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Tém tit

Xe nang forklift c6 tai trong nang 16n chu yéu sir dung dong co diesel ddn dong co céu nang ha thong qua hé
théng thuy lyuc trén xe. Nghién ciru dé xuét 1ip thém bo tai tao ning lwong thuy lyc c6 gia thanh ha va cau tao
don gian vao cac xe nang forklift c6 sin nham ning cao hiéu qua khai thac da budc dau cho thiy tinh kha thi.
Trong bai bao nay, nghién ctiru danh gid hi¢u qua lam viéc cua mdt bg tai tao nang lugng dugc lép trén mot xe
nang forklift 3 tn mot cach toan dién khi xem xét dén tinh nén dugc cta dau thay luc, anh huong cac thong sb
ctia binh tich ap va bo khuéch dai 4p sut thity lyc. Thong qua viéc thiét 1ap va phan tich mo hinh dong luc hoc
co khi-thay luc ctia hé théng trong qua trinh xe nang lam viéc, cac thong ) dong hoc, dong luc hoc va ning
lwong di duoc xac dinh. Bai bao d tinh toan va danh gia dwoc hiéu qua vé mat tiét kiém nang luong, tiét kiém
nhién lidu va loai bé mot luong 16n cac thanh phan khi gay ra hiéu ing nha kinh.

Tir khod: cac muc tiéu bén virng; hé théng thuy luc; khi nha kinh; nang lugng tai tao; tich trit nang luong; tiét
ki€ém nhién liéu; xe nang forklift.

ANALYSIS OF THE MECHANICAL-HYDRAULIC DYNAMIC MODEL OF THE ENERGY REGENERA-
TION SYSTEM ON AN IMPROVED FORKLIFT VEHICLE

Abstract

Forklifts with large lifting capacities mainly use diesel engines to drive the lifting mechanism through the
vehicle’s hydraulic system. The research that proposes to add a hydraulic energy regenerator with a low cost
and simple structure to existing forklifts to improve exploitation efficiency has initially shown feasibility. In this
paper, the study evaluates the performance of one energy regenerator installed on a 3-ton forklift
comprehensively when considering hydraulic oil compressibility, the influence of the accumulator and hydraulic
pressure amplifier parameters. The kinematic, dynamic, and energy parameters were determined by establishing
and analyzing the system’s mechanical-hydraulic dynamic model during operation. The paper has calculated
and evaluated the efficiency of energy and fuel saving and removing a large amount of gas components causing
the greenhouse effect.

Keywords: sustainable development goals; hydraulic system; greenhouse gas; renewable energy; energy storage;
fuel saving; forklift.
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1. Dit van dé
Trong nhitng nam gan day, hé thong logistics kho bai rat phat trién va con tiép tuc phat trién manh
trong tuong lai gan. B€ phuc vu xép do tai cac kho bai nay, xe nang forklift dugc str dung pho bién.
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Mic du di c6 nhiéu thé hé xe nang tiét kiém nang lugng ra doi nhung do gia thanh cao nén thyc té
v6i nhitng loai xe nang co tai trong nang 16n thi cdu hinh chu yéu van str dung dong co diesel din
dong hé thdng thiy luc trén xe. Theo xu hudng phat trién bén viing chung ciia toan thé gidi, nghién
cuu nang cao hi€u qua st dung nang luong, giam phat thai va tiéu hao nhién li¢u cua xe dang dugc
thu hut va quan tdm cta cac nha khoa hoc. Céc cong trinh nghién ctru lién quan hoéc cac cong trinh
nghién ctru c6 két qua co thé ing dung trén xe nang chi yéu duoc chia thanh hai nhom giai phap. Th
nhét 14 nang cao hiéu suit cia dong co ddt trong [1-6] va nhom giai phap thir hai 1a cac nghién ctru
dé tich trir nang luong du thira roi giai phong né khi can sir dung [7—13]. Trong nhém giai phap thi
nhét, cac nghién ctru ¢6 thé ké dén nhu: giam phat thai bang cach sir dung két hop ba bd DOC, DPF
va SCR trén dong co may néng nghiép RV325 [1]; nghién ctru bd sung mot lwong hydro nhat dinh
vao cua nap cua dong co D243 [2]; xay dung bo dit licu chuin vé thoi gian cép nhién liéu theo cac
ché @6 khac nhau cua dong co WP5 nham tdi wu cac thong s 1am viéc [3]; didu khién phdi hop hé
thong luan hoi khi thai va bo sung khi hydro cho dong co R180 [4]; nghién ctru phat trién nhién liéu
moi nham thay thé nhién liéu truyén thong [5, 6]. Trong nhém giai phap thir hai, cic nghién ctru di
vao phat trién cac cong nghé hybrid img dung trén xe ning hodc cac may xay dung/cong nghiép cd
dac tinh lam viéc twong ty nhau. Chéng han nhu phat trién hé théng tai tao nang lugng cho may xuc
thong qua may phat — pin/ac quy dién — dong co dién [7-9]; tai tao va sir dung hiéu qua nang luong
thong qua sy két hop giita pin/dc quy dién v6i binh tich 4p va cac chién lugc diéu khién ngudn ning
lwong [10, 11]; phat trién pin va h¢ théng [uu trit nang luong [12, 13].

