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Introduction

Walnut (Juglans regia L.) is a highly valued horticultural product, and significant efforts are underway to
enhance its production in Iran. Despite the development of various tools aimed at increasing productivity and
improving harvesting efficiency, over 90% of walnuts in Iran are still harvested manually, often with the aid of
specialized tools or by striking the trees with sticks. Although numerous mechanical devices have been
introduced, the considerable height of walnut trees and the asynchronous ripening of the nuts continue to make
traditional harvesting methods predominant. In this research, a novel walnut peeling system incorporating a
horizontally rotating cutting plate was developed and evaluated. The cutting plate, designed with specific
grooves and curvature, aims to enhance the mechanical efficiency of the peeling process. This analysis
investigates the influence of rotational speed and groove depth on system performance. In addition, the life cycle
assessment is conducted to evaluate the environmental and operational impacts of the proposed system, with
comparative analysis against conventional peeling methods.

Materials and Methods

The designed and constructed system consists of three main parts: the container, the rotating disk, and the power
system, which includes the electric motor. The rotating disk, as the heart of the system, is made from a 1.5 mm thick
steel sheet with a diameter of 640 mm. It has been laser-cut with sufficient precision to cut and transfer walnuts. The
third part of the system is the power unit, which includes a 3-hp, 1400 rpm electric motor. Power transmission is
carried out using a V-shaped belt. In this system, the product is first collected from the designated garden and stored
in equally weighted bags. The rotating plate is the most important component of the walnut peeler, essentially the
heart of the system. On this plate, there are 12 oval grooves, each 5 mm in diameter and 150 mm in length. One side
of each groove is raised, with a depth that can be varied. Increasing the groove depth increases the amount of peel
removed and exposes a larger surface of the walnut. The plate is connected to the driven pulley and then to the
electric motor via a shaft. In this research, a life cycle assessment was also used to evaluate the impact of various
parameters of the walnut peeling system on the environment and its pollution level.

Results and Discussion

The findings from the variance analysis regarding the impact of groove depth and rotation speed on peeling
percentage indicate that variations in plate groove depth and electric motor rotation speed during walnut peeling
are significant at the 1% level. Furthermore, the impact of changes in the groove depth of the cutting plate on
machine performance and the reduction of walnut losses is substantial, showing significance at the 1%
probability level. The effect of this factor on the amount of damage to walnuts is significant at the 5% level. By
increasing the groove depth from 1.5 to 3 mm and from 3 to 5 mm, changes of 6.99% and 5.12% in walnut skin
removal were observed. By reducing the elevation of the groove, the amount of cutting removed from the walnut
surface is also reduced, and the peeling process becomes more abrasive. In this case, for proper peeling, the
cycle duration and retention time in the machine should be increased. By increasing the rotational speed from
218 to 275 rpm, the momentum and linear velocity increase, resulting in more green shell removal. Conversely,
reducing the rotational speed decreases the impact, leaving more green skin on the product. The interaction
between rotational speed and groove depth is also significant in the amount of peeled product at the 1% level.
The results of the life cycle assessment showed that the human health index has the highest value due to the use
of electric power, iron profile (in the system chassis and container), and copper wire in the electric motor
armature. Optimizing the system and using clean energy can help improve system efficiency and reduce
environmental impact.

Conclusion

Utilizing a walnut peeling machine achieves an impressive 94% efficiency in walnut peeling while ensuring
less than 5% damage. The results of the life cycle assessment showed that the use of a walnut peeling machine
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has less environmental damage than the traditional method and is highly cost-effective.

