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1. Khai quat vé Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam la co quan béo chi thuc hién ngdn luan - 1y luan ctia Téng hoi Co khi Viét Nam, dong thoi la tleng
ndi, kénh thong tin chinh thong ctua nganh Co khi Viét Nam. Tap chi cung con la dién dan nghlen ctru khoa hoc ctia cdc nha quan
ly-khoa hoc- chuyen gia- nghlen ctru sinh, hoc vién cao hoc, ... trén cd nuéc, do d6 da dugc Bo Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (md s6 chudn quéc té doi véi xudt ban pham nhiéu ky) va Hoi dong Chikc danh Gido sw Nha nieée cong nhdn tinh diém
cong tinh khoa hoc-bai bdao khoa hoc.

Tap chi Co khi Viét Nam c6 nhi¢ém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat ctia Nha nuéce va
dinh huéng phat trién, hoat dong cua nganh Co khi Viét Nam; cong bb cong trinh khoa hoc, két qua nghién ciru va chuyén giao cong
nghe chuyén dé khoa hoc va cong ngh¢ c6 ham lu'orng khoa hoc va gié trj thyc tién cao ctia nha quan ly-khoa hoc- chuyen gla giang
vién, nghién ctru sinh, hoc vién cao hoc, ... trong nganh Co khi va lién quan dén linh vuc Co khi. Ngoai ra, Tap chi ciing con 12 noi
cong bo nhirng phat minh, sang ché, két qua, thanh tich, dién hinh tién tién trong hoat déng nghién ctru khoa hoc, quan ly, dao tao va
san xuat, kinh doanh linh vuc Co khi ¢ trong va ngoai nudc téi dong dao ban doc.

2. Viée cong bd cong trinh khoa hec/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén Iinh viee Co khi trén
Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam nhén cong b cong trinh khoa hoc/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vie Co khi ctia nha quan ly-khoa hoc- chuyen gia-nghién ctru ctru sinh, hoc vién cao hoc,. .. trén Tap chi Co khi Viét Nam (ban in glay)
gom: 'Co khi Ché tao may, *Co khi Quoc phong, *Co khi Giao thong, 1Co khi Nong-lam nghlep Co khi Xdy ding, °Co khi Thity san,
"Co khi Pia chat, Co khi Hoa chat, °Co khi Béio qudn ché bién nong lam thity san, "Co khi Béng co dot trong, "Co khi O 16 - May kéo,
2Co khi May thiy khi, " Co khi Cong nghé nhiét lanh, "*Co khi mdy nang lwong, >Co khi Cong nghé dét, '°Co khi Cong nghé cat may,
Co khi Co-dién tir, *Co khi Ky thudt hé théng cong nghiép, °Co khi dao tao nguon nhan huc va nghién cieu chuyén giao.

3. Thé 18 vé cong bd cong trinh khoa hoc/ diing bai bao khoa hoc trong nganh Co khi va lién quan dén linh vwe Co khi trén
Tap chi Co khi Viét Nam. Do dé, cong trinh khoa hoc/ bai bao khoa hoc khi dugc diang trén Tap chi Co khi Vi¢t Nam phai
dam bao cac yéu cau, nhu sau:

3.1. Yéu cu chung: Cong trinh khoa hoc/ bai bao khoa hoc dang trén Tap chi Co khi Viét Nam phai 1a két qua nghién ctru gdc;
bai bao tong quan hodc bai viet thong tin khoa hoc (short communications).

3.2. Ban thdo: Bai bao dang trén Tap chi Co khi Vi¢t Nam, gdm c6 cac phan:

1. Tén bai bao (bang tleng Viét va bang tleng Anh)

2. Tén tac gid, dong tac gia (kém theo ghl chu vé chire danh khoa hoc, hoc ham, hoc vi, tén co quan cong tac, emall)

3. Tém tit bai bao bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gOm co tu khoa tiéng Viét va tiéng Anh, ddi voi cum
tir khoa c6 khoang 5 - 15 tir khoa).

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

6. Ket qué va thao luan (co thé tach thanh 2 phén riéng biét: Két qua, Thao luén).

7. Két luan.

8. Tai liéu tham khao (trich dan theo dung quy dinh bai bao quoc té).

Ban thao dugc soan trén may vi tinh, sir dung Unicode, kiéu chir Time New Roman, ¢& chir 14, trén gidy A4 - mot mat,
ché d6 dan dong: “1.5 lines spacing”, can 1& trai phal moi bén: 3 cm, can 1& trén dudi: 2,5 cm, ché do 1&: “Jusnﬁed” Dung lu'orng moi
bai bao khoang 1.600-2.500 tur. Céac do thi, hinh va anh cén trinh bay rd rang.

Céc thuat ngir khoa hoc néu chua dugc Viét hoa thi uu tién dung nguyén ban tiéng Anh. Céc ky hiéu viét tit cin phai giai
thich khi xuat hién lan dau.

Thu tu bang va hinh dugc danh s theo trinh tu trong bai, khong danh theo thi tu d& muc. Khong dugce viét tit cac tiéu muc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh vé duorc ghi bén dudi hinh. Chu th1ch in ngh1eng

Chi co nhu’ng tai liéu duoc trich dan thyg sy trong noi dung bai Vlet méi dwa vao phan tai lidu tham khdo. Tai liéu tham
khao dugc sap xép theo thu tur trich dan (tai liéu tiéng nudc ngoai dugc sap xep theo ho cua tac gla tai liéu tleng Viét sap xep theo
tén tac gia) va theo trinh tu: tén tac gia, nam xuat ban trong ngodc don (.. ), tén sach, tén nha xuat ban, noi xuat ban (d01 voi sach)
hodc tén bai bdo, tén tap chi, tap, s0 (d6i voi bai bao), trang dau va trang cudi cua tai lidu. DPbi voi nhu’ng tai liéu khong co tac g1a thi
xép theo chir cai cua tir dAu tién ctia co quan ban hanh tai liéy. Trong ban thao, & nhung noi dung tac gid da tham khao hodc str dung
két qua nghién ciru tir cac tai lidu khoa hoc khac, can danh dau bang so (dat trong ddu...]) - 1 sb tht ty cia tai liéu xép trong danh
muc c4c tai liéu tham khao. Tai liéu tham khao can ghi theo ngdn ngir gbc, khong phién am, khong dich.

3.3. Giri hodc ndp bai: Ban thao gdm 2 ban in va 1 ban dién tir, Khi ding ki nop bai, cac tac gia c6 thé dé xuat 2 phan bién. Viéc
chon céac phan bién chuyén mon phu hop thudc quyén ctia Hoi dong Bién tap Tap chi Co khi Viét Nam.

3.4. Phén bién: Sau khi nhan bai viét giri ding dang v6i Thé thirc quy dinh ciia Tap chi Co khi Viét Nam, Hoi dong Bién tap s& gui
bai viet cho cac phan bién.

Nhu'ng bai viét dugc chap nhén déng, cac tac gia s€ nhén duoc thu phan hdi cua Hoi ddng Bién tap vai thoi gian stra chira
dugc yéu cdu tiy theo chat lucng clia bai viét. Ban stra chita lan cudi cua tac gia s€ dugc coi 1a ban goc.

Bén thao co thé nop truc tiép hodc guri qua E-mail cta Tap chi.
Quy tac gia mudn biét thém thong tin, xin vui 1ong lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S6 4 Pham Vian ang (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0904 177 637 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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KHAO SAT DPONG LU'C HOC CUA HE THONG TY DONG
PHUN THUOC CHO CAY THANH LONG

DYNAMICS SURVEY OF AUTOMATIC SPRAYING DRUG SYSTEM
FOR DRAGON TREE

ThS. Pong Vin Ngoc
Truong Cao dang Co dién Ha Noi

TOM TAT

Bai bao gioi thiéu két quad khao sat dong luc hoc cua hé théng tw dong phun thuéc bao vé
thue vt cho cdy thanh long bao gom: phirong trinh vi phin dao dong ciia cum thiét bi phun thudc
khi di chuyén trén dwong cdp. Tir qud trinh hoat dong thuc té ciia cum thiét bi phun thudc, tién hanh
xdy dwng mé hinh dong lwc hoc, thiét ldp cdc hé phwong trinh vi phdn dao déng. Sir dung phan mém
Matlab dé mé phong va khdo sat cac yéu to anh hwong dén dao dong ciia cum thiét bi phun thudc,
tir két qua khdo sat thu dwoc, dé xudt gidi phdp han ché dao déng ciia cum thiét bi phun thuéc ldp
trén duong cap.

Tw khéa: Khdo sat dao dong cum thiét bi phun thuéc; Khao sat dong luc hoc dwong cdp;
Mo hinh dao dong cua cum thiet bi phun thuoc.

ABSTRACT

The article introduces the results of the survey on the dynamics of Automatic system for
spraying plant protection chemicals for dragon trees including: oscillatory differential equation
of the spray equipment cluster when moving on the cable. From the actual operation of the spray
equipment cluster, build a dynamic model and establish systems of oscillating differential equations.
Using Matlab software to simulate and survey factors affecting the vibration of spraying equipment,
from the survey results, propose solutions to limit the vibration of spraying equipment installed on
the cable line.

Keywords: Spraying equipment cluster
equipment cluster:

oscillation survey, Oscillation model of spray

1. PAT VAN DPE Nhat Ban, My, cac nudc trong khdi ASEAN,
trong cac loai cay an qua c6 cay thanh long.

Viét Nam la nudc cd dicu kién vé khi

hau, dat dai va thd nhudng cho viéc phat trién
cac loai cay an qua, hién Vi¢t Nam co nhiéu loai
cay dac san co gia tri cao, da dugc cong nhan chi
dan dia Iy va da xuat khiu sang mot s6 nudc nhur
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Qua thanh long cua Viét Nam duoc xuit
khau sang nhiéu nudc trén thé gi¢i mang lai gia
tri kinh t& cho mét sb dia phuong tr(‘A)ng loai cay
nay, xong trong qua trinh canh tac, loai cay nay
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thudng xuyén phai phun thudc dé kich thich
ciy ra bong két trai, phong trir sau bénh hai,
qua trinh phun’ thudc hién nay chu yéu bang thu
cong, nang sudt thap, tén nhiéu nhan lyc, ling
phi thubc, anh huong dén suc khoe cua ngudi
lao dong.

Xuat phat tir nhitng van dé néu trén,
Cong ty co phan Thiét bi Chuyén ding Viét
Nam phéi hop véi cac nha khoa hoc ctia Truong
Pai hoc Lam nghiép d thiét ké ché tao mo hinh
duong cap tu dong phun thuoc cho cay thanh
long nhdm nang cao nang suét, tiét kiém thudc
phun, giam chi phi lao dong.

Trong qua trinh hoat dong thuc té cua
duong céap thi phat sinh dao dong ctia cum thiét
bi phun thudc, tir d6 1am cho duong cap bi rung
lic, ddn dén d6 chinh xéac cua dau phun bi anh
huong. De tim ra giai phap han ché nhitng anh
hudng xau cia cic yéu t6 dén dao dong cua
cum thiét bi phun thude, dong thoi khic phuc
tdn tai néu trén can tién hanh khao sat tim ra
quy luat anh hudng cua cac yéu to dén dong luc
hoc ctia cum thiét bi phun thube khi di chuyén
trén duong cap. Trén co s két qua khao sat thu
dugc 1a co so khoa hoc dé dua ra cac giai phap
k¥ thuat dé han ché dao dong ctia cum thiét bi
phun thubc va dudng cap.

2. POI TUQONG VA PHUONG PHAP
NGHIEN CcUU

2.1. Doi twgng va thiét bi nghién ciru

Pbi tuong nguyén ctru la duong cap tu
dong phun thudc cho cay thanh long do Cong
ty cO phan Thiét bi Chuyén dung Viét Nam
thiét ké va che tao.

2.2. Phwong phap nghién ctru

Phuong phap nghién ciru duge st dung
la ap dung ly thuyét co hoc h¢ nhiéu vat, 1y
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thuyét co hoc ddy mén dé thiét 1ap mo hinh
dong lyc hoc va h¢ phuong trinh vi phan dao
dong cua cum thiét bi phun thudc. St dung
phan mém Matlab dé mo phong va khao sat cac
yéu t6 anh hudéng dén dao dong cua cum thiét
bi phun thude, dé tir d6 rut ra két luan can thiét.

