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TOM TAT

[an day, viec phat trién tir nghién ciru co ban sang nghién ciru tng
dung ddi véi céc hé thu nang lrgng dao dang tir p dién d& va dang
trr thanh mat chi dé thu hat. Uu digém chinh coa hé nay céu tric
don gidn, mat da cang suat ddu ra trong ddi cao so vai céc co ché
khac nhu dign tir va tinh dién, ddng thei co kha nang tuang thich
vri cac he thang dién tir cong suat nha nhu MEMS va ca kha ning
hoat dong trong dai tan s rang. Khi tich hop he thu nang lreng &p
dién vai he thiing treo cia phurong tign giao thang thi hé thang tich
hop lic nay cén dam bao hai yeu cdu. Mat |3 giir nguyén cac chic
nang cda he thang tich hyp nhue mat he théng treo thang thuing;
hai |3 thu duge ndng lrgng dao dong va chuyén ddi thanh ning
lrgng dién nhigu nhét ca the. Bai bao tap trung xay dwng ma hinh
tinh toan, phan tich, tdi vu cang sudt dién coa ba thu ndng legng &p
dien kigu x&p chang dugc tich hep trén he treo. trén co sé ma hinh
xe |/4 vari kich dang mat duang diéu hoa. K&t qué nghién ciu nham
phuc vu cang viec tinh toan, thigt ke ky thuat he théng treo tich hop
he thu néng lrgng &p dién theo hai yéu cdu co ban néu trén va ca
the m& rong cho cac he ca tinh chat trong .

Tir khaa: Ba thu nang lrgng ap dién kigu xép chang, hé thang treo,
kich ddng nén diéu haa.

ABSTRACT

Recently, the development from basic research to applied

1.DAT VAN BE
Trong vai thap ky trg lai day, van dé thu nang lugng tu cac
nguén co sdn trong méi trudng xung quanh, chdng han nhu rung
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research for piezoelectric energy harvesting systems from
piezoelectric oscillations has become an attractive topic. The
main advantages of this system are simple structure, relatively
high output power density compared to other mechanisms
such as electromagnetic and electrostatic, compatibility with
small power electronic systems such as MEMS and the ability
to operate in a wide frequency range. When integrating the
piezoelectric energy harvesting system with the vehicle
suspension system, the integrated system must ensure the
following two requirements. One is to maintain the functions of
the integrated system as a conventional suspension system. The
other is to collect vibration energy and convert it into electrical
energy as much as possible. In this study, the topic focuses on
building a model to calculate, analyze, and optimize the electrical
capacity of the stacked piezoelectric energy harvesting system
integrated into the suspension system, based on a |/4 vehicle
model with a harmonic road surface agitation. The research
results aim to serve the calculation and technical design of
the suspension system integrating the piezoelectric energy
harvesting system according to the two basic requirements
mentioned above and/or can be extended to systems with
similar properties.

Keywords: Stacked piezoelectric energy harvesting system,
suspension system, harmaonic ground agitation.

dong, nhiét, anh sang, buc xa, gié va nudc bién thanh nang lugng
dién thay thé viéc st dung nguon dién tit lusi hodc pin cho cac thiét
bi dién ti c6 cong suat thap dung cho cac cam bién hay céc thiét bi
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do dung trong xe c§, thiét bi cong trinh hay cac bé phan sinh hoc
nhan tao da va dang nhan dugc quan tam ttr nhiéu nha nghién ctu.
Mét trong nhiing nguén ndng lugng hao phi cé thé dugc khai thac
danh cho nhiéu ting dung khéac nhau dé la rung dong ti méi trudng
xung quanh.

