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Attitude adaptive orientation transport method and test
study of walnut based on vibration
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Abstract: In order to solve the problem of attitude orientation in walnut pre — processing and shell
breaking, firstly, according to the physical properties and shape characteristics of walnuts, a specific
vibration orientation platform was designed, and the spatial position and structural size parameters were
determined, and then the theoretical analysis of walnuts on the vibration orientation platform was carried
out to investigate the attitude orientation principle of walnuts in vibration transport. Secondly, the test rig
was set up, and the longitudinal orientation success rate and time required for orientation were taken as
the indexes, and the voltage, vibration frequency and inclination angle of the vibration platform were
selected to conduct a single — factor test to find the range of values of each factor. Finally, Box —
Behnken test was carried out to optimize the parameter according to the results of single — factor test. The
results showed that a walnut attitude orientation device based on electromagnetic vibration was designed
and voltage, vibration frequency and inclination angle of the vibration platform had the greatest impact on
the device and they were the easiest to control during the test. Under the conditions of voltage 118 V,

vibration frequency 81.6 Hz, and inclination angle of vibration platform 3°, the longitudinal orientation

success rate was 89.98% , and the tip orientation
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success rate was 74.36% . The device has a high

success rate in orientation and can be used for
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Fig.1 Walnut appearance model
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Table 1 External dimensions and mass of the walnut

I\iE(L)/ B (W) / Bete(B)/ B TE(T)/ i (H)/ [ (m)/

gy B DR AR DO .
BRM 39.56  39.12 3166  4.64  2.80  16.88
BUME 3612 3522 2844 3.2 150 12.36
FHME 38.37  37.35  29.84 378 2.03  13.68




146 CHINA OILS AND FATS

2025 Vol. 50 No. 9

1.2 REZEH

T LIRS AR 2 A 17 2 B T A AR AL
2R RSN R B TR R | TETER LR R MR
Pl R T R AR A N 2 B ARBE T B R
BEE A OCHEAE A, X 2 1Al 3 R o

T RSB, (%) 5B ARSI BT 10 1, (%) 5 R
Bk BRI EEE T, N G R ), NS F Ok 71, N
LWL 2. S SR8 5 3. SR 4. JIsRAR 425 5. 4%k 6. ks
SET G 7 HRIGE ;s 8. 718k 9. HIREE: S 2k I ;10. m] 345
JURJRE 5 L1 ARB R H 1 5 12. b 15 4

Note: «. Inclination angle of vibration platform, (°);
B. Direction angle of shock force, () ;F/. Friction force of walnut,
N; G. Gravity of walnut,N; F. Shock force,N. 1. Frame;2. Spring
support ;3. Spring ;4. Strengthen sheet metal ;5. Walnut ;6. Vibration
orientation platform;7. Armature base;8. Armature;9. Electromagnet
and coil ;10. Adjustable base;11. Rubber vibration isolation cushion;

12. Inclination adjustment rod
B2 ETR#ERINERESERRESN
Fig.2 Structure of walnut orientation device based on

electromagnetic vibration
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Fig.3 Vibration orientation platform area division
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Fig.4 Walnut running attitude
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Fig.5 Movement time diagram of walnut and

vibratory orientation platform

QLS Jis 75 0 B 20, R 30 W) 6 09 e B K
THE I AR Bh A 17 & e , % akab
TBRERB B s 75 ¢ W21, A0k S5 4R 20 1] 65 PR
fik , Wit % 20 2 1) 15 A9 10 B B M 1 K, e AR AE
2 B2 SR IAL , DLk ) G A A

TEH IR SR A b, TR HE 50 (Z) L 1E )
BITHRE(Z,) S TR (Z,) kR Fs k) iz
PR o AR AH I SCHR AN AR ST B Y, 26k
AR EATRS, M Z<1,Z,=2~3,Z, ~1"7),
St A RMSE B R () EmEATiE3)
ARZS IR REL(P,) FE B FE (g) 2305w =
tan p, > =0.38 P, =3.4"%) g=9.81 m/s*,

P (A) A (2) 5, IEmEATHEE (V)
AR (3) iR,

Z,gsin(py — )
27f *cos(uy —B) )

V. =P Acos B(1 +utan B)f (3)

o s NS, (°) of IR, Hz,

2.2 BAREREZENAFZHH
2.2.1 bk V BIAE N Z )

H FIT SO AT Al A, 2 Ak XOY - K P A%
BT O B I, B RS IR Ry e e I 2828 (H A% Bk
TEPRZNE M & EI, B SR FaRRAS v
RURERE KBRS AR AT E 152 .V BURE
dkz 1 WK 6,

A =900

El6 VAENZLZN
Fig.6 Force on walnut in V - groove
Wk 6 o, i T RABRIME REON R, 4Rk S
PRENE 5V BRI Ak, 703 i i)™ AR X FR B0 S 4