Keywords: Damage, Life cycle assessment, Effective productivity, Rotary cutting plate, Walnut quality



Ol 8 b 5 amir 4 om0 93 5 (S o gy G 5 Shes b5

Y@,@.’: u-';ﬁ é\-,a Joeo ce&i\@\.ﬁ:ﬂ s 6.:\.#:

VYAV el o)l
VEY/NIYY by o,

2SS

25U jodte cpl 40858 518 b)) 3590 5 (Bpme yigag iU S & oo 5 (bl bl L 93,5 (S Cungy olStud S (35 ol
Ol @l 8 )15 ) 0y90 St 9 S5 o b g (65 gy ol ol 5 Slhas b domiir Sl oo g lygd et e
93 sy 35 S o Iy Sgat0 (65 Cawgy CusisS g dBly il 935 S Cawgy oy oo olgd o Slygd sy il 31 b oS Bl
FIVE 5| Gl (6o yobods 4ids 1 590 YYY Sl ey 53 39 I xe Jguame 4 ] (lie 0 (4883 1 590 YYY B YVA JI) oy dxino
Sly s eS8y jlaie ialidl > 4yl ol 3gr 00,5 L 3gu0 (S Cemgy ljee Xz 3D 0200 o] dilols )3 eSSy (6lagd S Moy
2 b Gl ladiogy (5 Gy 85 03,5 00 ol Jled o Il ivren g Jpasme Cungy (SiuSd 5 S ol g Jpase 4 0l
9> ey 13 53,5 (Sl A gy IS 50 b pShas 2g; 3 sime 2103 D s 53 Jpuatme 4 sl 25l Bos b 35 s
] ety gl e oS W ol )3 Sk VW i e ¥ o S (s 5 4> 19 VA

9955 CulsS (DS by 4o e (6900 o) 433 bl ( Shdcul 1 gulST saojlg

,)led, (Ebrahimi, Sharifi, Rafiei, & Fatahi, 2009) Ll e
o9t g el (B g aihy Splagl (B gl e 3 Koo
) Jgmaze s Cangy 35 ol 3 Camgy ot it S 5
ot a S cwl ool i wlidss .cwl (IS o g M
Dgh 0055 Cawgy Cyguods o] Jguamo 45 340 031> Casyd ¢35
(g I3l g 000l (cloged g0t g3 S jio ) alasl isy
(Ghasemi, Arzani, & Hassani, 2012; s»3 oo cuwd jl 1) 295
Ale ol bl adgi (gl 93,5 51 ST o394 .Ramos, 1998)
393 Cuoudl Bjre 09 Mt g Wl 22,5 odliitnl Cuwle g iy yuid
ol opl s (Gachpazian et al., 2013) w0 L i |,
g odz b Wbl il S Cungy Lol ooy a5 51 S
Awgy jl jew Cangy lblis 20,5 o cel 355 dgids sol (pl Lol
slszy 48 a3l 31 ool gl iy 395 ploul iy s>
4 gy bl (e g o5 pobots | Jpazme (S Cungy
oy 50 Y5
Ol 23 92,5 XS UG agd plgiear (Bl ol
3y (693, 5 3)ls Jgmame ool Sl 3 (oo ik
o o) Jhe (39 Sy g S iy )9S Bblis 3l ()l
adlaie L8l )5 (ogatdy0f o g ob g 039 38y
9 S g pyS bl 45 el (gy9-b (Brlub)l
Joame Cuildy Yaare o cplas )b Sis g5 p0 o yliue;

dosdo

aS el £ Y qaxe 51 (S (Juglans regia L.) 40,5

g plosl pliml 5o o s 1 (el (0l laid
Jsmame ol i 4055 5 s S > 6345 Syl lston
gl ol g ol 5351 Jas Sl S (oo 90 lanc) S
13l ol opgl B g byl ey (> g bl el )85
o=! e jl (Ghafari, Chegini, Khazaei, & Vahdati, 2011)
Joo e 3 g St o (S g g Cully alopo Sl
(Makarichian & Chegini, 2013) ccuwl dl> o oy, S0y
L g o dliwgds codolcmmdts Jlpl (699,5 dops Ae Iy
6L @ledl g5 o 00> o b L pogase il I sl
syl oy Lol .slons it b Jls 4y b Jguamo ol cudlo g (gl
iy m jin (Jpare () ) (Siblen pis 5 (iS5 b
£95 > 5o By ) 93,5 e plosl gis ©goty Sy
39294 93,5 (A GB19Ss i (Jgae oL slacs)