Nam 2018, Co quan Quan ly thong tin vé nang lugng (EIA) cho
biét, c6 khodng 92% san pham xang dau dugc tiéu thu cho nganh
GTVT, trong khi chi 10 - 20% dugc st dung dé dan déng cho xe di
chuyén [1, 2]. Hé théng treo (HTT) Ia mot thanh phan thiét yéu trong
6 t6, véi mot trong nhiing vai trd chinh 1a 1am hao tan ning lugng dé
gidm dao dong cla than xe. Nang lugng hao tan nay bi anh huang
béi cac yéu t6 khac nhau nhu map mé mat dudng, téc do xe cling
nhu khéi lugng dugc treo, d6 ciing cla Id xo va hé s can [3]. Nang
lugng hao tan & HTT trudc cao hon khodng 35% so véi HTT sau do
dd ciing 16 xo va hé s6 can cta HTT trudc I6n hon gia tri cia HTT
sau [4]. Viéc tang khéi lugng clia 6 t6 cling nhu hé s6 can, hay giam
hé s do cling sé dan tdi tang nang lugng hao tan [5]. Map mé mat
duding anh hudng dén lugng ndng lugng hao tan tu HTT [4, 51. Theo
Abdelkareem va céng su [6], & t6c do xe 20 - 50 km/h trén dudng
khong map mo, giam chan loai théng thudng c6 cong suat hao tan
trong khoang 10 - 90 W. Khi ¢6 it nhat mét map mo cong suat hao
tan sé tang Ién tir 40 - 140 W v&i cung téc do xe. Trén mat dudng cé
map mé nho, Xiao [7] nhan dinh khoang 200 W bj hao tan & 4 giam
chan doi véi mot 6 té chd khach théng thudng & tée do 13 m/s. Wei
va Taghavifar [4] d& nghién ctu kha ndng thu nang lugng tu HTT
thong qua cac bién dang mat dudng khac nhau. Vi dy, véi kich déng
diéu hoa, cdng suat trung binh 16n nhat la 57,84 W dugc ghi nhan
3 t6c do 6 16 la 13 km/h va 39 km/h. Trong trudng hgp kich déng
ngau nhién, cac bién dang mat dudng khac nhau, cu thé la dudng
nhan, dudng gé ghé, dudng cao téc nhan va dudng cap phdi dugc
phan loai dua trén ham mat d6 phé cong suat. Nghién cdru nay cho
thay, cong suat hao tan déi vai dudng cap phoi dugc ghi lai la 2.000
W, trong khi & dudng cao téc nhén, cdng suat hao tan vao khoang
200 W. Su khac biét I6n nay duoc giai thich la do van toc tuong doi
cao cla HTT (2 m/s) d6i véi dusing cap phdi so véi dudng nhan (0,75
m/s). Nghién ctu ctia Zuo va Zhang [8] cho thay céng suat hao tan
cla HTT c6 thé ndm trong khodng tir 46 dén 7.500 W. Nhiing két qua
nghién cru néu trén cho thay nang lugng hao tan trong HTT la dang
ké dé6i vai cac thiét bi dién tir cong sudt thap. Theo dé, viéc thu nang
lugng ti cac dao ddng clia HTT va chuyén déi thanh nang lugng
dién la van dé nghién ctu c6 tinh méi va hap dan.

2. MO HINH LIEN KET CO - DIEN CUA BO THU NANG LUQNG
KIEU XEP CHONG
K&t cau cla mét PSEH théng dung duge mo ta & Hinh 1a, trong
dé phan tu ép dién c6 n 16p, mbi l6p c6 chiéuday h , téng chiéu dai
la Lp: nhp. PSEH chiu tac dung cla luc doc truc fp(t), theo hiéu Ung
ap dién thuan sé tao ra dién ap V(t) trén dién tr& ngoai R va dién tich
q(t). Trong viéc mé hinh héa PSEH, phan t ap dién xép chéng c6 thé
don gidn héa 1a moét thanh dan héi chiu nén, anh huéng cla can la
nhé c6 thé bd qua. Quan hé gilia f (t)vav thé hién lién két ca dién,
c6 thé biéu dién théng qua quan hé ting suat - nap dién nhu sau:
T(1) = ¢,,8,(1) — e, E,(1) (1)

. 2
D, (1) = €,5,(1) + &3, (1) @

n A

a) B

Hinh 1. M hinh hda PSEH: a) - Két cu ca khi; b) - M@ hinh ca dién [10]

Cac phuong trinh (1) va (2) la cac phuong trinh cht dao, trong
d6 S.(t) vaT,(t) la bién dang doc truc va ting suét phap, E,(t) va D,(t)
la cudng d6 dién trudng va dé dich chuyén dién tich, C,, la dd cing,
e,, la hang s6 &p dién va g, la d6 tir thdm. Quan hé giita cac dai
lugng nay véi fp(t), V), L, khoang cach tac dung clia dién trudng L,
dién tich mat cat ngang clia phan t ap dién A va dién tich bé mat
nam trong dién trudng A_dugc mé ta bai cac phuong trinh:

F =k x (1) +8& V() (3)
gity==86x (1)-C ¥ ()
Trong dé:
€ e &4
ﬂ.“: i3 .g.:l-(r-:”; (5)
“omh, " h) 1,

Vé mat vat ly, k, 8., C_tuong tng véi do cing, hé s6 lién két co
dién hiéu dung va dién dung ctia PSEH. N6i cach khac, PSEH tuong
duang véi mét 16 xo vé mat co hoc, tuong duong véi moét tu dién
vé mat dién.

