinh bay phuong
phap lua chon tinh toan thiét ké bo truyén vit me-dai 6c mot cach diy du va logic
nham phuc vu cho déng nghiép, sinh vién chuyén nganh Ché tao may va cac nha ky
thuét c6 quan tam.

Tir khoa: Vit me-dai ¢, Robot AGV, xe ning hang.

RESEARCH STRUCTURE AND APPLICATION
OF THE LEAD SCREW SHAFT IN ROBOT LIFTING AGVs

ABSTRACT: The lead screw shaft was widely employed in mechanics, including
CNC machines, Robot AGVs, forklifts, and lines, among other things. Because the lead
screw shaft has a basic structure, is easy to manufacture, is compact in size, has a high
load capacity, produces no noise, and works with high precision. As a result, incorporating
a screw shaft into the Robot's or machine's design allows it to function at a high level of
productivity and accuracy. In this paper, we propose a comprehensive solution for
designing and calculating the lead screw shaft for all typical machines, including robots
and other machines, in this work. The end result might be an application for industrial
manufacture and all of the documentation needed to enroll in Hai Phong University's
Machines Specialization.

Keywords: Screw shaft, Robot AGVs, forklifts.
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1. PAT VAN PE

Hién nay co cau vit me - dai dc ngay
cang duoc st dung lam co cau truyén din
chinh trong cac may moéc ty dong vi nhidu
wu diém vuot troi so véi cac bd truyén
thong thuong [1]. Van dé dat ra 1a tinh toan,
lua chon co cu vit me - dai dc sao cho dam
bao du bén va phu hop véi may can thiét
ké, bai bao dua ra phuong phap tinh toan
thiét ké co cau vit me - dai 6c mot cach day
da va logic nham phuc vu cho céc ban doc
quan tdm va nghién ciu.

2. XAY DUNG CO SO LY LUAN

2.1 Nguyén ly hoat dfng ciia robot
AGYV [2]

Robot AGV chuyén dong theo mot
quy dao duge dinh trudc nho vach dan, hé
thdng hai banh xe duoc din dong boi dong
co dién mot chiéu thong qua mach diéu
khién (hinh 1). Cac vach dan c6 mau khéc
v6i mau nén ciia quy dao chuyén dong. Dé
robot chuyén dong ding quy dao can co b
phan cam bién, bd phan nay c6 nhiém vu
phan biét vach dan va mau nén, dua tin hiéu
twong ung vé mach diéu khién. Mach diéu
khién c6 nhiém vy thu nhan thong tin phan
hoi tir bd phan cam bién tir d6 diéu khién
tdc d6 va chiéu quay cua dong co dién mot
chiéu sao cho xe luén bam va chuyén dong
theo vach dan .

Hinh 1. Hinh anh Robot ning vin chuyén [2]
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2.2 Xiy dung so dd dong hoc ciia
robot AGV

Tir cac chuyén dong chinh ciia Robot
AGYV, ta xay dung dugc so dd dong:

Hinh 2. So d6 dong hoc
Robot ning van chuyén AGV

I- Bdnh xe; 2- Pé robot; 3- Khung
robot; 4- Co cau vit me dai ¢ d‘cfy hang;
5- Co cau vit me dai éc ndng hang; 6-
Khung Robot; 7- Tay day hang; 8- Hop
diéu khién.

Hinh 3. Co céu vit me - dai éc ndng ha
cuia Robot AGV [2]



Hinh 4. Co cdu vit me - dai 6¢ ddy hang ciia
Robot AGV [2]

2.3 Bo truyén vit me - dai oc

- Bo truyén vit me - dai dc 1am viée
theo nguyén ly an khép cua cdp ren (gitra
ren trong trén dai 6¢ voi ren ngoai trén vit
me) dé bién d6i chuyén dong quay thanh
tinh tién.

- Tuy theo tinh chét tiép xtic ctia cap
ren ¢ the chia b truyén lam 2 loai: ma sat
truot va ma sat lan.

2.3.1 B§ truyén vit me - dai éc véi ma
sat truwgt

Vit me dugc gin dong truc voi dong
co thong qua khép ndi. Pong co va vit me
gin cb dinh. Khi dong co quay, vit me quay
lam cho dai 6c¢ di chuyén doc theo truc vit
me. Pai dc duoc gén chat vao bd phan can
chuyén dong (hinh 5).