S lia2,S oISl e 559 oS g (digs 09,5 =)
Ol by (2 oKL (Sl ine 09)5 Y

(Email: h.samimi@uok.ac.ir J gfome 03imr g — )

https://doi.org/10.22067/jam.2025.90199.1294


mailto:h.samimi@uok.ac.ir
https://doi.org/10.22067/jam.2025.90199.1294

VPF by F olods IO Ao (55 ygliS Goomiilo 4y piis €

gl Lo 5 03lisl amw sy b ol ras (o)l
Jsae diwg lp 2kl Gl 55 Jgae ()5 4 by
il §) Jgame (69, 3l o Cangy JolS 0 Sy (sl 09
» (Makarichian & Chegini, 2013) s o ooliiwl 30
L 93,5 o Y (Gl gl (g)bpaY cools I ol
odlit] _domy Hlid 5 4SS Cavgy (5 b ol e 1S 1 ealatul
A5 55 bl sl (o)lol 2l Simggy Cadgiome o 4 a
» .(Jingtao, Pengxu, Xiaoxue, & Ye, 2016) o5 48,5
6oglyd sl A opgliaton i 3850 5l 528 23l ) odmoy
(0S5 diwgy dy ;L8 sa bl Aol b oaliiw] Ay g 43,5
Sl i)l slp 95 Sl Yl 9 39 Jpamme 450 g guiitands
e ey el oy cwlio o L bt L,5 bl
9 55k Y G dm 22yl sl (o) YV (ljse & ditwgy
Gl oy L Wodly puomen 8l o 5la5] adBs Ve oloj e
Slains Ak yiiey oyl & 3l 555 S8 b slogd S
Ol 4 g () )3 90 o)Ll Bl oo o8 (22)k & wlels
Younesi-Alamooti & ) ¢l oaii o)lil Jgame clals
| e g Gllas oy ddss > (Mahmoodi, 2015
&9y — Tween-80 4 Ethephone i ib 5, 5l Jo—ame
o ey ¥ eSlis o Sles ol L ot 0903 edlaiol Jgmao
b lstal Sy Jolis a5 3,90 ol 38| o i1 o 5 231
Mo @jgmo |y Jguazme (ol (oudd ©jg04) & 29 dlo VA
.(Hussain, Ahad, Rather, & Naik, 2016)
elaailels s o)Ll iy lidllas ) 45 o bLon
Ciliee (gloytal)y b 5 428,55 )18 385 o)) 2,50 eabals
o=l 2S00 Byl el 48,55 Gy bl 5 Shes g LS
a ]y e il ol g Joame el pilas Syl baaslels
) e Gy ooy 0503 jaed (gl ladl pl 3 0,05 ol pers
d2rginy el yol nl 29 o odlital O | Jguamo Cangy (59,
3l g 039 it ol Glal el opl )5 33,5 o SWShe kel
Sl oole ol e diwg @lo i balws Jdo 4 K> B )b
25 51y olS Byman )50 Mlg 0 g 0392 pde Loy jlae
4S8l g 99,5 Cilize (slaan)ly (ool pas > & pizeen
Jymame 31 4y OF 0,5 o 118 sl 390 Jsame | g0y
Ot T s ol Ly gloggd (555 &y puasee 5o 5 005
SOl 3o o) J0 e b s duogs (pils slaoly I eolawl
o ang b Cul odd oolatwl 93,5 (68 Cuvs (gl e dilolu
amiio Uy 93,5 S Cusgy b woddgpSoilul (Solke ols
o)yt sl il ) dem el Lol g oyl Ly lg
Slabas (LS olie o )l s 5 (g oo 53b bl
dlolw Couj s > oLyl o pogMe 55 o 8 Sbs)l 3590