2.1. M6 hinh PSEH lap néi tiép véi phan ti dan hoi

Hinh 2a mé ta két cau co khi ctia PSEH 13p néi ti€p vai phan ti
dan hai la 16 xo, chiu tac dung cda luc doc truc f(t). Trong d6, PSEH
€6 cac thong s6 ca ban nhu da dé cap trong Muc 2.1, 16 xo tuyén tinh
€6 d6 cuing k.. Bién dang clia cac phan tlr ap dién va 16 xo lan lugt
la x, va x.. M6 hinh co dién cta t6 hop PSEH-10 xo ndi ti€p nay dugc
thé hién trén Hinh 2b.

¥

el o

Hinh 2. M6 hinh ctia PSEH I3p néi tiép vdi 10 xo: a) - Két cau co khi; b) - M6 hinh o
dién; ¢) - M hinh tuong duang [10]

Vé mét ca hoc, PSEH tuong duang véi mét 10 xo ¢ dé cing
k, nén t6 hgp nay tuang duong vdi hai 16 xo mac néi tiép. Do do,
Iyc doc trong hai phan ti nay bang nhau va bang luc tac dung f(t).

f=r=1 (6)

Trong do: f vaf,-Lan lugt la luc doc trong cac phan ti ap dién
va 16 xo. Tuong tu, bién dang t8ng thé bang téng bién dang cla
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ching c6 thé dugc viét la:

f=kx+8F @)
g=8 x-C_V (8)
Trong dé:
Ek k , , o
B == #.0 =0 4
Eak " koak . k otk 9)

So sanh (7), (8) véi (3), (4) cho thay ching cé dang tuang tu.
Nghia 13, t6 hgp PSEH-16 xo ndi ti€p c6 thé dugc thay thé bang mét
PSEH tuang duang, cé d6 cing, hé sé lién két co dién hiéu dung va
dién dung tuong duong la keq, Geq va C_.. Cac phuong trinh (7), (8) la
cac phuong trinh cht dao cta PSEH tuong ducng, biéu dién theo
toa do clia bién dang téng thé x.

2.2. M6 hinh PSEH lap ndi tiép véi phan ti can

Hinh 3a mé ta két cau co khi cta PSEH [3p néi tiép vai phan tu
can, chiu tdc dung cua luc doc truc f(t). Trong do, PSEH c6 cac théng
s6 co ban nhu da dé cap trong Muc 2.1, phan t cdn nhét tuyén tinh
€6 hé s8 can c. M6 hinh co dién cla t6 hgp PSEH-can ndi ti€p nay
dugc thé hién trén Hinh 3b. V& mat co hoc, PSEH tuong duong véi
mot 10 xo ¢ do cing kp, nén t6 hgp nay tuong duong véi mét phan
t&r Maxwell véi mot nit lién két & giGia. Goi x,, x,va x_ la chuyén vi
tuyét d6i tai hai dau nut ctia phan t& Maxwell va chuyén vi tuyét déi
cha nut lién két, bién dang cla cac phan ti ap dién va can lan luct la
X,_X, Vax,-x..Lucdoc trong phan tirap dién f_bdng luc doc trong
phan tlf can f, va bang luc tac dung f(t).

f=r=rn (10)
Trong dé:
o=k (x,-x)+8F
£ =cld, - ) (1
Tu (10), (11) rdt ra:
f=cli,—x)=k (x,—x)+6F (12)
L i
i
#11 - .

