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TOM TAT

Xe ndng tdi trong nhé sir dung nguon dan déng dién thuwong dwoc siv dung dé ndang ha va
di chuyén hang néng trong nha xwong, phong thic hanh. Trong qud trinh lam viéc, hé thong thiy
lie dan déng nang ha chiu tdi trong dp sudt do hang ndng gay ra. Viéc tinh todn hé thong thity liec
nay can phdi dwoc nghién ciu dé dam bdo tinh chinh xdc va kinh té. Trong bdi bdo nay, pham mém
AMESIM dwoc sir dung dé tinh toan, mé phong hé thong thiyy luc can thiét ké. Két qud mé phong tir

phdn mém cho thd'y 6 thé tiét kiém dwoc xd'p xi 13% nang lwong tiéu thu cua mo to dién.

T khéa: Xe ndng dién; Thiét ké xe ndng dién; Thiét ké hé thong thiy lic; Thu hoi ning

liwong; Tiét kiém ning heong.
ABSTRACT

Light-duty forklifts are devices employed for lifting, lowering, and transporting components
within confined environments such as workshops and training facilities. During operation, the
hydraulic lifting system is subjected to pressure loads induced by the weight of objects. Accurate
and economical design of this system necessitates thorough analysis. In this study, the AMESIM
software is utilized to model and simulate the hydraulic system under design. The simulation
results indicate a potential reduction of approximately 13% in electric motor energy consumption,

demonstrating the system's improved efficiency.

Keywords: Electric forklift; Electric forklift design; Hydraulic system design; Energy

recovery, Energy saving.
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1. GIOI THIEU

Hién nay, xe nang hang dugc st dung
v6i s6 luong 16n dé phuc vu cong tac nang ha
hang tai cac kho, bai, cang, nha ga, san bay...
Xe nang hang da dang vé ching loai, kich
thudc, mau ma. Phan loai theo ngudn dan dong
bao gom: din dong bang dong co ddt trong, dan
dong bang dong co dién; theo tai trong nang co
loai nho, trung binh va nang. Trong do, xe nang
dién tai trong nang nho thuong dugce st dung
trong cac nha xudng, phong thuc hanh, vi xe
nay co kich thudc nho gon, khong phat thai khi
xa [1-2]. Tuy nhién, dé thiét ké hé thong dan
dong nang hang, can phai tinh toan lwa chon
cac phan tir chinh ciia xe nhu cac xylanh, van
phan phéi, bom thiy lyc, mé to dan dong. Cac
phuong phap tinh toan 1y thuyét thuong cho ra
két qua kho theo ddi, doi hoi giai nhiéu phuong
trinh toan. Trong khi d6, viéc 4p dung cac phan
mém thiét ké s& cho két qua nhanh, chinh xac
va d& dang toi wu hoa cac tham s thiét ké [3-
6]. Trong bai bao nay, binh tich 4p dugc dung
dé thu hdi niang lwong khi xylanh nang hang di
xudng. Sau d6, nang lugng tir binh tich ap duoc
xa vao duong hut cua bom thuy luc. Bai bao st
dung phan mém AMESIM dé tinh toan thiét ké
hé thdng. Két qua md phong bang phan mém
cho thiy c6 thé giam duoc xap xi 13% ning
lugng tiéu thu ciia mo to dan dong so vi mach
co ban khong thu hoi ning luong.

2. THIET KE HE THONG THUY LUC
NANG HA HANG CUA XE NANG

2.1. So' @6 mach thity lwe ning ha hang xe
nang

So d6 nguyén 1y mach thiy lyc ning
hang cua xe dugc thé hién & Hinh 1. Trong so
dd (1-a) mo to thuy lyc (2) duge dan dong tir
mo to dién (1). Dau dugc bom hut tir thung (3)
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qua van phan phdi (4) & dan dong cho xylanh
mot chidu (7) ning va ha hang nang (8). Trong
so dd (1-b) nhanh dau ra cua xylanh dugc ndi
tiép vai binh tich ap (9). Khi xylanh di xubng,
dau cao ap tir khoang piston duoc tich vao binh
tich 4p; trong qua trinh nang, dau tir binh tich
ap duoc cap vao duong hit cua bom thuy luc.
Do dau vao duong hut ctia bom ¢ ap suit cao
hon so véi truong hop (1-a) nén co thé giam
dugc cong suét tiéu thu cta mo to dién.