3.KET QUA NGHIEN CUU VA THAO LUAN

3.1. M6 hinh va phwong trinh vi phan dao
dong cia cum thiét bi phun thuoc lap trén
dwong cap

M0 hinh dao dong ctia cum thiét b phun
thude ¢6 co cdu chéng rung, duoc thé hién trén
Hinh 1. Khi d6, hé phuong trinh vi phan dao
dong cua cum thiét bi:

fd) ,

ta chéng rumg

x .
cum thiet bi

Hinh 1. M6 hinh tinh toan dao dong cua cum thiét
bi phun thuoc khi co co cau chong rung

H¢ phuong trinh dao dong ctua cum
thict bi:

4, A, A; || P B, + Qﬂ B,
A4, A4, Ayl|la|=B,+0, =B (1)
Ay A, Ay B, + y P
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Véi:

4,=J, +(m+m0)ff J4, :mexcos(ﬂ—oz);A13 :mOROfxcos(ﬂ—]/);

Ay =mRf.cos(B-a); Ay=mR ;Ay=0 (2)

Ay =myR.f.cos(f=7); 4y=0 Ay =myR;

B, =-mRf,sin(B-a)d’ ~2f,f!ifp(m+m)~(m+m)( 1+ f.f]) % sin2p
—(m+my) f.f %sin2B—(m+m,)gf, sin f—2mRf] xé sin fsina
=2mR, f Xy sin B siny —mR, f. sin(ﬂf}/)yz

B, =mRf.p’ sin(B-a)-mgRsin(a)-c(a-y)

"2 A T, (3)
—mR(fxx +fxx)sm(ﬂ+a)—2mexxﬂcos(ﬂ)cos(a)

By =m, Rofx,ﬁh'Z sin(ﬂ—}/)—mogRO sin(7)+c(a—}/)

-m, Ro(ﬂ')'chrﬂjé)sin(ﬁﬂf)—Zmo R, fx'fc/?cos(ﬂ)cos(;/)
0y =—fx[(Fy +Fy]).sin,8+(Fz +FZ]).c0S,B]
0, = —R[Fy.sina+Fz.cosa] 4)

0, =-R&, [Ii,,.sin7+FZ,.cos;/J

bat: =y, rﬁ:yzra:ypd:% V=Ds r7}:y6(5)
Khi d6 co:
j’]:ﬂ:yZJ)}zzﬁy).Q:d:M ’)}4:&’}.}5:7}:)}6’}}6:7}. (6)

Va (1) dugc chuyén thanh hé phuong
trinh vi phan cap 1:

M(Y)Y=P(Y) (7
Trong do:
Y=[y, vy 2] 5 YD, 3y 5] ®)
10 0 0 0 0] 5, ]
0 4, 0 4, 0 A4, P
— 0 01 0 0 0| - |y,
M = ; b= €))
0 A4, 0 4, 0 A4, P
0 0 0 0 1 0 Vs
10 4, 0 4, 0 A,| L5 ]

Trong cac biéu thirc cia A, va P, déu
coO chura gla tri cua f_va cac dao ham bac 1 va
2 ctia n6. O day, f 1a dd vong cua cap tai dlem
treo cum thiét bi va chi c6 duoc dudi dang sb.

Do vay, trong tinh toan ta s€ thuc hién nhu sau:

Chia nhip cap OA thanh n doan bang
nhau theo chiéu ngang tai cac diém:

x,=0, x,,%,,..,x, =A.

X _ .
bat Ax =—%, khi xe[xH,xl.] thi
n

f!:%z-fx(xi)_-fx(xi—l): '
o Ox Ax 2
va

"_ af f,” f)lf’, " . .
= . =fl i=1+(n-1);
f”—0 (10)

3.2. Két qud khao sat hé¢ phwong trinh dao
dong clia cum thiét bi

Két qua khao sat dao dong cua cum
thiét bi khi c6 hodc khong c6 co ché chong rung
duoc thé hién trén Hinh 2.

Khéng chong rung

C6 chong rung

62 Ll ﬁ [ | ‘l [
go ||‘i'|“ |u|||b J. "1‘ Ml M Mq wq M 1“1 \ﬁ “‘1'
é'z HI Fu\ W III f\vl w l| l‘ |1i| “ f' J

Goe Anfa - (d49)

| 'l}\l

8 =
o 10 20 30 40 [ 10 20 30 40

Thai gian t (s) Thei gian t (s)
Hinh 2. D6 thi dao dong cum thiét bi khi c¢6 va
khéng c6 chong rung

Nhan théy réng, bién do dao dong cua
cum thiét bj dat max khi khong c6 co cau chong
rung la 6,2 do, trong khi n6 sé chi dat max 4
d6 khi c6 chéng rung. Nhu vay, viéc co thém
co cAu chong rung 1a can thiét, n6 s& lam ting
tinh 6n dinh cia hé théng phun thudc trong quéa
trinh cap di chuyén.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 313, thang 3 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

O day, ta can khao sat dé tim ra gia tri
t6i wu cac thong sb vé do ctng 16 xo, khoang
cach R treo ta, ving tan s6 dao dong riéng cia
cum thi€t bi d€ tranh hién tuong phach, cong
hudng khi tin sd gi6 roi vao ving gia tri nay.

3.3. Xac dinh tin s6 dao dong riéng ciia cum
thiét bi c6 chong rung

H¢ phuong trinh dao dong (1) khi khong
co luc gid kich dong c6 dang:

A, A
A4, A4, A,;|a|-|B,
4; A, A y B,

=0(11)

N
~

Trong do, cac B, déu chua céc dai luong
B, a, y va cac dao ham cian6 cung voi £, £, 1.
Tan s6 dao dong riéng trong (11) chinh 1a cac
nghlem cua phuong trinh dac trung tuong ung.
Dé c6 thé tinh gan dung gia tri cac tan sd nay, ta
c6 thé 13y f =1 (*) la tri trung binh cua d¢ vong
nhip cap theo quy dao di chuyén cua cum thiét
bi, dan dén cac tri f’ = £ = 0; c4c dai lugng P,
o, ¥ nhdé nén co thé coi sinf} = B, sina. = q, siny =
v. Dan dén hé phuong trinh thuan nhat:

AX +CX =0 (12)

Trong do
_ ‘ill 1 fl 2 1:113 _ Cl 1 CIZ Cl 3 ﬂ
4= "EZI "Ezz "Ezs C=|G, € G|y X=|a|; (13)

31 32 33 C31 C32 C33

Voi:
4,=J, +(m+my) f? A, =mRf ; Ay =mR.f.;
A, =mRf, ; A, =mR* 4, =0 (14)
_31 =mR,f, ; 4,=0 ) _33 = moRg
C,=m+m)gf ;C,=0;C,=0;

C,=0,C,=mgR+c¢;C,
C,=0,C,=-¢C,= mORO.g + c

H¢ phuong trinh (12) c¢6 phuong trinh
dac trung:

Det(é—k22)=o (15)

Phuong trinh (15) 14 phuong trinh dai s6
bac 3 d6i voi k2, n6 duoc goi 1a phuong trmh dac
trung hay con goi 1a phuong trinh tin s6.

Cac nghiém k, cua (15) duoc goi 1a cac
tan s6 riéng. Do (15) 1a phuong trinh bac 3 ddi
v6i k? nén s& co toi da 3 nghiém thuc déi véi
k2. Viéc giai bang s6 phuong trinh (15) véi cac
thong sb da biét duoc thuc hién trén Matlab. Két
qua tinh toan cho gia tri cia vé trai (15) theo k
dugc cho trén Bang 1:

Bang 1. Bang cho két qua vé ving céng huong ciia tan so gio

Gis tri k 2,41 3,5

10,75 12 24 24,5

Det(C k*A ) 10™ 81 -89

-49 661 1145 -1670

Nhan thay gia tri ctia Det (6 -K'4 ) =0 voi
k nam trong cac khoang: (2,41 + 3,5); (10,75 +
12); (24 = 24,25). B6 ciing 1a cac khoang tan s
s€ xay ra hién tugng phach hoac cong huong.
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Dé kiém chimg, giai hé phuong trinh
dao dong (1) véi cac tan sd gid nam trong cac
vung cong huong: ®=2,45; o=3; ©=10,9; ®

=243 dugc cac do thi trong Hinh 3.
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Nhan thdy ving tin so gi6 thdp nhét
c6 hién tuong phach va cong hudng la vung
trong khoang: ® € (2,41 = 3,5). Thuc té khi
tac nghiép phun thudc trong diéu kién gi6 troi
thuong & tan s thap, vi vy ta sé chi khao sat,
xac dinh cac thong sb cua cum thiét bi dé dam
béo cho su 6n dinh cua hé théng lam viéc khi
cac tan s gio @ <2.4.

Bién d¢ goc Anfa - (49)
=
=
=

Bién d6 goc Anfa - (d6)

]
8
2
&
3
@
S

o 20 40 60 80 100 120
Théi gian t - (s)

il MMMHM NM il

=

e

"‘ ﬂ”

Ia ll

|'1 Ul

10 15 20
Théoigiant - (s)

©=24.3

. Bién d§ géc Anfa - (49)

s

Bién db goc Anfa - (d6)

e

5 10 15 20 25 30 35 40
Thoi gian t - (s)

Hinh 3. Hién twong phach va cong huong trong
dao ddng ciia cum thiét bi itng véi cdc tan sé gio
khadc nhau
3.4. Xac dinh d¢ cirng chdng xodn caia 10 xo

trong co cAu chong rung

Lo xo 1a mdt bd phan lién két giita cum
thiét bj va ta chéng rung. Cung vadi khdi luong,
dd dai treo cta cum thiét bi va ta chéng rung,
d6 cing chdng xoan ciia 16 xo gop phan tao nén
cac dao dong léch pha gitra cum thiét bi va ta.
Dé xéc dinh gia tri d6 cimg chéng xoan cua 16
x0, ta s& khao sat bién do 16n nhét ctia cum thiét
bi khi hé thong phun thudc chiu luc tic dong
clia gi6 troi ¢ cac tan s6 o thay doi tir 0 dén 2,4.

Khao sat hé (1) véi cac tan sd gio o
thay doi tir 0,4 dén 2,4; v6i mdi tan s6 cho do
cting chdng xodn ciia 16 xo ¢ thay dbi tir 16 dén
36 N.m/rad va thoi gian 60 gidy (bang thoi gian
cum thiét bi chay hét mot nhip cap 20 m). Voi
mdi bo hai thong sé trén 1ay max bién do dao

dong ctia cum trén toan nhip. Két qua duoc cho
trén d6 thi Hinh 4 vé hinh anh bién d6 16n nhat
ctia cum thiét bi theo do cung chéng X04n cua
16 x0, g véi cac tan sb gid ® va R,=0,23m.

8

o @ ~
T

|

]

|

=]

I

=

|

Max bién d6 dao déng
i

= ctia cum thiét bi - (d6)

w
5

16 18 20 22 24 26 28 30 32 34
D¢ cingc - Nom/ rad

Hinh 4. Do thi bién do lon nhat ciua cum thiét bi
theo do cung chong xoan cua lo xo, ung voi cac
tan so gio o va R,=0,23m.

Két qua nhan thay, 6 cung mot tan sb
gi6 thi bién d§ dao dong max cua cum thiét
bi khong thay d6i nhiéu khi d6 ctng chdng
xodn cua 10 xo thay doi tir 16 dén 36 (Nm/rad);
nhung no s& tang 1én khi tan s6 gio ting lén.
Nhu véy, d6 cting chéng xoén cia 1o xo khong
anh huéng nhiéu dén bién d6 max cia dao dong
cum thiét bi. Trong cac tinh todn cua luén an, s€
liy d6 cting chong xo0dn 10 xo ¢ = 22 Nm/rad.

3.5. Xac dinh d9 dai treo ta chdng rung theo
tan so gio

Mot trong cac thong sb dé& diéu khién
thay ddi dé lam thay doi tan s6 dao dong riéng
cum thiét bi, d6 1a lam thay d6i khoang cach
treo ta chdng rung. O mdi tan s6 kich dong cua
gio, ta can lam thay d6i tan s6 dao dong riéng
ctia cum thiét bi dé tranh bi hién twong phach
hay cong huong, dong thoi tao 1éch pha dao
dong dé bién d6 dao dong cua ta va cum thiét
bi khir 1dn nhau. Diéu nay din dén can xac dinh
d6 dai khoang treo ta tot nhat Gmg véi mdi tan
s6 gi6 dé bién do dao dong 16n nhat cua cum
thiét bi trong qua trinh di chuyén trén nhip cap
1a nho nhat.
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D6 dai Ry - (mm)

Bién 4§ dao ding
max cia cum - (d8)
-] --]
T T
G

=
T

-— Khéng chong rung

Cé chéng rung

1.2

ol
-
=]
=]

14

1.6 1.8 2 22 24

Tin 56 gib
Hinh 5. D6 thi biéu dién:
(a) — Gia tri R  tot nhat theo gia tri tan :vé g;’o’; (b) — Bién do lon nhat cua cum thiét bi (trong nhip cap) vng
VOi tri cdc tan so gio va voi tri R tuwong ung trén (a).