Truc vit

./

Hinh 5. Vit me - dai 6c véi ma sat triegt [1]

Tdc do di chuyén cta dai 6¢ phu thude
vao toc do cua dong co va budc ren cua truc
vit. P§ chinh xac khi chuyén dong khong

cao khi bd d6i vit me - dai 6¢c bi mon, ¢6
kha nang tai cao, ty sb truyén rét 16n tao ra
duoc luc doc truc 16n. Khi dong co quay 1
vong thi dai ¢ s& dich chuyén 1 doan thang
bang budc ren cua truc vit. Do d6, ding
ddng co budc c6 bude goc cang nhé va truc
vit ¢6 budc ren cang nho thi d chinh xac
di chuyén cua dai ¢ cang cao.

2.3.2 B¢ truyén vit me - dai 6c voi ma
sat lan

Rénh thu hoi Pai 6c  Truc vit me

Hinh 6. Vit me - dai 6¢ véi ma sat lan [1]

Trong bo truyén vit - dai é¢ voi ma
sat 1an nhu hinh 6 giita cdc bé mat lam
viéc clia vit va dai dc 13 cac con lin bang
thép. Diéu nay dem dén mot vu diém: chi
can mot luc quay rit nho di co thé lam
cho dai 6c chuyén dong. Bo truyén nay
hién nay dugc st dung rong rai, dac biét
1a trong cac co cdu chuyén dong chinh
xéc, hé thong diéu khién va cic bd truyén
lgc quan trong, hiéu suét cao nhung kha
nang chiu tai kém hon so véi vit me - dai
¢ thuong.

Trén vit va dai 6¢ c6 cac ranh xoan oc
va cac con lan s€ 1an trén ranh nay. Be luén
ton tai cac con lan gitra cac bé mat ren cla
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vit va dai 6c thi trén cac dau dai ¢ hodc vit
ngudi ta ndi cac ranh thu hoi. Ranh thu hoi
¢ thé nam trén dai 6¢ hodc vit. P9 chinh
xac di chuyén cao do khong c6 do ro giira
vit me va dai bc.

2.3.3 Cdc wu, nhwoc diém chinh

Uu diém: B6 truyén vit me - dai dc co
két cAu don gian, nho gon va dé ché tao phu
hop cho cac may co kich thudc nho. Kha
nang tai cua bd tmyén 16m, d¢ tin cdy cao,
lam viéc ém va khong 6n do do co thé
chuyén dong cham véi do chinh xac cao.

Nhuge diém: Do ma sat 1én nén ren sé
mon nhanh. B truyén vit me - dai dc véi
ma séat 1an c6 hiéu suit cao hon so véi vit
me - dai 6¢ ma sat truot.

2.4 TINH TOAN BQ TRUYEN ViT
ME -PAI OC

2.4.1 Xac dinh luc tay quay khi
néng, ha hang va hiéu sudt co ciu

Vi hoat dong cia Robot AGV la nang
(hinh 3), nén ta xét truong hop sau: Khi dai
¢ di chuyén trén ren vit cing twong tw nhu
déy vat 1én dbc, so d6 luc nhu hinh 7.

Q

mtd

Hinh 7. So d6 tdi tdc dung lén dai éc

O s0 d6 trén, ta co: P - ngoai luc can thiét
(N); Q - trong luong truc vit (N); t- bude ren
(mm); d - duong kinh trung binh ren (mm); o -
gdc nang cua ren.
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Hinh 8. Sor do tinh lyc ndng dai 6c
1 - Tay quay truc vit me;
2-Paidc; 3 - Truc vit me
Theo cac tinh toan thiét ké tir [3-6],
khi nang 1 phan ttr dQ trén d¢ dbc o can
tac dung mot luc dP theo quan hé sau: dP
= dQ.tg(a + ¢) (1)

Trong d6: ¢ = arctg f - gébc ma sat
tuong duong ¢ ; f = 0,1- 0,15 f: hé )
ma sat.

Dé quay duogc dai bc can mot mé men
can bang:

Pia=Mi=Pa = M; = [rdP
= [rdQtg(a+¢) = rdQtg(a+ )

Trong truong hop ha xudng ta co:

Pra=M; =rdQtg(a - ¢) (3)

2

Hiéu suat cua co cau Vit me - dai oc
la ty sO cua cong co6 ich trén tong cong:

_ A 4
=

Ic



Sau 1 vong quay tai trong Q duoc
nang lén 1 quang s, vdy cong co ich la:
A,=0s=02nriga

Trong khi d6 luc P tic dung trén
quang dudng 27r voi tong cong:

A, =P2rr=Q2zrig(a+¢)

6
[} tga ( )

4, Qurrig(a+p) g(a+p)

Hiéu suét ting cung voi goc vit a.
Theo (3) c6 thé thiy néu trong co ciu nang
Vit me - dai ¢ yéu cau ty ham khi va chi
khi : o < @, do d6 hiéu suét trong trudong
hop nay khong vuot qua 0,5. Dé ting hiéu
suat bo truyén can giam ¢ bang cach boi
tron tot va dung vat liéu c6 h¢ s6 ma sat
giam dé ché tao dai dc.