Hinh 3. M6 hinh cta PSEH I3p ndi tiép véi can nhat: a) - Két cdu co khi; b) - M6 hinh co
dién; ) - Md hinh tuong duong [10]

D& chuyén d8i mé hinh Maxwell vé mé hinh tuong ducng
khong c6 nut lién két & gilia, xét trudng hgp luc tac dung cé dang:

f=Fe" (13)

Trong d6: F, va w - Bién d6 va tan s6 cla luc tac dung. Theo do,
ta c6é cac quan hé sau:

X, =l , X =i, V=l (14)
Thé vao (12) ta thu dugc phuaong trinh:

i

F=k_[x,—x)+c (%, —-2)+8 FV+——1F (15)

‘ .
g =8 (%, — %)+ —1(k, - 5) -V +C_1V (16)
T

Hinh 3¢, t6 hgp PSEH-can néi ti€p c6 thé dugc thay thé bang
mot mé hinh tuong duong, trong d6 vé mat co gém hai phan t 16
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x0 va can lap song song c6 dé cling va hé s6 can tuong duang la keq
va C,. Vé mat dién gém hai tu dién 13p song song, mot tu nap c6
dién tich tuong Ung Ceq]Vl\j/é mét tu xa co dién tich tuong Ung (Cec|1
-C)1V.Cache s6 0, va - lacache 56 lién két co dién hiéu dung
tuang Ung véi cac phan tir 16 xo va can tuong duong.

Thuc chat, ti s6 T clia hé s6 can doi vai dé ciing chinh la hé
6 thai gian nghi Maxwell (Maxwell relaxation time), t& hop 10 xo
k., va can Ceq I3p song song con dugc goi la mé hinh Kelvin-Voigt.
N6i cach khac, t6 hgp PSEH-can néi ti€p dua trén mé hinh co-
dién Maxwell dugc thay thé bang mo hinh co-dién Kelvin-Voigt
tuong duang.

3. PHAN TICH PAP UNG CO PIEN CUA BO THU NANG
LUONG KIEU XEP CHONG PUGC TiCH HOP TREN HE TREO

3.1.Ti s8 can t8i uu ctia hé théng treo

M6 hinh xe 1/4 hai bac ty do (quarter car model - QCM) dugc
thé& hién trong Hinh 4. Phuong trinh chuyén déng tuong (ng la:

M3, e, + 8, — o, +{k 4+ )5 = ks (17)

m, te 5 -5kl -5 )=0

Hinh 4. M hinh xe 1/4 - QCM

Trong dé: z, va z, - Dich chuyén tuyét d6i tir vi tri can bang tinh
so v6i hé quy chiéu quan tinh; m , k; - Lan lugt la khéi lugng khong
dugc treo, d6 ciing clia I6p; m,, k,, ¢, - Lan lugt la khoi lugng duoc
treo, d6 cling ctia o xo va hé sé can clia giam chan ctia HTT. Anh
hudng cta luc can 16p dugc bo qua vi hé s6 can ¢, nho.

Gidi phuong trinh (17) ta thu dugc cac hé sé khuéch dai dap
ung dich chuyén cuta khéi lugng dugc treo va khéi lugng khong
dugc treo lan luot la:

z (1= 477 s 48087
K="= .
E Vi = W = &)= a8V 4 452800 - 4] - w4 (18)
- [ b i a3
. Iy | (2584
B \ (il ST W = AT = ) LG A (L = A7 = Al )]
| 1+ 4253
Vi - AN = ) - Y + 450 - A7 — 4D

Dap ting tén s6 cua dich chuyén khong thir nguyén K, va K,
nhén vdi tan s6 riéng w,? thu dugc dap ting tan s6 gia téc khong
th nguyén a, va a, cla cac khéi lugng dugc treo va khong duac
treo. Ta cé:

. | (=AY +454
il - /.II — - -y - T - 5
= V(= LN = A= B LY + 4580 - P4 - g ¥

By g 1+ 4804 (19)