JIF HF, WeANEZ 8 A B H T GBS F,y .
Fo LURAR ST F RIIERAE R
2.2.2 PRGBS Hk A

15U AT LR T TR AR S E 18] 5 5 KF- 5 1)
Z IRV ARy, DR UEAZ W6 AE 18] i iz # 1 A AN AR
BHIIR , IR 58 BUE [0 O T2 . 1 7 S R pk s ARt
LT, Hoh I Ta bk il e P R 5 R
I G LK, K Th MR SRS E &
DR E G, X PRSI 5 5 32 BB RS2

B7 BHERESEN

Fig.7 Force on walnut in an inclined attitude
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Fig.8 Top view of walnut running attitude force
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Fig.9 Axonometric drawing of walnut running attitude force
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Fig. 11 Results of the single — factor test
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Fig.12 Single walnut test process
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Fig.13 Multi — grain walnut test process

Hi & 12 FOIE] 13 w] 0, AZ RS IR 3 1 5 9
0 AT, 2 0 =0.2 s I, HE SRS 1 & B Rl
FERH AR BROT 46 K A 5% 3l , M6 e 21 I
A BIREZ R BARSIE 7] 5 B RIS 51558 BUE A, 1%
Bei iz B 2355 A SO o A A AL R A — 2L
Hi B 13 mTAL, B TR R Z AP AESME 22 57 KA
B Z 8] 2 A Rl A R ) BE LR 22 , T BB & 1
PRENE 1) & L= A EBUs B LR B, T 2

MR i) PR 2%, (HIR B8ORS B LA &5 R Sk
AR —E0 U] TR BRI ] 5, W] Ol S A%
BEE ISRt 2%

TR R

(1) BRI [ 58 M e 1] T B P 9 5 1]

PRIE ], L) 2 e PRI I RIS 4 ARG AZ Bk A1

JERFIE S BRI, BT T — B AR T IR S A%

PRS0 B E, I HLXOERE 1) 454 S a5 A 2B 14

ROT ST, W R TR A 18 78 3 7 b iy

SE [0 SRR, 0 7 R R 2l A 1) 3 R 5 R e K HL A

KR H eI 3 AR ZE R BRIk sh fksh &

(VS

Q) FEm e %, i s R FR fksh &

107 S DRI 2R e aed R PR R a0 A H e (R[S LAy

HUE 110 ~ 130 V JRShHK 80 ~83 Hz Jksh S M

2°~6°,

(3) LAHL N 2 056 45 2L JT )8 Box — Behnken

K, A5 REW A B MR ESHO R E 118 V Ik

SR 81.6 Hz JRsh G 3°, fEHLARAF T Sl 2

6] 3y 89.98% , AR i 1] RN N 74.36%

Bk

(U] 2B, R, XIMIE, % 2 TA0E m B RS
FeREBOT SR [T]. AW 5 R (A RBF
R, 2023, 41(3): 265 -273.

[2] W%, #2, REK, % BT HLIN HE Sk %
R[] Rk, 2017, 48(10) : 307 -
315.

(3] T4, Wnuk, A&, &5 O sk sre L
Bt SR LT]. Aol L&, 2017, 33(3): 257 -
264.

(4] 20000, X2, BAiFe, . HEECpknee Bt
Hige[ 1], Aol AUk, 2012, 43(S1) : 146 - 152.

[S] AHIRS, XIWTE, 250, S5, AR B B A% Bk
e E B S ()], AP, 2022, 53
(1) 140 -150.

[6] ALTUNTAS E, OZKAN Y. Physical and mechanical
properties of some walnut ( Juglans regia 1. ) cultivars[ ]/
OL]. Int J Food Eng, 2008, 4(4):1349 [2024 - 11 -
307]. https://doi. org/10.2202/1556 —3758. 1349.

[7] BAO X, CHEN B, DAI P, et al. Construction and
verification of spherical thin shell model for revealing
walnut shell crack initiation and expansion mechanism [ J/
OL]. Agriculture, 2022, 12(9) . 1446[2024 - 11 -30].
https ://doi. org/10. 3390/ agriculture12091446.

[8] T8, X2, FEEFE, 5. T Workbench &k J12%
Rtk A SIABRATTE [J]. ARHEHsE, 2022, 44(5)
17 =22, 36.



152 CHINA OILS AND FATS

2025 Vol. 50 No. 9

[9] HUSSAIN S Z, AMMATULLAH B, KANOJIA V, et al.
Design and development of technology for walnut cracking
[J]. J Food Sci Technol, 2018, 55(12) : 4973 —4983.

[10] WANG Y, WANG Z, LIU M, et al. Design and

evaluation of pneumatic impact — twisting combined walnut
fixed posture shell — breaking mechanism[ J/OL]. J Food
Process Eng, 2024, 47(2); e14553[2024 — 11 - 30].
https ://doi. org/10. 1111/ jfpe. 14553.

