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Fig. 1- The fertilizer spreader used in this research and its various components
(a- rotary disk, b- feeding cylinder, c- adjustment lever for valve openness, d- adjustment lever for feed position
on rotary disk, e- chassis, f- blades and g- reservoir)
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Table 1- Some physical and mechanical properties and ingredients of used pellet fertilizer in this study

KW 1551 Slado S
(%) Ingredient Value Property
N
15 S STy 12204139 (oo 2o 2 )55k 153 il
P20s Particle density (kg /m?)
2 ety S| 704148 e e 2 pS) 035 i
K20 Bulk density (kg/m?)
56.09 o e 42 @9 Jis 2oy
Organic matter Porosity (%)
26.91 S o 7.51+0.84 <k 28
Organic carbon Pellet strength
”s 3,55 03 031l w5 SWlao! (Sslial oy
S Static coefficient of friction on galvanized surface
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(S8 59 wb ) Cogb, Dynamic coefficient of friction on galvanized surface
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Repose angle (degree) on galvanized surface
54+3 (J“‘D)')) “"J‘, LS)LL.’.L:’
Pellet durability (%)
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Fig. 2- Used poultry pellet fertilizer of this study
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Fig. 3- Schematic and technical dimensions of investigated blades in this study (blade thickness is 2 mm)
(a- control blade, b- trapezoidal blade, c- angled trapezoidal blade, d- spout blade and e- angle blade)
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front view (a), top view (b)

1- Transverse Static Pattern

2- Total Transverse Spread Pattern
3- Explicit

4- Coriolis Force

5- Centrifugal Force
6- Gravity Force
7- Friction Force
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Table 2- Specifications of the materials for software simulation

SHU8) poles
Behavioral properties

(opmdus a0 ¥+ ) o Sk b a5 5 S AN
Air (30°C) Ground Disk and blades Pellet fertilizer
. e ° \ - I
1.16x10° 1.25x10° 7.80x10° 1.22x10° (e e (on 59k 0,3 el
Particle density (kg/mm3)
Sowley Co s
0.5 0.3 0.2 ‘ o orTRERe
Poisson’s coefficient
15 200x103 50 S e
Modulus of elasticity (Mpa)
0.01 (0599) S g9

Drag force (N)

holss olys
Interactive properties

Dynamic coefficient of friction

Sl Shasl oy o
Static coefficient of friction

ady gy ey
0.5 0.7 b4l
Pellet to pellet
0.2 0.3 _ A g Sd 4 ey
Pellet to disk and blades
Sk el
12 13 Pellet to ground (Yinyan et al.,
2018)
ol (93,8os (sla el )l
Functional parameters of the spreader unit
8 i olass 540 (488> » 25%) sl 4gly s oo
Blade No. Angular velocity (rpm)
a3 A alj @35 Joe 700 (s2e (shes) e 51 €85
90° trigonometric angle Feed point height from the ground (mm)

el 395 olel ol
Geometric properties of pellet fertilizer

4-21

(2o (o) sl

Diameter (mm)

(2o o) s alol

Length interval (mm)

piulojl 098 Sidy crilo
K;a;lf_;:..iuﬂ 345 it yuiile 3l oola il
O—le 5 9515 5l eslial &g, 0 BAo e
S Gl il ;58 S olSel (ilyasS
i ol 3 i 5 0SS a3, il
Ol S A0 g oy Gy b s g 0aldly
ABilesT isu (6l sacs aslu umile 09 00
ol jgae CB8 Sags SO el oY JS8) 055
g Ol 69y 0ab >lb e like slaaisas

.Y

Oyl L Gdaie 0o ool &gy (g0 tpud
TSP (5 ,-Sojlasl L as 6 Sojlas! biwg! usl
g CE BCSPS SRPINE || P CE R IV e
(Van ol cwoday )58l 5 g, 4 (TTSP)
Liedekerke et al., 2009; Villette et al., 2017)
Otle S 55 )18l 5 b (i el (sl
s it @l U as colu eal;l sy