ST sloya s j3 g dtild 0)8 ado )b &S S5 olss o
2 g e Oygod b Jymaze (ol 9o 03 )9S p3ye
o3 okl 390 (dliee 5 (ol 9 (2138 Glge )3 19y g0y
o Cuwwg .(Rastegar, Shojaee, & Tajeddin, 2019) 5,5
S99 o0 B)S Y5 )3 52)93 jgods lge (S 3 & 93,5
Ziaolhagh & Zare, ) ceuwl wg,Sueiid g oyl 5T slgs
O )‘ u_.cb 9 4l L;ol.) t_B)..a.A UT o).u‘.u.u.g UT )J°9M£ (2022
9 0=l 2 9,5 3 Bl )5 (o lagsslon e glgil (13
JLs o LS OV VO g o5 YOO-¥A Lol jay o oS p5 adaw
9 o2 5l o Ol 3 9305 AP (g Glgis s VATV
o o 3y e (FAO, 2022) sl o 55 yol soxie YU
Jlo > 5 YAQe o+ 5l JLSis g (Sajlop g sorldl Lulyd L
oyl ccwl 4t JialS VeV Jlo o o5 YOO-FA 4 VY
ol bl 5l s o5 YFOF - W L u_é)..»ubub)ﬂ bl
ol ! 50 60,5 0aiS W) g aogd

5 Saglyb g caS s 3y lie o ol Jelse
ey Jold Slgige Jalge cpl )35 o0 p3L 9,5 (atn I3
U®9) 9 MI))J 040 s‘)d)LM J_al}c wuiS ddlaio d‘}h 9 c_:]
Rebufa, Artaud, & Dréau, ) asb ol 2,5 is g (gy9l,
Jomao gla Sy oo )Ll J_n|5.c 5l PIJS)A s .(2022
9255 SlaoS gy 3,5 o B b o8 g o Cangy sile
Slawily (Fygmods Olodl cpl plod g 0359 SWl oy oabais Lo
Lz diled Bibyy (Siien b (abaie &0y 1) ol )sliS 5L
osals 93,5 sl Sy 5l oolainl 93,5 Sixio g5 5 (o0lpa b
29 09— o 4 sl 5o s o)Ll &S b lod Lol Ll asdly
s g5 e wbae] Jl Slodl ol 4 55 13 (o9
o= i g Cowl 48,8 Oy dilobw cpl byl die; jo (Sl
S 4\_>)3 oalawl L 0‘9_»@ UT d..Lo> )I VOV LS“'B é)l.uo
Mcfarland & Saunders, ) jlhailis sl Side (Barton, 1956)
g5 0Ll (Cacho, 1978) (s58 sladss 4 (1977

5 2l Sciwy sl oliine Glodl B cla Jlw jo
Cowgy inlis (glp asSS) dlobus 1 udle o cuwl ol sl
A0) 392 by Hlaw wlole (pl ey Lol sl 0uds odlasis] 93 )3
slolelu y> (Trujillo, 2003) (o3 (Sab s )b gl asl
Oy Jya.’x.a .JJ.))f oalaiwl uJ.u.O.‘? 4;]9»»)] 0»9) )l u»;wy dl)}
bogad)S 51,8 b dlgil g Al go ang (glyl> &5 13 )5 gl
Cd)S o Uygmo Cewgy iulis Olles  Jawg ailgiul 590
ol JJ> 4 (Karimi, Minaei, Hasani, & Eyvani, 2008)
Dy g SowSd) wlal g oylud ad 5y Kl oseldgsga
L a8l domi o SO 3l slalol jd 09 piidy Jgamme ()0



