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2. Process Failure Mode and Effect Analysis
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Table 1 Definite ranking for the severity, detection and occurrence of failures [1, 9, 16]

Ranking Severity Detection Occurrence

1 Dangerous Without Wa@ing Absolutely low Weak, Danger is unlikely
2 Dangerous with Warning Very weak
3 Very High Weak

ery. 6 e Low, Danger is relatively rare
4 High Very low
5 Medium Low

: Average

6 Low Medium
7 Very L Almost high

eIy oW mo_s i High, frequent dangers
8 Weak High
9 Very weak Very high Very high, danger is almost
10 None Absolutely definitive inevitable
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Review the process—Use Brainstorm
a process flowchart to otential failure
identify each process P modes
component.
Assign Assign Detection
Occurrence rankin
rankings 8

Take action—Implement the
improvements identified by
your PEMEA team

Calculate the RPN
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List potential
effects of failure

Assign Severity
rankings

Develop the action plan

Calculate the resulting RPN—Reevaluate each of the potential
failures once improvements have been made and determine the
impact of the improvements

Fig 1 Ten Steps to Conduct a PFMEA
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Table 2 Fault Tree Symbols

Symbols

Description

]
N

A

Basic Event- A basic initiating fault requiring no further development
AND - Output fault occurs if all of the input faults occur

OR - Output fault occurs if a least one of the input faults occurs
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Table 3 Failures in sugar production processes and their origin

Failure Origin
o g 5]
. ~ ) . 9 S o
Sub process Potential Failure Failure 5 ES B g 3 g8 32 3
Code & & §2 28 % B2
= 5 & 20 S 0
g 2 35 5= £ E°
o = s
Brix (The sugar content of an aqueous F1 N N N J
solution) is above 60
Brix lower than 57 F2 N N N N
Solving Low volume of syrup compared to the
desired volume F3 N N N N N
Large volume of syrup compared to the
desired volume F4 \/ N N N N
. Insufficient lime milk produced F5 N N ~ ~
Lime saps
production Inadequate quality of lime milk produced 6 N J J J
Absence of booms in the range of 12 to 15
Lime to 8 F7 ~ N
syrup
(Saturation)  Negative effect on PH of saturation phase F8 N N N N N
Insufficient Carbon dioxide produced in
boilers F9 ~ N N
g:::;:g: Transfer low carbon dioxide to syrup F10 N J J
production Transfer a lot of carbon dioxide to the
syrup F11 \ \ \
PH above 8.6 F12 N N N N
Saturation
PH below 8.3 F13 N N N N
The syrup is not clear F14 ~ N N
Filter by .
F1
Grant Pont Brix is above 51 5 \/ N
Brix lower than 49 Fl16 N N
Filter press Correctly not filter press and high CACO3 Fl17 N J

at output

q0
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Syrup . . .
decoloring Inappropriate decoloring of resin F18 N N \/ \/
Vapm: Created steam Not sufficient F19 ~ ~ N ~
production
Vacuum deficiency F20 N N N
Add powdered sugar in Brix less than 89 1 N N N N
Add powdered sugar in Brix more than 90 22 N N N N
Syrup Baking operation less than the required
concentration time F23 V v v v
Baking operation longer than required 4 N N N N
The mistake in measuring the Brix of the F25 N N N
syrup
Separation of .
wastewater Incomplete separation of syrup F26 N N
Transfer to the baking stage with a 27 N N
temperature of fewer than 102° C
Transfer of baking to Sugar molding with
brix less than 90 F28 N \/
Sugar No setting of green sugar molding time
molding (more time) F29 N N
Ambient temperature higher than ideal F30 \ \
Expect green sugar wagons less than
expected F31 N
Discrepancy between rotational speed and
Centrifuge centrifuge time with the refining process F32 N N
product
Low temperature F33 N N N N
High temperature F34 N N N N
Low waiting time in Stove room F35 N N N
Stove room Improper arrangement of wagons F36 N N N
Inappropriate air humidification inside
Stove room F37 v v v v
Inappropriate Circulation of air in the
Stove room F38 v v v
sugar The Inappropriate placements of Sugar F39 N N
breaker Inside Blade
Inappropriate performances of sugar F40 N N

cutter blades

a1
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Row brushes are not able to arrange

sausage pieces F41 N N
Irregular movements of the guillotine Fa2 N N
when breaking parts of cuffs

Improper sieving and separation of sugar

and sugar powder F43 N N

Irregular oscillation of sugar crusher belt Fa4 N N

Forget the cellphone F45 N

Jet printer not working F46 N N

Improper arrangement of cartons on
F47

Packing pallets v v

Crash of the lift F48 N N

Inappropriate carton placement on the F49 N N

conveyor belt
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Fig 5 Fault tree analysis for failure with the highest Priority
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The purpose of this research is to identify possible failures modes in the process
of producing Kurdistan sugar factory. In this research, firstly, the Process map of
the production process by using the IDEF0 modeling logic was extracted
accurately in order to schematically analyze all the aspects and processes of sugar
production from raw sugar. Then, in the form of teamwork and at various expert
meetings, 49 major and potential failures were identified in all processes and
activities of the sugar production process. In the following sessions, the failure
severity, the probability of occurrence of failures and the probability of error
detection were determined. Using the RPN (risk priority number) was extracted
for each failure. In the following, the root causes of the 24 priority failures were
determined by FTA, and due to the causes of the errors, suitable solutions to
reduce the effects of failures were documented. Finally, the origins of process
failures were analyzed.




