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Response characteristics and application researches of graphene aerogel
accelerometer in low-frequency and low-amplitude vibration frequency domain

Wang Baomin',Chang Kun'"?,Li Yiyun®,Li Zhangpeng® , Wang Jinqing’

(1. School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2. State Key
Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: Graphene aerogel (GA) has been shown to possess vibration responsiveness and significant potential for developing novel
accelerometers. To explore the response characteristics of GA-based sensors under low-frequency and low-amplitude vibrations, a new
GA accelerometer was designed and assembled based on the mechanical properties of the prepared GA. In this design, GA serves
simultaneously as both the elastic element and the sensing element, achieving dual-function integration that simplifies the overall
structure. The response characteristics of the GA accelerometer were tested on a vibration table and further verified by monitoring motor
vibration in a vacuum pump. The results demonstrated that the GA accelerometer exhibits high sensitivity and linearity in the time-
domain signal, with a sensitivity exceeding 3 mV/g under 1g acceleration—higher than the previously reported 2. 6 mV/g. Meanwhile,
the frequency-domain signal showed high precision and stable repeatability, with a maximum relative error rate of 0.44% , which is an
order of magnitude lower than the 5.46% of commercial sensors. In low-frequency and low-amplitude vibration tests, the frequency-
domain signal of the GA accelerometer exhibits a large DC offset, masking relatively small frequency-domain components; however, clear
frequency-domain signals could be obtained after removing the DC offset via high-pass filtering. Moreover, during vibration monitoring,
the GA accelerometer produced stable time-domain response to both constant-frequency and variable-frequency vibrations, and time-
frequency analysis of the output signals aligned well with the preset operating conditions. In practical monitoring applications, the GA

accelerometer also showed excellent performance; results from three frequency tests under identical conditions were highly consistent,
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and the monitoring signals exhibited significant output changes in response to abnormal body-shaking events. These findings confirm its

strong potential for equipment condition monitoring applications.

Keywords : graphene aerogel; accelerometer; low-frequency and low-amplitude vibrations; response characteristics; frequency domain
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Fig.2 Stress-strain curve of GA
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Fig.3 Diagram of the GA accelerometer structure

1.3 MEETEIESH

RHJE &M BRI 30 h e S FE LAY RE T, BHJE /N B Ik
AP EHRE A M R MR AR SRR TR T RE 1, TN 2
F BRI L ARG . X B Ok U, B8/ BHE
B SO P (] A2 PR A D Y BRI R . X GA il
InshAS AR iz A8 R 2 BOE X AT o8 .

e(t) =g,e" (1)
Ko FEW; o) JIARIE TR TR -
a(t) =g, =g e’ (2)

s oy IR 6 S B 1 i IS T AR B4 AR A7 A

(AP RHEIE SIS ) o FLARE R D N ) 55 10 78 2 4R W )
BRI

i6
. o.e” o, L0y
E° = =——cos 8 +i —sin (3)
€ £ €

Sy B OB B IR R BT o 2
ST A B

"

n=tan5=§ (4)

R ZE BRI AE PR Tt AOK , B0k i B e
Sk, ARIEATFSE ™, GA MBHI2 8/, GA R LA o 1 K 30
PEfA

A7 A AR AL 2R G A 52 BN LB ™ A s B
AR E AR KA FARIR S B e — R AT R e,
R BRIz — O TR IR G 4 R
i AR FBG i B T Y [ A 0 1 A 2> B Y
FUAR G, AT e 0 £ i i P2 SR 2 1 [T A A2 O
FERIL GA BHELR T [T, i 4125 A S 14 1
AR AR, A AR 4 A6 00 91 T P A TRt ) i B
GXE LG (AN R] T A M P 25 AR I BE 31, GA 48
(RSPRS00 PRI FAE R B i w42 g
77, EITEILIR NG T, GA I o B2 T+ 2540 R S B, GA
TER B PRI TS RERSS RAF A TARIR ST PRAF AR E 15
Sh

Xt GA g B A [ A SR AT 5, w02 TR
AT A BT AE R X IA], GA it B 9 T A J7 02 e
WAL TP B AR IS 3y, I AR GA L 33 1)
TR RO L A TR SR T R AL . RGBT A R
HRAE(S) Fros .