D)5 oy il laars b



g 55 Lhdly poliiods 35 50 5 205 LSS 3, Mas g

U)sowA BCA_M:‘ )_».A‘;L\.Avf’ )‘90 Mo)hs
4_?)0 NG 3\_:5‘) l_: J_’LA &_4)9_»44_: MO Ja:..?tb)jﬁ

Sgdisn eai Jlail Jome 5l (5,500 glad 4 o

s ool as ccul 655 5l 3,85 bogS iile

() 295 il (g o0 L il (o2Blg JSS g (Comwl)) (2R Lo T 365 iy omile 3,15z b ¥ USW
Fig. 7- Schematic of laboratory fertilizer spreader (right)
and the actual shape of the machine made for fertilizer spreading (left)

Spread area

555 (yimiily B3gusme g ((TUlio a3 A+ Aygl3) ,lod Swnsd (59, 395 Wi Jomo —A JSi
Fig. 8- Feed point on rotary disk (90° trigonometric angle) and fertilizer spread area

Smd 35 50 Ay S an il dhali gl 5 a0
oladas U gllas cadgl oladas ool s asl
59— lydsS A dns Ayl gl g 4y dss A lals
FSi) slaln s b az 09 Cmdge jo sl
= 5 l90 S—d 5550 5l e e Fe AL (A
Cpmdgo by Grlate) 4l o p, S0 iS5
o (etle 995 @92 Ol p 0l Sleckais 5110
() Lodaz 4y Cod 30 jlao Sugo glay | o
5 ol Vo L il sl ptalssl s gl
Or—ile sl oad sleiiy 6,5 el L —late
b I s Layssjl o Lol asllas 5,5
a0 lg ol SSa o Bolas Mel_s

.y

ol Sl jsse Sol ookl Ly St

‘SA_M.J‘ 3999 u‘ss_L:S VO (5"_“" 0‘9_’ l_: u.:jl_uuc
oolai_l =2 «_i_’ )| A_>).>‘_,’_A d_s..«:..éo)_g)sé YO -
L yao e oSS jose 590 petd (LSl L5 0l
e g y90 S 3100, 8 olonlaads o 90 VO -
o g Se—d (252 )90 () n $l—
=90 e s A Gy jelaled e Ol S
Gﬁé_i‘ﬁ.: )"0 490 L: d.aLb.a) 4_9.4._9.) — )9 INE
Saad SO 0 05 lacly as eolawl (ST
Jr=S jetdatedy 0l e B, Sewss YL Cand
Az dw L a8 50 )l dcgozmo dndss Al

g glalie dgly wad glay | o Loy (ol o 605]



AF-IYY o/ VPR e 9 jarls /Y 0ylodd (Yo i/ 65,5UsS (gl 5o o Wrdilobis coligions

o g b
=29, slsosls 5l glaSgai A S5 po
03,91 alizd ;o po oy lmosS il (ol il
X o w5l S 2 gl Laools oyl a S ou i
Y s aind o Loy lis ) Z (ibly s
oy o3 il slacogsr sl (Gt Jsb)
P ool wl L o o iws )0 e &g
20l glaccdy (LSe 45 04 oo conlin A
ol —ali c a8 Z sy o 4 laxd
O algy o e LBre glal ) o Lnools

a_las] R o ‘) 03— u_:l_u.: le_(b;,\_l.: (GO—d_w
WO X=Y dxa o an by slaosls 0 S anx i
Iy a—dol ol oMbl L ac L d oo oL Lol

oz Lol o,e i 0L o S ) 0 51—

FLSF sl lal, Ly gildae (il obly oS08
i b ey el Sy S,
A oolaiwl R yuiie olgiea

n
_ 1
X =- X, (i=123,..,n) )
n; SD
X
1
n - 2
_ X —X) 2
SD—{Z l (n—l)} @
i=1
‘Q—‘ )Q 45

(p,5) oo oaxil 855 xew polie pSSls =X
ol o.\...wl.a 095 M )Jol.a.o )l.um )‘ d‘)yu‘ =SD