B S (o Oygme B)ld (pen bawgs 93,5 fow Cowgy i
JUEl g 6pS gy n> Jgae 0355 95 9 325 slp e
Laga)S slad i (e 0 (U0l npj o 0 29y sag> S
o=l il o a8 (S Jla5 15 00 S ais ) (o Lo VO gSTas)
S9-bise Jpae (35 95 9 pj el o Glojen (glros! L) L]
3 S gy plail | g ST Al so 1 g 4il55 Coly o
Cuwl dsgaze  BlgT dilobw cdegosro pow Caomd 30,5 o dilolu
Wer copw g VP Gls5 b g ySUl Sy Jols lobs (ol oS
Oygo (Jor 9 JSSV dowss dluwgay gy Jlanl .caol 4dBs p ye0
Cygo pd dlbolw dy cylud jl 851> el yol pl DS 0
9l Cowdds (lym s aalgs o)L i clls el dgnga
20,5 o odlaiwl caliste cla oy g dows j goiie slacis yu
S pgmo Byl aan s SO 3 g (gilge ygony g Jlaz]
el wnl Joato doud 4 & (gygme 4 55,5 Jor 2,5 e
5 05 (0 g (S g Slides g 0ad Sud ohg
& Jldsgerme &S > slp 9 485 )18 (ol S5 (65 dsgene
w93 degoome WG] I S5l (sl 298 0 o3latul (S
Sl 2,8 oo )l 55 St (5, omej gdaw $9) 2 o
Jols ol Slszs 5 lalsio b ol pon 93,5 58 gy ailobor caliseo
2 Gl o Cand N g2 53 sja p (S g ojll > gy
b dcgesre yj e 9 Dlolw o S5 ol (sl lanl aelsl

Do o 03 pudgi Gliin b pais

S8 dlio 0yg0 (s oy b g 4B )5 B pd g (o) 390
sl 8,55 ol M (S wilabo K

g, 9 2lge
Of @lilatia g 93,8 (S Cou gy olSiuus ¢

oas a3l g o olb (¥ US5) Goiod ol o o clailob
e 95190 Sy calass Jolod  Jol Cond dw I e
als oy el oad LS canl jgige 9l Jols 48T ailgs
Sl 48 05 & S 15 55 5 ikt S S b caslize ailobus sl
Ve gl g e YO0 by wlgtl S5 4y o o)
o By bl dawg Oy )3 dizyn Ad (Shb e e
ol Sl oLl (] s 398 a5l g b 505 gy s
5y uo POy b Sl o 35 (slalginl O ygody &S daise
9 YL 5l Jgammo (639)9 b 48)S 1103 )3 yia o Ve v gl
ol a0l L V JSCh 0 oS (g )US a0 5l o] ey
V55 §y9 Sl bl B plgisas lgd Shws 35 (0 ©yg0
adlw g ohb e Joo FO0 Jlad &) 9 V/0 Culbus 4 K5 0o
o P BB S Oy 53 b Byg cnl Lo el 0l
ol s 59y 2 o pogde Al 4ty |, s S Jlasl 5 by
b layled ol sl ond 485 Jlas )3 pdw ©pgons (2l 5y
Sy Ol 4 55 5o g (i oS5 gty 45 31,
Slles g ad)S adols 39 adgl g jl 5o st oo 0 (I

sadaiSlo g b 5335 oS Cu Sz =) Jgae
Table 1- Components details of the designed and constructed walnut dehuller

