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Structural Energy Storage Carbon Fiber Composite Design and
Application in Drone

WANG Chaoyang', YANG Xiangtao', XU Xiangbo', ZHANG Jinna', ZHU Shijie",
WU Haihong"’, TONG Liyong®
(1. Carbon Fiber Composites International Joint Research Lab in Henan, Henan University of Technology,
Zhengzhou 450001, China;
2. Zhengzhou Fangstring Advanced Material Science and Technology Company Limited, Zhengzhou 450001, China;
3. School of Aerospace, Mechanical & Mechatronic Engineer, The University of Sydney, Sydney 2006, Australia)

[ABSTRACT] With the rapid development of aerospace field and the continuous opening of low altitude areas in
the world, the application of various drones has increased significantly, which results in sky environmental pollution
problems, and drives many countries starting clean sky projects. Meanwhile, higher property requirements of drones pose
new challenges for composites applications. In this paper, a structural energy storage carbon fiber composite (SESCFC)
is fabricated by integrating energy storage core to the ultra-thin carbon fiber composite package, and its electrochemical
performance is tested with and without loading. Furthermore, SESCFC is integrated into the wing of self-designed drone,
and the improvement on the weight and flight endurance of the drone is evaluated. The results show that the energy density
of SESCFC approaches 13.2W-h/kg, and that the power density approaches 119.6W/kg. Under loading of 1200N, the
energy density of SESCFC increased to 14.5W-h/kg due to space compressed between the electrodes. Compared with
drones driven by Li-battery, the flight endurance of the drone with SESCFC increases 20%, and the self-weight decreases
37.5%. Compared with solar panel-driven drones, about 20% lightweight effect has been achieved. The results are helpful
for structure-function integrated design of carbon fiber composites and their application in drone design.

Keywords: Carbon fiber composite; Structural energy storage; Charge and discharge test; Energy storage wing; Drone
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JAsh TIFERZEIH , Vs XE e B T2 R
J7 T A AVEVESE , W R FE A HE S o R AN KR
W N, VB H A 3 D R NS R TSR R, 2R
1M, A FEBR AR 3 ) R G HI 2 T T AP ZEAT
R A RORERBE 1 o TR, LABRET 4 AR 45
PR RE R AR I T R Lo 2p 3 1 2% W2 RS
AR 5 0 2R B W S E R RE R S = —, 7]
AR LA 25 ), s R G, e e R R
BN T N ANETRSER B — MU B, Swereal” R
FHEVET BB 7 ol B e ol o B AR AR R AT 4R 52 A
Bk A8 B S5 A L, S AL S0 BB FE LB AR L, A A H
U fE (7 T 2 HUR T 2T FLARCES i M 2 i
FERBH 7 ) #2715 £5 L 12 ¥, Zhang % O & T R
ARSI B 2 A MRE, FTRSE T HLR S o0
{2 PERERY SN . Thomas 25 PO LA 2 457 34 Bt el b 4%
AN EME il T Z D ae g5t i it 2 G4k,
SR INAEANBEARZE AT PERE FIVE T A TE 0T, H B F 3t
LN ZE G G AR R SR AR R R AT T Y, HhE
TN 50W - h/L, FIR Tl Re i 2 B, B AT E7Emt
FEHAEFOK R T P US R FhiAg I H AT, b,
Thomas %5 M Xt 25 B i 7E o AL E( Black widow,
MAV ) R AT T3 RGBT IR R B K
AT i 2545 O B4 R FH AR A
2 M AR PE B R #1300 °C AR, il 28 45 21 8 S R0 2R
B S T R A A AR T AL 12K (H R TE

L RE A T T

H A, 256 R A MR 5T I8 Ak T A5 B B
EI XTS5 RE S A MR RE R e e AT AR L
KAE TN FZ G B A R TAEE
. R T HERTC AN SEALRE 1 A RURZRRE J1 , A SC
Beit 45 T SESCFC, K H RST5200 Hifb2 T A uli %k
SESCFC 7E25 3% JMAREAF T Wi TR L e REEA T T
MK, FESLEERE T 6 HAE A AT T A BRI AL
RSO AT T I -

1 SESCFC H%i{E

1.1 R R A

7 1 Ml s& SESCFC HIZI Y 2R S HAR S A=
TR
1.2 EBiREE

SR FH 3 s M ) 4 T 25 B 4 4% SESCFC it
Fo (1) FEMFEE R 9 : 0.5 : 0.5 B HLE], 43 S AR
PEA LR FE4EFI(PVDE ) 5(2) IR -A 415 1)
WA HoAGE A WL NMP, & Tk g rh B2 4
FF 30min, S ZRAFURE A AR (3) HRAMA T
A R A B TE 0.0l mm JE AR AL L %
T3 I ) ) ) IR AT A 2 [ g T B S U A R R
7 200um ;(4) B E G R 7E IMPa B RS T
PEATER I 5 (5 ) BH 4R I A FEL AR R A BLZS TR, 78
120°C &8 F H.25 T4 10h, 4R )5 3R 59 155 4 30mm
B R AR F o A T R TIIT L G SHR Rl R  IE A R
TE 25°CF B BRI A MR B8 4mol/L H,SO, 1 Z1 il
30min, ZRJ5 FH 253 oK L i vk B2 pH=7, £ 545
TIRAE T S S B . BRI T2 AR
B 1R