a. == TY z z
e N = AN - ) - P A8 80 - A - g LY

Pé& phan tich cu thé hon, xét bd théng s6 “golden car” cia mo
hinh xe 1/4, véi cac thong s6 dac trung cho 6 t6 loai nhé: m, = 138
kg; m, =38 kg; k, = 15,7 kN/m; k, = 135 kN/m. C6 thé xap xi K, = 4
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K, va m, = 10m, [9]. Trong Hinh 5, dép ting tan s6 cla dich chuyén
khéng thi nguyén K, va K, thé hién trén Hinh 5a va Hinh 5b, con
déap Ung tan sé gia téc khong thi nguyén al va a2 dugc thé hién
trén Hinh 6a va Hinh 6b. C6 thé thdy cac ham K, (\), K,(\), a,(\,),
a,(\,) déu c6 cac diém ¢ dinh khong phu thudc vao (. Cu thé 3,
tét ca cac dudng cong K, (A, ), a, (A, ) déu di qua cac diém A, Bva C,
con cac dudng cong K, (A, ), a, (A,) di qua cac diém D, E. Trong cac
khoang tan sé gilra 0 va A va gilra B va C, bién dé gia t6c cta khdi
lugng dugc treo tang khi ti s6 can gidm, trong khi d6 gilra A va B va
tur C tr 1én thi bién d6 gia téc cha khéi lugng dugc treo tang lén khi
ti 6 can tang.

bp e Eriapl, magnficavien K|

Hinh 5. Dap ting dich chuyén theo tan s6 khong thi nguyén A, véi {, thay ddi: a)
- K(A);b) -K ()

apprumg Aceelerasion 4K, bl msprung Arcelerarion A1

Hinh 6. Dap (ing gia tdc theo tan s khdng thit nquyén A, véi {, thay ddi: a) - a,(\);
b)-a,\)

3.2. Pap Uing co dién cta PSEH tich hgp trén hé treo véi
kich déng mat dudng diéu hoa

Ta xem xét tich hgp PSEH 13p ndi ti€p vdi 10 xo clia hé théng
treo dé thu nang luong tir dao déng clia xe, dua trén mé hinh xe 1/4
nhu mo ta trén Hinh 7a (hé nay dugc viét tat Ia QCM-PSEH). Trong
do: z, - Dich chuyén tuyét d6i ctia nat lién két nam gidra 16 xo K_ ctia
hé théng treo va phan ti 4p dién x&p chéng; z - Dich chuyén cla
nén. Dich chuyén tuyét di c6 thé dua vé dich chuyén tuong doi
bang cach datx, =z, -z,x,=2,-2, X,=2,-2,. Theo d6, hé phuong
trinh lién két co-dién cia QCM-PSEH nhu sau:

mi +kx —ox, -k |x. —x |=-m3 (20)
mui boi ka4 i ==m.l(X + ) 1)
k. | XX, F = -'\" - "-J, I (22)
.V
ClVe——§8x =0
V=G, (23)

Hé phuong trinh lién két co-dién (20)-(23) la hé phuong trinh

vi phén dai s6 c6 4 an x,, X,, X, V. Hé phuong trinh nay c6 thé duoc
don giadn héa bang cach sir dung mé hinh PSEH tuong duong thay
thé cho t6 hgp PSEH-10 xo néi ti€p, nhu thé hién trong Hinh 7b. Theo
do, 4p dung cac cong thiic (7), (8), trong d6 x dugc thay bang x,, keq
dugc thay bang k,,, hé phuong trinh lién két co-dién c6 thé biéu
dién nhu sau:

ot

k C, | R

Ia |

Xa *

. c ks

L
X k
:1._ | )|

)

x3 kyr A, C. B

Hinh 7. QCM-PSEH I3p ndi tiép |0 xo hé thdng treo: a) - Md hinh co dién; b) - Md hinh
tuang duong

mi +kx —cu, -k _x, -8 FV=-mZ (24)

X, -‘;'..1 bk 0+ @V = —m, (5 + E) (25)
P4 Ior

'I.. 5 '!"r 0 (26)

R6 rang, hé phuong trinh lién két co-dién (24)-(26) la hé
phuang trinh vi phan thudng va chicon 34n la X, X, V, gidm di mét
an khi so sanh vai hé phuang trinh (20)-(23). N6i cach khac, thay thé
tuong duong nay da giup gidm bac cho mé hinh (Reduced order
model).