[11] GHAFARI A, CHEGINI G, KHAZAEI J, et al. Design,

[

construction and performance evaluation of the walnut
cracking machine[ J]. Int J Nuts Relat Sci, 2011, 2(1) :
11 -16.

(12] Flal, AN, EaE, 5. st U pkre L
Bt SRR T]. iS5, 2016, 32(8) : 87 -90.

[13] skRVER, ASRT, HARRT, 45, 5730 1 Ak PR A AN ) it
TRk e A E 5 LI ], RALIEHESE, 2019, 41
(12): 22 -29,36.

[14] BEE, skBE, T, . G EAZRkGER) DAL oeE H
WereEtEfe AR [T ] Rl TR~ 4k, 2018, 34
(19) : 300 -308.

[15] %, sl "R e it ]. PR
PLAL 4R, 2015, 36(2) : 116 -20.

[16] A%, s, sm U i 7e U i) PR AR ST
[J]. &HUEFSTE, 2015, 37(6) ; 201 -203.

[17] 362, TR, W, 55, SETHRSHET I £ KF0 T
JPTE R 1) E i g [T ] Aol U, 2022,
53(7). 122 —131.

[18] RAMALINGAM M, SAMUEL G L. Investigation on the
conveying velocity of a linear vibratory feeder while
handling bulk — sized small parts[ J]. Int J Adv Manuf
Technol, 2009, 44(3) . 372 —382.

[19] KLEMIATO M, CZUBAK P. Control of the transport
direction and velocity of the two — way reversible vibratory
conveyor[ J]. Arch Appl Mech, 2019, 89(7) : 1359 —1373.

[20] 2= 38, fymn, #hoe, 5. A)Jeali Eobs i AR g iscit
SR [T R AU 4, 2018, 49(S1): 108 -
116.

[21] XUBIEL, 240, SREMS , 55, RVl oy D) I pb
FELELM T SPEREIRER [T ]. £l AU =4, 2016, 47
(7). 266 -273.

[22] xR, £, Rk, 5. IR IERNALLL 5 IE B
TR BT S (V] RV HLRAR, 2018,
49(5) . 108 - 115.

[23] JSE, TR, RIBIT, 5. BRUEBEY PR 2 R
ol ]. PEAHE R, 2024, 45(3) : 111 - 116.

[24] ks, w70, Z&ffi, 5. WA SRLHERP a8 0T
HLI]. Al TARE R, 2024, 40(6) : 181 ~191.

(k3% 143 W)
2.6.2 W AR A X

A AR R (BN B s B T 45 8 1 1 0, 3
WG R ZRHER AR E D 5 IR E LB PR 5
Az B 5 A SC B AT KU BB IE A 2 R IR
[ELINREN 7z

B 2 T XU T SO B 8 5,
T JE A AL BRI TS FTRE MRS s IR )R
bR XU 2 [R] 38 KB A e T s 38 i T 82 1, Ak 3
MEREF K
2.6.3 JEAX AT

DR B VRORR I 4 1 A oy e 34, AR L
AR MR Z 0] 1 238 J2 FRAIG, 8 R A b A 45 HfE
BEN,

R s R AR o e IO R A IX R IR R R A
G0, T B N AT U XA Bl — e A KU ]
S BUR TS B8 15 00, 5 BEBC A N TR T RH 2, i X
J5 A MRHE K A3 AR IR 7 , 2 B0R Z R HEAR R AR
7, o LR BR 2 R I R AR

3 &

A5 1 [5G U A5 48 1) 3 XL R 3 DAL (R
AN 7 KA A A 7380 X)) X 6] — = # ik 1K
SN FHRCR, &I H I XA L, RO A AR 1) 38
IR T HC 2% 0 2R 4 DX 38 USSR AN i n) 8, HL
T TN LR, A 8 2 1) 38 KOG R HE v P X
BRSO AN I I, 38 2 78 38 XU e 3 56 P A2 1) R
BL, AT I iR XUHIL A 7 R s el XL BT A SR A )
e, oAb, LA AR ) XU 2 XU L, K
Sy BEIRE R, BEFEAL M o
S5 3Hk:

(1] e O REAGC AR ENFLT]. R
3% ,2014(6) : 23 - 26.

(2] A, EAEN, BR 2, 55 SR 68 it s M R G FE 4
Zeim KA R F BT[] BUAR &, 2016 (1) ¢ 122 -
126.

(3] WA, 3722, ek, 55 v B 638 XU R B2 R 5%
[J] MBI A ,2001(4) 32 -37.

(4] RAGHER, SR ZE40, B, 5. ¥ B 6 4% 38 KU AR 5%
[J]. A ,2020(2) .8 - 14.