k9 I3 Glisog FRPENCONFEINS
system Description of element Details of sub element
el S o 15 K5, L 0as S5y (o e V CenlBess cpin o Vo v 165l jin Lo $0+ 1yla8) slal 4 (ST37) )9
Cvlindrical shape Steel (ST37) (diameter: 650 mm, height: 700 mm, thickness: 1 mm), coated with
L y P waterproof paint
o7 3505 4353 ¥O apd b oldiaai yin oo ) Canlses b yio oo Vo 55 sio oo VYo slal &y (65Ys (559
Container S b )
9% O o)lpd
Paddles Stainless steel plate 130 mm x 130 mm, 1 mm thickness, installed at a 45°
inclination perpendicular to the inner container face
0153 )5 dxiuo (poisheo VO Colbuss «yio Juo £O+ 1 )ha8) 53V o8 59
Rotary disk Stainless steel (diameter: 650 mm, thickness: 1.5 mm)
L bl Fogsho YD as b S Gopb 3l (o JS5 4 )i VY
u(;ﬁtt'n Grooves 12 grooves in oval shape through the disk, with 1.5-3 mm depth
| " . . . s .
glateg 015 ol g ol g 3 dxio (33,5 bl gl (8 yiecsln VO oye 8 g S
Fixing screw A 15 mm screw and nut used to fix the plate on the powered shaft
s o Jeate oo Voo oo g foidea Vo jlad |y b
Shaft A shaft with a diameter of 20 mm and 300 mm length connected to pulley




VPF by F olods IO Ao (55 ygliS Goomiilo 4y piis €

CROOLAA 1.1-1500 555550 : Jbo diid> 5 y55 VFe o g VYo By cal ¥ 56 (S5 )55 g0gyiSll S,

9909551

Electromotor

Ol e 504F

A single phase 3 hp electromotor, 220 V, 1400 rpm, Model: Motogen, CR90L4A

1.1-1500 54F, Tabriz, Iran

20y ailels Fogske Yo o Sos8 I sln e Vo0 g Ar 00 iz Jlab an b JSBV )Ld b Jgy i S
Power & Sy S ks cly
system Pully A pair of V-grooved with three various diameters, d = 55, 80, and 105 mm, and D =
270 mm
s Al s Conio 8l calo PL 1270 plslKe (JUIS S5 oy g JSi5 V dows
Belt A refrained V shape belt in single channel, Megadyne PL 1270, made by Ebtekar
Sanat, Tehran, Iran
ol as Sy b ods Sy FexV e odbojuslS Judgy b {(ST37) Y8 (59
L el slal bl o0 oo Steel plate (ST37), reframed by 20><40p%zii:]\€anized profile, coated with waterproof
w .
Chassis Designed based on the system b3l il jglaiady oold (g o ad (yio o 10+ a8 St £y i

dimensions

A pair of rubber wheels (150 mm diameter) installed in order to transfer the

mechanism

au8s 5350 3N (S0 1ol 3 g 3

slaccuws ool (gl sl 5l o edbcdly p o3l (590,5
Couwd olwd by g 5 .85 )1, 8 ool wl )50 (g)Lié
D9 g9y jrw diwgy (S & Sloj b 8aS (55,1 Instron
G Sl Y Gy s e 935 (SSle o)l
Sl e ol g eadoda (655l 93,5 (ol JSS S cditng,
(silwodpid (o y Sl palie (pl b Gly 935 dwg (SHb
Ol 3 sl a8l anwgs dNStron cos oliws 1 odelcasay
o YA 935 Cawgy by (sl 000 (59,8 i iale]
g

e 25 4l gpSeilil 3o ) lesiis oadCin (g5

(Koyuncu, EKinci, & g5 oy (IS yuss —g,)
Savran, 2004; Sharifian, Rahmani Didar, & Haddad

g M S 5l edlawl L (g, 56101 o] .Derafshi, 2008)
(Sharifian et al., 2008; wi plosl Joyd £ /Y s b Jlusws

3L 3y90 (655l oy Glner, Dursun, & Dursun, 2003)
—9p8 Goe) JS b cd Jpile A0 93,5 gy (S sl
e QUi 1y 93,5 Cusgy (sl 1) Uyt

Jayladi oaia S dadin
jlus 4 5 955 (S Cungy Sl Ceond (et 03,5 axio
e VY i oyl g5y st e allol LB gty S0
od dlonl o e V0 Jsbo 4y yio oo & Y8 L (pde 500
o) 65 )8 Ela )l liee g 03gr oel Lanyluid 1 o SO Canol
odddlul 5y e b Bes (]38l L adl jusie Mg o Caoms
dhgey axio pl 330 1) 93,551 63b aw g 4Bl il
M JLail 5909 i8Il (o2 0 s 9 S e (Jg2 40 yome S