57 : 1’/ 3 5 l"f _-3
a)

Hinh 1. So' do nguyén Iy mach ndng, ha hang
a) Mach co ban, b) Mach co thu hoi nang luong;
1 - M6 to dién; 2 - Bom thuy luc, 3 - Thung dau;
4 - Van phdn phéi;5 - Van an toan; 6 - Van tiét luu;
7 - Xylanh nang hang, 8 - Vat ndang;
9 - Tich ap thuy lyc, 10 - Van nap; 11 - Van xa

2.2. Tinh toin mé phéng biang phin mém
AMESIM

Tichap I3 ,—B-‘ 92 o

thiy lpc  p @ P,

Hinh 2. Nguyén ly hoat dong cua xylanh nang,

ha hang
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Phuong trinh mé ta chuyén dong cua
vat nang m:

ma=mg+ p A —p,4,-F, (1)

Ap suit dau trong khoang piston dugc
xac dinh tir cong thic:

prE-a)rpA-F
) 4,
Luu lugng dau di ra khoi khoang piston
xac dinh theo cong thic:

q, ZQ1+(A2_A1)'V (3)

Trong d6, m 1a khéi luong, a 1a gia toc,
v 1a van tdc, p,ladp suét dau khoang can, p, la
ap suat dau khoang pit tong, F la téng luc can
ma sat va can nhot, A 1a dién tlch khoang can,
A, la dién tich khoang xylanh.

Trang thai Trang théi Trang théi
ban din nap day bit dim nap

i
d ,Bj 9, g Khoang

P, pittong

Hinh 3. Nguyén ly hoat dong cua tich ap thuy luc

Trong qua trinh thu hdi nang luong, ap
suat va the tich khi bén trong binh tuan theo
quy luat:

g, =q,+(4,—4)v (4)

PiVis = PoVo = PV, (5)

Trong do, A 13 hé s6 mi, V14 thé tich
khi ban dau, p. o ladp suat khi nap ban dau, Vo
1a thé tich khi tai thoi diém ban dau nap dau, p "
la & ap suat khi ¢ thoi diém ban dau nap dau, Vg
1a thé tich khi tai thoi diém nap day dau, P, la ap
sut khi tai thoi diém nap day dau.

Thé tich hiéu dung V,; cla dau trong
binh dugc tinh theo cong thuc:

Vy=Vy-V, 6)

Ning luong thu hdi c¢6 thé tinh theo
cong thirc nhu sau:

1-1
V V
E, =Pl Ze | 1) )
-1 |7,

Ning lugng c6 thé thu hoi tir hé thong
E.. la thé ndng cta khoi lugng m, tinh theo
cong thuec:

E, =mgh )

Trong d6, m 1a khéi luong, g 1a gia toc
trong trudng, h 1a khoang cach dich chuyén.

Ti 18 thu hdi ning lugng dugc tinh theo
cong thuc:

& :5—”1.100% ©)

pot

So @6 mo phong mach thiy luc bang
phan mém AMESIM nhu thé hién ¢ Hinh 4.

=T oc ® Efbo6 @
) L‘l :

i ?

0. DS g |
| —
1 Th 4 [ﬁ

a) b)
Hinh 4. So' @6 mé phéng mach thiyy lec bang AMESIM
a) Mach co ban; b) Mach co thu hoi nang luong
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Bdng 1. Théng s6 mé phong mach thiy lic

Poi twgng Tham s Gia tri Pon vi
Loai dau Co ban
) Nhiét do 40 °C
Dau thuy luc - .
Khoi lugng riéng 850 kg/m?
Moédun khéi 17000 bar
Khéi luong M 1500 kg
Luu luong riéng 16n nhét 25 cc/vong
Hiéu suét co khi 0.96 -
Bom thuy luc ) p
Hi¢u suat luu luong 0.92 -
Tde do lam viéc 1500 vong/phut
Puong kinh piston 55 mm
Xylanh thuy luc Duong kinh can piston 30 mm
Hanh trinh 0.5 m
Cuong do dong 40 mA
Van chinh -
Luu lugng mo 16n nhat 50 L/phut
Trang thai ban dau 1 -
Van 2/2 -
Luu luong mé 16n nhat 50 L/phut
Van an toan Ap suit mo van 150 bar
Thé tich ban dau 2.2 Lit
Binh tich ap - - .
Ap suat nap ban dau 12 bar
3. KET QUA VA NHAN XET e == e

