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Fig.1. Crop handling mechanism with slop changing ability: 1- Input tank, 2- Electromotor, 3-Sector represents the
angle, 4- Regulator lever of angle, 5- The outlet gate

Table 1- Technical specifications of tested helix conveyors
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Fig.4. The effect of blade diameter and dope angle of conveyor on volumetric efficiency of inclined spiral conveyor at
100 rpm (left-hand) and 500 rpm (right-hand) of helix
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Table 3- The specifications of multivariate linear regression model obtained by SPSS for inclined helix conveyor
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Table 4- Analysis of variance the effect of the diameter of the auger blades, rotational speed and slope on the
volumetric efficiency

Ol o £90200
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Table 5- Average comparisons of volumetric efficiencies based on Duncan test (5%)

o 033 i o 033 55 ko o 033 ol 03 a5
The volumetric Slope Thevolumetric Rotational soeed Thevolumetric The diameter of
efficiency P efficiency » efficiency the helix blades
13.006 a 30 9.111a 500 13.7052 225
15.304 b 20 11.615b 400 15.556 P 175
17.094 c 10 13.987 ¢ 300 16.142 ¢ 13
17.398 d 200
23.560 e 100

o Oladily 2o yd ¥ 1 28 awgie jobods el (Slh93 s
Sy a8l Ly &S oo Slaias b o NS (yle G
ol Jlisay g bl (2li8l nails S50 51 52,5 (59,00 male g
Aol (R e ooy (sl 3 aaly (655 )L ol
U sy > < Jguaime Jli) drgly il b oS ol s gl
o il 31 5B IS jsba b IS oo 033l (oo
e Juil 3 (oo 0djl (A o5 1 rle Al
Cuosd 5| uale 6353k el il 51 ) Canl (S ¢ Jgraree
aS Cowload ol s sl YL JGnl sladsgly o Al 4 is

oo 03k ¢ Sy9 s GlEI L 395 oo oamldie 42 lix

Ulgi oo s ol sl o GialS ole dlE daw o )
B e 4y Jas 3 ballis e b s o 130 ] gelauslyey
otalS ol el ol i ez codils a8 (lalasMe
Behroozi Lar, ) sebxl o a8 ez 035 ialS & cud b
Olie comete 553 GaliSl il (oSl Eg0ome > (2006
S ) i taljdl alie Jg b o SRl o> 5 (359 Jli]
A g bbb (Bl 550 (A 0358l L (e 5 (g JWasl
Ol BBy 00 Ve g el & S e ilej] @l



i

re Sl g B9 53 (e ylo SAWE oz 3L Ok (il g (o

Zanylo slaalld aw jb )5 o 033L o i & Lol ol
L ol 5lasl 4y a0 Yoo B Ver Gy g0y )0 (328565 D90
U5l b e 05 JUiS) o 5 (59 Sy ]38
dw yp 3> () e ysbods ez 033k b cb > Jgae
o> 035k (e B Jlad 1) g GEalS (oo A
23S plled | (masuie A9 g 99 whital Jpaze JUil >
033 03 (o 3l g (H8ly plie (o (Shser o pS
Sy Jis 13 g +IAAANFIS §| Jols Jie 5 oo
Jae oy Liss a8 ael cwnas, +/AF SPSS L as o puiienis
63y Slae lasutio duglio b 397 (53lel o 5 55 380 ANFIS
boogs 45 (gl Ly opiiS (slaails Jlisl )3 e le (sloalis
JUEsl > culdie glaced b (omle ladlls gl 1503 (piime
JUl agly 5l 48 ALb askdio o2 005 LI5S 0 slaails
duslio ;0 puS slaaily Jasl oo 035y (Zojle sadlls
A5 A b ceplplis 29 13 stne WelS )b (glaatly Jlisl |
Sluogad ;36 cov god B b (Zemle lodls 5 Slas
2 1,8 sl blge

References

398> b JUl el 53 (orle B pule (650 cud b
oliiste Cawl dlge 28l Bl Candg 13 (£05,L Cud b pawS
(McFate and George, 1971; Srivastava et al., 2006)
oz casily s 555 S8 b e A oS 208 )15
Cowddy gl b oS ccunl jiSa S Jlad b laadllis 4 Cos (gt
9 A 9 Y J9‘..\_> c\_uu‘&.n \_$ .D)‘..\_i k.,‘J.’UQA ‘j_..a?u u_t] PN o..\_oi
b5 1) dom nl Olg o0 A 5 Y oS )3 dbgiye sl lages
0ged 4 Juols (sla Jos 4y oo MSE o1 y3olde &y 4 b oS
e pa) bl o Jre 4 s (+/VVg /AN o5 5 )ANFIS