Thuc té hién nay, cic nudc dang phat trién van dang khai thac sir dung phd bién cac xe nang
forklift noi riéng va cac may xay dung/cong nghiép noéi chung thudc thé hé cii/da qua s dung. Viéc
thay thé ngay toan bd chung bang cac may hién dai hon c¢6 Gmg dung cac cong nghé & trén 1a khong
kha thi. Nghién ciru [14] da dé xuét lap thém b tai tao nang lugng thuy luc vao cic xe nang forklift
c6 sdn dé bién chiing thanh xe ning forklift kiéu hybrid. B thiét bi ndy c6 gia thanh ha, ciu tao don
gian, c6 hiéu sudt tai tao ning luong cao va c6 kha nang ché tao trong nuéc. Bang cach 1am nay, hang
triéu xe nang forklift thé hé cii c6 thé dé dang duoc cai tién dé nang cao hiéu qua khai thac, giam luong
tiéu hao nhién li¢u va giam khi thai doc hai. Trong [14], viéc danh gia hi€u qua cua giai phap chua
xem xét toan dién cac yéu té anh huong dén qua trinh lam viéc cua xe. Vi vdy, bai bao nay tiép tuc
nghién ctru dénh gia hiu qua lam viéc ciia b tai tao ning lugng dugce lap trén mot xe nang forklift
mot cach toan dién hon khi xem xét dén tinh nén duoc cia dau thuy luc. N6i dung bao gém viéc thiét
1ap va phan tich mé hinh déng luc hoc co khi-thuy Iyc ciia hé thong trong qué trinh xe nang 1am viéc;
xéc dinh cac thong sé dong hoc, dong luc hoc va nang lugng; (mg dung tinh toan va mé phong sé cho
qua trinh nang ha cua mét bo thiét bi tai tao nang lugng lép trén xe nang forklift 3 tAn; danh gia hiéu
qua vé mat tiét kiém nang luong, tiét kiém nhién liéu va loai bo khi nha kinh.