1 k
sl )

Kbk HARGNIE REGm ARG, ERERE R
G, RG0SR e T B T R

m,=m + 3 (6)
Kb m, HRGWERT R ;m TR jm, Ny
FitE, TEZRRGET,GA EA N 10 mg, X RGN E MY
S T L, PRI 2R 49 1) 45 2880 I o AT B H o B
Fitk, Bl m, =m,

P TR R G, R G0 SR B Y M #E
ZARGH , RGN GA TAELME X R 5
WIEE, 1B 4 rPl &850 251 N/m,

2 ZR G0 BT W5 ) i R G [ AR T
WP

1 k
f=%J; (7)



8 1

TR B A A SRR TR AR i I 3l A5 17 e K

NS 167

o FH? I ML
0L 48 SR B o
021
LA SRR '
E"— k=251 N/m
&
R 01|
N
0 O.IS ITO I

25 /mm
B4 GA Lok IX ) A D5 W B
Fig. 4 Fitted stiffness of GA in the linear region

MR (7) 15 45 50 38.9 Hz, IAL, @4 ANSYS
A BRICHAE XS A AT A2 70 AT 96 UF , 8 7 AF N A 3 35 ol
ARG WE O R S, 19 B A AR
39. 15 Hz, 545 A — 5,
2 GA IEE I REMNK RS IEIT
2.1 MEEITTERESBEEET

TE GA M FEH 45 GA 5 i 2 3k T 1 A T
M GA FEHR B 1 28 TE A1 B 2 LA 5 19 28 4k, B (s
SRR, B ST T B R s e AR R R R
HPEBEE AR T GA, SUBE I PR 32 30 40 177 9 1 48 A2 T
LA PR A AL, e X — RS B, GA T A
B 1 s TR SE Bk R 8 A B — R 9 (R T AR 2oL
FERm N RN, X, WAL SR AN 5 — (A B AR R A 1
I3 HE 6 v 3 e G e B A A 5 S0H 6 b o L BE )
FEAR UL 35 A2 P38 2 5 7 AL 58 R AR 10 s i i 4
AL VOFA+) |, TR A7 AL s I 2 M icdis | 45 0 4R
B, 58 OHIR B A5 A A W

KA 5 fiR

]33v
R

0

STM32F103C8T6

O RER GND
B GA

C 4% HCOS
J:LLﬂ(vota+)

K5 SRR ER

Fig.5 Diagram of the acquisition circuit

TEME TR B B AL vV E Y R, GA
IEE T R, EEHBE R, A5 5 T R R H
RO

V.=V 8
vk (8)

X R, SR, RIS R AR (43 R E) L R,
dv,, _y R, (9)
dr, |

(R, +R,)’
ST B SC R X K RUE W E WA R, =~ R,
R, >R, MR, > R, iX 3 R B, X HA 34718, /P

1)YS R, ~R K, %R, =R, =R, I,

Vol R _V (10)
dR, (2R)> 4R
BURsS, o3 R R AR R VAR, R wE,
2)M R, >R, W EH R, =R, , .

dv,. | R,

iR A'VEE (11)

UURT, R R L R VR /R, BT 0,

3)M R, >R, B RS R,, =R, M, g
ARAZ R, BACHFE I, W 2R AR, RV H H e AR
ANEAEAR,

L BRI, 0 T R U H8 v/4R W i T
HABPIFE L, 73 B S VG RITE Ry 5 R, B R R,
f/INBEAE A5 £ 25 i 25 A i F S T B A 25 3 K
RGN R, WAL

LA L LAY ZE AR AR T2/ A2 I8E% B B9 BHAE
R, A TAE EAIHLE R B A 5 i R AR, R I 0 o {H
HLBHFEAE R, 5 GA BT 7E § 1R S R A9 BAA R,
i, WE 6 PR A BT IRF AT 2 GA g B i
RS TBEE R, , 298 9.3 Q.

