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1- Total Quality Management

2- Value Engineering

3- Lean Production

4- Six Sigma

5- Failure Mode and Effects Analysis (FMEA)
6- Analytic Network Process (ANP)

7- Multiple-Criteria Decision-Making (MCDM)
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1- Brainstorming
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Fig. 1. The transportation process of sugarcane crop from farm to factory
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Fig. 2. The overall structure of FMEA-ANP model
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1- Risk Based Inspection (RBI)
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Table 1- List of potential delay patterns and potential causes of each delay pattern for the transportation process of
sugarcane crop
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Table 2- Score of occurrence, severity and detection of delay patterns

50 05y oS! 50 ol Jis bl &5 Alosd
Potential delay pattern Potential delay causes Detection Occurrence Severity
S 7 10 9
Conveyors failure
o] 2> 9 10 10
Mill failure
RS S 0ysS s 8 4 6
Factory failure Steam furnace failure
25 ol 7 8 8
Production hall failure
canlio (5,100 pas 9 5 )
Inappropriate maintenance
ekl 5 10 4 9
) o Inappropriate maintenance
cho p glayesls s suiily ©)lge pis
Tractor failure in queuing AN 9 1 9
system Lack of driver skills
)9‘512" oy “9“")é 6 5 9
Worn tractor
b.,\.z.ﬂ) Cod pis - 10 3 8
o L Carelessness of the driver
b ysS15 (553l 5 Solas il aloe
Accident and overturn of 0 5 6 7
tractors Driver rush
o > gl ()39 0L 7 7 8
Lots of tractors in the queue
Lack of on time presence personnel
Shiftncr:;:ge Lack of precise planning
Wligy S Copu b Juwyy o5 (Sinlon
Low staff coordination with the 9 1 8

speed of daily work

Jaled ¥ ol Cygody byial)b 59 ¢ Mol Jg0,8 1 oolasiwl b
sbadle Jl So po Sy Cglyl oyad a4l g
0j9 Lo b (plolid 5 g9 s sl piol)ly a2 > o plolis
awlxe RPN 1ot Jge 8 5l ooliel b S5y ¢l sdelcanday
5| FMEA-ANP 4 bgyo RPN ol (A s sl ok
Cyguo y3 a5 Jad o b yol oyl s 3So 8 FMEA 0lis
2SSy 42> el )l 5L S g (gl s slajy Jles]
oS &S ponde pl 4 g Anlgd oS chy o Hl5 4 asul I L]
Cge oyl S 59y (ol pladl plos] 3L (6580 S,
Bl M) Slalidl Jloe § il Sy s 41y

saalie (¥ Jgdn) (9590 pe (o yilopl 3 a8y blon
bl 4 bgye polic g ads ) e plo ol (g g o 0900
Ao > Bl pale (59 e le cpl ladlie s oSS
Cal 23Y G lopl ol 3o (LS5 (g 53 SBliie paie 51,
So =l O 2 zex (gje s (e lopl 3 29 (y5550 &5
ople Bl (F Joia) Wad 00 wps Sob T (39 55 g s
2 k.a_».:).:d_s o[+ AND 9 o[ o¥VO o[+ YYD ).:JLOA 0 J5A> 2 LF’LQH
sl dadasy S ades 5l ea8y 5 ad (olulid slojlow
Bg e M ol oiiosilo



£

b Sy i olgl 53 FMEA-ANP il 3,559y 8 0,15

a8

S e 45,1 (g yeS i, 45 )50 slaal)b ()

«<°
s pay o
JE 1 s
2 50y
R —— ____-——"'_ﬂ_-_—J ,."n\ T —— - .
] 3 E=E / o s ol
ol e e ] ,f N [or] [om []
- ] / ’ |
e / _—
\‘\\\'\ T '{ T /;G
\ N S /
\ \_-I _ s“bilg_l_l* ) ;lgﬂ‘éf
N 5 -
s v v
= c o
.\\ oS
‘\ //’/ r;"f
\\i .l/// ’/'f

Altemabes

=lo] =

-
|D¢In1wu' Oa:ﬂaeel &!\mryI

«

w

4 |

S8 2 St JUisl s oo (slan S Jan il =Y S5
Fig. 3. The structure of the decision-making options model for sugarcane transportation operations to factory
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Table 3- Unweight super matrix

