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PROBLEM 
STATEMENT
Since the outbreak of the Russia-Ukrainian war, a

large amount of grain produced in Ukraine has

been unable to export because Russia has

controlled the ports along the Black Sea. The crisis

of food supply shortage on a global scale is causing

chaos in nations that rely heavily on food imports.

This issue is of utmost importance and has

significant consequences.



DMAIC
Define: Problem statement and scope of  our 

project

Measure: Fishbone chart  and 

organization chart

Analysis: Process capability report

Improve: Solutions

Control: Measures to assess improvements



PROJECT SCOPE

Scope

Moving the grain  

stock out of war  

zone and  

delivering them 

to  places on 

time

Within scope

Collecting grain 

from  farmers, 

contacting  

distributors,  

transportation  

methods,  

transportation 

routes

Out of scope

Price of 

grains,  

politics



PROCESS FLOW 
CHART



COPQ  

ANALYSIS



AFFINITY DIAGRAM



SIPOC



CTQ 
CHARACTERISTICS

GRAIN ARRIVES IN DAILY 
BASE

50,000 TONS PER 
WEEK

95% TO PASS 

THE  

INSPECTION



MESURE 
PHASE

This phase will verify the  

process needs, implement 

data  collection and document  

process, implement a valid  

measuring system, and 

establish  a baseline 

performance that is  critical 

for the process in order  to 

achieve goals set in the  

define phase.



CAUSE  

EFFECT  

DIAGRAM



FMEA



ORGANIZATION CHART



ANALYSIS PHASE

This phase will comprise the  

collection and analysis of the  

data required for the  

process.
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PARETO  

CHART



IMPROVE PHASE & CONTROL PHASE

In the improve phase, we propose process  

improvement strategies and solutions for  

transportation of food grains out of the war 

zone to  other countries.

In the control phase, we implement control  

measures to ensure the process is sustained, 

and  we use Control Plan, Standard Operating  

Procedures (SOP), Change Management as 

tools.



AREAS OF IMPROVEMENT AND  

SOLUTIONS



CUSTOMER NEEDS

• On-time delivery

• High-quality, Edible food 

grains Efficient logistics with no lead 

time Transparent communication

• Meet the food demand
DESIGN REQUIREMENTS

• Reliable transportation modes: heavy-duty, 98% efficient, 

trucks and trains

• Proper storage facilities: dry space, large-scale  silos, 

and granaries

• Efficient handling and loading of equipment:  cranes, 

trolleys, dry storage containers  Effective 

communication tools and software:  tracking 

software, phones

• Advanced tracking and tracing systems: GPS  Robust 

quality control and assurance processes:  Structured 

quality inspection processes

Waterfall relationship of QFD



QFD Cont.

PRODUCT CHARACTERISTICS

• On-time delivery: Timely dispatch from warehouses, prompt customs clearance, 

efficient handling and loading, timely shipping schedules

• High product quality: Strict quality control at every stage of the supply chain, proper storage, and 

handling, appropriate packaging and labeling, compliance with international standards 

and regulations

• Efficient logistics: Advanced tracking and tracing systems, real-time data sharing and 

analysis, reliable transportation modes, seamless communication, and collaboration

• Transparent communication: Clear and timely communication with customers, 

suppliers, partners, and other stakeholders, effective use of communication tools and software, 

regular updates and feedback



MANUFACTURING PROCESS

• Procurement of grains from farmers and suppliers

• Inspection and grading of grains for quality & 

quantity Storage of grains in proper facilities

• Handlingand loading of grains onto

transportation modes

• Transportation of grains to the ports

and/or customers

• Documentation and reporting of all activities

QUALITY CONTROL

Inspection and testing of grains for quality and

quantity

Monitoring and controlling storage conditions

Inspection and maintenance of transportation

modes and equipment

Analysis and reporting of quality data  

Continuous improvement of quality control  

processes

QFD Cont.







DESIGN OF EXPERIMENT
Step 1: Identify factors that may impact the  

supply chain

Transportation modes: Faster and slower 

modes  Export routes: Longer and shorter 

routes  Workers: Trained and untrained

Step 2: Determine the level of each factor
Factor A: transportation modes: Low(-): Rail, 

Road  High(+): Sea, Air

Factor B: Export routes: Low(-): Land routes

High(+):Black Sea, Air freight

Factor C: Workers: Low(-): Inexperienced, untrained 

workers  High(+): Efficient, well-trained workers



DESIGN OF EXPERIMENT
Step 3: A decision matrix is used to decide which aspect of the overall  

problem of long time delays in grain transportation to tackle first



DOE RESULTS



DOE R

ESULT
S

DOE RESULT
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DOE RESULT
S



VALUES STREAM MAP
Current state



VALUES STREAM MAP
Future state



GAGE R&R ANALYSIS

In the food supply chain, there are weighing scales  

used to measure the weight of sacks of grains.

There are 3 weighing scale equipment at the trade  

center.

We would like do MSA using gauge R&R to evaluate  

the accuracy of this weighing scale.



GAGE STUDY RESULTS FOR DIFFERNET SCALES



GAGE STUDY ANOVA METHOD



ACCEPTANCE SAMPLING PLAN OVERVIEW
Project overview

1.Acceptance sampling is used to determine whether the quality of grains that  

are transported is satisfactory.