2. B9 tii tao nang lugng

B6 tai tao nang luong c¢6 nhiém vu tiép nhén dong nang luong thuy lyc dugc chuyén ddi tur thé
nang cua vat nang, cang nang, khung nang va pit tong trong hanh trinh ha; tich liiy vao binh tich ap va
giai phong ra cuing véi nang luong din dong ctia bo ngudn dé nang vat trong hanh trinh nang. Viéc sir
dung truc tiép dong thuy luc ap suét cao v6i s it phan tir thay Iuc ma khong chuyén dbi thanh dang
nang luong khac va khong dan dong qua céc thiét bi/dong co trung gian glup giam thiéu ton that nang
lwong tai dau cudi (bo phan cong tac). Cau tao clia bo tai tao nang lwong gom cac thanh phan tir 2 dén
12 trong Hinh 1, van nang ha 1 va xy lanh thay lyc 13 d3 c6 san trén xe nang (trén xe thong thuong
¢6 hai xy lanh 13 giéng hét nhau, trong hinh thé hién mét xy lanh). B thiét bi lién két v6i hé théng
thuy luc ciia xe ning bang cac duong dng thity luc va két ndi véi hé thong didu khién bang cac day
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tin hi¢u dién. Tay diéu khién trén van nang c6 mot stra d6i nhé dé khi diéu khién, n6 cho phép dich
chuyén mot khoang nhét dinh truée khi c6 tac dong mé van 1 trong trudng hop diéu khién nang vat.

Khi cang ning mang tai, 4p sudt dau trong xy lanh 13 du 16n (x4c dinh bang cam bién ap suét 12),
két hop véi viée diéu khién van néng ha 1 theo chiéu ha, tin hiéu tir cam bién vi tri 2 va cam bién ap
suat 12 duogc cung cip dén bo didu khién trung tim 3, diéu khién van 6 chuyén sang trang thai nap
dau co ap sudt cao vao binh tich ap 4. D6 mé cua van 6 ty 1¢ thuan véi khoang dich chuyén cua can
diéu khién van 1 theo chiéu ha va d6 md nay quyét dinh toc do ha cua vat. Truong hop ha cang nang
khong mang tai, 4p suat dau nho, van 11 dugc didu khién dé dau di vé thfmg qua van 1 nhu ché do ha
binh thuong cua may nguyen ban (tmorng hop nay khong thuc hién nap dau vao binh tlch ap). Van 11
cling c6 thé duogc diéu khién truc tiép dé mo cho dong dau vé thung, ha vat nhanh khi can thiét.

Chiéu nang

Chiéu ha

mg/2

1
o

h L

1- Van nang ha; 2- Cam bién vj tri; 3- Bo didu khién trung tam; 4- Binh tich ap thuy luc; 5- Van Or; 6- Van phan ph01 ty 1&
3/3; 7, 9- Van mot chidu; 8- Bo khuéch dai ap suét; 10- Van an toan; 11- Van phan phdi 2/2; 12- Cam bién ap suat;
13- Xy lanh nang.

Hinh 1. M6 hinh co khi-thity luc cta thiét bi tai tao ning lugng va co cau ning

Thuc hién nang vat bang cach diéu khién van 1 theo chiéu nang, tay diéu khién dich chuyén trong
khoang déu tién (van 1 chua chuyén sang trang thai nang), cam bién cung cap tin hiéu dé diéu khién
mé van 6 1am cho dau trong binh tich ap 4 xa ra, qua bo khuéch dai ap suat 8, ap suit dau ting 1én va
di qua van 5, van 9 va di vao xy lanh, nang pit tong 1én. Ap suit du trong binh tich ap giam dan, dén
khi khong du ap suit dé nang vat, ngudi van hanh tiép tuc dich chuyén can diéu khién van 1, liic nay
van 1 chuyén sang trang thai nang, dau tir bom qua van 1, qua van 5, qua van 9 vao xy lanh (nhu ché
d6 néng ctia may nguyén ban). Van 10 gitip giit an toan cho hé thong khi ap suét trong mach thiy luc
vugt qua gia tri ap suét 1am viéc an toan dugc dit trudc.
3. Mb hinh dong Iwc hoc co khi-thuy I ciia hé thong
3.1. Quda trinh ha vat

Pit tong va vat nang ha xudng vdi gia tdc ¥, phuong trinh chuyén dong cua chung nhu sau:

_(Fms+pA)/m (1)
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trong d6 m 1a khdi luong ban nang, khung nang, pit tong va vat ning, kg; ¢ 1a gia tdc trong trudng,
m/s?; F,ns 12 luc ma sat gitra pit tong va xy lanh, N; p 13 4p sudt ddu thay luc trong xy lanh, N/m?; A
1a dién tich cta mot pit tong m?.