S e

Oygmo dyyd | oalaiwl b (608 Cangy b o)Ll 457 yobo lan
Cavgy 4 043lg (5950 o oo (V) alaly 5l odlaiwl b &S 5,5 o
:(Meriam, Kraige, & Bolton, 2018) 5563 duwlx 1y 93,5
G=mv, [, f.dt = AG (\)

t loj e )3 93,5 Cangy 4 &S el gy i F o 3 a8
wlolw (950 |y Jgmamre lail 955 cpl duolors (gl D9 o0 3)lg
Ohg> & E9pd dxiio 9igag SIS 4 9,8 b e 9 0315 )13
Sos 335 (o 8 (Sy9d Sy 4 ey Sl Gloj 9 M (o
D9 oo (5503l yoome Jore 53 i ygliitS I 55 (bl 5y



450
400
350
300
250
200 +
150
100

Force (N)

50 - Area=E

First

2 3 4

Deformation (mm)

925 Cungy (8l Sy — g5 yl905 =Y JSeud
Fig. 1. Force-Deformation graph for walnut green shell

Lptale )l ¢ b
S Casgy (sl At S 2)5] Cwday Ban s ol o
@ 2l 935 4 ol g B (565 5 G (i b 92,5
Slayled Bos g Camyu duw )3 (b dxho ()9 Cu s yglate
Sy 03 Ol 2B )13 bl )90 paw s ) (o5
2 kb G 9 4BBd 5 yed YYY 9 YVA FIA o du j3 Jlyed
0l bodS Cungy (6logd S S 1 o Lo B 5 ¥ N0 pdaw dw
an byrpe ok a8 ol S5 4 p3Y b5 )18 L5yl 50
g2 9 e B o Sl oY Sl oy 4 dog b Sy
ol Cpomed ol o a3 )5 b 0 ol cdls o 90
P e Sy Calbd Sl 4 a2 L 0 )led Bee 4 bgiye
Ol Jold b (] 3 oadizshae CudS sl oad b S jlas
A yd bl cwl Jaams cuslis b Sy Jole b aScuwsy
sl oadoslital (6935 Jpazme Wiad plxl Jloi ya (sl 51,85
il 5> a8l 30yl i g 93,5 Gl Sl bl b5
S 5l ogd S slio dom Jpua (gl A5 4 (B pdoll)
Pl Gl (bl 0)93 5 (ol bl L EL S5 5 )l

UIVRILY

39S o sl (V) akasly 1 (€) 23S Ly JS e
J(Sharifian et al., 2008)
L, — Ly (v)
L

u
5SSy (9 93)5 sl iy L g Ly byl ol o oS
ke YIND L5 VA (e 93,5 (3L iiS) ()b sl jlinyge

g o demmilins (V) ataily & pgiody 5 jLidyge lo
(Khazaei, Rasekh, & Borghei, 2002; Sharifian et al.,
.2008)
b ExV (¥)
60000 x Al
SN E @y o il 3)90 g5 Peataly cpl > o8

€ =

2 Foghe cu p IS Copo Vi Jgie cus p oadiod
sl o o o gy Cangy adgl (SHL U US4 AL g 4dS
B o ASHb ceypw g Glg VAN s Sl ol jimely o



VRV ARVESIPS SR P E R0 PR TRU-% S

Product inlet

Product outlet

Y (Jgame (6p5,),8 dlaie =Y 0l ol =)z ol uig (clp sddaiile g b 93,5 (Scug Sbole Lol clial =Y G