Badng 2. Két qua khao sat gia tri R theo tan sé gio , lam cho bién d¢o dao dong lon nhdt cum thiét bi trén
nhip la nho nhat.

Tén sb gi6 06 | 08 1.2 | 14 | 16 | 1.8 | 2 | 22 | 24
R, tot nhat (mm) 250 | 255 | 245 | 230 | 240 | 225 | 220 | 235 | 225 | 245
MaxBiendo 352 | 359 | 3.52 | 334 | 3.50 | 3.543.79|3.99 | 430 | 5.17
(c6 chong rung — d9)
Max Bién do
R s ) 460 | 476 | 495 | 496 | 529 | 5.46 |5.76  6.06 | 6.47 | 7.35
(khong chong rung — d9)

Tir két qua khao sat duoc ghi trén Bang
3.4 va trén do thi Hinh 3.6, c6 thé nhan thiy
rang: Vi co cau chdng rung khi R, duoc didu
chinh va lam viéc trong diéu kién gid troi co
tan so trong khoang o € (0,6 ~ 2,4) thi bién
do goc 16n nhat cua dao dong cum thiét b o,
=5,17° < o, = 5,73°, thoa man gi('yi,han cho
phép, trong khi do, bién d¢ cum thiét bi dao
dong luon 16n hon néu khong c6 co cau chdng
rung va & gi6i han cho phép khi tan s gi6 chi
trong khoang @ € (0,6 + 1,6).

Mat khéc, trong qua trinh tac nghiép,
lwong thude giam theo thoi gian phun, dan dén
khéi luong cta cum thiét bi phun thude giam
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theo thoi gian. Diéu nay anh huong dén bién do
dao dong cia cum thiét bi. Thuc hién khao sat
dao dong cum thiét bi v6i cac tan sd gi6 trong
khoang @ € (0,6 + 2,4) va khéi lugng cum thiét
bi m (kg) trong khoang 30-50 kg, din dén két
qua tot nhat cua gia tri R, (mm) dugc cho trong
Bang 3 ma theo do bién d§ goc 16n nhat trén
nhip céap s& dat gia tri nho nhét.

Cin cr vao Bang 3 c6 thé dua ra tin
hiéu diéu khién mé-to hiéu chinh d¢ dai doan
treo ta (R)) theo gia tri khdi lugng cum thiét
bi (m) va tan so gi6 (@), ddm bao bién do dao
dong 16n nhét caa cum thiét bj thoa man diéu
kién cho phep (2.167): o, < o, = 5,73°.
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Bang 3. Bang hi¢u chinh R | theo khoi lwong cum thiét bi va tan sé gié.

m (kg) | TSO gio=> | 0.6 0.8 1 12 | 14 | 1.6 | 1.8 2 | 22 24
30 R, (mm) 295 295 285 290 285 250 225 230 | 220 | 265
Oy, -(d9) 5.34 5.40 5.21 5.39 5.79 6.00 6.19 | 6.63 | 7.18 | 8.13

32 R, (mm) 290 280 280 280 275 280 270 255 215 | 275
Oy -(d9) 5.03 5.14 4.90 4.98 5.16 5.47 568 | 591 | 6.45 | 7.42

34 R, (mm) 280 285 275 270 270 265 245 265 270 | 275
Oy -(do) 4.80 4.81 4.61 4.69 4.83 5.02 527 | 574 | 6.13 | 6.75

36 R, (mm) 280 275 265 260 265 265 255 265 260 | 275
Oy -(do) 4.54 4.61 4.48 4.41 4.56 4.75 494 | 522 | 5.75 | 6.20

38 R, (mm) 270 265 265 265 265 265 255 260 265 | 215
Oy -(d9) 4.38 4.44 4.27 421 441 4.52 476 | 489 | 559 | 6.42

40 R, (mm) 270 270 265 250 245 245 250 260 245 | 255
Oy -(d9) 4.22 4.30 4.14 4.07 4.22 4.34 457 | 481 | 531 | 6.11

42 R, (mm) 255 260 245 250 220 240 250 250 255 | 245
. -(dd) 4.09 4.19 4.05 | 4.01 4.06 419 | 429 | 463 | 510 | 5.85

44 R, (mm) 255 255 250 235 235 245 245 240 240 | 240
. -(dd) 3.94 4.09 394 | 3.72 3.91 397 | 421 | 453 | 484 | 5.58

46 R, (mm) 255 255 250 240 235 240 230 235 230 | 220
. -(dj) 3.79 3.89 379 | 3.54 | 3.73 3.84 | 407 | 430 | 4.69 | 547

48 R, (mm) 250 250 250 235 235 240 230 235 235 | 230
. -(dd) 3.69 3.77 3.67 | 344 | 3.57 3.71 395 | 410 | 446 | 5.19

50 R, (mm) 250 255 245 230 240 225 220 235 225 | 245
o, -(dd) 3.52 3.59 352 | 334 | 3.50 3.54 3.79 | 3.99 | 430 | 5.17

4. KET LUAN hoc cho viéc tinh toan thiét ké hé théng tu dong

T cdu tao va diéu kién hoat dong cua
hé théng tu dong phun thudc cho cdy thanh
long, da xay dung mé hinh dong luc hoc dao
dong ctia cum thiét bi phun thudc, tir 46 d3 thiét
lap dugc hé phuong trinh vi phan dao dong cta
cum thiét bi phun: phuong trinh (1), (12) va
(15). Pa sir dung phan mém Matlab dé khao sat
cac yéu to anh hudng dén dao dong cua cum
thiét bi phun thudc. Két qua khao sat da xac
dinh duoc quy luat anh hudng cua cac yéu td
dén dao dong cua gio (tir hinh 1 dén hinh 5),
nhimg két qua nghién ctru ndy 13 co s¢ khoa

phun thudc cho cay thanh long. %*
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NGHIEN CU’'U MO PHONG BO DIEU KHIEN RISE BAO HOA DIEU
KHIEN DPONG BO GOC QUAY BANH XE DAN HUONG VA GOC
QUAY VANH TAY LAI TRONG HE THONG LAI STEER-BY-WIRE

SIMULATION RESEARCH ON RISE SATURATION CONTROLLER FOR
SYNCHRONIZATION CONTROL OF ROAD WHEELS AND STEERING WHEEL IN
STEER-BY-WIRE SYSTEM

Nguyén Xuan Tuéin', Pinh Thi Thanh Huyén?*
'Khoa Cong ngh¢ O t6, Truong Co khi — O t6, Truong Dai hoc Cong nghi€p Ha Noi
?Khoa Co khi, Truong Pai hoc Giao thong Van tai

TOM TAT

Bai bao nay nghién ciru moé phong phirong phap diéu khién RISE bdo hoa cho hé thong ldi
steer-by-wire (SBW), danh gid chat lwong diéu khlen géc quay banh xe dan huéng bam quy dao
géc quay tham chiéu khi xe di chuyén ¢ nhiéu ddi toc do, trén cdc bién dang mdt dwong 1ot va kho,
trong nhiéu chu trinh ldi khac nhau. Chat heong diéu khién bam quy dao dwoc danh gid trén cdc
chi $6 sai s6 binh phwong trung binh (RMS) va gid tri Ién nhdt (max) ciia sai s6 bam quy dao va
tin hiéu diéu khién. Chat luwong diéu khién ciia bo diéu khién RISE béo hoa duwoc so sanh véi hai bé
diéu khién khdc la bg diéu khién PD va H. .

Tir khoa: Hé thong ldi Steer-by-wire; Diéu khién bdo hoa; Piéu khién phi tuyén.
ABSTRACT

The paper studies on simulations for saturated RISE control method for the steer-by-wire
(SBW) system to evaluate the synchronization control performance of road wheels and steering
wheel, under different vehicle velocities, dry and wet road surfaces, and different driving maneuvers.
The tracking performance is evaluated on the root square error (RMS) and maximum (max) index
values of tracking errors and input control signals. The control performance of the saturated RISE
control is compared to two other controllers: PD and H_ controllers.

Keywords: Steer-by-wire system, Saturation control; Nonlinear control.

1. PAT VAN DPE

V6i su phét trién nhanh chéng cia xu
huéng xe di¢n, cong ngh¢ x-by-wire da tro
thanh hudng nghién ctru thu hat rat nhiéu su
quan tdm trong sy phat trién ciia nganh cong
nghiép 6 t6 voi viée nghién ciru phat trién hau
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hét cac bd phén cia xe hién dai, chfmg han nhu
brake-by-wire, steer-by-wire, throttle-by-wire,
accelerate-by-wire, hay shift-by-wire. Trong hé¢
thdng 1i steer-by-wire (SBW), so v6i hé thong
lai truyén thong thi truc co khi két ndi vo ling
va banh rang l4i da bi loai bo. Lénh diéu khién
141 tir nguoi 141 khong con duoc truyén truc tiép
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xudng banh xe dan hudng théng qua két ndi co
khi ntra ma thong qua glao tiép dién tir bang day.
Thay thé cho sy lién két vat ly gitra v6 lang va
cac banh xe dan hudng, hé théng SBW khai thac
mot dong co dién dé tao ra mo-men dan dong cho
banh xe dan dong trude tuong tng theo chuyén
dong quay cua vo lang, va mot dong co dién khac
dé tao ra mo-men phan hoi duy tri cam gidc lai
cho nguoi 14i. Hé thong SBW c6 mét s6 uu diém
vuot troi nhu gidm thiéu cac bd phéan co khi tao ra
khong gian cabin rong hon, loai bo vi tri c¢b dinh
ctia vo lang dé co thé tu do sdp xép thiét ké noi
tht 6 t0, giam thuong tich do va cham véi vo ling
trong cac vu tai nan 6 t6 [1]-[3].

Hai van dé diéu khién quan trong trong
hé thng 1ai SBW bao gém viéc duy tri s dong
bo gitra vo ling va cac banh xe dan hudéng va
mang lai cam giac 1ai nhu ddi véi hé thong lai
thong thuong. Trong tdm cua nghién ctru nay
la vin dé diéu khién dong bo ciia hé thdng
con co ciu lai chu dong (the active steering
mechanism) bao dam sy dong bo giita banh xe
trudce voi hiéu Iénh 14i cua nguoi 1ai [4]. Trong
hé thong 1ai SBW, khi nguoi lai quay vo lang,
goc quay vo lang dugc ghi 1a1 bang cam bién
gdc gan trén truc lai dé cung cap cho co cau lai
cha dong 1am goc quay tham chiéu cho banh xe
dan huéng bam theo twong tng.

Bo diéu khién RISE bao hoa [5], [6] 1a
mot luat diéu khién dua ra mot mo-men didu
khién lién tuc, dugc xay dung dua trén ham
tanh, do d6 c6 dg 16n gio1 han dé dan dong déng
bo tuong Ung giita goc quay banh xe dan huéng
va goc tham chiéu dau vao ciia nguoi lai xe,
bat ké anh hudng cta cac nhiéu loan bén ngoai
nhu mé-men can quay, ma sat gitra cac b phén
khac nhau trong co cau lai chu dong... BO diéu
khién bao hoa nay can duy tri chat luong diéu
khién & céc van tdc xe khac nhau, cac bién dang
mit duong khac nhau. Piéu nay can tiép tuc
nghién ctru danh gia théng qua nhiéu truong
hop mo6 phong khac nhau.

Bai bao nay dwoc bd tri nhu sau. Phin
2 trinh bay lai vé mé hinh dong luc hoc cho hé
thong 14i SBW, bo diéu khién RISE béo hoa.
Phan 3 1a cac két qua mo phdéng dugc thuc hién
& nhiéu chu ky 1ai khac nhau, nhiéu van tc xe
khac nhau va trong hai diéu kién mat duong
khac nhau. Phan 4 1 phan két luan cta bai bao.