(3 (900) bl (319385 e 4o j0 =CV <(p )

Time (s)

Z bl glp edy sogs bly (sl 5138l 5 (o2 955 Hlogai 3l Slaiged -4 JS

(Comslj20 &y B 1 S b &S 5> G yams 1510905 bgas)
Fig. 9 - An example of software output graphs for spreading pellet fertilizers for Z axis
(graph lines are the paths of each pallet separately)

5 G B g e S o bas el
masacyie Job ol Leasd oo il (oS>
Ol la e 50 958 (mez (Al 1oyl Es
oyt O 3 =5 bl (b ye il 55Nl as

3y S0 Al o, Baa Ly adly 0 0,0 s

e M )‘ N !: ‘u:. :”l{‘ L..A"l @5
ookl oy 4o eST 5 e S > Pl o la il
D9 s

\-¥

ool —wl g Y g X o s sl—nosls 5l

o5 wleMbl bws! il (_ngQH)"I D, sy
oty ae e 0 0e 5 il ldes SsS> 5f
P gas)ie Job o oS ol asslis as ol ac 50
eile (28,5 51,8 oo 5l 93815 e S > Cg



Gy 295 yinily joliiods 3550 5 52155 (il3gS 2 Slos 29

Gl oz Ul il lae Glocal o slilie
Sl 5t e e (6l)5 ey S0 0 B
ddaai o ol J 8 g oleadas s Ll s dss
ool me i YL 0> S SLlie &m0 VA
DS e S5 2 (539 op)lERe Seemes d 2BL Su]
B Sygodn e e il oS Sl cnl b
ool wl b goammo j0 9090 cleiS 8 g Jolato
Lty ool e Joleite il (lg omed wals 4
Sz 1) 4 (bl pgid a5 0,5 sboml (tle
b i LS o ab ey glasgs il
o -V i) gla 5590 & a5 3l oolal wl g a s
Doty (Bl 655 aS 5,8 ssaltne Glos s
Pre 0 Gl (Sl e Ao g Sl s
5 &8l el o e Vo) ol J57 il
Bt 5 IFA 5 IOV oy i Ay Gl
N g DA il e e (= 1Y) 5 il
lsangly laiiyed dss =l 6l ot aule
oy (@) ) JStW il oS
Sl 5 tb e po Bl (Bl S e
5138 by e Galeil 5 o))l 0 >
9 P7 lp e e Bhe Bl (o 09 /A
ey e o ] o s - OV
S8 slaiized (Al go)lgms shls sladijgd das
2 polie (Sealisgnl slog i (halS (ol 4 0
A 8yl9md 5l aS 0jlem0 Sl (i s
Loass @V dd o8kl g ad sl (laiigd
Lol ool Joled (g Coommwd a0 YO 45
Lol oS ol |y 00y a5 6,90 o uals
Slodhats bl ;o iz e sao oo Lt @l
o9 0% e an o) (6l s b oad S
P S plgs Jlsagly glaiijed dss aiSs
iy Ll s e oolisnl (glaiied da | dulie
b 5l el glaied >k 0 055

isg ohb sl o bl o Hloagly laasi3ed

1+0

@ lize gloass gl (TTSP) S bl —2
03,51 (—ialejl 5 wsS LT L (g5lwa s cll> g0 40

(f>.9)'> )‘ J.@l?- @L».: )_».e‘_’ a_m.’l.u 6‘;} el 00
:"l?,. .