Do thi so sanh chuyén vi va van tdc cua
piston dugc thé hién trén Hinh 5. Qua d6 thi c6
theé thay chuyén vi cua piston trong mach co

Viim the

ban va mach c6 thu hoi niang luong 1a twong

dong vé quy luat. Tuy nhién, van tdc clia piston a)
trong hanh trinh di xudng ctia mach c6 thu hoi

nang luong co quy luat bién d6i 1a duong cong,

do binh tich ap dit tai ddu ra nén van toc s&

giam bat dau tir lic di xudng cho dén cudi hanh

trinh. Gié tri trung binh van toc xap xi gia tri

ctia van toc & mach co ban.

piston:
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5 2
Théi gian s)

b)

Hinh 5. So sanh chuyén vi va van toc cua cac

a) Chuyén vi; b) Vin toc
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if)

Apsult (ary
Thé tich €L

5 2 B 20 2
Thori gian (5) Thari gian (s)

Hinh 6. Théng sé lam viéc ciia binh tich dp

Tir Hinh 6 c6 thé thay trong qua trinh
lam viéc, ap suat va thé tich cia binh tich ap
thay d6i theo hanh trinh cta piston. Ap suat 1on
nhéat binh dat duoc xép xi 37 bar. Ap suit va thé
tich cua binh tich &p trong bai bdo duoc chon
dua vao moi quan h¢ cta hanh trinh va van tde
lam viéc ctia piston so véi mach co ban, ma van
dam bao giam nang lugng tiéu thu cia mach.

Machcoban
- = = *Mach co thu hoining hxmg
100 [ P '_r-_. ,_f"' 1
80
)
£
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&
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Thi gian (s)

Hinh 7. Ap sudt khoang piston

4} =———Machcoban
= = = *Mach c6 thu héining keong

Ning kyng (1)

£

0 5 10 15 20 25 30 35
Théi gian(s)

Hinh 8. Nang luwong tiéu thu cua bom
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Tir Hinh 7 cho thay su khac biét cua ap
suat khoang piston ctia hai mach. O mach co
ban, ap suat trong qué trinh di xudng clia piston
thay d6i ddi nhanh va dang bac; trong khi d6 ap
suit & mach c6 thu hdi ning luong thay ddi theo
dang dudng cong va ap suit ting cao hon vi ¢6
binh tich 4p ndi v6i khoang piston. Nhd vao hé
thong thu hoi va tai sir dung ning luong tir qua
trinh di xudng cta piston nén ning luong cua
mach ¢ hé thong thu hdi giam so v6i hé thong
co ban. Theo két qua mo phong c6 thé giam
duoc Xép xi 13% nang luong ti€u thy, nhu thé
hién & Hinh 8.

Nhu vy, khi thiét ké hé thong thuy luc
clia xe nang hang tai trong nho, ding ngudn
dong luc 1a mo to dién s€ c6 hai phuong an.
Vi phuong 4n st dung mach co ban, van tde
lam viéc cia piston ciing nhu ap suit khoang
piston s& thay ddi theo bac va khong tiét kiém
nang lugng. V&1 phuong an st dung binh tich
ap thity lyc dé thu hoi nang luong, s& lam giam
téc d6 clia qua trinh di xudng cua piston & giai
doan cudi hanh trinh, nhung van dam bao gia
trj 1am viéc trung binh. Uu diém ndi bat cua
phuong an dung tich ap thiy luc 1a c6 thé tiét
kiém dugc nang lugng trong qua trinh str dung
may. Diéu nay dam bao qua trinh van hanh, vira
dam bao yéu t6 k¥ thuat va yéu td kinh té. <
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