1.0

0.5F

B R /V
o
T

-05F

-100 -50 0 50 100
HLft/mA

6  GA NEERETH 1V £k

Fig. 6 I-V characteristic curve of GA accelerometer

{H55 R REF R LR G R E B B i S
5, K H STM32F103C8T6 4% .0» Mz, FF )it B 55 &% 4 4%
(analog-to-digital converter, ADC) , i T P& IE R ALK B Al
AU Al FH A e o A DA e L 18 R 1 B
. AL ADC B TARSRIR T BERL R, ADC 73 3tJs
A 12 MHz (A% 0B i B e B BRN B 3F 14 MHz ) | SR bR
BREE TN 1 kHz(BE2d 1 ms 2R3 1 ik % 187, ADC



168 % # L %

¥ Faetk

SRAE— WK RAA, PG I v] R 4E 500 Hz M IR 15
S, W R A B A B G HCOS s S R B AL k4 b A
ML, BE S8 A AL 7S A Ak BE BT SR 4E 21 /Y B (R S 5
FNPIE I, B2l P (e 5L A5 4 (fast Fourier transform,
FFT) 13 21Z B 55 ik i
2.2 RERFWIE

SR ORI IR AT XHE5 & A2 2% (SA-SG030, N &
IPRBORAR ) AR AR H AR UEA T, T i 1% Bt H 5 LA
AN FREE A XTI ZE S 52, DA T A DRI 0 3 B 5 2 15
AL, RS R AR R = A
FHE (55 K AR 2 ) F AR, P P SR A2 FlL R A N4 3 i (i
HL L S 1 L PR LA 55, a2 B LS AT, B e ik
S35% 5,100 F1 150 Hz 47 7 3 Y, a5 A an sk 1
FR . ATLAE Y A5 2 A 2R OR 4 F AR U SR AR 45 SR
TN UE S AL AR B IR L Ache e il 4

*1 RERZG=RERIEMNKER
Table 1 Verification test results of triangular wave

acquisition system

i 1155/ H M E5H/ He RER/ %
5 5.2 4.0
100 99.6 0.4
150 149.7 0.2

3 ZRWMKERSHH

3.1 GA REREBRSRERSEBRNIK

GA s B Iiake B &l 7 s 155 & A AR i
HH AR A 5 T 48 ek T SR K 748 R B s Bk 3 5 4 i Ik
Mo T e A X HIR Bl {5 5 A me L 1, 4 R AR
FIME S5 R 80 Hz, BT , P87 D SR AR I — 2
PRIET, PR AL A 1 R 4 R B [ 2 FE R 8h & it A 7
M3, 45 2 sk Jk B DA B 28 FRT Ak 38 B A0 1% 1, 445 54
& 8 F19 PR, B EME 540 IE 5% U5 5 (B2 NP R
HEY AR ) | BERER(F S5 HAEE AL LR ARSI BT, 4
TP A K E AR R, ELREPAT FRT JS7E 0 Hz
BRFAT 7= A= A kol o S 1 AR X A8 /N i o7 A5 5, TRk
BRSBTS S a5 50 Xt B A5 S A A o 2
B BRI RS 5 T FRT 452000 K, i KRE R I (E IR 5
XoF IO By 80. 078 Haz (/NI R 2 (5 5l ) o AR
IRREE SR I | AL T X HIR S S oA A R A
3.2 {ERLERIRN 4SS T

MHNFAR {5 5 4 5 A A R — B %
JEER AR B i Bt e K, 3 o W% SR R A A B M FRT

K7 e s B A
Fig.7 Schematic diagram of the testing setup

1.850

1.845

1.840

HEFS/V

1.835

1.830F

Il L L L L L
1.823 0 20 40 60 80 100

I ] /ms
B8 GA g A 5 i B ]

Fig. 8 Time domain waveform of GA accelerometer test signal

0.6
800
04}
o 02} \
E 400 \\\\*
o
75 80 85
HF/Hz
0
0 40 80
BiF/Hz
(a) & EL RS B (5
(a) Spectrum with DC offset
04F

80.078 Hz

e BE

0.2

|
|
|
|
I
I
|
1
0

0 40 8
P#/Hz
(b) Z=RRE R m S BL 0
(b) Spectrum with DC offset removed
B9 GA i BE IR 5 4t
Fig.9  Frequency spectrum of GA accelerometer test signal