2. MO HINH PQNG LUC HQC CUA HE
THONG LAI SBW VA BQ PIEU KHIEN
RISE BAO HOA

2.1. Phwong trinh chuyén dong thin xe va md
hinh dong luc hoc hé thong lai SBW

Phuong trinh chuyén dong phang ctia xe
dugc mo ta béng mod hinh xe phang bén banh.
Duéi cac gia thiét:  g0c danh lai 6, twong d6i nho,
xe chay vdi vén toc khong doi, tic 1a B « 1, V,
=V = const, va || « 1, thi m6 hinh xe bén bénh
dugc don gian hoa thanh mo6 hinh xe dap, véi 02
bac tu do: goc trugt than xe B, van tdc léch than
xe . Phuong trinh khong gian trang thai chuyén
dong cua than xe dugc xac dinh nhu sau [7]:

¢ -C 1+ Gl -Gl i
' v v v
Pl R LB EED
7] | GL=ClL GG Ly ] | S |
I Lv I,

Gia tbc ngang a ¢6 thé dugce tinh nhu
sau: @, ~ V(y + ﬁ) Trong (1), 1 1a m6-men
quan t1nh ctia xe, m 1a khoi luong xe; C, C la
hé s6 do cung 16p trude va 16p sau khl quay
vong; lf, 1 1an lugt 1a khoang cach tir tim banh
trudc va banh sau dén trong tam (CG) cua xe.

Hé théng 1ai SBW bao gdm hai hé
théng con: co cdu vo ling (phan trén) va co cAu
lai chi dong (phan duéi). Phuong trinh dong
luc hoc cua co ciu 14i duoc nghién clru trong
[8]-[10], nhu sau:
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JeaOr + Beg®r + g(87,8¢) + 17 + 7, = ke u(6)(2)

Trong (2) J e va B, biéu thi quan tinh
tong hop va hé sé glam chan cta co chu 14i chu
dong SBW; 9(6)‘;6}‘) trinh bay phan dong luc
hoc chua dugc mo h1nh hoa; 7. la ma sat gitra
cac bd phén trong co cdu lai; T (t) ky hi¢u mo-
men can quay, u la mé-men didu khlen tor dong
co din dong co cau lai; va k lati s gitra goc
quay cua tay lai va gdc lai cia banh trudc.

2.2. B) diéu khién RISE bio hoa

Nhiém vu chinh cta co cu 1ai chu dong
(phan dudi) 1a diéu khién dong co DC phia dudi
dé budc diéu khién goc danh 14i d.cua banh xe
dan huéng dam bao bam quy dao tham chiéu tur
vanh tay 141 6 , bit chip su tac dong cua nhiéu
tac dong ngoal va cac thanh phan khong xac
dinh trong hé théng SBW. Trong d6, quy dao
tham chiéu tir vanh tay 1ai o, la dai lugng twong
ung ti 1€ voi goc quay cua Vanh tay 1a1 9, , dugc
giam di n lan, voi n_lati sd truyén cua hé
thong 14i, tlrc 6, =0 /n Do d6, xe ¢6 thé bam
quy dao mong muon [11] [12] Tu muyc ti€u
diéu khién, céc sai sb diéu khién va sai s diéu
khién phuy tro dugc dinh nghia nhu sau:

e 2 §; — 8,7 2 é+ ajtanh(e) + tanh(e[)(3)

Trong (3) thi e;(t) € R 1a mét tin hiéu
phu trg, c6 phuong trinh dong luc dugc cho boi:

¢ = cosh?(er) (~kr + tanh(e) - Atanh(e;) )4)

v6i a1, k, A € R* 1a cac hang s6 diéu khién
duong.

Theo yéu cAu cuong do cua tin hi¢u
diéu khién khong dugc vuot qua gidi han cho
phép, dua vao cac bude thiét ké bo diéu khién,
luat diéu khién u(t) duoc thiét ké nhu sau:
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u=ktanh(v), ®)

Trong d6, tin hiéu v duoc thiét ké dé
cung cap phan hoi mong mudn va loai bd céc
nhicu loan trong hé thong 1ai SBW, cu thé:

v = cosh?*(v) {— tanh(r) + r + ﬁusgn(e)](@

e + 1 ’ M A A < R
voi a2, a3, fu € R™ 12 c4c hiang so diéu khién
duong.

3. KET QUA MO PHONG

Bo diéu khién RISE bdo hoa cho hé
thong 14i SBW trong (5), (6) duoc kiém ching
két qua diéu khién thong qua mo phong Matlab,
trong céc thao tac lai khac nhau, diéu kién mat
duong udt va kho, va van toc xe ¢ cac dai toe
d6 khac nhau. Céc thong sé dong hoc va dong
Iuc hoc cua hé théng lai SBW str dung cho mo
phong dugc néu trong Bang 1 cua [4], nhidu
ma sat 1, dugc chon 1a ham ta}nh cua van tdc
goc lai 3}«, tiec 77 = Fs tanh (5;). Mo-men can
quay 7,(2) dugc udc tinh theo gia dinh rang goc
truot cta 10p trude nhoé hon 4° ap dung trong
Vung tuyén tinh ctia dong luc hoc 16p, nhu

(t + tp)Cf (ﬁ’ +L - 6);) trong do
he s6 do cling lop trudc C khoang cach tu
tam banh trude dén trong tam cua xe 1, vét co
hoc t_va vét khi nén t, trong mo phong duoc
cho trong Bang 1 cua [4]. Hé s6 d6 cimg 16p
trude va 16p sau khi quay vong khac nhau & cac
diéu kién dudng khac nhau. Bé mo phong cho
cac diéu kién dudng khac nhau, hé sé d6 climg
lép khi vao cua C,= C_duoc chonla C,= C =
45000 (N/rad) cho mat duong nhya w6t va C. =
C, = 80000 (N/rad) cho mat duong nhua kho
Mb phong duoc thir nghiém ¢ mot s6 vén toc
xe V 1a 40km/h, 60km/h, 80km/h va 100km/h.

Céc gia tri cua tham so di€u khién cua

bo diéu khién RISE duge chon la o, = 0, = 0, &
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=16,5, k=155 1=25va B, =0,1, véi cac gid
tri trang thai ban dau cta hé thong lai SBW la
8(0) =0, 8¢(0) =0, B(0) =0, va y(0) = 0. Pé
xac thuc hiéu suat 141, cdc mo6 phong dugc thuc
hién trén hé thong 1ai SBW dé so sanh bo diéu
khién bio hoa RISE véi hai bo diéu khién khac
14 bo diéu khién PD va H_.

Mo phdng cho céc chu trinh 14i xe khac
nhau duoc thuc hién véi cac diéu kién mit
duong khac nhau (w6t va kho) va van tdc xe
khac nhau dé danh gia hiéu qua bam quy dao
ctia bo diéu khién RISE bdo hoa. Két qua mo
phdéng bam quy dao cua xe trong chu trinh lai
dbi 1an va lai r& dugc thé hién trong hinh 1 va
2, trong d6, hinh a biéu dién két qua bam quy
dao, hinh b thé hién sai s6 bam quy dao, hinh
c 1a tin hiéu diéu khién twong tng cua ba bd
diéu khién, va hinh d 1a quy dao cua xe trong
mo phong véi van toe xe 60km/h va diéu kién
mit dudng kho uét hodc kho. C6 thé thay rd két
qua bam quy dao cia ca 03 bd diéu khién rat
t6t trong truong hop mo phong nay. Tuy nhién,
bo diéu khién dé xuit van cho két qua tot hon
s0 v6i bo diéu khién PD va H_. Sai s6 bam quy
dao cta bd diéu khién dé xut nho nhét trén cac
hinh a, b, quy dao chuyén dong cua xe bam sat
chinh x4c quy dao tham chiéu trén cac hinh d,
trong khi d6, dau vao diéu khién yéu ciu cta bd
diéu khién dé xuét 1a nho nhat.

(a) Két qua bam quy dao trong chu ky ldi doi lan

Corr—m ey

(d) Quy dao ciia xe trong chu ky ldi déi lan.
Hinh 1. Két qua mé phong chu trinh chuyén lan
Vi vén toc 60km/h va diéu kién duong uot.

Frm i by ey g = 4 i i g i

(a) Két qua bam quy dao trong chu ky ldi ré.

e e L o PE

(b) Sai s6 bam quy dao trong chu ky i ré.
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Camio g

(¢) Tin hiéu diéu khién trong chu ky ldi ré.

e w —mm—

(d) Quy dao cua xe trong chu ky ldi ré.
Hinh 2. Keét qua mé phong chu trinh ré voi van toc
60km/h va diéu kién dwong khé.

Két qua md phong & hinh 1 va 2 1a két
qua mo phong tai nhitng diéu kién l4i nhat dinh.
Tuy nhién, dé dam bao danh gia chét luong
diéu khién & nhiéu diéu kién khac nhau, cac
md phong duoc thuc hién ¢ nhidu dai van toc
khac nhau thay doi tir 20-100km/h. Chat luong
diéu khién bam quy dao dugc danh gia dya trén
cac chi s6 RMS va gia tri 16n nhat cua sai s6
bam quy dao va tin hi¢u diéu khién. Cac chi sb
nay dugc danh gia & cic van toc khac nhau va
két qua so sanh giira cac bo dicu khién dugc
thé hién ¢ hinh 3. Pang luu ¥ rang trong pham
vi tbc do xe md phong tir 20-100km/h, gia tri
RMS va gia tri 16n nhit cia sai s6 bam quy
dao cia bd diéu khién RISE bao hoa la nho
nhét trong ba bd diéu khién dugc so sanh, gia
tr1 RMS va gié tri 16n nhat cua tin hiéu diéu
khién yéu cdu cua bd diéu khién dé& xuit nho
hon tin higu diéu khién ctia 2 b diéu khién PD
va H_trong dai tdc d6 khoang nho hon 85km/h;
& dai toc d cao tir 85-100km/h thi tin hiéu diéu
khién ctia b diéu khién RISE bdo hoa 16n hon
so v6i hai bd diéu khién con lai, tuy nhién van
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nam trong gidi han chap nhan dugc cua tin hi¢u
di€u khién.

e

(a) Chi s6 RMS cua sai so diéu khién o cdc van toc
xe khdc nhau.

e

(b) Chi so gid tri lon nhat cua sai so
dieu khién o cdc van toc xe khac nhau.

(c) Chi s6 RMS cua tin hiéu diéu khién ¢ cdc van
toc xe khac nhau.

B D

d) Chi s6 gid tri [6n nhdt ciia tin hiéu diéu khién ¢
cdc van toc xe khdc nhau.
Hinh 3. Chi s6 RMS va chi s6 gid tri l6n nhat ciia
sai 56 diéu khién va tin hiéu diéu khién ciia chu
trinh 1di doi lan, mdt dwong kho trén cac van téc

xe khac nhau tie 20-100km/h.
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Nhin chung, ¢ thé thiy 15 1a két qua
bam quy dao cua bo diéu khién RISE bio hoa
1a sat nhat v6i goc tham chiéu cua vanh tay 1ai,
trong khi dé, yéu cau cua tin hiéu diéu khién
& muc do chdp nhan duoc, khong c6 tin hiéu
diéu khién yéu cau d6 16n qua 16n. Ngoai ra, tin
hiéu diéu khién RISE co tinh lién tuc, ddy 1a vu
diém vuot trdi so v6i cac b diéu khién PD va
H .

4. KET LUAN

Bai bao da nghién ctru mo6 phong
phuong phéap diéu khién RISE bio hoa cho hé
thdng 1ai (SBW). Céc dénh gia chat luong didu
khién goc quay banh xe din hudéng bam theo
goc quay tham chiéu trong cac chu trinh 14i
khac nhau, khi xét dén xe di chuyén ¢ nhiéu dai
tdc do khac nhau, trén bé mat dudng dang udt
hoic kho. Chét lugng diéu khién duoc danh gia
thong qua thong sé RMS va gia tri 16n nhét ciia
sai s6 bam quy dao va diéu khién tin hiéu. Chat
luong didu khién cua bo diéu khién RISE béo
hoa dugce chi ra 1a vugt troi so voi hai bo diéu
khién PD va H_ cho du chiu anh huéng ctia
nhiéu loan bén ngoai, mé-men can quay va cac
phan dong hoc khong xac dinh ctia hé thong.