(R

Table 1 Experimental materials

1
R R MRS
e/ YP50F
FHLACR S T100
R IR A HSV900
TR RN TF40-30
iR /(mol- L™ 4
F49H /mm 0.01
FHLHL AR DLC301
N-— FH SR it Jot A M100588

AR
Kuraray Chemical ( H7%)
KHER 22 17 SR R A R F
5 E PR 2 R
H A fes AR Tl b2t
BT A R
W LT PR KRBT R B 7]
HAKRS
BThr TR A BRA T

IR TZ AR AT PR R
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V5 2 28 B 1) — WA 245 K it 8 IO B kB A A R L I
AL R, AL T 2544 0.5MPa T, Je7E 90 CI iR
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WK 3 (c) i, ARG A H25 5 T i ad AL ) Ly
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El BiRFHEERER
Fig.1 Flow chart of electrode sheet preparation
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Fig.2 Bearing structure drawing of SESCFC
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Fig.3 SESCFC curing
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h 30min, 78 fin 2k [R) B e Al 2E M BEHEA T I, 1
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HL 7 4 0.5~2.5V, FE L 3 R 43 514 0.05A 574,
0.1A -5 0.5A -s™, AP BHHTIMR BT R F A2 M 5
PRIEN 0.005V, 45 =R {5 0.01~1000Hz 121

2 [HEEEASMETAN

ik SESCFC 7F A AT T B AR TC ML
ST B BT RSEAEL AT, a0 A P RE DA T
35 F SESCFC S E N, 2 fiiss, SESCFC FEHLHE
B R E 4 s, SESCFC iy )y ek 110
Heep By — 4, PR X ARG 4 41 IFE, AT R al— 4 Ha S
A 25V HL LR AT IS 10A B R S

il 4 Frs, o AHLEE R, = A3 A 3 1.5m,
PLE RN 0.5m?. BTk SR T T EE A0
A SESCFC, 7ETC AMLINZ AT MALEE ) I 1
FAEA 10 4~ SESCFC H b, If4 10 A Hu i BBl —
AN /INL, FERE 4 4 EE Tt /N2 O B E — R A B — A
HEi R GE . G IAERE RGO R 25V, TAEHR
10A, Hi T % 0] ik 250W., 25 SESCFC J5 3 ik
T AHLH EL N 2.5kg, 4 N5 HLb S TC ML A HA
W80, B e TRk /N JE A HLIE ] 40A HLF

PR, TYTI-5008K V400 HLHL, 1655 ~F a2, 2
PRI ELR B TCAMLLE RS S BT i D26 S 200W, 11k
It & KL s AR 2400 220W, £ 178 TC AHLILE N
i) SESCFC RERSIH /L 752K o

3 HZR5itie
31 fEIMAZRILR

PEIRZEMIR( Cyclic voltammetry, CV ) FE
R FAF L 78 % FE AR B AT 33 A7 o R H A e B
K5 At R, FEAG AR 2R T, Bl 25 45149 R 0 16 K
SESCFC H AR A ] 1 FL 9t A % 1 4 o 28 1Tl 1 T AR AR
TEAR I8 K, U] SESCFC HAT B I iy o 25 i RE 4
Mo SRREEF 2 e BEL LA R B TS AR S IR A
S L 7E 0.01V -57.0.02V -57,0.05V - s R T L IE
PR 2 S B0 AT AR AOARRAIE , S AR OO J 2 2
TEEMAL A —E W ZE . TSI 0.01V-s™ Rk
K E] 0.05V -s7 B, FEFR R 2 il L A AR Wt
il AT EREIT U T O E , B SESCFC P BHA/IN, it
TR G O, e 7 HL I [R5 S K 1568 SESCFC
A R AR 7 ol sk
32 [ERFEH BN

E 7 78 HL I ( Galvanostatic Charge/Discharge, CD )
JEAETE AR AL T, X TR F B A 7 e A A R P2
&6 (a)F(b) 435k SESCFC FRAHE A SL BRI
FAGE TR LRI, UnTE] 6 FirR, B T HL LAY
K, T HEL IS () [ 25 400 i, 00 H IR ] S AR PR 4 AR 45
FEAF TR T, FRc t I PR T R A4tk
FX PR, FE WA BT 4 1Y SESCFC ELAT AR 5 i 78 ikt v, vl