8 1

TR S5 A SR BB AR AT W IR Sl sl 1o A4 K g 5 169

ARBRE , 55 RE - R R IR AR A0 3 AR 12 TR ) [T A A3
P lnidE PR IR JEIEEfEIRSN & b K (55 Ak
fe U EAT I, e BT ML R AR B B9 A5 5O
5 FET 7301, A5 B A 45 R WA 10 Frzn , BG40 Rz
AR 1 TR A [ AT M4 41 Hez, XS IR T TS
e TS 1 [ AT R AT SEA AT

12~

41 Hz
10+
sl |
|
|
2 |
= |
|
at |
| N\
2 I \/’“““\-\.
|
| | ! ! ] ] [
0 20 40 60 80 100 120 140
MF/Hz

B 10 FSmsLE gl R

Fig. 10  Results of swept frequency experiment

JHE R GA TG BT ) R A 5 R Z [ e R,
VIR N e B TESI R E R D) | B NV NP == A e £
Tl AR S AR Z 1432 B3 i
TEFZ AR B A o R AR AR B A e R

a = 2mfv (12)
o ca IR f MR 0 T

SEE I T I KN R 12(9. 8 m/s) B HIME 5
Hih RS EAR AR RS B 1 s AR TR
WRAE Z Bl L A (32 Bl R B o, 38 5 F Dl = R AR
A (WTVB02-485) H Z Hli )y 1) 1 3 B PRAIE IR 3 5 1Y)
AR, R RN AR IR 2 R RS G A
T, PR GA IR T T B AR i AL s b, PRAIE P A% J%
FRAE Z Bl A R X ok H 15 AR T R Bl
R SR R AR AR R R KN AU S50 B 1
FLAE, BD S=AU/a G0 11 iR~ 1g INEEEE A [R]AfR
XV R, FTUAE A8 10 R U A X e , 3
FE 3 mV/g Lh L, & T ai i i RS 2.6 mV/g'™
HAE 40 Hz A245 B 04 28 SR d K, 43 A L D PR i 0 R
P GA JINTRE T (%) [ 8 450 A& IR 7= T 85 Rz
AR s HARshIE(E R, FIL, GA A BHARfL B, H R
AR AR A, SO Bt 8 R B R B e KA, TR,
A — YR IN T A% IR 1 145 0 3 Jir 7 X[

TERFE] g i B I i R SR i B S5, ARl 13
SER T SRR B 5 A AR, B 2 3 dg T
TR T B 28 AR e N7 AT S I, 75 B B ES AR AN TR

10

REUE/(mV-¢g")

0 2I0 4IO 6IO SIO 1(;0 12IO 140 l
BiFE/Hz
Bl 11 1g MR EE T By 2 B3

Fig. 11 Sensitivity output of GA accelerometer under 1g acceleration

IR 1) A B B A AR AR DG R £ A2

U F AR AR 7% TR/ N 5 o 3 {4 A8 R T AR
& 12 R B 43 S AE 40 80,120 Hz JR BN R T (% H
SR f) e R i 2, ] DU H A% I i i 5
FERIR/NRIU I —E R PE G R, Bl R A 15
Xof o7 P 2 R AR (R PE R RN ) X — S5 RS
WRAUREPE | B2 30 [ A A% i R SRR A5 5 o S
AR AR K ; 70 25 [ A 3R i iy #7225
S S AR RPR RN

0L T 40Hz

—e— 80 Hz
4— 120 Hz

0 1 2 3 4 5
IR
Bl 12 it S Stk 5 R
Fig. 12 Linear relationship between output and

acceleration of GA accelerometer

AN, SRy T AR S B S A R R M i e R
55 GA NN EETHHEAT 4R 3 W 0 0 6F L S, 45 Hh X AR
KSR AR RE . BUEIRS) & B RCR  BEPLE LA
IR AR IR IR 3 7 57, X LU R AR B RO 45 2R, X
e i (5 5 R A48 DL 10 Hz 28K Ml 7 20 ~
150 Hz FYHRBHNA S , LU R BEHE 255 GA Tinid &
T Rl A A B SR A 45 R i 2515 HH 2 g iR 25 5
LRI 2 PR,