L1 cdm on:
Nghién ctru nay dugc tai trg bdi Truong
bai hoc Giao thong Van tai, trong dé tai ma so

T2023-CK-009. <
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NGHIEN C(’U CHE TAO HE THONG TREO GHE LAI TREN O TO
BAN TAl NHAM NANG CAO PO EM DIU

RESEARCH AND MANUFACTURING A DRIVER SEAT SUSPENSION SYSTEM ON
PICKUP TRUCKS TO INCREASE THE COMFORT OF THE DRIVERS

Nguyén Trinh Nguyén", Quach Dwong!, Dwong Qudc Pong', Hoang Ba Khoa?
'Truong Pai hoc Nong 1am Thanh phd H6 Chi Minh

Trudng Cao ding Giao thong Van tai Trung wong 6
TOM TAT

Trén cdc phwong tién co gidi, hau hét cac ghé ldi c6 hé thong nang cao dg ém diu thuong
chi dwoc dp dung cho mét s6 loai xe chuyén dung, cdc xe du lich va xe ban tdi do c6 khéng gian bo
tri bi han ché nén khéng dwoc trang bi loai ghé nay. Trong nghién ciru nay, tac gid trinh bay nguyén
civu cdi tién tir mot ghé ldi thong thuwong thanh mot ghé 1di ¢é tich hop mét hé thong treo ndng cao
do ém diu cho nguoi lai dya trén mo hinh tinh toan dao dong mot khoi lwong. Két qua nghién curu

cho thcfy do ém diu dwoc cai thién va co kha nang wng dung trén thuc té.
T khoa: Hé thong treo ghé ldi; M6 hinh dao déng mét khoi heong.
ABSTRACT

On vehicles, driver's seats with comfort enhancement systems are usually only equipped
for some specialized vehicles, other vehicles such as passenger cars and pickup trucks are not
equipped with this seat due to space limitations. In this study, the author presents a study to improve
a conventional driver's seat into a driver's seat with an integrated suspension system to increase the
comfort of the driver's seat based on model for calculating the vibration of a mass. The results of
the study show that the comfort level is improved and can be applied in practice.

Keywords: Driver's seat suspension system, Model for calculating the vibration of a mass. &
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1. TONG QUAN

D0 ém diu cho nguoi 1ai 1a mot ti€u chi
quan trong, d6 ém diu gitp cho ngudi 1ai c6 thé
giam mét moi va tang hiéu qua lam vi¢c trong
qué trinh diéu khién phuong tién co gi6i. Trén
cac phuong tién co gidi, hau hét cac ghé 1ai co
hé théng nang cao d¢ ém diu thuong chi duogc
ap dung cho mot s6 loai xe chuyén dung, xe
tai, xe khach c& 16n, may kéo [1]. Pac diém
chung vdi céc loai xe nay la c6 khong gian 1am
viéc 16n, khong gian bé tri thiét bi 16n, do d6 dé
dang b tri thém céc thiét bi. Ddi vé6i cac xe du
lich va xe ban tai thi déu bi han ché vi khong
gian bén trong nho, chiéu cao xe thip nén chiéu
cao tir mat san dén bé mat ghé ¢6 nhiéu han
ché do d6 khong duoc trang bi cac loai ghé co
tich hop hé thdng treo. Mot sé cac nghién ctiu
trén thé gidi da chi ra rang, co thé nang cao do
ém diu bang viéc thay thé mot ghé 14i thong
thudng bang mot hé théng treo ghé, tuy nhién
cac nghién ctru ndy co cac phan tir phirc tap [2].
Trong nghién clru nay, tac gia trinh bay nghién
clru cai tién tir mot ghé 14i thong thuong thanh
mot ghé 1ai c6 tich hop mot hé thong treo nang
cao do ém diu cho nguoi lai dya trén mo hinh
tinh todn dao dong mot khéi lugng. béi tuong
ap dung 1a mot xe 6 tO ban tai, ghé 1ai dugc cai
tién thanh mot hé thong treo ghé 1ai cho phép
nang cao dJ ém diu, két cAu cua hé théng treo
ghé mai nay co kich thudc nho gon, co thé dé
dang lap dat va dé dang ché tao.

Két qua nghién ctru cho thay do ém diu
dugc cai thién dang ke vé gia toc thang dimg va

bién d6 dao dong cua ghé khi 1am viéc.

2. CO SO XAY DUNG HE THONG TREO
GHE LAI

Trong nghién ctru xay dung hé théng
treo ghe 1ai, tac gia su dung mo hinh tinh toan

mot khéi luong véi cac thong s6 két cAu duoc
xac dinh tir xe 0 t6 ban tai Mitsubishi L200.

b)
Hinh 1. a) M6 hinh vt Iy hé dao dong hé thong
treo ghe lai; b) Mo hinh toan hé dao dong hé
thong treo ghé ldi

Tt céac luc va phan lyc dugc mo ta trong
hinh 1b, trong d6 z, mo6 ta cyuyén dich mép mo
cua than xe, z, mo ta chuyén dich cua ghé lai,
ta c6 phuong trinh vi phan mo ta dong luc hoc
ctia hé thong treo ghé [4]:

M.2, +C.(z; —29) +K.(2; —25) =0(1)

Tir phuong trinh (1), ham truyén mé ta
dong luc hoc dugc xay dung theo hinh 2:

Hinh 2. Ham lruyén mo ta dong luc hoc hé dao
dong ghe lai

Dé tinh toan khao sat, tinh toan tdi uu
cling nhu mé phong cac két qua, nghién ctru
sir dung méi trudng simulation trén nén tang
LabVIEW, mo6 phdng tinh toan dong luc hoc
dao dong hé thong treo ghé 1ai dugc xay dung
trong moi truong simulation nhu hinh 3:
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Hinh 3. M6 phong, tinh toan dong luc hoc hé
thong treo ghé lai trén moi truong simulation

3. THUAT TOAN TOI UU XAC DPINH
THAM SO KET CAU CHO HE THONG

3.1. Xay dung ham muc tiéu cho bai toan
chon dj cirng 16 xo phu hop

Pé xay dyng bai toan tdi wu cho cac
tham s6 didu khién, nhom tac gia st dung
phuong phap Tim kiém vét can (Complete
search), qua trinh tinh toan trén mdi budc duoc
tai cau trac bang cac tham sb khi thay ddi cac
budc tinh toédn [2].

Céc thong so két cau gom:

— Trong luong ngudi va ghé ldi M =
[5S50(N):750(N)];

— Do cung treo dugc chon trude trong
khoang gié tri C = [2000 (N/m):6000(N/m)];

— Trong hé thdng treo ghé duoc cai tién,
phan tr giam chan duoc luoc bo dé don gian
héa két cdu trong viéc thr nghiém va ché tao
thiét bi, do d6 K = 0 (Ns/m).

Cac thong s6 duoc xac dinh trén bé thir
dao dong tai Truong Pai hoc Nong Lam Thanh
phé H6 Chi Minh [3].

Ham muc ti€éu mo ta bai toan dugc phat
biéu:
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Fo( € )—RMS;
Q=(7,.2y.M0)

{ o:Max[FFT{z, (®)}<1,5
0,5.Max(7;)<Max(Z;)<Max(%;)
0,5.Max(z)<Max(z;)<Max(z)

Ham muc ti€éu phu thudc céc tham )
theo mién thoi gian: Gia tde, van tée va dich
chuyén ctia khoi luong ghé. Tan sé o 1dy tir phd
nang luong cua chuyén dich ghé, gia tri toi wu
dugc tinh toan bang gid tri hiéu dung (RMS —
Root mean square) cta cac gia tri thu duogc.

3.2. X4y dung thuit toan dung cho viéc tinh
toan tdi wu

Giai thuat dugc mo ta bang luu do thuét
toan t6i wu nhu trén hinh 5.

Tur gidi thuat trén, nhom tac gia 1ap trinh
phan mém tinh toan t6i wu trén LabVIEW [5].

Hinh 4. Ldp trinh phan mém tinh todn t6i wu

o

a

Nhp gl trf cic tham sb
Thidt ljp dikes eye bida

Kifea 1ra
eie ring bede
Zal

Hinh 5. Gidi thudt cia bai toén t6i uu

Bt tra 84 Sifu ki bika?

L gid erf 1k mdn
1hiw

Dick cic dham sb

.
Ll
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Hinh 6. Két qua viing cdc gid tri toi wu

Bing tap hop cac gia tri tdi uu twong
(g voi gia tri gia toc ctia ngudn kich thich,
tac gid tinh todn gia tri binh phuong trung binh
cua cac gia tri tdi wu cho dugc gia tri tdi wu hoi
tu cua do cung 16 xo tuwong Ung la 17781,19
(N/m).

4. CHE TAO VA THU NGHIEM

Tac gia thuc hién ché tao thar nghiém
hé thdng treo ghé 1ai theo hinh 7. So d6 bd tri
thi nghiém dugc mo ta theo hinh 8, trong do
cac cam bién gia toc duoc lap dat trén phan
ghé va than xe, dé so sanh hiéu qua ctia ghé lai
c6 hé thong treo va ghé 1ai thong thuong (lién
két ctmg voi than xe). Thiét bi do ludng va thu
thap sd liéu str dung thiét bi NI myRIO-1900 1a
thiét bi nhang thoi gian thuc duoc thiét ké boi
National Instruments.

Hinh 7. Ché tao ghé ldi c¢6 hé thong treo

Hinh 8. So' do bé tri thi nghiém

Két qua thi nghiém két hop bé thu
nghiém hé thong treo Videoline 2304 cua hing
Cartec theo nguyén ly Eusama:

[N

S

Hinh 9. Thi nghiém véi bang thir hé thong treo.
RMS ghé = 0,44 m/s’;
RMS kich thich = 0,46 m/s’

e

Hinh 10. Thi nghiém véi bang thir hé thong treo.
RMS ghe = 0,57 m/s?;
RMS kich thich = 0,74 m/s*

Két qua thi nghiém véi kich thich than
xe diéu hoa tan so thap:

Hinh 11. Thi nghiém véi kich thich tan s thap.
RMS ghe = 0,33 m/s’; RMS kich thich = 0,48 m/s’
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Hinh 12. Thi nghiém véi kich thich tan so thap.
RMS ghé = 0,38 m/s’; RMS kich thich = 0,72 m/s’

Déi véi cac thi nghiém véi tan s kich
thich cao, dung bé thi nghi¢m theo nguyén
ly Eusama, gia toc cua ghé lai giam it nhat 1a
4,3% (Hinh 9), gia tbc ghé 14i giam nhiéu nhét
12 22,9% (Hinh 10).

Dbi v6i cac thi nghiém véi tan sd thap
bang cac kich thich diéu hoa, gia toc giam it
nhat 1a 31,25% (Hinh 11), gia toc ghé lai giam
nhiéu nhat 1a 47,22% (Hinh 12).

Tuy nhién, vdi gia tde giam da dat duogc,
ghé 14i v&i hé thdng treo c6 do cung treo don
thuan cho théy van con ton tai viéc kha nang tat
dan cham trong truong hop khi dang hoat dong
v6i kich thich tan sb cao ma ngudn kich thich
giam nhanh.

5. KET LUAN

Thong qua cac két qua nghién ctu da
cho théy do ém diu ctua nguoi 1ai da dugc cai
thién dang ké. Két qua thir nghiém cho thay, gia
tdc cua ghé 14i c6 hé thong treo c6 thé giam di
cao nhit 14 47,22% so v6i ghé 1ai thong thuong
glup tang d6 thoai mai cho nguorl 141, tuy nhién
can cai tién dé khac phuc viéc tit dan kém tai
truong hop ngudn kich thich tin s cao giam
dot ngot. Tac gia da ché tao thir nghiém thanh
cong mot hé thong treo ghé 1ai voi két cau nho
gon, ¢ kha ning ap dung thyc té cao. Th6ng
qua cac nghién ctru tinh toan, tac gia dé xuat
can c6 cac nghién ctru tiép theo dé co thé nang
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cao hon nita hi¢u qua lam viéc cua ghé 141 voi
su hd tro cta cac hé théng diéu khién ty dong,
b6 sung thém céc tham s két cAu cua hé thong
treo ghé 14i dé co thé téi wu hon hoat dong cua
ghé 14i giup nang cao do ém diu cho ngudi lai.
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Nghién ctru nay duogc tai trg boi Truong
Dai hoc Nong Lam Thanh phd H6 Chi Minh.
Tac gia xin cam on Truong Pai hoc Nong Lam
Thanh phé HO Chi Minh da hd trg thoi gian,
phuong tién va co s¢ vat chat cho nghién ctru
nay. %
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NGHIEN ClrU LUA CHON TAI TRONG HOP LY TREN THIET BI
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

KS. Nguyén Manh Hung', TS. Pao Manh Quyén>
'Hoc vién K¥ thuat Quan sy
*Truong Pai hoc Cong nghé Giao thong Van tai

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

a i
:.' -

-y ) B

a)
DJE-T-';I- Irpreg phvg Basbc wibss lbike e B L Ergeag 1LY wil g8¢ nling: ke [Kase1. %)
s ",
\
'llll‘.'-.\-
= W,
S
Wy
-3 L)
o ——— \
arpra = K o,
s = 30 s,
— — arprm - 30 x"\\-\\;ﬂ,
= %
g = 0 M'\:\'-\.\_LH
1 1 1 i
L

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“

- ==

i
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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PNG DUNG MAY TiNH VAO TiNH TOAN DPIEU CHINH PONG HOC
MAY MAI REN BE NANG CAO PO CHINH XAC GIA CONG

COMPUTER APPLICATION IN CALCULATION OF KINEMATIC ADJUSTMENT
THREAD GRINDING MACHINE TO IMPROVE MACHINING ACCURACY

Dwong Cong Pinh
Khoa Co khi, Truong Pai hoc Ky thuat Cong nghiép, Pai hoc Thai Nguyén

TOM TAT

Maéy mai ren sir dung trong gia cong dé ndang cao dg bong va dé chinh xdc ciia cdc bé mdt
ren, cdc chi tiét truyén dong nhuw truc vit, vit me, ... Do chinh xac dong hoc cua xich truyén dong la
mot yéu té anh hwong om dén dg chinh xdc ciia bude ren gia cong. DY chinh xdc bude ren dwgc
quyét dinh béi dé chinh xdc ty s6 truyén ciia khdu diéu chinh xich chay dao ciia may. Trong néi dung
bai bdo ndy sé trinh bay viéc vmg dung mdy tinh dé tinh todn diéu chinh déng hoc xich chay dao ciia

mady mai ren nham ndng cao do chinh xdc gia cong trén may.