Theo d6, cac hé sé khuéch dai bién d6 dao dong khéng thu
nguyén va bién do dién ap khéng thi nguyén cta HTT t6i uu vdi
PSEH dugc xac dinh nhu sau:

I3 A [exd] + (24,82,

- \
aft” W+ )
[ar  &r, arg 2 -1 r )
k| Ay + {1+ pr) o+ )+ 2eed, BEAT+ pe) | (27)
; |.». (1=A )+ B4 —x 15 _.'f'./'.l:r (V& )+ o) & 2eed, BE A (14 ) 1]
= (= A ) LAD(N % pr) = IN2ALBE, — aff )]
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K, Bty
- (28)
af [A2(1= AT )+ A7 = 7 = 1)+ P20+ )+ )+ 2 SELA 1+ 1) =1
a2 - 2y e (20 gy - 028, - af)) .:. 29)
o _[(B20- 20y B0 -k 1)+ PR 0+ )+ )+ 20 B0+ 1))
b [ =2 (1= AV LA (1 ) = INZALBE, ) i

Dap Ung tan s6 clia dich chuyén khong thi nguyén & vai.nhan
VGi ti s6 tan s6 binh phuong i thu dugc dap tng tan so gia téc khéng
thirnguyén & va &, clia cac khoi lugng dugc treo va khong duoc treo.
Ta co:

Hl—eed (1= A7)+ (AT # ) - INZA, 88, — i)

C6 thé thay, biéu thic trong can thic cla a":'trong (28) khong
c6 dang J r nhu cta k,trong phuong trinh (18), nén khéng c6 cac

diém c6 dinh doc lap véi can tir theo ly thuyét diém cé dinh. Thay vao
dé, ta xem xét viéc phan tich xap xi theo cach don gian héa nhu sau:

Do hé 56 lién két co dién 6_ clia PSEH la nho, néu bd qua dnh
huéng cta Gqu trong cac phuong trinh thi cac phuong trinh nay sé
¢6 dang hé phuong trinh clia HTT thong thudng. Biéu nay tuong
duaong vai viéc 1ap PSEH v6i HTT ¢ can t6i uu.

Theo do6, thay £, = £, vao (27)-(31), sé xac dinh dugc cac dap
ung co-dién co ban la hé sé khuéch dai dao déng, gia téc khéng
thd nguyén va bién do dién ap ctia HTT ¢6 can t6i uu tich hgp PSEH.
Sau khi xac dinh dugc cac dap Ung ca la dich chuyén va gia téc, dap
Ung dién la dién &p, & phan tiép theo sé xac dinh céng suat dién thu
dugc clia PSEH.

3.3. T8i wu cdng suat dién ctia PSEH

Vi PSEH st dung mach dién RC song song, nén céng suat dau
ra cGa PSEH la cong suat dién trén dién trg R. DE t6i uu cong sudt
dién cta PSEH, ta sé xac dinh ti s6 dién tr& t6i uu aopt cho a. Xem
xét phuong trinh dién ctia PSEH, néu bo qua hiéu tng lién két véi
phan co ctia mach dién thi dudi tac dung cla kich dong diéu hoa
clia ngudn dong (vi nguén trén hai cuc cla tu dién PSEH la nguén
cung cap mot dong dién 6n dinh dé mach dién khéng phu thudc
vao dién ap), véi bién do |, va tan s6 O (tan s6 clia dap tng dién
béng tan s6 kich dong nén thi céng suat trén dién tra R la:

LR
1+ BOC) (32)

Tur (32), gidi phuong trinh 9P /0R = 0, xac dinh dugc cong suat
dau ra cuc dai tuong Uing vai ti s dién trd toi uu.

e, =106 _C j=1 (33)

Dong thai thu duge cac dap Ung co-dién tuong ting véi CZ,opl va
o Jak, K, a0 vaP,,
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Trong thiét ké ky thuat, Cyopr Oope 12 €O SO dé tinh toan hé s6 can,
do cuing 10 xo hay d6 ciing cta PSEH, cing nhu dién trg hay dién
dung. P& dam bao HTT tich hgp PSEH tucng duong véi HTT théng

thudng c6 can téi uy, ta cé:

kK, P k | k

k+k Tk (34)
. IIA m I| 2k I|||||.|_ k& I| 2 kk 35

Vo2V & \2k+k | kk+k )
T (33) va (9) ta co:

_ | _ | a |
Tac, R N (36)
- ﬂ|r, b ol
| k ok, | i k otk |

D6i véi HTT thu dong, vi d6 ciing k, = const 16 xo nén Ksva K,
(cling 1a cac hang s6) can lya chon sao cho thda man quan hé (34).
Chuy rang, R la ham phu thudc tan s6 kich dong Q, cho thdy can
diéu chinh khi Q thay déi dé dat dugc Oy =1 nhu céng thic (33).

