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Design and Experiment on Pneumatic Frequency-modulated Vibrator
for Portable Deep-grained Walnut Harvesting Device

Guo Guanzhu Zheng Zhong Luo Ya’nan Luo Hongteng Wang Tong
(College of Mechanical and Electrical Engineering, Yunnan Agricultural University, Kunming 650201, China)

Abstract; Aiming to address the issue that existing pneumatic vibrators have high, non-adjustable
excitation frequencies, which makes them difficult to apply to portable, deep-groove walnut harvesting
devices. It presented the design of a frequency-adjustable pneumatic exciter for a harvester, determining
its key design parameters in the process. Theoretical models of the excitation airflow and the motion of the
excitation piston were developed by using gas dynamics and Newton’s second law. Excitation experiments
and analysis of the air pressure distribution, force, and frequency characteristics verified the exciter’ s
performance. The research results showed that the maximum excitation force of the pneumatic frequency-
modulated exciter depended on the pneumatic flow rate and the diameter of the air resistance orifice
during the return-stroke. A higher pneumatic flow rate resulted in a greater excitation force. Conversely,
increasing the diameter of the return-stroke air resistance orifice reduced the maximum excitation force,
but shortened the return-stroke time of the excitation piston. The exciter’s excitation frequency depended
on the excitation and piston return times, as well as the pneumatic supply interval. Shortening the supply
interval and increasing the orifice diameter can increase the frequency. For a pneumatic frequency-
controlled exciter with a piston diameter of 50 mm and return-stroke orifice diameters of 1.5 mm, the
adjustable frequency range was 2 ~ 15 Hz. When the pneumatic flow rates were 7.03 x 10 kg/s,
6.13 x10 7 kg/s, 5.62 x 10™° kg/s, 4.22 x 10 kg/s and 2.61 x 10™° kg/s, respectively, the
calculated maximum excitation forces were 240.8 N, 212.1 N, 193.4 N, 170.3 N and 126.9 N,
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respectively. The corresponding simulated values were 249. 3 N, 222.2 N, 204. 7N, 183.2 N and 145.5 N,
respectively. The measured values were (243.7 £23.7) N, (219.7 £14.3) N, (202.1 £15.9) N,
(180.5 +20.8) N and (140.2 £37.0) N, respectively.

Key words: portable deep-grained walnut harvesting device; pneumatic frequency-modulated vibrator;

excitation piston; excitation frequency; excitation vibration force characteristics

0 3

BHETER SRR K= 1 8 ik
SRR 2.9 x 10° hm?* | IRSUEBE A 3, 4E 77
K 1.5 x 10t RIRSUEARI AR 35 10 ~ 15 m
H 2P TBEM Hb X, R BRI TC I 235
AL AR A B R SRR 22, SRR i 29 77k &
JRE (R

A SR AR A8 T AT 2 S R I 2 k2 A 33
PR AR S AR iy~ SRR RB AR T
T THR BN 5B, PIAS [RAS T B Rl R s e A i 4
PIBRREEZ AR R R A KOR DU A E R R 22 5, 2
R SRR 5 AT [ R PR VE FC B A R TR
T ZBARSN ", RRLE B IR SR I 50 A
PUB R AAAER 32X 3 il LA AR 5
Joi, SR AR BT T — RN R R SR T R
REE WAL R T R SIS S IR S AR AR AR AL A5
P Bl P AR N 10 ~ 12 Hz, B RRE 51T
TR EEE LB AN T s AT R A2
L AT YRS FAFTHLAL 5 3 S PR, Fee AR T AR
M 10 ~13.33 Hz, MM 3T TRIZ BISIT
TP T MR AR 2 SR IR £ 38 A 98 59 f O
ML ey ST R PR AR AT PR 0 ~ 25
Hz, ABORAE T —Fh LA BE IR 3 R L,
2 3 T VRIHAILA S S B R AR Ak 4R S0 AR T
TR R 15 ~25 Hz, RIEIE" B T —Fp 02X
PR IR SN RAR ML, 300 20 915 i O R T8 5 A0 56
W IR A R R G E R 70% .80% ,90% ,100%
R R AR AR AR N 28. 6 .26.3 24.0 21.3 Hz, HL
g RATAF 7T 7, T 40 A B T —Fh 4 8
ZHEIRERINSEE, H T i R SR R B A AL
o R SRR B AR FE L T, MR R N 4. 44 ~
7.22 Hz B IR BN & 8P 1 44. 74 ~ 115,39
N, XUBEARSE 5 T F R A R IR sl R dik 2
A AR FE AL S S A R R 9 SR A 2 IR S AR
PO R 4 ~ 12 Hz, SAARDRsh PRS00 5% 5 1
T RGNS IRk, D& 8T —
Fofr b A e e =X A B 4R 30 25 4 SR A BEOPR AR Ry 28
Hz, LT RERESEORERR , Koy
BT T —Ffrfsie ) i 0K 3 775 2 7 i S A5 B IR 4, e K