Tir khéa: Mai ren; Dé chinh xdc; Ty s6 truyén, Xich dong hoc; Banh rang thay thé; Truc

vit banh vit; Vit me dai oc.
ABSTRACT

Thread grinding machines are used in machining to improve the gloss and accuracy of
thread surfaces, transmission parts such as screws, lead screws,... The kinematic accuracy of the
drive chain is a factor which greatly affects the accuracy of machining thread pitch. Thread pitch
accuracy is determined by the gear ratio accuracy of the machine's tool chain adjustment stage. In
this paper, we will present the application of computers to calculate and adjust the kinematics of the

tool chain of a thread grinding machine to improve machining accuracy on the machine.

Keywords: Thread grinding; Accuracy; Transmission ratio; Kinematic chain; Replacement

gears, Worm gear, Lead screws; Nuts. &
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1. PIEU CHINH PONG HQC MAY MAI
REN

ng2 s
Sy
9 210 11 Lym
I e — A

Hinh 1. So do cau triuc dong hoc may mai ren

So dd ciu trac dong hoc may mai ren
chuyén dung nhu hinh 1, phuong trinh dong
hoc xich cét ren 1a:

1}( Eé? Kiy X I-1-:'.11 X I'EN‘: = Ix
Ta c6 cong thic diéu chinh dong hoc
ctia xich cit ren theo cong thirc sau:

i,=C1,
Trong do:
C,: Hang sb cua xich dong hoc;

t: Budc vit me chay dao doc cua may;
t : Budc xoan duong ren can gia cong.
X

Ren quc té: t. = K.t; Ren m6 dun: t_

254
= ——_K; Ren pitch:
n

= K.t.m; Ren Anh: 7,
_254rx
P

K.

K: SO dau moi cua ren.

Trong may mai ren, ty so truyén cua
khau diéu chinh xich chay dao cit ren iy dung
co ciu banh ring thay thé dé co thé dam bao
duoc ty s truyén chinh xac:

. a c
i, =—Xx—
b d
Trong d6: a, b, c, d la sb rang cua cac
banh rang thay the, dam bdo diéu kién:

a+b>c+(15:20) vac+d> b+ (15:20)

Viéc tinh chon sé ring a, b, ¢, d cia cac
banh rang thay thé quyét dinh dén d6 chinh xac
ty sd truyén cua xich dong hoc va nd anh hu(yng
dén do chinh x4c budc ren gia cong. Néu sai s6
budc ren cho phép 1a [At] thi khi chon cac banh
rang thay thé a, b, ¢, d can thoa man diéu kién:

<[Af]

1 a c¢
[, ——X—X—
C b

y

2. UNG DUNG MAY TINH TRONG TiNH
TOAN PIEU CHINH

2.1. So do tinh toan

Dé xac dinh a, b, ¢, d, ta c6 thé sir dung
nhiéu phuong phap nhu phuong phap phan tich
ra thira s6 nguyén t6, tra bang, 1ap trinh trén
may tinh. Phuong phap dung may tinh cho két
qua nhanh chéng chinh x4c va thuan loi trong
sir dung. Hién nay, c6 nhiéu phin mém c6 thé
ap dung dé 1ap trinh tinh toan nhu Turbo Pascal,
1ap trinh C, Foxpro, Matlab,... Trong ndi dung
nghién ctru ¢ day su dung ngdn nglr 1ap trinh
Turbo Pascal dé lap phan mém ty dong cho qua
trinh tinh toan.

Nhép théng s6
Cr.m, K [44. Z[1]

Hinh 2. So do tinh todn banh rang thay thé
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So d6 thuat toan tinh banh rang thay thé
khi mai ren mé dun nhu hinh 2. Céc thong sd
nhép vao chuong trlnh 13 hé sb C, cua may, mo
dun m, sé dau mdi K cua truc V1t sai sO cho
phép budc ren [At], sé ring cua cac banh ring
thay thé Z[i] cia may. Chuong trinh tinh toan
s& dua ra két qua 1a sb ring cua cac banh ring
thay thé a, b, ¢, d dam bao ty s6 truyén yéu cau.

2.2. Lap trinh tinh toan

Lap chuong trinh tinh todn tu dong cho
xich chay dao cat ren may mai ren 5822.

Cong thirc diéu chinh khi gia cong trén
may mai ren 5822 :

30

(I C
b d 127"

C}ll o 30
Cc., 127

¥2

O day: C, =

H¢ 50 C_xéc dinh qua C =30 va C ,=127.

Tinh toan khi mai truc vit c6 m6 dun m
=4.25; s6 dau mdi K = 1; sai sb budc ren cho
phép [At] = 0,1um. B9 banh ring thay thé Z[i]
ctia xich chay dao cit ren ¢ cac banh ring véi
sd rang 1a: 20, 22, 25, 28, 30, 36, 40, 46, 49, 50,
51,53,54,55,56,57,58,59, 60,61, 63, 64, 65,
66, 67, 68,69,70,71,72,73,74,75,76,77,78,
79, 80, 82, 83, 84, 85, 87, 89, 90, 94, 95, 96, 97.

Két qua chay chuong trinh tinh toan c6
hién thj man hinh nhu hinh 3. C6 hai bd banh

ring thay thé thoa méan yéu cau:

a c¢ 51

Bo thir nhat: Zx =21, 2% Bo the
a ¢ 71 87b 76 20
hai: —x —=—x—
b d 36 59
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BD FAKHOAHO~ 1\13D6C1~1.NAM\S822M(~ 1.EXE - o x

* bo banh rang:
1- Tu file.

2- Bln phin.

Chon

Co nhap duong dan noicl/8>:0
Cag banh rang cua bo
28 22 25 28 T 46 49 50 51 53 54 55 56 57 58 59 68 61
63 64 65 66 E'J 68 69 78 71 72 73 74 0 76 77 78 79 88 82 83
84 85 87 89 98 94 95 96 97

Bo the 2. a7, bose. c-47. d-e9
Co 2 bo banh rang thoa man.

Hinh 3. Man hinh hién thi chay chwong trinh
3. KET LUAN

Viéc tng dung céac cong cu lap trinh tu
dong dé 1ap chwong trinh tinh toan trg giup cho
qua trinh diéu chinh d6ng hoc may duwa ra duoc
két qua tinh toan chinh x4c, nhanh chong, dam
bao nang cao dugc do chinh xac gia cong. Két
qua nghién ctu 1ap trinh tinh toan ty dong nay
c6 thé phat trién dé tng dung cho viéc tinh toan
diéu chinh dong hoc cac may cong cu khéc. No
c¢6 thé ap dung vao thuc té san xuit ciing nhu
dung 1am tai liéu huéng dan, tham khio cho
sinh vién trong qua trinh hoc tap va nghién ctu
khoa hoc dé nang cao chét luong dao tao. <
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DESIGN, MANUFACTURING, AND TESTING AN A-SHAPE
HYDROPONIC VEGETABLE GROWING SYSTEM USING SOLAR
ENERGY

THIET KE, CHE TAO VA THU NGHIEM MO HINH TRONG RAU THUY CANH
KIEU CHU A SU DUNG NANG LUONG MAT TROI

Le Pham Binh', Nguyen Thi Hong?
"Le Quy Don Technical University
2Thuyloi University

ABSTRACT

Nowadays, the supply of green vegetables in some areas such as coastal islands and offshore
islands is often transported from the mainland or grown in small foam pots and carefully covered
frame houses. Vegetables supplied from the mainland are dependent on transport ships. Growing
vegetables in foam pots and frame houses is also difficult because of the harsh marine climate
and limited freshwater resources. From that practice, in this article, the authors calculate, design,
manufacture, and test a hydroponic vegetable growing system model using solar energy. This model
is effectively used for areas with limited land and limited electrical energy, such as coastal and

offshore island areas.
Keywords: Hydroponics system, Offshore islands; Solar energy.
TOM TAT

Ngady nay, viéc cung cdp rau xanh ¢ mét s6 khu vue ¢6 dién tich chdt hep nhw cac dao ven
bo, dao xa bo thuong diege van chuyén tir ddt lién hodc dwoc trong & cdc chdu xop nhé, nha khung
duwge che chan can than. Rau dwoc ccfp tir ddt lién thi bi phu thugc vao tau van tai. Rau tréng trong
chau xép va nha khung ciing kho khan vi diéu kién khi hdu bién khdc nghiét, nguén nuoc ngot han
ché. Xudt phat tir thuc tién dé, trong bai bdo ndy, cdc tdc gid tinh todn, thiét ké, ché tao va thir
nghiém mé hinh hé thong trong rau theo phwong phdp thuy canh, sir dung ning lrong mdt troi dé
vdn hanh. Mé hinh nay sir dung hiéu qud cho nhitng khu vue dién tich dét canh tac chdt hep, diéu

kién nang luong dién han ché nhu cac khu vuc dao ven bo, dao xa bo.

Tir khéa: Hé thong thuy canh; Pdo xa bo; Néing lrong mdt troi.
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1. INTRODUCTION

Vietnam is a maritime country with
many coastal islands and offshore islands.
Through the author's field surveys on offshore
islands, it was found that growing vegetables
on the islands faces many difficulties due to
the harsh climate and water-absorbing coral
soil. Meanwhile, fresh water sources for daily
life are limited, so the amount of fresh water
for watering vegetables is even more scarce.
Especially in DKI rig areas, it is even more
difficult because there is no arable land.

Vegetables are an essential food source
in daily life. Vegetables not only provide a
large amount of vitamins but also provide a
part of the necessary multi-micronutrients in
cell structure, ensuring human life and health.
The supply of green vegetables in some areas
with limited arable land such as coastal islands
and offshore islands is often carried out in the
following options: Option 1: green vegetables
are provided from the mainland. Option 2:
vegetables are grown in growing areas on the
island or grown in small foam pots and carefully
covered frame gardens. Vegetables supplied
from the mainland depend on transport ships
and are mainly tubers and fruits for long-term
preservation. Vegetable growing in the growing
area faces many difficulties due to the coral
soil absorbing water and freshwater resources
being scarce. Vegetables grown in foam pots
and frame houses also face many difficulties
because of harsh climatic conditions and limited
fresh water sources for watering vegetables.

In 2014, the Project "Production and
testing of some plant and animal varieties in
the Truong Sa Islands" achieved some initial
results, researched and tested, and found a
number of suitable plant varieties. Adaptable
to island climate conditions, but trees must
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be grown in carefully covered frame houses.
Recently, scientists have applied the solution of
growing organic vegetables on Sinh Ton Island.
With this solution, vegetables are grown in
plastic pots and organic matter is provided from
organic waste and decomposed by earthworms.

m = 7
i SEORTEITH "

s oY <

Fig. 1. Some pictures of vegetables growing on
Truong Sa Islands.

