NGHIEN CU’U - TRAO BOI

PHAN TiCH GIAI PHAP TOI U HOA CONG SUAT CUA BO THU
HOI NANG LUONG PIEZOELECTRIC XEP LOP TiCH HOP TREN
HE THONG TREO O TO

ANALYSIS OF OPTIMIZATION SOLUTIONS FOR THE POWER OUTPUT OF
A LAYERED PIEZOELECTRIC ENERGY HARVESTER INTEGRATED INTO
AUTOMOBILE SUSPENSION SYSTEMS

Tran Vin Manh
Khoa Co khi, Truong Pai hoc Kinh t& — K thuat Cong nghiép
Email: tvmanh@uneti.edu.vn

TOM TAT

Bai bdo nay trinh bay nghién citu vé phwong phdp toi wu héa cong sudt thu dwoc tir cde bo
thu héi ning lwong piezoelectric xép 16p (Stacked Piezoelectric Energy Harvesters - SPEH) dwoc
tich hop trong hé théng treo ciia 6 t6. Muc tiéu nham khai thic chuyén dong dao déng trong hé
théng treo dé tao ra nang lwong dién mot cach hiéu qua. Mo hinh dién co lién két duwoc phat trién dé
mé phong twong tac giita thiét bi thu ndng lirong va hé thong treo. Cdc chién lwoc t6i wu nhir diéu
chinh tro khang tai, lyc nén so bg va cau tric hinh hoc cia thiét bi dwoc phan tich nham t6i da héa
cong sudt dau ra. Két qua cho thdy cdc thiét bi SPEH ¢6 kha ndang déng gép mét phan ndng lwong
dang ké cho cdc hé théng dién tw trén xe, dac biét trong cac xe dién va xe lai.

Tir khéa: Thu hoi nang luong; Xe dién; Mo hinh dién co.
ABSTRACT

This paper presents a study on optimizing the power generation from stacked piezoelectric
energy harvesters (SPEHs) integrated into automotive suspension systems. The objective is to
efficiently harness vibrational motion within the suspension to generate electrical energy. A coupled
electromechanical model is developed to simulate the interaction between the energy harvester and
the suspension system. Optimization strategies such as load impedance matching, pre-compression
force, and harvester geometry are analyzed to maximize power output. Results demonstrate the
potential of SPEHs to contribute a significant portion of energy to onboard electronic systems,
particularly in electric and hybrid vehicles.
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1. GIOI THIEU

Trong nhimng thap ky gan day, viéc
thu ning luong tir cac ngudn sin co trong moi
truong xung quanh nhu rung dong, nhiét, anh
sang, blrc xa, gid va nudc, va chuyén ddi chung
thanh ning luong dién dé thay thé viéc sir dung
nguén dién tur ludi hodc pin cho céc thiét bi
dién tir cong suat thip nhu cam bién hay thiét
bi do luong trong xe ¢, thiét bi cong trinh hay
cac b phan sinh hoc nhan tao da va dang duoc
quan tdm nghién ctru rong rai. Mot trong nhirng
ngudn nang luong hao phi tiém ning d6 14 rung
dong tor moi truong xung quanh. Xu hudng
dién hoa va phat trién cac giai phap tiét kiém
nang lugng trong nganh cong nghi¢p 6 t6 dang
thiic ¢y nhu cau nghién ciru cac hé thong thu
hoi nang lwong [1]. Mot trong nhitng ngudn
ning lugng tiém ning 1a dao dong sinh ra tir
chuyén dong cua hé thdng treo xe trong quéa
trinh van hanh. Vat li€u piezoelectric, véi kha
ning chuyén dbi ning luong co hoc thanh dién
ning, 1a lya chon hap dan do tinh bén viing,
mat d0 nang lugng cao va khong can béo tri.

Céc thiét bi piezoelectric truyén thng
dang don 16p thuong bi giéi han vé bién d6 tng
sudt va dién ap dau ra [1, 2]. Do do, ciu tric
xép 16p (stacked configuration) dwoc dé xuat dé
cai thién mat do cong suét, déng thoi van dam
bao tinh bén co hoc khi tich hgp vao hé thong
treo [3, 4]. Tuy nhién, do tinh chét phi tuyén va
anh huong tir diéu kién van hanh thyc té, viéc

t6i wu hoa SPEH la cin thiét dé dat hiéu suét
cao nhat.

Ning luong tiéu tan ¢ hé thong treo
trudc thuong cao hon khoang 35% so voi hé
thdng treo sau do do cimg 10 xo va hé s giam
chén cua hé thdng treo trudc 16n hon [5]. Viée
tang khdi luong xe, ting hé s6 giam chin hay
giam do cung 160 xo déu din dén ting ning
luong tiéu tan [6]. Map md mit dudong ciing
anh huong dang ké dén nang luong tidu tan tir
hé thong treo [5, 6]. Theo Abdelkareem va cong
su [7], & toc d6 xe 20-50 km/h trén duong bang
phing, giam chan thong thuong tiéu tan cong
sudt tir 10-90W. Khi c6 map mé, cong suat tidu
tan ting 1én 40-140W & cung toc do [7].

2. PHUONG PHAP NGHIEN CUU TONG
QUAN

2.1. Céc nghién ciru vé trang thiét bi thu héi
niang lugng tir h¢é thong treo

Hién nay chua c6 mau xe thuong mai
lap dit hé thong thu hdi nang luong tir hé thong
treo, tuy nhién cac nghién ctru da dugc tién
hanh va thir nghiém, mang lai tiém nang 16n
cho ng dung nay trén cac xe 0 to.