2.The product being sampled is packaged grains.

3.The relevant quality characteristics to be inspected include the weight of  

the package and the number of defective sacks of grains.

Acceptance sampling plan parameters

1.Lot size, N (total tons of grain arriving per week) = 50,000 packages

2.α probability (producer's risk, the probability of deciding that the altenative  

hypothesis (H1) is true, when in fact the null (H0) is true)= 0.015

3.β probability (consumer's risk, the probability of deciding that the null  

hypothesis (H0) is true, when the alternative (H1) is true ) = 0.05

4.AQL (acceptable quality level) = 0.015

5.LTPD (lot tolerance percent defective) = 0.05



NOMOGRAPH

Using Nomograph  with 

the given  parameters, 

we  obtained the 

following  results:

n (sample size) = 450  

c (number of  

occurrences) = 12



OC  

CURVE



STATISTICAL PROCESS CONTROL

Problem statement: weekly  

50,000 tons of grain should be  

exported

Maximum 200 tons that can  fail 

the inspection allowed  Assume 

that we inspect grains  after 

packaging, and consider  

package of spoiled grain as  

defective unit.

X-Bar Chart

Control limits for X bar chart

Upper control limit :

Lower control limit :



X(BAR) - R CHART T O N S O F G 

R A I N  4 9 0 1 5 

. 4

5 0 1 5 4 . 7

5 0 2 7 7 . 9

5 0 2 4 6 . 3

5 0 0 8 5 . 2

4 9 2 6 8 . 7

4 9 7 5 8 . 8

5 0 0 6 1 . 9

5 0 4 1 5 . 3

5 0 4 7 1 . 8

5 0 1 7 2 . 9

4 9 7 2 4 . 1

5 0 4 8 5 . 0

4 9 6 3 8 . 2

4 9 7 1 6 . 8

5 0 5 9 7 . 4

4 9 6 7 3 . 0

4 9 1 7 4 . 9

5 0 0 3 3 . 5

5 0 3 1 2 . 9



C-CHART P O I S S O N  

1 8 8

2 1 9

1 9 3

2 0 9

1 9 8

2 0 4

1 9 2

1 6 8

2 0 8

1 9 6

1 9 5

1 8 2

2 2 3

1 7 8

1 9 1

2 0 8

2 0 9

1 9 6

1 9 7

2 0 7



P-CHART & NP CHART
Process under consideration

Assume that we inspect grains after packaging, and consider package of spoiled grain as defective unit.

Here we draw p-chart and np-chart to check whether the number of defectives (wrong or mistaken) i.e.

‘defective units’ are within limits. And hence the process is stable or not stable.



RELIABILITY ANALYSIS
Reliability analysis is a statistical  

method used to evaluate the 

reliability  or consistency of a process

Involves the use of statistical  

techniques to analyze and interpret 

data  related to the performance of a 

process  This can include analyzing 

failure rates,  determining mean time 

between failures  (MTBF), calculating 

reliability indices,  and identifying 

potential sources of  failure



RELIABILITY ANALYSIS PLAN



RELIABILITY ASSUMPTIONS
Assume the lives are independent

Suppose the distribution of the Times to Failure is  

exponential

Use the complete data  

Confidence Level α = 0.05

Assume the Mean Time To Failure (MTTF) is 24 months  N= 

20

DF= N*2 = 40



RELIABILITY RESULTS
Chi-Square with 40 DF

X2n,α/2 = Χ2 (40, 0.025) = 24.4330

X22n, 1-α/2 = Χ2 (40, 0.975) = 59.3417

C.I = (29.3381, 71.2549)

Assume Mission Time = 100

Failure Rate = EXP(- 0.034085* 100) , EXP(- 0.0140341* 100)

Failure Rates = (0.0330895 0.245757)

Therefore, 95% of the times we derive a truck for a mission time  T 

from test data there is a 3.30% to 24.5% chance that a truck  fails a 

reliability test.

The goal for reliability is 98%.



FTA



FTA Corrective Solutions
Transportation Delays:
• Develop and implement a procurement plan that ensures adequate lead time for 

ordering and delivery of food grains.
• Establish a transportation plan that includes backup plans for unexpected delays or 

disruptions.
• Use real-time tracking and monitoring tools to identify and address delays in 

transportation.
Equipment and vehicles: 
• Implement a preventative maintenance program to ensure equipment  & trucksis regularly 

inspected and maintained.
• Establish procedures for equipment & trucks repair or replacement in case of breakdown.
Quality:
• Use appropriate packaging materials and storage conditions to minimize the risk of 

contamination.
• Regularly monitor and test products for quality and safety.



CONCLUSION
• FMEA identified the most severe risks in our project are transportation 

getting delayed, and poor quality grains, FTA can help identify the root 

causes of failures in the supply chain process.

• We could test a backup plan for shipping delays against different scenarios 
to see if it is robust enough to handle unexpected changes in the supply 
chain.

• The VSM process can help identify areas of waste, such as inventory 

buildup, waiting time, and overproduction, can also help identify process 

improvement opportunities, and identify value-added process.

• From Gauge R and R analysis we conclude that our 

measurement system is biased and needs calibration.

• An acceptance sampling plan can help ensure that the grain 

being exported meets the quality standards agreed upon with the buyer.



THANK YOU!
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