i

PRI RIE 53 Haz, S XRS5 AR A
TR AT AT AT R W A v B T KA Tl it 56
FEAEAE R T 4 3 0 AL R S kSR YT
RIFIF R T AW IE, X T U A 80% ,90% Fil
100% MIBREZHRE , FAR T 2475 F BT T AR e I T
SR 77.5 .69.0.58.5 m/s,

SRINT , REUZ A AR PR i 25 S R,
1 52 B AR 485 SUR UM R SR 8 DR B R P B 2 T 1
il 7R RMERE P TR IRV R 1 SR R F A Bl )
IEICIRIEE €y =) A eI B W SR i R = peS
H T PR ik B 1 2 BB s IR 30 0 AR AR, 35
FIRGERRISARRA . (A S Bl a4 i 1o
60 Hz H AT 375 155 F R A T Jr e i i 23 171
T A HE AR BOEBER SR

AT R A2 B IR SR R 45 07 vk AIUAR =
O B Sy AIUBR A o S B R A e o 2 e A B AL
Tl A TR Y 2R FH TR AR A8k 1) ) R i 2 95 2
A7 BT B 2 A 4 ) A T IR, B MR 5
IR AT R HOR AT s, EEXTE A EAAR
JE AR S T3 4 R S0 % Bk R SR A R S A
PR 38 I O g R A A T 1) B 4
PR AT | bR A S 1 R A R ), 1R TR R AR
IR T E RTS8, 8 IR ST B SO IR
TG IR SR S MR AL SR A7 IR 1 68 43 A A ik
55 I0IE

1 THERBSEEET

1.1 IT{ERIE

4 RSO R R B S IR 2 T4
JEBRANPE 1 o, B TSl 184 B 1) U
T B A g T Bl AR A ] e e e O Y
Pl A SR IR A R, 75 AR T
B PR PIIAIRA A I A SR TG ZE I 1 iz Bl 1
FHEIR A A 532 1A, XS IR 7 Rl
WAk, IR IR B S B v e, PRI SCH], =
S PRI e S A AR Il AR R Y IR
I FEAE S AT [ DI 58 i — ORI IR JH1 301
Pl s P A EE R Y 2 YO A [l ] e ] 3R
SBIEAIRAR A PR AR, 6 2 A 3 Y
AR AR AR 1



228 P A1 R = 4

2026 4F

i | \
<L [ |

I WWW < I WWWW — [

W | ‘@'* K= |

|

¢ [

IR
BT SR IR S VR 5 A
Fig.1 Operating principle of frequency modulation

in pneumatic frequency-modulated vibrator
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Fig.2  Schematic of pneumatic frequency-modulated vibrator
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Fig.9 Calculated values of excitation force at different times

(with a pneumatic flow rate of 7. 03 x 10~ kg/s)
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Fig. 10 Calculated values of excitation force at different times
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Fig. 11  Calculated values of excitation force at different times
(with a pneumatic flow rate of 5.62 x 10~ kg/s)
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Fig. 12 Calculated values of excitation force at different times

(with a pneumatic flow rate of 4.22 x 10~ kg/s)
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Fig. 13 Calculated values of excitation force at different times
(with a pneumatic flow rate of 2. 61 x 10~ kg/s)
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