Wled oo b 1y aisej o) 3 ANFIS SSay (5l Jie YL

S 5 4o

U Gleeds ool A& (60,Slos dasuie 3855 opl 50

Wb (g JUES] G g e (93 Sy (gl L3
0dlai il 09 90 KaSds 5 (o> 033L s (60 Slos duasiio
L5 A oy SPSS (SLaSas ol slo 1o s ANFIS ]

1.

Arkhipov, M., E. Krueger, and D. Kurtener. 2008. Evaluation of ecological conditions using
bicindicators: application of fuzzy modeling. Paper presented at Lecture Notes in Computer
Science.Auger Flighting Design Considerations. JUN1993. ANSI/ASAE EP389.2.

2. BehrooziLar, M. 2006. Grain Combine harvesters .Agricultural bank Publishing. Tehran. (In Farsi).

3. Buragohain, M., and C. Mahanta. 2008. A novel approach for ANFIS modelling based on full factorial
design. Applied Soft Computing 8: 609-625.

4. Burr, M. S, M. F. Kocher, and D. D. Jones. 1998. Design of tapered augers for uniform unloading
particul ate material s from rectangular cross- section containers. Trans. of the ASAE 41: 1415-1421.

5. Cheng, C. B., C. J. Cheng, and E. S. Lee. 2002. Neuro-fuzzy and genetic algorithm in multiple response
optimization. Computers and Mathematics with Applications 44: 1503-1514.

6. Dal,J., and J. R. Grace. 2008. A model for biomass screw feeding. Powder Technology 186: 40-55.

7. McFate, K.L., and R. M. George. 1971. Power-capacity relationships of nominal 8-inch screw conveyors
when handling shelled corn. Trans. of the ASAE 24: 121-126.

8. Metin, E. H., and H. Murat. 2008. Comparative analysis of an evaporativecondenser using artificial neural
network and adaptive neuro-fuzzyinference system. International Journal of Refrigeration 31: 1426-1436.

9. Moysey, P. A., and M. R. Thompson. 2005. Modeling the solids in flow and solids conveying of single-
screw extruders using the discrete element method. Powder Technology 153: 95-107.

10. Naderloo, L., R. Alimardani, M. Omid, F. Sarmadian, P. Javadikia, M. Y. Torabi, and F. Alimardani.
2012. Application of ANFIS to predict crop yield based on different energy inputs. Measurement 45:
1406-1413.

11. Nicolai, R., J. Ollerich, and J. Kelly. 2004. Screw auger power and throughput analysis. Paper presented
at ASAE/CSAE Annual International Meeting, Ottawa, Ontario, Canada.

12. Nicolai, R., A. Dittbenner, and S. Pasikanti. 2006. Large portable auger throughput analysis. Paper
presented at ASAE Annual International Meeting, Portland, Oregon, USA.

13.

Regan, W. M., and S. M. Henderson. 1959. Performance characteristics of inclined screw conveyors.
Agricultural Engineering Internationa: the CIGR Ejournal.



14.
15.

16.

17.

18.

Safety for Portable Agricultural Auger Conveying Equipment. APR1990. ASAE S361.3.

Serge, G. 2001. Designing fuzzy inference systems from data:Interpretability oriented review. |[EEE
Transaction on Fuzzy Systems 9: 426-442.

Srivastava, A. K., C. E. Goering, R. P. Rohrbach, and D. Buckmaster. 2006. American Society of
Agricultural and Biological Engineers. Michigan, USA.

Terminology and Specification Definitions for Agricultura Auger Conveying Equipment. MAR1975.
ASAE S374.

Zareiforoush, H., M. H. Komarizadeh, and M. R. Alizadeh. 2010. Effects of crop-machine variables on
paddy grain damage during handling with an inclined screw auger. Biosystems Engineering 106 (3): 246-
254.