Sk =R h)S o amio —A oled JUil gag -V i Jpaze (293 a0 F kS pie (Jg 0 oS e (Jg =V 657909 Sl
V0 g doms Hlid — VY cdortn gliodl WY (e (6lp) cppn) Soob —IY 93,5 Cawvgy (o — VY Jlanl o, Kiwd —V e o lis
T GPIPAYE
Fig. 2. The main components of the walnut peeling system designed and built for research include: 1- Machine
chassis, 2- Product container, 3- Electro-motor, 4- Driving pulley, 5- Moving pulley, 6- Product outlet valve, 7-

Wheels for moving the system, 8- Rotary cutting disk, 9- Pressure paddle, 10- Transferring handle, 11- Walnut peels
outlet, 12- Lower paddle (for peels), 13- Disk curvature, 14- Disk grooves, and 15- Bag hookers
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Fig. 3. Research steps for peeling of walnut at various rotational speeds and groove depths
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A part of the walnut kernel that has turned black due to
the penetration of walnut shell juice.
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Fig. 4. Walnut with a healthy nut and with a damaged nut due to the penetration of walnut shell juice to the inside
section (both were peeled with a machine)
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Table 2- The coded levels of the test variables, considering the actual values
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Table 3- The results of analysis of variance of the effect of cutting depth and rotational speed of the plate on the

percentage of walnut peeling

o] S5 Cowgt 3l
Damage (%) Peeling amount (%)
S golie &35l 4y Olapo (uile Olayo (uKibe
s d F F
Variation sources Degree of (MS) (MS)
Freedom Mean squares Mean squares
- (I *
SR b Sas 2 17.14% 69.72 154.16 205.32
Cutting depth (mm)
Dos
(09 =E 2 5.21% 29.04 49.26%* 105.11
Rotational speed (rpm)
- * clas |
o ) 4 128.29%* 4.01 11.26%* 1.87
Depth *Speed
s
18 - 0.029 - 0.179
Error
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£

**Significant at the level of 1%, and *Significant at the level of 5%
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Table 4- The average percentage of the peeled walnut product related to the measured variables (groove depth of the
cutting plate and rotational speed)

& OV axhio s Bos EUTELES
Source Groove depth (mm) Rotational speed (rpm)
15 3 5 218 275 322
0S50S Cawgy Jguato dus >
Percentage of peeled 85.428 91.180 95.31¢ 86.542 89.85% 92.69°
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Table 5- Comparison of the average percentage of peeled product with the interaction between the depth of the plate
groove and the rotational speed
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& Mean percentage of peeled walnuts (%)
Source dio 90 Cus pw
Rotational speed (rpm)
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Groove depth (mm)
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5 90.15¢8 93.24b 95.712
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Table 6- The average damage of product related to the measured variables (groove depth and rotational speed)
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Table 7- Comparison of the average walnut peeling damage due to the mutual effect of groove depth and rotational
speed of the cutting blade
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&0 Mean percentage of damaged peeled walnuts (%)
Source o 90 Cus pw
Rotational speed (rpm)
W ko S8 e 218 275 322
Groove depth (mm)
15 1.922 2.042 3.05°
3 4.07° 4.15¢ 4,624
5 5.64¢ 6.17f 6.83f
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Table 8- Limitations and ranges for optimization
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Optimization condition Parameter Data range
- P Be 5 15
Cutting depth (mm)
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Rotational speed (rpm)
Maximize Peeling percentage (%)
— olef Pl o 72 a0
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Minimize Amount of the damaged product (%)
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Table 9- Comparison of the present device with three walnut peelers

38595 o il olhuwd

b oKy S ol ol ol

Palil (Karimiet  (Hussain et
Parameter (thng etal., 2018) al., 2008) al., 2016) Present
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Capacity (kg h')
Sz 25k 90 85 86 935
Peeling efficiency (%)
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Damage (%)
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Energy consumption 32 35 4.0 25
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Fig. 5. The share of each input in the results of the Life Cycle Impact Assessment (LCIA) of the walnut peeler, in
percentage points
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Fig. 6. Comparison of the main normalized LCIA indices for the walnut peeling machine
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