X A S N e K NP i
g Parameter Delay factors Factory failure Tractor failure in Accident and overturn Shift change
[ quening system of tractors
D § 0 FC FT RT sC FCO FF FM FPH FSF UM USO WI HO MTI UCO LS ot UTT
5 D 00 0 0 0 0 0 02 044 025 0327 0 04 028 025 05 0259 0330 048 0466 0481
i: E S 0 0 0 0 0 0 0 04 0169 05 0412 033 02 0135 025 025 0412 0163 005 01 0.05
= 0 0 0 0 0 0 0 0 04 0387 025 0259 066 04 0.584 05 025 0327 0296 046 043 046
. FC 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 é T 0o 0 0 o 0 0 0 0 I R 0 o 0 0 0 0 0 0
'IT;h %‘ RT 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a SC 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FCo 0 0 0 0316 0 0 0 0 1 036 05 0458 0316 0316 0316 0316 0316 0316 0316 0316 0316
EY % FF 00 0 0061 0 0 0 0.008 0 0.084 0 0073 0061 0061 0061 0061 0061 0061 0061 0061 0061
gEE. ™ 00 0 0138 0 0 0 0.26 0 0 0 0215 0158 0158 0158 0158 0158 0158 0158 0158 0138
3 E FPH 00 0 0264 0 0 0 0.36 0 034 0 0252 0264 0264 0264 0264 0264 0264 0264 0264 0264
FSF 00 0 019 0 0 0 0.27 0 0213 03 0 0.199 0199 0199 0199 0199 0199 019 0199 0199
2 L Euw. UM 00 0 0 033 0 0 033 033 033 03 033 0 0 066 033 033 033 033 033 033
—‘ﬁk_,‘ }‘; ; %5 éng' uso 00 0 0 0379 0 0 0379 0379 0379 0379 0370 0 0 033 0379 0379 0379 0379 0379 0370
a F E = WT 00 0 0 0.289 0 0 0289 0289 0289 0289 0.289 1 1 0 0.289 0280 0289 0289 0289 0289
- B Ho 00 0 0 0 0.530 0 0530 03539 0330 0530 03527 0530 0 0.530 0 0 0 0530 03530 0530
.3; ;-\:\I(_;.'EE EE MT 0 0 0 0 0 0.163 0 0163 0163 0163 0163 0139 0163 0 0.163 0 0 0 0163 0163 0163
PRREREE | e e e e o | |
g uco 00 0 0 0 0.296 0 0206 0206 0206 0206 0332 0206 0 0.296 0 0 0 0206 0296 029
! LS 0 0 0 0 0 0 0625 0625 0625 0625 0625 0625 0625 0625 0625 0625 0625 0623 0 033 08
% g Ej uoT 00 0 0 0 0 0136 0136 0136 0136 0136 0136 0136 0136 0136 0136 0136 0136 033 0 02
I ’ UTT 0 0 0 0 0 0 0238 0238 0238 0238 0238 0238 0238 0238 0238 0238 0238 0238 066 0.66 0
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Table 4- Weighted super matrix