Luc ma sét giita pit tong va xy lanh c6 thé dugc xac dinh theo [15]:

Fos = (10° + 0,02p)A )
Khi biét ton :[hét‘ qua van mot chiéu 712 A Pevs chéph }éch ap suét gilia clra vao va cua ra cua van
6 1a Ap va ap suat dau trong binh tich ap 1a p,,, 4p suat dau trong xy lanh dugc xac dinh béi:
p=Ap+Apey + pra 3
Vi phan ap suét ciia dau trong xy lanh dugc xac dinh theo [16]:

b

P=5 (-o-V.) 4)

trong d6 B, 12 md dun dan hdi cia diu, N/m?; V, 1a thé tich dau trong xy lanh va duong éng, m*; 0 1a
Iru luong dau qua van 6, m?/s.
Vo= Vo +2A (h - x) (%)

v6i h 1a chidu cao ban dau cua dau trong xy lanh, m; V,. 1a thé tich dau trong duong 6ng, m*.
V, = —2Ax (6)

_ B CAX-0Q)
Py T 2A -

Luu luong dau qua van 6 duoc tinh toan nhu sau:

(7

A
0= Onf A—” )
PN

trong d6 Apy 1a chénh Iéch ap suét danh dinh cua van, Apy =5- 10° Pa; f (u)la ph::in tram luu lugng
theo Qn, phu thude bién diéu khién u (dac trung cho vi tri cta can diéu khién van) va dac tinh van;
Oy 1a luu lugng dau danh dinh qua van twong tng v6i trudng hop van mo hét ¢& va tng voi chénh
léch 4p suat danh dinh, m>/s.

Phuong trinh trang thai ctia qua trinh nén khi doan nhiét vao binh tich ap

Vit = pivi ©)

trong do pj, Vi 1a ap sudt tuyét dbi va thé tich ctia khi trong binh tich ap & dau qua trinh ha pit tong
va py,, Vi, tuong ting voi hai thong so trén ¢ thoi diém bat ky.
The tich Vi, ¢6 quan hé¢ vadi thé tich V; va luu lugng Q nhu sau:

Via =V, —dez (10)
Két hop (11) va (10), ap sudt dau p, trong binh tich 4p 1a:
Vv 1,4
% 1 5
=pil————1 =10 11
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Két hop (1), (3), (7), (8) va (11), ta c6 hé phwong trinh xac dinh qua trinh dong luc hoc cta hé co
khi — thiy Iyc nhu sau:
(1,02p + 10°HA
=g-—

.
_ B,Ax "0
P A h—x)

_A cv — Fta 12
0= f) Q. +|P2APe= P (12)

Apn

1,4
* Vl ’ 5
= _— -10
Pta pl(V] —det]

Thé ning cta hé Ej, giam dan trong qua trinh ha:

E, =2mg(h — x) (13)
Phén trim nang luong tich trit dwoc sau qua trinh ha:
E. - 100%
AE, = —— 14
h Smgh (14)

trong d6 E, 14 nang luong tich trit vao binh tich ap khi ap suat khi ting tir pilénp;, o cubi qua trinh
ha, duoc xac dinh theo [14].
3.2. Qud trinh nang vdt

Ap suét dau trong xy lanh dugc xac dinh nhu sau:

P = kn(pwu — Ap) — Apey — Apor (15)

trong d6 k 1a hé s6 khuéch dai ap suat ciia bo khuéch dai 8, 77 13 hiéu suét 1am viéc cua bo khuéch dai
va Ap,, la ton that ap suat tai van 5, N/m?>.
Ap suét dau p;, trong binh tich 4p ¢ qua trinh nay la:

1,4
* V2 | 5
L=pil———1 -10 16
P+, pz(V2+del] ( )

trong do p5, V> 1a 4p suat tuyét ddi va thé tich cta khi trong binh tich 4p & ddu qua trinh nang pit tong.
Vi phén ap suat dau trong xy lanh la:

. Bo(Q/k—2A%)
p="ro Xt <00

17
Voo + 2Ax an

Thyce hién twong ty nhu ddi vai qua trinh ha pit tong, hé phwong trinh xac dinh qua trinh dong luc
hoc cta hé co khi — thiy lyc trong qua trinh nang nhu sau:

. (0,98p —10%A
Xi=——7-—-g
 Bo(Q/k'-24%)
P Ty 2Ax
_ pta - (p + Apcv + APor)/(kﬂ) (18)
Q—f(u)-QN-\/ Apn
V2 1,4
w=pl———1 10
P pQ(Vz + det]
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Thé ning ting dan trong qua trinh ndng nhu sau:
E, =2mgx (19)
Phan trim ning lugng xa ra tir binh tich 4p dugc sir dung nang vat la:
AE, = 2781 1009, (20)
c
trong Qé hy 14 chiéu cao t6i da ma pit tong duoc nang 1én do ning lugng x4 ra tir binh tich ap.
Phan tram nang lugng tai tao dugc st dung ¢ ich trong mot chu ky:
21

YE, = % -100%

4. Két qua md phéng va thao luin
Thuc hién mo phong sé va danh gia két qua trong qué trinh ning ha khi Gmg dung bo thiét bi tai

tao ning luong cho mot xe nang forklift c6 tai trong nang 3 tan, c6 hai xy lanh nang vé6i duong kinh
mdi xy lanh 1a 60 mm, hanh trinh nang t6i da cua pit tong nang 1a 1,5 m va cac thong so khac cua hé

thong thiy Iyc dugc cho trong Bang 1.
Bang 1. Thong sb ciia hé thng phuc vu mé phong sb

m (kg) Apey (N/m?) Apor (N/m?) Oy (m?/s) p; (N/m?) Vi (m?)
3250 2:10° 2:10° 58,3-107° 5,1-10° 20-1073
n k Ve (m?) Bo (N/m?) ps (N/m?) Vs (m?)
0,95 2,5 0,628-1073 1,8-10° 10,95-10° 11,55-1073
0.4 T T T T
A T T el
P~
SR s S e
[ o
! PN i :
. A § L
oo N o
3 L-\ | N |
: : : \ :
‘ A N %
: : ! : Y : :
b :' TN N
. T
i % ; ; N —
00 1 2 3 4 5 6 7 8 9 10 00 1 I2 3 -'l 5 6 7 8 9 10
t(s) t(s)
Hinh 3. Van tdc cua pit tong

Hinh 2. Chuyén vi ctia pit tong

Diéu kién ban dau la pit tong ding yén & vi tri cao nhat tuong tng v6i qua trinh ha vat va vi tri
thip nhat twong (mg voi qua trinh nang vét. Sir dung phin mém Matlab dé mé phong sé chuyén dong
cuia pit tong theo ché do diéu khién thong thudng va dic tinh cta van 6 xac dinh theo [17]. Két qua
thu duoc 1a cac dd thi thé hién chuyén vi cua pit tong trong Hinh 2, dd thi van tdc trong Hinh 3 va dd
thi gia toc trong Hinh 4, 4p sudt dau trong xy lanh trong Hinh 5; gi4 tri thé hién kha ning thu hoi, tai

tao nang lwong va nang lwong hitu ich trong Bang 2.
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Hinh 4. Gia téc cua pit tong Hinh 5. Ap suét dau trong xy lanh

Bang 2. Cac thong sb lién quan dén kha nang ti tao ning lwong

Théng s Gia tri
Chiéu cao pit tong duoc nang 1én 0,59 m
Thé ning vat nang ¢ ddu qua trinh ha 95647,51]
Thé nang vat nang & cudi qua trinh ning 37621,35]
Nang luong dugc tich trlt vao binh tich ap 65,5%
Ning lugng xa ra tir binh tich 4p dé nang vat 60%
Hiéu qua tai tao nang lugng trong mot chu ky 39,3%