170 % & L F ¥

a6t

®2 XSRSt

Table 2 Comparison of test results

T

R & GA M
(witvh02-485)
PRER ORI WEECR 2R MR R

/Hz /mm /Hz /% /Hz /%
20 1. 00 20.3 1.50 20.089  0.44
30 0.50 30.8 2.67 29.948  -0.17
40 0. 40 40.3 0.75 40. 148 0.37
50 0.13 51.1 2.20 50.000  0.00
60 0.14 60. 9 1.50 60.059  0.10
70 0.10 72.8 4.00 69.824  -0.25
80 0.10 83.3 4.13 80. 078 0. 10
90 0.10 91. 4 1.56 89.844  -0.17
100 0.10 102.9 2,90  100.098 0. 10
110 0. 07 114.1 3.73  109.863  -0.12
120 0.10 126. 1 5.08  120.117 0. 10
130 0.20 137.1 5.46  129.883  -0.09
140 0.07 142.4 1.71 139.974  -0.02
150 0.08 152. 4 1.60  150.391 0.26

FRHE 2 2 A B BCHE AT A1, 7E 20 ~ 150 Hz SR X [A]
B, GA N BE T A I K 45 R 24 4 T 7 Al A% Uk
o [RIEE RS N, GA I B A 42 22 24 0 4
ARG R B 3, L HORAE 70~ 150 Haz X (8] 45 24 BY
W, R AR ERES B R 22 R A, 7F 130 Hz B & KR
%%iﬁw 5.46% , it GA T B i o K i 25 K —

BOR g Ha /MR 2 R B BUAE 40 Hz T 0.75% ,
{Elmm? GA I BE T e i iR 25 % . I, GA
T B 1 7E 20 ~ 150 Hz 1 Bl 2 A 8 5 1 3 25 i iy
Rk,

3.3 IRBHEEEES IR

SREIHT GA IS T 64w B R I3 AR AR Ak
By I 17 R 7 DA B A AL T AR 2 W T D T 2 R il
PR3 &%t 50 Hz B9 3N 15 5 R B B AL TAE B Y
PRBIPIRES , 2 AL T L AL 5 5 s AL AR A T4 ik
ASPEATWEM, WE 13 14 s, 2 TARIR S & AR
b, HemH A5 5 R B 0 0 25 5, W5 5 R A7 e s e L
75 # ( short-time Fourier transform, STFT) 5 3| {5 5 i
AR, AT WA B0 AS [ B By TR AR, B GA il

FEHE S b R . M55 i 50 Hez 3 in 2
53. 6 Hz, AMUTERH ] A B AR AL 78 A &1 F T
BB 5 2 BOmR A 5 A  BOH LA B A3 i, Wl L
FtH GA T B X AR 45 e 1 BE ) RIAE B R AF Y
B A 7E 50 Hz WE IR AL AL S0k
D ) 25 S AR AR iR 22 R — 3

2,025
281
Z
2.6
L 000}
=]
u% 24 #
i
tﬁ sk 1.975F | 1 1
# 39.1 392 393
I [6]/s
2.0 _——
18 _I 1 1 1 1 ]
0 10 20 30 40
I [6]/s
(a) #2B) & Fa 45 o W v 4 P
(a) Time-domain diagram of shaker start-stop monitoring
0 pm [T, T e — I
‘I ; HHMI“ I“ ‘ | | \ “
75' ”mnmu : ‘ \»III
‘ | A | l W1 i ”’
N )HI‘ ‘JIW‘ M‘II
E 50 l\HIH\ ! Illl\\l\‘\” \‘I‘ ||‘|I
¥ P | ]
R | 1L I 1l
| | | |‘ | | ! ‘
25 | I
[l [ |
! | RLLL N ‘I | Al
0 10 20 30 40
B ) /s
(b) %3 & J 15 s U e 53 )

(b) Time-frequency diagram of shaker start-stop monitoring

Kl 13 7£ 50 Hz BR300 45 Wil

Fig. 13 Monitoring the start-stope behavior of shaker at 50 Hz
28 [ 2.03 203
2 6 | 2.02 _ 202
N ©
= =
glol E 201
o 24}
i oo, ", " PV e R
10ing 1350 1355 1360 1365 13.70 36.00 3605 3610 3615 3620
W 221 s wEf/s
# /
20F ——
18 [ L L 1 1 il d
0 10 20 30 40 50
fif /s
(a) FRAh & 25 P 3R P