el AU oy S )5 o )3 gyl A Uyl Sl g ol Cedged ek
8 5 adsh oty Parameter Delay factors Factory failure Tractor fngg::m in quening Auid(r:]a]fr ::'serrurn of Shift change
D s 0 FC T RT sC FCO FF M FPH FSF UM uso WT HO MI uco Ls uoT UTT
5 D 0 0 0 0 0 0 0 004 0088 005 0063 0 0.08 0.07 0.05 0125 0064 0134  0.0962 0.0932  0.096
%‘: % S U 0 0 0 0 0.08 0.033 0.1 0082  0.066 0.04 0.033 0.05 00625  0.103 0.04 0.011 0.02 0.011
A o 0 0 0 0 0 0 0 0.08 0.077 0.05 0.051 0.133 0.08 0.146 0.1 0.0625  0.081 0.074 0.0025 0086  0.0025
" FC U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% § FT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i é‘ RT U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= sC U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FCO 0 0 0 0316 0 0 0 0 02 0.072 0.1 0.091 0.063 0.079 0.063 0.079 0.079 0.079 0.063 0.063 0.063
4, E FF 0 0 0 0061 0 0 0 0.019 0 0.0168 0 0.0146 0.0122 0.0153 0.0122 0.0153 0.0153 00153 00122 00122 0.0122
; t::. M 0 0 0 018 0 0 0 0.052 0 0 0 0.043 00316 00395 0031 00395 00395 0039 00316 00316 00316
E] E FPFH 0 0 0 0264 0 0 0 0.073 0 0.068 0 0.05 00328 0066 00528 0.066 0066 0066 0.0528 0.0528 0.0328
FSF 0 0 0 019 0 0 0 0.034 0 0.042 0.1 0 0038 0040 0039 004 0040 0040 0039 0039 0039
2 LB UM U 0 0.33 0 0 0.066 0.066 0066  0.006 0.06 0 0 0.133 0.082 0.082 0.082 0.066 0.066 0.066
% };‘ ] é Eg g] uso 0 0 0 0 0379 0 0 0.075 0075 0075 0075 0075 0 0 0.066 0.004 0.004 0.004 0075 00758  0.075
s FEET WT U 0 0.289 0 0 0.057 0037 0057 0037 0.057 0.2 0.25 0 0.072 0.072 0.072 0.057 0.057 0.057
FR - E HO U 0 0 053 0625 0107 0107 0107 0107  0.105 0.107 ] 0.107 ] 0 0 0.107 0.107 0.107
3 ’9,; }\ % E g E MI 0 0 0 0 0 0.163 0136 0.032 0.032 0032 0032 0027 0032 0 0.032 0 0 0 0032 0032 0032
" < 2 T U0 0 0 0 0 0 0206 0238 0.05¢ 0058 0050 0059 0.066 0.059 0 0.059 0 0 0 0.059 0.059 0.058
\ Ls U 0 0 0 0 0125 0125 0125 0125 0125 0.125 0.156 0.125 0.156 0.156 0.156 0 0.066 0.16
i E %‘ vor 0 0 0 0 0 0 0 0.027  0.027  0.027 0027 0.027 0.027 0.034 0027 0.034 0034 0034 0066 0 0.04
% w3 urTr o0 0 o0 0 0 0 0 0.047 0047 0047 0047 0.047 0.047  0.0296  0.047 0.059 0.050 0.059 0.133 0.133 0
X% dgdoxo u,w).sl.a -0 Js.\?
Table 5- Limit matrix
ALb S A e B o
Lse 8 g ddgd ety Parameter Delay factors Factory failure cystemt tractors Shift change
D § O FC FT RT 8C FCO FF ™ FPH FSF UM Uso WT HO MT uco LS uoT UTT
E D 00 0 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077
:‘i E 8 0 0 0 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047
& 0 0 0 0 0038 0088 0088 0038 0.088 0088 0088 0038 0,088 0088 0038 0.088 0088 0.088 0.088 0.088 0088 0088
z FC 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
—3‘ “; FT 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O
"'i %’ RT 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
s SC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FCO 0 0 0 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687
_’L:E FF 0 0 0 0013 0013 0.013 0013 0013 0.013 0.013 0013 0013 0.013 0013 0013 0013 0013 0013 0013 0.013 0.013
\_':j‘é, M 0 0 0 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032
3 E FFH 0 0 0 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034
FSF 0 0 0 0.045 0.045 0.045 0045 0.045 0.045 0.045 0.045 0.045 0.045 0045 0.045 0.045 0.043 0.045 0.045 0.045 0.045
s LB UM 0 0 0 0.065 0.063 0.063 0.063 0.063 0.063 0.063 0.065 0.063 0.063 0.063 0.0635 0.063 0.063 0.065 0.063 0.063 0.063
% } a ?::EE% USO 0 0 0 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657
': L Wr 0 0 0 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082
Jan z E HO 0 0 0 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078
:i ‘% } E E E 2 MT 0 0 0 0023 0023 0.023 0023 0023 0.023 0.023 0023 0023 0.023 0023 0023 0023 0023 0023 0023 0.023 0.023
T wo 0 o0 0 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043
Ls 0 0 0 0115 0113 0113 0113 0113 0113 0113 0115 0113 0113 0.113 0113 0113 0115 0.1135 0113 0113 0113
UOT 0 0 0 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034
UTT 0 0 0 0063 0063 0063 0063 0063 0.063 0063 0063 0063 0.063 0.063  0.063 0063 0063  0.063 0.063 0.063 0.063
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Table 6- Clusters weighted matrix