_ 4, Q2mriga

2.4.2 Tinh céng sudt cin thiét
khi nang

Cong sudt va van toc clia bd truyén vit
me-dai 0c dugc xac dinh theo cong thirc:

Pv

1

N=—" ok
60.10007 ©)

n

v =£,m/ph 7
s

2.4.3 Tinh toan truc vit me

Thuec té cho thiy truyén dong vit me-
dai 6c chu yéu bj hong do mon ren, truong
hop vit chiu tai 16n thi bi hong do khéng da
dd cung virng, véi cac vit dai co thé bi udn
doc hoac lam viéc khong 6n dinh. Do vay
viéc tinh todn chon vit phai tinh dén cac
dang héng co ban trén.

a-Tinh theo dp bén mon

Phuong phép nay la phuong phap co
ban dé xac dinh dudng kinh truc vit va chiéu
cao dai 6¢c. BO truyén duoc thiét ké theo do

do bén mon xuit phat tir diéu kién 4p sudt
trén mat ren khong vuot qua mot gia tri cho
phép xac dinh bang thyc nghiém:

f_ o [r] ®
nd,hx

Trong d6: F, - luc doc truc vit (N); d2
- duong kinh trung binh ctia ren (mm); h -
chidu cao lam viéc ciia ren (mm).

Thay: h =yt

p:

Trong do6: t - budc ren (mm); yn = 0,5
- d6i v6i ren hinh thang; yn = 0,75 - d6i v6i
ren rang cua; wh = 0,54 - d6i voi ren tam
giac.
Thay: x = % ;
H - chiéu cao dai dc;
Fa

=—X<
xdy,H 7]

P
©)
T

bat. v, = a

Trong d6: wu = 1,2 1,5 - dbi véi dai
bc nguyén; wu = 2,5 +3,5 - ddi voi dai b¢
ghép.

T d6 xac dinh duogc da:

d,> |—F am 0)
v, [ p]

Trong d6: [p] 4p suét cho phép va
dugc lay nhu sau:

[p] =11+ 13 Mpa - vat li¢u la thép to1
- ddng thanh

[p] = 8 + 10 MPa - vat li¢u 1a thép
khong t6i - dong thanh

[p] =4 + 6 MPa - vat licu 1a thép
khong toi - gang

Tt dz tinh dugc ¢ trén s€ tinh duoc
cac kich thudce khac cuaren: di, d, t ... theo
bang Tiéu chuin vé ren.
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a) Ren hinh thang can

b) Ren rang lugc

i

c¢) Ren hinh vudéng

Hinh 9. Profin ren ding trong vit me - dai éc

b- Tinh todn vé d bén

Ddi véi cac vit chiu tai 16n can kiém
nghiém vé d6 bén. Vi khi lam viéc vit vira
chiu md men xo0dn va vira chiu nén (hoac
kéo) nén can tinh theo Ung suit tuong
duong o theo thuyét bén thé niang bién doi
hinh dang, cu thé:

o,="No’+3r <[o] (11)

O. 11 A
< la Gng suat cho

Trong do: [o]=
s

phép (MPa); o - gidi han chdy cia vat liu;

s = 3 - hé s0 an toan.

o: tmg sut do luc doc truc F, gdy nén

o= 4Fa (12)

rd}

T: ing suat do mé men xoan M, gay

M. 16M,
nen 7 =—=
W oxd

[

(13)

O day: d; - duong kinh trong cta ren
(mm); W, - md men can xodn cua tiet dién

nguy hiém; Mz - m6 men xoan (Nmm).