Tir cc két qua thu duoc cho thay, chiéu cao nang ha, thoi gian thyc hién mdt hanh trinh nang ha
Va toc d6 nang ha phi hop véi cac thong s6 lam viéc clia xe nang tuong tng. O giai doan dau va cudi
mdi qua trinh, do tinh dan hdi ctia dau thuy luc nén 4p suat cia dau va gia tdc cua pit tong c¢6 su dao
dong. Diéu nay din dén gi4 tri van tdc cua pit tong tuong tmg & cac giai doan nay ciing c6 dao dong
nho. Tuy nhién, tac dong cua dao dong khong anh huong dang ké dén qua trinh chuyén dong cua pit
tong nang ha trong didu kién lam viéc thong thuong. Ning lwong tai tao dwoc trong mot chu ky ning
ha va phén trim niang luong d6 dugc sir dung co ich 1a twong dbi cao.

Ngoai ché d6 diéu khién anh huong dén cac thong sé dong hoc trong qua trinh nang ha nhu két
luan cua cac nghién ctru khac, cac thong s thiét 1ap ban dau dbi véi binh tich ap va hé s6 khuéch dai
cuia khuéch dai thity luc cling can phai xem xét dé Iya chon cho phu hop véi cau hinh xe co so va hiéu
qua ning luong t6t nhit.

Lap trinh khéo sat bai toan bang phan mém Matlab v&i su thay d6i cua ap suat thiét 1ap ban dau
va thé tich binh tich ap trong khi cac théng s6 khac duoc gitt nguyén. Két qua thu dugc 1a do thi van
téc va dich chuyén trong qua trinh ha khi thay ddi ap suat & Hinh 6 va khi thay doi thé tich & Hinh 7.

Tir két qua trén co thé thiy thong sb ap sudt va thé tich binh tich 4p anh huéng truc tiép dén qua
trinh ha va cu thé 1a kha nang pit tong c6 thé ha xudng hét hanh trinh. Khi ap sut binh tich ap ting tir
50 at, 60 at dén 70 at (d0 thi van toc tuong g 1a VT 50 at, VT 60 at va VT 70 at; d6 thi dich chuyén
tuong tmg 1a DC 50 at, DC 60 at va DC 70 at) thi van toc ha giam va thoi gian ha cho dén khi pit tong
dirng giam, pit tong khong ha xudng hoan toan (pit tong dimg & cao d6 +18 cm va +30 cm twong (g
v6i ap suat cai dat 60 at va 70 at). Khi thé tich binh tich ap giam tir 20 lit, 18 lit dén 16 lit (d thi van
tdc trong tng 1a VT 20 lit, VT 18 lit va VT 16 lit; d6 thi dich chuyén twong tmg 1a DC 20 lit, DC 18
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DC 50 at| | DC 20 lit [

VI S0ar ) VT 20 lit |
——DC 60at} | —DcC 18 it |+
TotVIGOatil = NG e VT 18 it |}
:DC?Oat 7 —DC 16 it 7
o VT T0at); ===VT 16 lit

Van téc (m/s) va Dich chuyén (m)
Van toe (m/s) va Dich chuyén (m)

R e

6 7 8

Hinh 6. Van téc va dich chuyén cta pit tong trong qua  Hinh 7. Van tdc va dich chuyén cua pit tong trong qué
trinh ha twong Gng v&i cac gia tri ap suat trong binh  trinh ha twong tng véi cac gia tri the tich binh tich ap
tich ap thict lap ban dau khac nhau khac nhau

lit va DC 16 lit), thoi gian ha giam nhung pit tong ciing khong ha xudng hoan toan. Pdi véi loai xe
nang forklift 3 tan dwgc xem xét, chon binh tich ap c6 thé tich 20 lit va ap suat cai dit ban dau 50 at
1a phu hop va pit tong c¢6 thé ha xudng hét hanh trinh.