Layss  eU Wb, e 2 eSS S LSl Sl g ol il i
Options  Delay Factory Tractor failure in Accident and overturn of  Shift change
failure gueuing system tractors
Options a4 3 0 0 0.2 0.2 0.25 0.2
Delay b 0 0 0 0 0 0
Factory failure «ls,5 ls 0 0.724 0.2 0.2 0.25 0.2
o 2 sleygSli sl 0 0135 0.2 0.2 0.25 0.2
Tractor failure in queuing system
515 Sl 5 ol 0 0054 0.2 0.2 0 0.2
Accident and overturn of tractors
Shift change cauws yus 0 0.085 0.2 0.2 0.25 0.2
ool 039 =¥ Jgaer
Table 7- The weight of parameters
2l ol 034dlo 5 39 >Nl 59
Parameter Not normalized weight Corrected weight
Detection ,Luls 0.0775 1.088
Severity . 0.0475 0.667
Occurrence g8, 0.0885 1.243
FMEA-ANP 4 FMEA g, 9 ) Pb 05dls (sla Jole Coglgl g RPN yslae —A Jg»
Table 8- The RPN values and priority of potential delay factors for FMEA and FMEA-ANP methods
50 05y oS! 30 osilly Jie RPN Cagly!
Potential delay pattern Potential delay causes FMEA-ANP FMEA FMEA-ANP FMEA
B el 5 620.428 630 2 2
Factory failure Conveyors failure
el o> 887.59 900 1 1
Mill failure
ey 177.8 192 10 9
Steam furnace failure
5 oo > 440.928 448 3 3
Production hall failure
eelie )l pas 323.14 360 5 5
Inappropriate maintenance
o ) b yeSly il (5SS 297.057 360 6 5
Tractor failure in Inappropriate maintenance
queuing system 25 ol pae 47.281 81 13 12
Lack of driver skills
29515 23 0398 224.86 270 7 6
Worn tractor
o )gSTy5 S653ls o Bolay 0]y By pac 192.053 240 9 7
Accident and overturn of Carelessness of the driver
tractors ouid elbre 195.61 210 8 8
Driver rush '
e 2 Sl 09 2L 373.49 392 4 4
Lots of tractors in the queue
b s S om0 95 pie 125.504 180 11 10
Shift change Lack of on time presence personnel
35> Shytal 392 pas 53.024 90 12 11
Lack of precise planning
Wligy 58 Cupw b Jiwyy o5 (Sinlon
43.709 72 14 13

Low staff coordination with the speed
of daily work
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Introduction
Given the risk management and improving the process, reliability is important in operations and production
management, especially agricultural process. Failure modes and effects analysis (FMEA) is regarded as one of
the most powerful methods in this area. High applicability and proper analyzability of FMEA have caused to be
among the most important techniques of systems for risk analysis and safety improvement. Risk management in
all sectors is important, especially in agricultural sector. Sugarcane is one of the industrial crops used as raw
material for several major and minor industries. In Iran, this crop is cultivated by sugarcane agro-industry
companies. The sugarcane trailers were used to transport harvested sugarcane from farm to mill in these
companies. There are many problems to milling it on time. One of the most important risks involved in
sugarcane transportation is the delays encountered in this process which can affect the quality and quantity of the
product. Delay in milling of the harvested sugarcane is caused by various reasons in agro-industry units
including factory downtime, breakdowns of tractors at factory gate, tractor accident in factory yard and staff shift
changes creating long queues. So, considering and using risk management techniques and eliminating risk
factors can be an effective step to increase the efficiency of this process.

Materials and Methods

This research was carried out on Sugarcane and By-Products Development Company of Khuzestan. At first,
the sugarcane transport operations and used equipment were investigated through an interview with experts in
the safety and technical sectors and engineers of the Sugarcane and By-Products Development Company of
Khuzestan and the study of related books in 2017. After that, the defects and errors of each equipment that
caused technical problems and problems in other equipment, as well as the occurrence of injuries and human
casualties were identified. Finally, the risks were written for valuation in the FMEA method paper. In this
research, risk pricing was based on the Brainstorming method. Risk evaluation is based on the ranking of the
effect severity, the risk occurrence probability and the degree of risk detection available in the FMEA method. In
this research, analytical network process (ANP), a modern and powerful method in the decision-making field,
has been used in combination with FMEA (FMEA-ANP) for defeating the shortcomings. FMEA-ANP considers
mutual relationships of hazardous factors, and by offering a certain structure, develops a systematic and flexible
view in risk management scope. The suggested method deploys a simple concept of risk priority number and
assigns different importance in the form of power for each factor. The resulted RPN will cope better with the
system, in which it is applied. This method provides a more accurate analysis of risk and, consequently, more
efficient and effective actions, causing attainment and maintenance of more desirable reliability.

Results and Discussion

The results of FMEA-ANP model indicated that the mill equipment in the sugar factory is the most important
delayed factor (failure) in the sugarcane transformation. For this reason, the basis failure causes in the sugar
factory has been carefully investigated and it has been concluded by experts' opinions that factory mill and the
conveyers failures are important causes of the delay in this process, respectively. Based on statistical analysis,
73.15% of the factory downtimes were related to mill and ranked as first compared with the other risk factors.
Among the conveyors, the most damage was related to the inlet conveyor to the first mill and 49% of conveyors
failures occurred in this conveyor.
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Conclusions
This research validated the application of FMEA-ANP for the rational organization of the harvest-transport

complex. According to this investigation, the probable downtimes and delays can be prevented by implementing
the optimal preventive repair and maintenance planning in the sugar factory, and in particular on the factory mill
equipment. In addition, efforts to adapt the speed of harvesting and the speed of delivery by the factory can be

effective in reducing the delivery delay time by the factory.
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