Mz = Mr + Mn
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Trong d6: M, =F, d,tg(a+¢)/2 la
mo men trén ren; Mn - mé men do luc ma
’ Mn:Ens:f‘Ez :f‘F:J‘dtb/2
sat:

=f.F;(dn +d0)/4

O day dw/2 1a tri s6 ban kinh trung
binh phu thudc vao bé mit tiép xuc giira
dau vit va gbi ty, dw/2 co thé xac dinh
theo cong thuc:d, /2=(d, +d,)/4 véi
dn va do 1a cac duong kinh ngoai va
duong kinh trong (duong kinh 16 khoét)
ctia bé mat gdi ty.

c- Tinh todn vé on dinh

Véi cac vit chiu nén va trong dbi dai
(chiéu dai twong dwong cua vit: pl >7d)
can tién hanh kiém tra theo diéu kién on
dinh vé udn doc. Cong thirc kiém nghiém

Ole c6 dang: S, =% > [So] (14)

Trong do:

So - hé s6 an toan vé 6n dinh; Fy, -
tai trong to1 han; Fa- luc nén doc truc;
[So] - hé sb an toan 6n dinh cho phép.



D¢ xac dinh tai trong gidi han can dua

vao do mém A cua vit: A = il (15)
1l

Trong d6: p - hé sé phu thudc vao
phuong phap c¢6 dinh cac dau vit, xac
dinh nhu sau: p = 1 khi ca hai dau vit dat
trén 6 1an hodc 6 truot c6 chiéu dai b 1, <
2d,, v6i do 1a duong kinh 6; pu = 2 khi
mot dau bi ngam, mot dau tu do; u=20,7
khi mot dau bi ngam, mot dau dat trén 6
lan hodc 6 trugt ¢6 lo < 2do; u = 0,5 khi
ca hai dau vit bi ngam. Vé6i cha ¥ 1a néu
dung dai 6c 1am gdi d& thir 2 thi coi nhu
vit bi ngam mot déu; 1 - chiéu dai tinh
toan cila vit, v&i vit hai gdi do 11a khoang
cach giita hai gdi; voi vit mot gbi d thi 1
1a khoang cach tir giira chiéu cao dai ¢
dén gdi d3; i - ban kinh quan tinh cua tiét

4J

dién vit: i = 5
7d,

(16)

Khi A > 100 tai trong t6i han dugc tinh

n’EJ
= (17)
)

4
7 (044069 | 1a
64 d

1

theo cong thirc Ole sau day: Fth <

Trong do6: J =

mo men quén tinh cua tiét dién vit (mm?);
E -m6 dun dan hoi cta vat liéu, vit thép: E
=2.,1.10° MPa;

Khi 60 < A < 100 thi Fth dugc xac

dinh theo cong thirc thuc nghiém sau:
F, =0.257zd} (a—bA)(18)

Trong dé: a,b 1a hé s6 thuc nghiém
phu thudc vao vat li¢u vit; a= 450, b =1,67

dbi voi thép 45;a=473,b=1,87 d6i voi
thép hop kim, thép t61;

Khi A < 60 : khong can kiém nghiém
vé on dinh.

* Luru ¥: cc cong thie bén trén 1a dé
tinh kich thuéc cho hai loai vit me - dai ¢
ma sat trrgt va ma sat lan vi ma sat truot co
hé s6 16n hon ma sat lan; d6i véi co ciu vit
me dai Oc bi can thém budc tinh chon
duong kinh vién bi, cy thé:

Buong kinh bi: dp = (0,08 ... 0,15)d:
Budc vit: p=dp + (1 ... 5) mm
3. KET LUAN

Trong ndi dung bai bao da nghién
ctru két cdu cua bo truyén vit me - dai b¢
va huong phap tinh toan bo truyén vit me
- dai 6c véi day du cac thong sd va cong
thuc tinh toan. Pay la nhirng ndi dung
tong quan nhat vé bo truyén vit me - dai
6c. Qua bai bao nay cac tac gia hy vong
s& cung cap cho cac nha chuyén mén mot
tai liéu vé bo truyén Vit me - dai ¢ dé
phuc vu cong tdc nghién ctru. Pac biét,
nhitng ndi dung trinh bay trong bai bao
nay co thé duoc sir dung lam tai li¢u
huéng dan sinh vién thuc hién dd 4an tét
nghiép chuyén nganh Cong nghé ché tao
may va Co - Dién tir khi can tinh toan
thiét ké bo truyén vit me - dai dc. Tuy
nhién, khuén khé bai bao c6 han, nén cac
tac gia chua trinh bay dugc chi tiét cac
tinh toan thiét ké bo truyén Vit me - dai
¢ trong cac may tu dong. Céc tac gia hy
vong s€ trinh bay ndi dung nay trong bai
bédo chuyén nganh trong thoi gian gin
day nhét.
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