r—le Ly (ol slsposls 5 5Sle 5

[

03,51 J=5 5l ooy & ye—oa s Lasols o a8 il
ol Gl glaais (ialy 5l Jols gls s
5o wald A 5l e an el 9o e 0 a5 des e
@Yl o ys cul o )lite il Leass 500
2= 83gdma 5 3 (0o ,oV0 5l i) i db
Olod 45 355 s ouptly y e+ L5 e -7 2l
Al 8y b jleant IS pe il oye
L SS9 s Gidly Yo 5l (oSG amal onijlw
2 i Jybo gy oS wanl s A il aalir
9 S5 el b slmais pla b alis
S e 5 Sk S8 05 5 e Soely wis o
3 9 :idl Leasd (g9, (6,5 Gl lss S
g e o)l 355 il axes
@l el A o il (Bl iSh e Ao o
o3l 5 6l lp 5 el o (S5 il oye
S (¥ oz 00 dealoee 1/ 0 o VIV s iy
5 Sl 00l () glpasd s 0 CV (0 SV
Loa s plw b awlie ;o aalls dsd aes oo olis
bl 55 8yl oy Bl SIS,
el 3 oo 5 6)l8le s b o e s al sl
) S e e e 5y s inle]
Sg- s wyeme cawlial iy slagSl I as (Ll
sy 9 isdS Slslllas gl (Anon, 2009)
ks sms e ot e tle Al slage s ue
ol Jolete Ly )lie s ol il 4
a0 dw ddats dallae ol ol sl g 0,0 055 @Iy
05l AT By b 5l oo Aoy Al Uy gillae
ol e U ot e 5 el oL 8l sl
Bymals ;iaS L i slsangly Coonay i LS



AFNIY o/ VTR (biano g 3l VY 0ylod [+ ala/ 65,9LiS (ypmmnl juilSn 5 railobo colisiios

(Slogls g loagly slasiied wal s slo =l b L

L RN 25

— o—& ] sr—w s

Glaiized A as L awlie jo o] (oB1eS0 e &> 0
Jbe J5 o oy o P e—n s S 20 000
W] IR i aS o vl

. °‘~>Ql A (5[. S .:!

u.’.

Y S8 Sl JS e il 5580 g
5 e o Sl Bl Su e Az o5 (0
doloe <IYA 5 <AV o ey Bl i oy
5 o=V ) i A b gl e
awlis o aS conl mhvs Ojpvan il 56X

--@ T TREMA

Spread (%)

Transverse spread (m)

= = R?=0.90 \

Spread (%) -

Transverse spread (m)

4 Spread (%) N
- =) - eR2z091 - o ShlesT

\_ Transverse spread (m) J

4 Spread (%) N
- =td) ool
- R2=093—0 = = - = sl

Transverse spread (m)

Spread (%)

e Al Liaa)
FrarioveT ot spgrtdu {111y

iz goaka (sly oilo3l 5 waTLT Hl33le 55 b oud (55 lwamnds Sl 93 40 L (6 58 Ginily (595U dunnylio -V S
(&5“““" -e “sﬂésu -d 9‘.)4.15‘} 6‘“")90 -C “5|4.ﬁ3)'55 -bwali-a)

Fig. 10 - Comparison of static transverse spread pattern in two modes of simulated with the abaqus software and
experimental study for various blades
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Abstract

In this study, a software model was developed for the spreader unit of a centrifugal fertilizer and its spread
performance was studied with different blade designs to recommend the best suitable blade for spreading of
the pellet fertilizer. The blade designs include trapezoid, angled trapezoid, channel (U shape) and angle (L
shape) that were compared with the control blade. In order to validate the software's results, a laboratory
spreader device was fabricated based on a commercial centrifugal fertilizer machine. The spread pattern of
the designed blades was investigated experimentally in a completely randomized design with three
replications. The influence of blade design as the dependent variable, on Total Transverse Spreading
Pattern (TTSP) and Coefficient of Variation (CV) as the dependent variables, was investigated to achieve
the best design for blade in the experimental mode. Results showed that the trapezoid blade, among other
blades, had the best spread performance with in the effective swath width during pellet spreading
(CVv=0.18). Other blades were ranked as angle blade (CV=0.29), channel blade (CV=0.38), angled
trapezoid blade (CV= 0.57) and control blade (CV= 0.64) respectively. This ranking observed for both
numerical software and the experimental results. Investigation on adaptation and compatibility between the
software model and experimental results showed that, for all blades designs, there were acceptable
agreements between software model and experimental (R?> 0.90).

Keywords: Abaqus, Blade Design, Simulate, Stationary Spread Pattern, Variation of Spread
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