Dudi day 1a bang 1 gidi thi¢u cac h¢
thong giam xo6c dién tir thu hoi nidng lugng tur
cac nghién ctu [6, 8, 9, 10].

Bdng 1. Di dn nghién ciru phdt trién thu hoi nang heong tir hé thong treo

Tén du an / T chirc phat Cong nghé Cong suit thu | Ung dung tfltil;ntriilagi
Nghién ciru trién chinh hoi (wée tinh) | thir nghiém h()ga :
A tr + (he
Levant ﬁfn dt:llrn $Zy 3-6 kW (xe tai/ Xe quan sy | Chua thuong
GenShock Power + ZF c) & . ?, R Humvee, xe | mai hoa, dung
ey phat + van diéu Xe quan su) . R
Friedrichshafen 2 tai phat trién
khién
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Dién tir diéu Xethr | o g
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tro tai
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. Vién MIT — tuabin quay atin - A mau, chua

electromagnetic) , L i nhién li€u xe tai quan su 1,

may phat dién thuong mai hoa

2.2. Cac linh vuc wrng dung

Tir cac ddc diém phan tich ¢ trén, tiém ning cua giai phap thu hdi nang luong tir hé thong
treo duoc gidi thi¢u trén bang 2.

Bdng 2. Tiém ndng cdc gidi phdp thu hoi nang leong tir hé thong treo

Phan khuc xe Giai phap tiém ning
GenShock, MIT hydraulic—
electromagnetic

Ly do
Rung ddng 16n, du khong gian
lap dat, nhu cau dién nang cao

Xe tai, xe quan sy

Chat lugng 14i uwu tién hon hiéu
suat nang lugng

Bose (néu can su thoai mai, khong uvu

X 4 " -
© con cao cap tién thu nang lugng)

Phu hop mé hinh thu hdi nang
luwong nhe, ho tro pin xe

Tufts / Swinburne (don gian, nhe, dé

Xe dién dan dung sén xudt)

3. MO HINH HE THONG VA KET QUA liéu piezoelectric. Tac dong tir mat duong duogc
mo phong béng tin hi€u dao dong dau vao tai vi
3.1. M6 hinh h¢ thong tri tiép xuc banh xe.
Mot mo hinh hé théng treo kiéu mot
phan tu xe (quarter-car model) duoc sir dung, A
trong d6 bd SPEH dugc gin song song véi N
giam xoc [11, 12]. Thiét bi thu ning luong
dugc mod phong dya trén phuong trinh lién két
gitra bién dang co hoc va dién ap dau ra cua vat

Hy

FAAMA

L
=k

T3
Hinh 1. Sod6 mach dién thu hdi ning heong dién [13]
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Céc tham s6 chinh thudng duoc dua vao
phan tich gém [3, 6, 13]:

+ Cau hinh xép 16p: S6 16p, loai vat liéu.

+ Luc nén so bd: Anh huong dén do
nhay dao dong.

+ Tro khang tai: Nham dam bao ghép
tré toi wu voi mach dién.

+ Hinh hoc khdi piezo: Dién tich mat
cit, chiéu cao.

Giai thuat dugc ap dung dé tim tap hop
thong s6 toi wu, nhim cyc dai hoa cong suét dau
ra déng thoi dam bao do bén co hoc va giam
thiéu khdi luong bo sung.

3.2. Két qua va thao luin

Céc nghién ctru thtr nghiém mo phong
[14] va thuc nghiém trén nguyén mau thu nho
[15, 16] cta céc tac gia cho thay:

+ Tbi vu trd khang tai giup ting hiéu
suat chuyén doi nang luong lén dén 25%.

+ Piéu chinh luc nén so bd co anh
hudng manh dén phd tan sé dap tmg cia SPEH,
cho phép tdi vu héa phu hop véi diéu kién mat
duong cu thé.

+ S6 16p piezo tang giup tang dién ap
dau ra tuyén tinh, tuy nhién hién tuong bao hoa
xuat hién khi so 16p qua 16n do gidi han co hoc.

Duéi diéu kién lai xe d6 thi tiéu chuén,
moi thiét bi SPEH c6 thé tao ra cong sut 120-
150 mW, c6 thé nang cép theo s6 luong thiét bi
lap trén mdi banh xe. Thiét bi hoat dong hiéu
qua nhat khi xe di qua cac mat duong dinh ky
nhu go giam tbc, dudng d4 dam, noi dao dong
c6 bién d6 16n va tan sb 1 rang [15].

4. KET LUAN

Nghién ctru tong quan vé thu hdi ning
luong dao dong trén 6 t6 cho thiy tiém ning cua
céc bo thu hdi niang luong piezoelectric xép 16p
trong vi¢c tai st dung nang luong dao dong tur
hé thdng treo 6 to. Thong qua cac chién lugc t6i
wu vé hinh hoc, luc nén va tro khang tai, cong
suit dau ra c6 thé dugc nang cao dang ké. Trong
tuong lai, nghién ctru s€ tap trung vao viéc xay
duyng mo hinh mé phong didu khién thich nghi
cac tham s cua thiét bi trong thoi gian thyuc va
tich hop vao hé thdng quan 1y ning lugng tong
thé cua phuong tién dé c6 thé danh gia sdu hon
vé giai phap thu hdi nang luong dao dong nay.
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