Based on real requirements, in
this article, the authors calculate, design,
manufacture, and test a model of a hydroponic
vegetable growing system, using solar energy
to operate. Hydroponic growing is a technique
of growing plants without using soil but directly
in a nutrient medium or substrate such as sand,
mud, and so on. The basis of this technique
is to provide the plant with enough water and
mineral elements necessary for the plant to
mature. In 1936, scientist W.F. Gericke was the
first to use the term hydroponics to describe the
practice of cultivating in water solutions where
nutrients have been dissolved. Since the 1980s,
hydroponic techniques have been applied
to produce vegetables, fruits and flowers of
significant commercial value. Summary of
plant growing techniques based on hydroponic
principles by the authors [1]-[5]. In Vietnam,
there have also been a number of scientists
researching hydroponics techniques [6].

2.DESIGNAHYDROPONICVEGETABLE
GROWING

The general structure of a hydroponic
vegetable growing system includes the
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following main parts: racks, vegetable trays;
nutrient storage tanks, mini motors for nutrient
pumps and nutrient supply and recovery
pipeline systems; solar panels provide power
for the motor to operate (Fig. 2). There are
many ways to arrange vegetable racks, such
as arrangement in the style of in an A-shape,
ladder-type truss, support-type truss, multi-
storey style, etc. Among those layouts, the
A-shape layout is the most optimal style.
Depending on the terrain characteristics of
each area, choose the appropriate layout type.

Fig. 2. 3D model of hydroponic vegetable growing
using solar energy in Autodesk Inventor software.

To choose the support frame, the authors
choose the size and preliminary materials, then
simulate the stress field and, deformation field
and check the structure's durability on Autodesk
Inventor software (Figs. 4-5). The calculation
result is to choose the size of the support frame
as shown in Fig. 3. Support frame length:
1800 mm, length of vegetable trays: 2000
mm, frame height: 1600 mm, frame height
including battery installation: 1828 mm , frame
width: 900 mm to 1100 m. The two horizontal
bars are designed with threaded connections to
adjust the frame width to vary from 900 mm to
1100 mm, flexible according to the installation
terrain. The main frame and connecting bars
are made from CT3 steel TCVN 1766-75
standard, box steel 30 x 30 x1.5 mm TCVN
1656-75 standard. The welds ensure aesthetics,
are durable, and do not retain slag, structure
according to TCVN 1691-75 standard.

Fig. 3. The dimensions of the hydroponic system.

Fig. 4. The x-displacement field and the stress field
o of the model.

Figure 5. The y-displacement field and the stress
field G, of the model.

The pump capacity is calculated
according to the following formula [7]-[9]:

p-x 1891 (1)
100077

Where: Q — Pump flow (m’/s); g —
Gravitational acceleration (m?/s); H — Pump
height (m); y — Specific weight of the liquid
(kG/m?®); n — Pump performance; K — Power
reserve factor.

Calculate the pump capacity as follows:
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-4
PzK;/gQH -1 51000><9.81><3>.6.10 x1.8

. —0.012 kW
10007 1000x0.8 )

In addition, the pump capacity can be
calculated using the Pipe flow wizard software.
From the pump capacity, select the pump and
solar panel capacity. Referring to the available
engines, the Lifetech AP3100 motor is suitable.
The specifications of the AP3100 motor are as
follows: pump capacity 28W, pump flow 1.35
m?*/h, maximum pump height 2.8 m.

3. FABRICATE, ASSEMBLE AND TEST
MODEL

Based on the design drawings in part 2,
in this part, the authors proceed to manufacture,
assemble and test the model. Steps to assemble
the model include: assembling the frame,
assembling trays and vegetable baskets, and
assembling the transport and nutrient recovery
system. The authors experimented with two
types of vegetables, spinach and bok choy,
with two ways of creating seedlings: seedlings
were nursed in foam trays and seedlings were
nursed in soil. The testing process showed that
the vegetable plants grew well and evenly. The
testing process revealed a number of issues
that need to be improved, such as the need to
use a mechanical or electronic timer to adjust
the pumping time to avoid root rotting of the
vegetables. It is necessary to fix the base to
the ground to increase the system's rigidity,
especially when it rains or wind can cause it
to fall. When it rains, rainwater flows into the
holes containing the vegetable plants, following
the system to the tank, spilling nutrients out.
Therefore, the hole containing the vegetable
plants must have a suitable cross section.
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Fig. 7. Assemble and test model.

4. CONCLUSIONS AND
RECOMMENDATIONS FOR FUTURE
STUDIES

In this article, the authors present the
urgency of the research problem. Designed,
manufactured, and tested a model of an
A-shape hydroponic vegetable growing system,
using solar energy to operate. Preliminary
operational testing was conducted to evaluate
the effectiveness of the model. Test results show
that the model works well. The testing process
revealed a number of issues that need to be
improved, such as the need to use a mechanical
or electronic timer to adjust the pumping
time to avoid root rotting of the vegetables.
It is necessary to fix the base to the ground to
increase the system's rigidity, especially when
it rains or wind can cause it to fall. When it
rains, rainwater flows into the holes containing
the vegetable plants, following the system to
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the tank, spilling nutrients out. Therefore, the
hole containing the vegetable plants must have
a suitable cross section.

From this model, it can be developed in
the direction of designing and manufacturing
hydroponic  vegetable growing models,
using wave energy and wind energy to suit
the terrain of different areas such as floating
islands, submerged islands, DKI rig, and so on.
Research into replacing metal materials with
composite materials to both ensure the system's
operation and avoid corrosion by salt vapor. %
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A STUDY ON AN ENERGY HARVESTING SYSTEM FROM SPEED
BUMP

NGHIEN CUU VE HE THONG THU NANG LUONG TU GO GIAM TOC XE CO GIOI

Luyen Van Hieu™ ,Nguyen Ba Chinh?
"Faculty of Automobile Engineering - Hung Yen University of Technology and Education
*The Central College of Transport No2 II

ABSTRACT

The article presents research findings on an energy harvesting system using speed bump
devices for motor vehicles while on the road. These speed bumps are installed at various traffic
points, specifically where vehicular traffic needs to slow down for safety. The paper successfully
introduces a system model that has been simulated using the Matlab-Simulink program. The results
also demonstrate the potential energy source that can be harnessed from this energy.

Keywords: Speed bump; Energy from Speed bump.
TOM TAT

Bai bdo trinh bay két qud nghién ciru vé hé thong thu nang luong tur bang go gidm téc cudong
birc xe co giGi khi di chuyén trén dmmg Nhiing go giam téc nay dwoc lap dat tai cac diém giao
thong, noi cac phwong tién co gioi can phaz gidam toc dé dé dam bdo an toan giao théng. Bai bdo
gidi thiéu thanh céng mot mé hinh hé théng da dwoc mé phong bang chwong trinh Matlab-Simulink.
Két qua ciing chitng minh nguén nang lirong tiém néing cé thé dwoc tdn dung tir nguon nang lirong

nay.

Tir khéa: Go giam toc; Nang lwong tir go giam toc.

1. MAKE A PROBLEM

Transportation plays an indispensable role
in our daily lives, especially the use of vehicles.
Ensuring safety in traffic involves crucial speed
regulation, with numerous measures available,
among which speed bumps are widely employed
today. However, the commonly used speed bumps
lack the capacity to harness energy. Failing to
exploit this energy source represents a wastage.
Therefore, researching speed bumps capable
of harvesting energy from vehicular motion
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is a significantly meaningful endeavor. There
have been studies on the topic of speed bump
energy harvesting for vehicles, as evidenced by
works such as [1, 2, 3, 4, 5, 6, 7, 8]. However,
these studies predominantly employ mechanical
power transmission. Due to the advantages of
easy installation and operation, and there have
been studies utilizing hydraulic drive systems for
energy harvesting [9, 10]. Therefore, hydraulic
drive systems should be considered for research
and application in harvesting energy from speed

bumps.
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2. THE SYSTEM DESCRIPTION

The energy harvesting system, utilizing
speed humps to reduce the speed of a vehicle,
can be illustrated by the following diagram:

N B

Figure 1: Diagram of the energy harvesting system
using speed bump (EHSSB):

1 - Speed hump; 2 — Spring return;

3 — Transmission rod with ratio i, 4 — Hydraulic

cylinder assembly; 5 — Hydraulic oil reservoir,

6, 7 — One-way hydraulic valves; 8 — Hydraulic

accumulator tank for gravity load; 9 — High-pressure

hydraulic oil path; 10 — Hydraulic valve; 11— Hydraulic

motor; 12 - Generator,

13 — Mechanical transmission system with gear ratio i;

14 — Safety valve; 15 — Stroke switch;

F — Force exerted by the weight of the vehicle.

Based on the impact of the vehicle's
weight, the speed reducer 1is displaced
downward, compressing spring 2. After the
speed reducer is no longer affected by the
vehicle's weight, spring 2 releases, returning
the speed reducer to its initial position. As the
speed reducer moves downward, through the
drive system of connecting rod 3, the piston
of the hydraulic cylinder assembly 4 moves,
compressing hydraulic oil. The oil is then
pushed through one-way valve 7, through
the high-pressure hydraulic oil path 9, and is
loaded into the accumulator tank 8, where
energy is stored. This stored energy is retained
until reaching the position of operational valve

number 15. At this point, it activates hydraulic
valve 10 to open. Hydraulic oil is then pushed
to the hydraulic motor 11 for operation through
the mechanical transmission system 13, thereby
driving the generator 12 into operation.

3. THE SYSTEM MODELING

Based on the working principle of the
EHSSB shown in Figure 1, a mathematical model
is proposed to demonstrate the system dynamics.

3.1. Modeling of speed bump

Figure 2. Schematic of the translational motion
with speed bump

From the diagram in Figure 1, we have
the following schematic:

Applying Newton's Second Law, we
have: m.¥ = (F. + F¢) — Fit (1)

F, =Kx )

Where: m - Mass of the speed bump
(kg); F, - Force exerted by the vehicle load on
the speed bump (N); F, - Reaction force due to
the spring elasticity (N); K — Spring constant;
x - Displacement of the speed bump in the
vertical direction (m); F - Reaction force from
mechanical transmission rod (N).

3.2. Model of the hydraulic cylinder and
transmission rod
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Using hydraulic cylinder such as a pump
and ignoring the mass, the model of the hydraulic
cylinder is described by the following equations [11]:

F=p A + F. 3)
q=A.v(t) 4)
=~ v(t) (5)
V=V~ V, (6)
_ mDj;
= @

(x — xg)-Kp.v(1),ifX<xp,v <0 (8)
0 otherwise
X, = S-Xx, 9)
X, = =X (10)

R 0

{(x — xg)- K. v(t)ifx > xg,v > 0
FC =

Where: F is the force developed by
the cylinder; v(t) is the cylinder rod velocity;
V., and v, are the absolute velocities of the
cylinder rod and cylinder case, respectively;
A is the surface area of the piston; p_ is the
pressure in the compression chamber; q is the
flow rate through port A out of the cylinder; x
is the piston position; x, is the initial distance
between the piston and cap A; F . is the hard stop
force; x_ is the distance traveled by the piston
to fully extend from the initial position; x, is
the distance the piston can travel to fully retract
from the initial position; Kp is the penetration
coefficient; S is the piston stroke; and D_is the
diameter of the piston.

The relationship between Reaction
force from mechanical transmission rod (F,)
and the hydraulic cylinder force (F) is given by
the transmission ratio (i,).

F =Fi (11)

i, - The transmission ratio from speed
bump to the rod of the hydraulic cylinder.
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3.3. Model of the pipeline is written in the
form of pressure loss

Assuming that the fluid is in a laminar
flow state, the pressure drop can be expressed
as [11].

(L+L,) p
Ap=f—2 " g 12
p=f D, 2Aquql (12)
QR O Jor..R <=R_,
= ﬁ+%axc-kd) ................. for. R, <R.<R, (13)
el el
1
....... for...R,>=R;
69 /D >R
(—1-810%%10(Re Jr(T7H)1'“))2
R, = 4Du (14)
A v

Where: Ap - Pressure loss along the
pipe due to friction; q - Flow rate through the
pipe; R, - Reynolds number; R, - Maximum
Reynolds number at laminar flow; R -
Minimum Reynolds number at turbulent flow;
K, - Shape factor that characterizes the pipe
cross section; f - Friction factor at laminar
border; f, - Friction factor at turbulent border;
A, - Pipe cross-sectional area; D, - Pipe
hydraulic diameter; L - Pipe geometrical
length; L~ -Aggregate equivalent length of
local resistances; r - Height of the roughness on
the pipe internal surface; v - Fluid kinematic
viscosity.