%®2 B SESCFCEARSY
Table 2 Basic parameters of single SESCFC

SHEEI kg | FARCE 1% TARHIE /V
0.02 80% 25 25

TAERE /A

D (W J 5t /mm FRERFELRE /Q
6.25 40 x 40 1
TR LTI
RT3
P

B4 SESCFCHEHE FMER S
Fig.4 SESCFC integrated distribution on wings
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Fig.5 CV curves at different scanning rates
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Fig.6 SESCFC comstant current charge and discharge curves
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Kb B, AR AR (W hikg ) 5 P 3R B (WY
kg); At ARCHASRI(s ). 2 4 ARRIHR T D5
FEFIRE 2
3.3 IimPEHTIIK

22 Wi B Pt Wl i ( Electrochemical Impedance
Spectroscopy, EIS ) SEA5Y M At e 3l 7 R0 FL 1f s g
B —Fh B, EIS J2& DUAS R4 /NIE B 1E 5% 3 e 3
HOVER THRAMRA R, ARG R A5 5P EhE
5 2 B DG ZR AR 2 FE AR BEAT , DT HAE ) AR Ao R (1) S5 R
FLH , BT B R GBI & B sl 2 A B i
7 Ji7R, Nyquist 2R 322l @i X Ao XA X 3
HRATLLAY, Horp 22 A X Ny quist 2B S X 4l
MBI Ik T SESCFC NBHIY R/, F%H, SESCFC 1
PRHZ R 1.0, FAE I 700 i il 2 31330 1 ke 1) A5 3% e
10 H BEL B AR AR AT 5 rholil X AT ARG 3 1 Warburg 7
2 H 5 X AL 45° Je i, WA BT 25 7E AL IR I
REARLF AL AN 8 A MR X AR T Y Sl AR
% Warburg BHPC, BAREAL T 25 Y P47, SEPRe e
T HAE AT PR R S
3.4 ZE TR

X} F SESCFC Jy2fMERemmi & , b A 4rPEfg 2
SEMFRAEME N R . FESLhRn H b, R4a R AE L
PRI Z AL 23X SESCFC (1 FELPERB I WG ), 18 23 52 1]
#| SESCFC 24, Kt , -G T3 % SESCFC
[R5 B B2 X, Nishijima F1 Hara®™ 762 I A
TR A ) He 4 Ay A X0 X 25 4 A o Fi 2 A L A
PERERISENR . Carlson® ZEIF5E 1 LM T 28 X SR i v e

F3 AEBRTHAEMELER
Table 3 Capacitance and specific capacitance under
different current
FERHL LI A

HL 7 & CIF L2 Co/(F- g7

0.05 31.25 15.63
0.10 30.3 15.15
0.50 14 7

R4 AEBRTHNERZEEMEEZE
Table 4 Power density and energy density under different current

FERCH LI VA | DR Pl (W- kg™) | fER% ¥ E/ (W- h-kg™)

0.05 43.7 13.6
0.10 119.6 13.2
0.50 907.5 6.1

A0 T 27 L B R

8 iy SESCFC 7E T HL FEL I M 0.1A AN [R) 28y
TRERE L, FEA G T, SESCFC g%
Sk 13.2W - hikg, bl 25 far (384 i, SESCFC BE &% 4 5%
BIZNE LIRS FEE0 R 1200N A 471 SESCFC
REH 2 R B e KAl . i XA L S R 2 B A
K(6)srHr1e

&S

C= 6
4rkd (6)

A, C AR, ¢ A EE, S MEM A
SR, K O ERE R R, d PR R 2 AR, 1R
ZEEA T, SESCFC HLtH IE | B HL il A =22 [B] 1E 5
A /N, AR IE B R B e 22 ) 2 i R, L AR
J Bt 22 4% 755, 7E 1200N B}, SESCFC fig 1% J¥ ik 31 B
KAH 14.5W -h/kg. Yz fiE it 1200N i, B 2 1)
H4Jm SESCFC Beit % B T i th 30 ™ = T FEka %, JF B
SESCFC RIfifEiA T RIG A br s, 76 Kk far
T, SESCFC Hi it i HL IR A LA S £F 4 22 BB 2 3R
HAfrEYEZ 25 m .
35 fEEETX AWITLE AR

i T80, 5 L SESCFC G AMLEY S sh itk
REAGT Z 4R . SR LIRS 2844 SESCFC 4ERL
TETCAMIHLIE I H ARt RE , — e o T ki be
Wik Yy, % —J71H SESCFC 1 1200N #75 F A4
G R, B A SR L e, IF HAE S
SESCFC fitHi 22 45 ] LAIE b 45 P 45 () RS 4cMF.
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Fig.7 EIS of SESCFC
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Table 5 Comparison of UAV performance parameters before and after integration
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Fig.8 Energy density curve under different loads
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