(a) Time-domain diagram of shaker frequency conversion monitoring



55 8 4] FARRE S5 o A SRR SCBE RN AR W I S A e 17 4544 B g B 5 171
100 ‘n; ] "‘ [, P T/ 2150 20
0L Pl | | kel
IR If | U 6T 2 >
LN T H L P »2.03
75 M I\‘I’I“I‘III e vl i el Hlfl‘ % =
I el f I \Hll‘\ 21012 ﬁ
N 1T | | . 2.03
= II HI ) | i I .
M S0p | | ] = ) )
B i : o ) T T2 2% 0 05
all] = el W el/s
ﬁ 205} / h \
3 PLES BRA5 BUSER
Wrﬂ/s 200 | 1 ! 1 1 1 1
(b) Tl & 22 450 s Wl e 45 ] 0 10 20 30 40
(b) Time-frequency diagram of shaker frequency conversion monitoring i 6] /s
(a) FL22 2 U0 W 3 P

14 7 50~53. 6 Hz XTAX4R 3N £ A9 A0 s )
Fig. 14  Variable-frequency monitoring of shaker in the
range of 50~53. 6 Hz

3.4 SEERMZF

J T AR E GA i B G e oL R A B
F EXTH T AER PR A BIREAT T 3 IR, AR 3
A B K bR E (R B AR B I & 5 9F 4 O vk, GB/T
29531—2013) ', 1847 5% 34 <600 r/min s, A5 i 5% 36 1F
PR BIRIE A 5T 0. 13 mm, F55 R R4 o5, 6
GA T2 4 B 3 b, a8 g T4, IR 3h e
Az 15 S SRAEBR M FET AbBRAS A0 R 19 45 e ], ml
PIE HTE 48. 8 Hz 2o A7 Hh Bl KAR B AE A, D SR AR IR
IR A 25 S o0 48,8 Hz, B 5 A6 AR A 45 20 F it T
2 YK, 3 IRESRITE 48. 8 Hz Bl RiRshfgm(E, M
PLZS T TAEMS P2 PR B 48. 8 He, HEITARYE H WL i
B IRBIAT R EE H 46. 7 Hz, FRUUEBI IR 45 5 A4 v
SEME WIER] T GA N BE AR K - B AT R 4F
FITEE M, ZEREJE A9 I , X E LR £ 28 4R U A i
R4, B 30 L EE S, A5 BN A N B AE 5 A 16 B, sk
Eh TARRE TS S A R e  ILas R B e T

4

48.8 Hz

Mw

0 25 50 75 100
R /Mz

P15 O s iR sl M AR 1

Fig. 15 Spectrum on vibration monitoring for vacuum pump

(a) Time-domain diagram of vacuum pump monitoring

B /Hz

0 10 20 30 40
I [6)/s
(b) FT25 5% W B 45

(b) Time-frequency diagram of vacuum pump monitoring

16 f L 2s SRR 455 FE D IRAS A

Fig. 16  Monitoring of stop and restart states of vacuum pump

SR R B S LS Sl R B, T A
SR T AHRL A TARIRZS X 5 S A R i R,
UERH T GA I B3Rl T HE LIS A7 bR 285 A M 0 5 il e
W,

4 # i

AFFE T 7R GA T g i X R AR W i 3l ¢ i 1o
Rtk , 208 7 GA ORI A PR RE, B T — 3K GA
T, i Ik 3l 5 AR 20 50 2 A5 AR A AR I B AR
Sy LR, I DAL AS S B i LR 3 0 ok 36 T B
IR SEEL T RULAR S AR A I, 252 R %0
T BA B 00 R AR AR X e
B, S T W I 5 - B AR P O T R A%
S, EAZONN B s 3R I A e 1 A OHS R
WEEMN, B2, LA RSSO R GA g
JE TR IR B 748 f w37 BE 3 75 THT R B O S O PR RE L
T A DR A A D R 32 W A5 D7 B AT T R B R
w1,



172

O M x #

#H Faetk

Sk

(1]

(2]

(3]

[4]

[5]

(6]

(7]

[8]

BABATAIN W, BHATTACHARJEE S, HUSSAIN A M,
et al. Acceleration sensors: Sensing mechanisms, emerging
fabrication strategies, materials, and applications[J]. ACS
Applied Electronic Materials, 2021, 3(2): 504-531.