Thuc hién khéo sat twong tw d6i v6i hé sb khuéch dai cta binh tich ap. Két qua thu duoc gdm do
thi van toc va dich chuyén cua pit tong trong qua trinh nang ¢ Hinh 8.
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Hinh 8. Van téc va dich chuyén cua pit tong trong qua trinh nang tng véi hé sé khuéch dai ap sudt khac nhau

Tir két qué trén c6 thé thiy v6i hé sb khuéch dai ap suat bang 2 thi pit tong chi nang 1én duogc tbi
da 0,48 m. Khi tang hé sb khuéch dai ap suét 1én 2,5 thi dich chuyén cua pit tong tang 1én dén 0,59 m.
Tuy nhién, khi h¢ s6 khuéch dai tién dén 3 thi theo dinh luat béo toan nang lugng, dich chuyén cua
pit tong sé& tién dén 0,5 m. Nhu véy, chon hé s6 khuéch dai ap suat bang 2,5 thi cho hiéu qua nang vat
bang ngudn ning luong thity luc tai tao 1a tSt nhat.

Thuc té, hiéu suét cta dong co diesel rat the‘ip, cong voi ton that cta hé théng truyén dong nén hié¢u
sudt chung tir ning lwong dugc tao ra do dbt chay nhién liéu dén ning lugng c6 ich tai bo phan cong
tac chi khoang 6,7% [18]. Vi vay, tir lugng nang luong tai tao duoc sir dung ¢ ich & ddy co thé xac
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dinh mot cach gz‘?m ding lugng nhién li€u tiét kiém duge cho mot chu ky néang ha ctia xe nang c6 tai
trong ning 3 tin dang xem xét 1a 15,1 gram. Vi s6 chu ky 1am viéc theo gior 1a 45 chu ky/gio, s6 gior
lam viéc dinh muc theo ngay (8 gid/ngay) va sb ngay lam viéc dinh muc trong nam (300 ngay/nim),
Iwong nhién liéu tiét kiém duge khi ung dung bd thiét bi tai tao nang luong 1§p thém trong mdt nam
1 1,96 m>. Trén co s lugng khi thai doc hai c6 thé tao ra khi dot chay mot don vi thé tich dau diesel
[19], lugng khi thai gdy hiéu tng nha kinh tng v6i lugng nhién liéu tiét kiém & trén hoan toan tinh
toan dugc. Cu thé, luong CO; c6 thé loai bé dugce 1a 5,3 tAn/nam.

5. Két luan

Nghién ctu da xay dung dugc mo hinh dong luc hoc co khi-thty lyc cia hé tai tao ning lugng
trén xe nang forklift cai tién. Anh huong ciia cac thong sb vé ap sudt va thé tich binh tich ap, cling nhu
hé s6 khuéch dai ctia bo khuéch dai 4p sudt dén qua trinh nang ha cia xe di duoc khao sat va danh gi.

Qua viéc phan tich va danh gia théng qua mé hinh dong luc hoc nay da tai khiang dinh hiéu qua
vé mit nang lugng, kinh té va moi truong. Luong nhién li€u du kién c6 thé tiét kiém duoc mdi nim
khi tmg dung thiét bj tai tao nang luong lap thém trén mot mAu xe nang forklift 3 tin 1a 1,96 m>. Véi
hang tridu xe ning/méy c6 dic tinh tuong tw dugc tmg dung lap thém thiét bi nay thi c6 thé tiét kiém
duge mot khoan rat 16n cho chi phi nhién liéu va loai bo mot luong 16n khi nha kinh.

Phan tich mé hinh dong luc hoc co khi-thuy luc cta hé khi xét dén tinh nén duoc cta diu thuy luc
cho thdy 4p suat dau va gia toc vat nang c6 dao dong & dau va cudi mdi giai doan nang ha. Tuy nhién,
céc dao dong nay anh huong khong dang ké dén chuyén dong cua vat ning trong diéu kién lam viéc
thong thuong.
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