3.4. Modeling of check valve

The valves in the piston valve or
base valve can lead to a decrease in the flow
pressure. The check valves above are regarded
as thin wall holes, and thus the pressure drop
can be expressed as [11]:
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2AP,;

Gvi = CaAy; pm (15)
qzip

and AP,; = o242 (16)
dovi

Apge-Tor . p<=pepy
Ayi(P) = { Atea +K-(P—Perae) 0T Porarse <P < Pnax (17)
A 10T P>= Dy

:Ef — Amax—Aleak (18)
Pmax— Perack

Where: Ap . - The pressure drop of
the check valve i; q, - The flow rate of the
check valve i; C, - The flow coefficient; p - The
kinetic density of oil; A , - The cross area of the
check valve i; A - Fully open valve passage
area; A - Closed valve leakage area; p__, -
Valve cracking pressure; p_ - Pressure needed
to fully open the valve.

3.5. Model of the weight-loaded accumulator

Figure 3. The diagram of the weight-loaded
accumulator

Applying Newton's Second Law, we have:

D
My=" P~ (Mg +F,) (19)

O —¥e)-Kpae-v(@)ify > y,v > 0
FC(IC =

O = ¥)- Kpac v(D),if y<ypv <0 (20)

0 otherwise
yE = Sac - yO (21)
Yo = Y, (22)

Where: g - Acceleration due to gravity
(m/s?); M - Mass of the weight-loaded
accumulator (kg); D, - The diameter of piston
of the weight-loaded accumulator (m); F__
— The frictional force between the piston and
the cylinder in the weight-loaded accumulator;
y is the piston position of accumulator; y, is
the initial distance between the piston and cap
A; vy, is the distance traveled by the piston
to fully extend from the initial position; y,
is the distance the piston can travel to fully
retract from the initial position; K . is the
penetration coefficient; S_ is the piston stroke
of accumulator.

The energy of the hydraulic accumulator
can be determined:

E,. = pOudi (23)

Where: Q- The hydraulic oil flow pushed
into the weight-loaded accumulator (m?/s).

Q.=q-q, (24)
p,.=p.-Ap-Ap, (25)

3.6. Model of a vehicle passing over a speed
bump

Assuming that the load force exerted on
the speed bump, F,, remains constant during
the time the wheel is in contact with the speed
bump; assuming the vehicle speed is constant
and the wheel maintains continuous contact
with the speed bump, the dwell time of the
wheel on the speed bump can be determined by
the following expression:

T, = i (s) (26)

Where: T - Time for the wheel to pass
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over the speed bump (s); B - Width of the speed
bump (m); v __ - Velocity of the vehicle (m/s)

4. RESULTS AND DISCUSSION

From equations 1 to 25, using the Matlab-
Simulink program, the EHSSB is modeled.

Table 1. Parameters of the EHSSB:

Parameter of the EHSSB Value
m - Mass of the speed bump (kg) 80
K — Spring constant (N/m) 10000
B - Width of the speed bump (m) 0,35
v, - Velocity of the vehicle (m/s) 5 7[;349’1 5]

i, - The transmission ratio from
the speed bump to the rod of the 0.2
hydraulic cylinder

D - Piston diameter (m) 0.05
D,, - Pipe hydraulic diameter 0.0381
(m)

L - Pipe geometrical length (m) 3

v i - Fluid kinematic viscosity 1 86-05
(m?%s)

p - Fluid density (kg/m?) 850
D, - The diameter of piston of

the weight-loaded accumulator 0.3
(m)

M - Mass of the weight-loaded 98125

accumulator (kg)

The input parameters for the calculation
program are in accordance with Table 1. After
entering the parameters into the Matlab-
Simulink program, some results are presented
in various figures, as shown in Figure 4:
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Energy received into the hydraulic accumulator
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Figure 4. The energy graphs obtained in three

cases of vehicle movement
(V.= 15km/h; 10km/h; Skm/h).

Figure 4 illustrates the energy obtained
by the weight-loaded accumulator after
applying force to a speed bump 50 times in three
cases of vehicle movement with corresponding
speeds of (15 km/h, 10 km/h, and 5 km/h). The
respective elevations of the obtained energies
are 2418 J; 4881 J; and 8220 J. Comparing the
three cases and considering the same number
of vehicle passes reveals that at slower speeds,
the obtained energy is greater.

5. CONCLUSION

The article has successfully developed
a model for an energy harvesting system from
the speed bump, using a hydraulic accumulator
of the gravitational type. Through this model,
we can employ it for researching, investigating,
and assessing the energy harvesting potential
of the speed bump.

The results have demonstrated the
energy harvesting capability of the EHSSB
system, providing a foundation for the design
and fabrication of the EHSSB system in

practical applications.
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Tién phong trong chudi cung wng niing lwong xanh toan cau: Buéc di
ding dan va thanh cong cia LILAMA va LILAMA 10

Téng Cong ty Lip mdy Vigt Nam - CTCP (LILAMA) va Cong ty Cé phan Lilama 10
(LILAMA 10) la nhitng doanh nghtep Viét Nam ddu tién ché tao thanh céng thiét bi module
dién phin cho nha mdy san xudt hydrogen xanh, qua viéc hop tic véi Tdp doan Thyssenkrupp
Nucera — CHLB Duc. T do, mo ra mot hwong di mo’t cho doanh nghtep trong hanh trinh vuwon
ra thé gidi theo xu thé chuyén dich ning lwong toan cau, hwéng dén cdc nguén ning lwong xanh

va bén vitng.

ydrogen xanh la hydro thu duogc tir viéc
Htéch nuoc nang lugng tai tao, thyc hién

phat thai cacbon bang 0 tir ngudn, 1a
nang lwong moi va xanh thuan khiét. Theo du
bao, trong nhitng thap ky tdi, hydrogen xanh
s€ dong vai tro chinh trong viéc khir carbon
cho cac nganh cong nghiép st dung nhiéu nang
lugng, bao gém thép, hoa chit va nhién liéu
tong hop.

Chién luge hop tac v6i nhiing tap doan
hang dau thé gisi da dugc LILAMA theo dudi
tir 1au. Vi tdm nhin vi méd, Téng cong ty di co
nhitng budc di vitng chic dé tré thanh mot trong
nhitng doanh nghiép dau tién trén thé gidi tham
gia vao chudi cung cdp ddy chuyén san xuat
hydrogen xanh toan cau. LILAMA 10 14 don vi
truc thuoc cia LILAMA dugc giao nhiém vy
truc tiép thuc hién thi cong ché tao va to hop
cac mo dun dién phan du an san xuit hydrogen
xanh theo hop dong ky két giita LILAMA va
dbi tac Thyssenkrupp Nucera - doanh nghiép
phat trién cong nghé hydrogen xanh hang dau
thé giGi.

Theo d6, LILAMA 10 da t6 chirc trién
khai thuc hién du 4n dau tién la thiét ké, mua
sam, ché tao va to hop 2 m6 dun dién phan,
mbi mé dun c6 cong suat 20MW cho Nha méy
hydrogen xanh West Coast tai bang Arizona
cua My. Du an duoc trién khai thuc hién véi
toan bo cac cong doan gia cong ché tao, to hop
lép dat, van hanh thir va dong goi déu duoc
thuc hién tai Nha may Co khi ché tao thiét bi
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Hai Duong truc thugc LILAMA 10. Pay 1a du
an str dung nhimg thiét bi dau tién trén thé giéi
duoc tng dung cong nghé mai hoan toan cua
Tap doan Thyssenkrupp c6 yéu cau do chinh
Xac cao trong cong tac ché tao va to hop, dac
biét 1a yéu cau nghiém ngit trong viéc lam sach
va bao quan thiét bi cling nhu dong géi san
pham trude khi xuat hang.

Sau mot thoi gian tap trung thi cong,
cac k¥ su, cong nhan cia LILAMAT10 da nd lyc
lam viéc, vuot qua moi thach thuce dé dat duoc
céc muc tiéu vé k¥ thuat, my thuat, an toan, chét
luong va tién do. Thang 8/2023, Nha may Co
khi ché tao thiét bi Hai Duong - LILAMA 10
da ban giao 2 mo dun thiét bi dién phan mdi mo
dun c6 cong sudt 20MW v&i san lugng dat 10
tan hydro mdi ngay cho ddi tic Thyssenkrupp
Nucera.

Tu thanh cong nay, LILAMA va
LILAMA 10 tiép tuc dugc ddi tac Thyssenkrupp
Nucera tin tuong ky két hgp dong cung cap vat
tu, gia cong ché tao va td hop 110 mo dun thiét
bi dién phan cho duy 4an hydrogen xanh Neom
tai A Rap Xé-t. Pay 1a du an hydrogen xanh
16n nhét thé gisi, sa dung 100% ngudn ning
luong tai tao tur di¢n gio va dién mat troi dé
cung cap t6i 600 tin hydrogen xanh mdi ngay
nhim thay thé cac ngudn ning luO’ng hoa thach
va giam murc phat thai CO, toan céu.

Dy an duoc trién kha1 thuc hién dong
thoi tai 2 nha may: Nha may Co khi ché tao

thiét bj Hai Duong (LILAMA 10) va Nha méy ¥
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Pha Rimng (LILAMA). Mi mé dun dién phan
duoc to hop c6 chiéu dai 55 m, rong 5 m, cao 8§
m, trong luong khoang 200 tan véi hang ngan
thiét bi dugc két ndi véi nhau, khi dua vao van
hanh sg ti€éu thu 20 MW dién nang lugng tai
tao dé tao ra trung binh khoang 6 tan hydrogen
xanh/ngay.

Lé hoan thanh ban giao chuyén hang mé dun dién
phan dau tién Dy an nha may san xuat Hydro
xanh Neom.

Véi quyét tim cao, su chuyén nghiép
va suc sang tao khong ngurng, cac can bo ky su
va cong nhan cua LILAMA va LILAMA 10 da
vuot hon 1,5 triéu gid lam viéc an toan, danh
dau su ¢b géng, nd luc cua toan thé can bo va
cong nhan vién trén cong trudng, gép phan dam
bdo an toan va thanh cong ctia Dy an hydrogen
xanh Neom. Ngay 05/12/2023 vira qua, tai Nha
may Pha Rimg (Thay Nguyén, Thanh phé Hai
Phong), LILAMA d3 lam 1& hoan thanh ban
giao chuyén hang dau tién cho Dy an Hydrogen
xanh Neom.

Moi day, trong budi thim va lam
viéc tai cic co s& san xudt cua LILAMA va
LILAMA 10, Lanh dao cép cao cua Tap doan
Thyseenkrupp Nucera dd danh gia diéu kién
lam vi¢c, moi truong lam viéc an toan, chuyén
nghiép, chit luong san pham cing tién do
cua dy an hydrogen Xanh Neom dang dugc
duy tri va ngay cang cai thién. Phia Tap doan
Thyssenkrupp Nucera rat tin tuéng sy hop tac
giita hai bén s& tao ra nhiéu san pham gia trj cao

va thuc té da ching minh nhan dinh nay hoan
toan dung dan.

Lanh dao cdp cao ciia Tdp doan Thyseenkrupp
Nucera tham va lam viéc tai Nha may Co khi che
tao thiét bi Hai Duong (LILAMA 10).

Theo ké hoach, mbi thang LILAMA s¢&
hoan thanh 5 - 6 m6 dun du diéu kién ban giao
cho phia ddi tac Thysennkrup Nucera. Dy kién,
LILAMA va Thyssenkrupp Nucera s& hoan
thanh viéc cung cp cac md dun dién phan cho
du an hydrogen xanh NEOM vao quy 111/2025,
dong thoi tiép tuc hop tac trién khai cac du an
hydrogen xanh tiép theo cho céac thi truong
chau Au, Bic My va Trung Pong.

Qua d6, mot lan nita khang dinh tay
nghé va ning lyc ciia LILAMA va LILAMA
10 trong viéc tham gia vao cac dy an nang
luong xanh, sach quy mo 16n trén pham vi toan
cau. Pay 1a budc di dung dan va thanh cong
cua LILAMA va LILAMA 10, khong chi gop
phan dua thuong hiéu doanh nghlep ra thé gidi
ma con dong gop chung vao nén kinh té Viét
Nam trong cén can xuét nhap khau. Dic biét,
nhiing kinh nghiém quy gia cia LILAMA va
LILAMA 10 s& gitip Viét Nam sin sang trién
khai cac hé thong nang luong sach, bd sung lau
dai, bén vimg, gop phan dam bao an ninh nang
luong, glam bién doi khi hau trong twong lai
g6p phan thuc hién cac muc tiéu Net Zero phat
thai CO,. % o

HAI HA
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