TvF M, 5N, T, % S EIRFTEN =
1o g TR A% s RS ARGt [ 1], {Xa
1052540, 2023, 44(5) :240-248.

QIAO SH X, LI H J, YU H, etal. Research on the
influence of high and low temperature environment on the
sensitivity change of three-axis high-g accelerometer[ J ].
Chinese Journal of Scientific Instrument, 2023, 44(5) .
240-248.

KT, FEDR, TR, S Z RV g fRn B
HRYBT S50 (1], 7 5 AE 2, 2023,
37(4) . 90-97.

ZHANG Y, XU G B, YIN SH H, et al. Design and
analysis of multi-beam groove high g-value accelerome-
ter[ J]. Journal of Electronic Measurement and Instru-
mentation, 2023, 37(4) . 90-97.

FREE, AR, BB, S R g (E I P R
RIEES BT S 05 B[], B I B B R, 2023,
46(5) : 192-196.

WANG Y T, SHI Y B, ZHAO R, etal. Design and
simulation of a high-g in-plane acceleration sensor[ J].
Electronic Measurement Technology, 2023, 46(5) : 192-
196.

ASUTKAR S, KORRAPATI M, SINGH S, et al. Perfor-
mance evaluation of post-curing method for sensitivity

enhancement of elastomer vibration sensors [ J]. Sensors

and Actuators A Physical, 2022, 334:113313.

CHEN Y, LIG L, MU W J, et al. Nonenzymatic sweat
wearable uric acid sensor based on N-doped reduced
graphene oxide/Au dual aerogels[J]. Analytical Chemi-
stry, 2023, 95(7) . 3864-3872.

FRE, B, BRRA, 5. S EER SFR T
i e AL R BB A S ERE[ T ). TP REBR HOR
B, 2023, 53(4) : 499-508.
WANG B M, LI Y Y, CHEN T D, etal. Design,
assembly, and property of a graphene aerogel-based fully
flexible tactile sensor [ J ]. Scientia Sinica ( Tech-
nological ) , 2023, 53(4) . 499-508.
WANG Z B, XIAO ZH J, MEI J,

et al. Graphene

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

aerogel-based vibration sensor with high sensitivity and
wide frequency response range [ J]. Nano Research,
2023, 16(8) : 11342-11349.

XIANG Q X, ZHANG H, LIU ZH Y, et al. Engineered
structural carbon aerogel based on bacterial cellulose/
chitosan and graphene oxide/graphene for multifunctional
piezoresistive sensor[ J]. Chemical Engineering Journal,
2024, 480:147825.

KR &T . e T A7 AR BRI T BELASKE 4 S 1 — 4 7 fk
EARARIIFE[ D], 2 22N EE TR, 2023,

LIU Y F. Flexible three-dimensional force tactile sensor
based on graphene aerogel piezoresistive effect [ D ].
Lanzhou: Lanzhou University of Technology, 2023.
YANG G CH, LEI S Q, CHANG K, et al. Generalized
strategy  to  construct  multifunctional  inorganic
nanomaterials/silicone rubber composite aerogels: Taking
CNTs as an example for smart sensing [ J]. Chemical
Engineering Journal, 2024, 489.:151378.
QIU L, COSKUN M B, TANG Y, etal. Ulrafast
dynamic piezoresistive response of graphene-based cellular
elastomers[ J]. Advanced Materials, 2016, 28(1): 194-
200.

COSKUN M B, QIU L, AREFIN M S, et al. Detecting
subtle vibrations using graphene-based cellular elasto-
mers[ J]. ACS Applied Materials & Interfaces, 2017,
9(13) . 11345-11349.

LIU SH B, WU X, ZHANG D D, etal. Ulirafast
dynamic pressure sensors based on graphene hybrid
structure [ J ]. ACS Applied Materials & Interfaces,
2017, 9(28) : 24148-24154.