4.KHAO SAT SO

Cac biéu thuc thu dugc cho thdy cac dap ung co-dién phu
thuéc vao ti s6 khéi lugng p, ti s6 tan sé tu nhién J.-';', hé s6 lién két
co dién K? va ti s6 tan s6 .. dai dién cho tan s6 cda kich déng nén.
Trong phan nay, khao sat s6 dugc tién hanh dé danh gia dién &p va
cong sudt dién ctia PSEH tich hop trén HTT theo su thay d6i clia cac
dai lugng néu trén. Cac théng s6 dau vao dugc st dung dua trén cac
thong s6 cia “golden car” [9] nhu da thuc hién & Muc 3.1, véi m, =
10m,, k, = 4k, tuong ing u=10, =0.1581.

wjv 2 A AL, varies

Hinh 8. Quan hé dién 4p va cong sudt trung binh vdi tan s khi {, thay d6i, véi u
=10,/=0,1581,a=0,, k*= 0,05
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Hinh 8a thé hién bién d6 dién ap khong thi nguyén v /z, theo
tan s6 khong thi nguyén.Z,, con Hinh 8b thé hién cong suét trung
binh khéng thir nguyén P theo 4,.V6i ti 56 can t6i uu G Coope Vo2,
c6o mot cucdaitailancanh,,, P c6 mét cuc dai tailan can A, va mét
cuc dai nam trong khodng tir A, dén . Khitang (, cd v /z va P,
déu gidm va chi con mét cyc dai tai lan can A,,. Ngugc lai, khi gidm
{,thiv/z vaP_ déutang do bién d6 dao dong K, K, téng nhanh véi
can nho (Hinh 5).

a)-v /= f/lz;l.;; varies

i =n

Ln

0.5

oA 2 4 f # 10

b)- Pmlf,l i varies
0.015 :

0.01

0,005

Hinh 9. Quan hé dién ap va cong sudt trung binh vdi tan s6 khi  thay ddi, véi k, =

e GG 0=, K, =0.05.

4k

5. KET LUAN

Cac két qua chinh cla bai bao bao gom:

- Da xay dung dugc mé hinh lién két co dién tuong duong cho
mé hinh l3p noi ti€p ctia PSEH vai phan ti dan héi va phan tdr can.
T6 hgp PSEH-16 xo ndi ti€p c6 thé dugc thay thé bdng mot PSEH
tuong duaong, t6 hop cadn nhét tuyén tinh 13p néi ti€p véi PSEH trong
trudng hop kich dong la diéu hoa vai tan s6 da biét dua trén mo
hinh co-dién Maxwell dugc thay thé bang mé hinh co-dién Kelvin-

Voigt tuong duang.

- Viéc 4p dung mé hinh lién két co dién tuong duong cho
truong hop PSEH tich hgp vai 16 xo clia hé thong treo cho thay hiéu
quad cua viéc st dung mé hinh tuong duong, cu thé la hé phuong
trinh lién két co-dién dang hé phuong trinh vi phan dai s6 c6 thé
dua vé hé phuong trinh vi phan thudng, gitp cho don gian hoa
trong tinh todn phan tich cac dap ung.

- Da ap dung cach thay thé tuong duang gitia hé théng treo
théng thudng cé can t8i uu vai hé théng treo tich hgp PSEH dé xac
dinh ti s6 can t&i uu. Tiép theo, cong suat dién cta PSEH dugc t6i uu
héa théng qua viéc xac dinh ti s6 dién trg téi uu. Cac dap ung co-
dién thu dudi dang nghiém déng.

- Khdo st s6 dugc thuc hién trén mién tan s6 dé danh gia hiéu
qua clia PSEH tich hgp hé théng treo, cu thé |a cac quan hé dién
ap - tan s6 va céng suat trung binh - tan sé khéng thi nguyén. Noi
chung, ndng lugng dién thu dugc trén PSEH dat muc I6n nhat tuang
Ung véi tan s6 kich ddng nén nam trong vung cdng hudng gidi han
bdi hai diém c6 dinh A, vaA,_.

- K&t qua nghién ctiu cho thdy tiém nang phat trién cla
phuong phép thay thé tuong duong trong viéc xay dung va phan
tich hé thong treo tich hgp PSEH noi riéng cling nhu céc hé co dién
khai thac nang lugng néi chung.
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