Journal of Agricultural Machinery @ @ i 319U s milo a4yl

Vol. 7, No. 1, Spring - Summer 2017, p. 234-246 ] k.‘:;f:ﬁ'agza YYE-YET Lo AT Jgl Jhamess b)w Y oals

Study and modeling of changesin volumetric efficiency of helix conveyor s at
different rotational speeds and inclination angels by ANFIS and statistical
methods

A. Zareeil- R. Farrokhi Teimourlou® L. Naderloo®- S. M. H. Komarizade Ad*

Received: 04-07-2015
Accepted: 13-12-2015

I ntroduction

Spiral conveyors effectively carry solid masses as free or partly free flow of materias. They create good
throughput and they are the perfect solution to solve the problems of transport, due to their ssimple structure, high
efficiency and low maintenance costs.

This study aims to investigate the performance characteristics of conveyors as function of auger diameter,
rotational speed and handling inclination angle. The performance characteristic was investigated according to
volumetric efficiency. In another words, the purpose of this study was obtaining a suitable model for volumetric
efficiency changes of steep auger to transfer agricultural products. Three different diameters of auger, five levels
of rotational speed and three slope angles were used to investigate the effects of changes in these parameters on
volumetric efficiency of auger. The used method is novel in this area and the results show that performance by
ANFIS models is much better than common statistical models.

Materials and M ethods

The experiments were conducted in Department of Mechanical Engineering of Agricultural Machinery in
Urmia University. In this study, SAYOS cultivar of wheat was used. This cultivar of wheat had hard seeds and
the humidity was 12% (based on wet). Before testing, all foreign material was separated from the wheat such as
stone, dust, plant residues and green seeds. Bulk density of wheat was 790 kg m®. The auger shaft of the spiral
conveyor was received its rotational force through belt and electric motor and its rotation leading to transfer the
product to the output. In this study, three conveyors at diameters of 13, 17.5, and 22.5 cm, five levels of
rotational speed at 100, 200, 300, 400, and 500 rpm and three handling angles of 10, 20, and 30° were tested.

Adaptive Nero-fuzzy inference system (ANFIS) is the combination of fuzzy systems and artificial neural
network, so it has both benefits. This system is useful to solve the complex non-linear problems in agricultural
engineering applications. ANFIS by linguistic concepts can establish and inference non-linear relationship
between inputs and outputs. In this research, generally modeling was performed by using toolbox of ANFIS and
coding in MATLAB software. Five important and effective factors in modeling were optimized until the best
ANFIS model was obtained. The five factors were: type of fuzzy sets for inputs, number of fuzzy sets for inputs,
type of fuzzy set for output, method of optimization and number of epochs. The statistical model was done by
using SPSS and in the multivariate regression method. In multivariate linear regression in statistical model, the
independent variables were auger blade diameter, rotational speed and the angle of dope of the auger and
dependent variable was volumetric efficiency. The factorial test in randomized complete block design was
conducted for variance analysis of volumetric efficiency. Mean Comparison of volumetric efficiency in different
levels of factors was performed using Duncan'’ test in 5% level.

Conclusions

In this study, volumetric efficiency of spiral conveyors was investigated as a function of auger blade
diameter, auger rotational speed and slope of transfer. The performance was measured in terms of volumetric
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efficiency using ANFIS and statistical models with SPSS. The results showed that:

Volumetric efficiency amost decreased by increasing of rotational speed, for al three conveyors.

Maximum volumetric efficiency in all three spiral conveyors was in the speed range of 100 to 200 rpm.

Volumetric efficiency significantly reduced in all three spiral conveyors by increasing in rotational speed and
slope of transferring in spiral conveyors.

Effect of spiral conveyor diameter on the volumetric efficiency in product transferring was irregular and no
specific processis appeared.

The correlation coefficient between the actual and predicted values was obtained as 0.98 in ANFIS model
and 0.94 in multivariate linear regression with SPSS which showed the ANFIS model was more accurate than
statistical model.

Comparison between performances of spiral conveyor to transfer the seeds of wheat, with results by other
researchers that has been reported for spiral conveyors with the same slope to transfer of corn kernels, was found
that the angle effect on volumetric efficiency is quite significant. Therefore, it proves that performances of spiral
conveyor are impressed by characteristics of transition material considerably.

The maximum volumetric efficiency was corresponded in rotational speed of 100 rpm, inclination angle of
10°, and blade diameter of 17.5 cm that it was approximately 29.11%.

Keywords: Angle of transfer, Fuzzy sets, Helix conveyor, Optical digital tachometer