CHEN T D, YANG G CH, WANG J Q, etal
Surfactant stabilized GO liquid crystal for constructing
double-walled honeycomb-like GO aerogel with super-
sensitivity for fingertip pulse monitoring [ J ]. Carbon,
2021, 184 53-63.

ZENG ZH H, WU N, YANG W D, et al. Sustainable-
macromolecule-assisted  preparation of  cross-linked,
ultralight, flexible graphene aerogel sensors toward low-
frequency strain/pressure to high-frequency vibration
sensing[ J]. Small, 2022, 18(24) . 2202047.

YANG G CH , QINX L, CHEN T D, et al. Ultralight,

superelastic pure graphene aerogel for piezoresistive

sensing application [ J |. Journal of Materials Science,



8 1

TR S5 A7 SRR BB B (PTG R R Sl At sl ey 2 454 K 1o 5 173

[18]

[19]

[20]

[21]

[22]

2023, 58(2) . 850-863.

WANG Z B, ZHOU W Y, XIAO ZH J, etal. A high-
temperature accelerometer with excellent performance
based on the improved graphene aerogel [ J]. ACS
Applied Materials & Interfaces, 2023, 15(15): 19337-
19348.

WANG Z B, XIAO ZH J, MEI J, etal. Graphene
aerogel-based vibration sensor with high sensitivity and
wide frequency response range [ J]. Nano Research,
2023, 16(8) . 11342-11349.

EFUL A SR B SRR R ) 2 v AR Sl %
EBEFE[D]. dbst. PEBER R, 2023,

WANG Z B. Mechanical properties and vibration sensing
of graphene aerogel-based elastomers [ D ]. Beijing:
University of Chinese Academy of Sciences, 2023.
BTR, LSO, B S JETORA e B
R R S A% AR i B SR [ 1], AR R
2, 2023, 44(12) ; 252-260.

JIANGY F, TAOCH Y, LI M Y, etal. Design and
application of compact high-frequency vibration sensor
based on fiber bragg grating [ J]. Chinese Journal of
Scientific Instrument, 2023, 44(12) . 252-260.
AT B AR ZE 5122 (SAC/TC 211) . R R3]
W ST 7 GB/T 29531—2013[S]. dbat:
FEI BRI REE, 2013,

National pumps of
Methods  of

Technical Committee 211 on
Standardization Administration of China.
measuring and evaluating vibration of pumps: GB/T
29531—2013 [ S]. Beijing: Standards Pressof China,

2013.

fEEE N

ERRE 1996 4F T T THHARZNR
Fpp e i i, 2003 4 F 22N TR AR AT 5
AL, 2009 AF T2 TR AEARAF I 122
AL, B 2 B TR 2 4%, A 0, 32
BWFFE Iy 1) N EEAE S T ol AL g A A%
R
Email : wbm2007@ 163. com

Wang Baomin received his B. Sc.
Technical University in 1996, his M. Sc. and Ph.D. degrees
both from Lanzhou University of Technology in 2003 and 2009,

degree from Liaoning

respectively. He is currently a full professor and master’s
supervisor at Lanzhou University of Technology. His main
research interests include friction and lubrication, industrial
robotics, and sensors.

EE&FCEEMEA) 1999 45T P00
TLRFIRAT 2 247, 2004 4F T 5 Bl 2
Be 22 MIAL =7 W BEAE S BT 40645 18 - 437, B
b ERE A B 22 M AL A W) BT 5T BT 0F 5
Gy AR, AT T 1) S D e T
FORHSHOAR 45 il A T 5 22 1 1 A2 A

AR RS

E-mail ; jqwang@ licp. cas. cn

Wang Jinqing ( Corresponding author) received his B. Sc.
degree from Northwest Normal University in 1999, and his Ph. D.
degree from Lanzhou Institute of Chemical Physics, Chinese
Academy of Sciences in 2004. He is currently a research
professor and doctoral supervisor at the Lanzhou Institute of
Chemical Physics, Chinese Academy of Sciences. His research
interests  include  functional lubricating  materials  and
technologies, various sensing materials, and the development of

flexible strain sensor devices.



