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Overview

~ International visibility from satellites and cloud technology

« Customers want products that can meet their | ;" R, A Goninr
requirements and good quality. In addition, they Y2 |
want the product fast and on time. Customer ke
loyalty is built on trust, so one missed delivery ‘
can compromise that trust and cost you a
customer for good. The supply chain is the most
important factor to convert the promise.

Retail \Qa
Store

* Focus: Improve Customer Delivery

« Sections: Planning for prevention & Solutions for
Issues

Supplier
SUPPLY




Process Flow Chart
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Raw Material Supplier
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’ Brainstorming Session
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Who are we getting our What equipment do we need What efficiencies can be made
material from? to move and receive material? in the order process?



Assessment and Analysis of COPC

Order Management

Supplier

Packing &
Distribution

Short of labor Unpredictable endang

Equipment quality er

Money Issue Repeated quality
Issues
Production efficiencies
drop

Cannot delivery raw
material to
manufacturer
company on time

Shortage of raw
material

Bad quality on raw
material

Weather issues
Lockdown caused by
covid-19

Shortage of
transport company
Requirement of
packaging

*Maintenance feedback from
customer and placing
purchase order

* keep quality of raw material
products

*Quality auditing of the raw
materials

*Pre-check packaging
requirement from different
countries

*Use standard packaging size
of each product

Hiring more
employee

Regular maintenance
on equipment

Keep analysis on
feedback from
customers

Has backup material
supplier

Keep tracking on
material & stored
specific amount of
raw materials

Backup transport
company
Notification to the
customers




Affinity Diagram

Order

Management

Packaging &

Suppliers Logistics Distribution




Introduction- How Six Sigma
improve supply chain

Six Sigma methodology can effectively be employed in SCM to —
measure, monitor and improve the performance of the whole @ -
supply chain network. MANAGEMENT
Advantages:
1. Reduce waste /il _—  SUPPLY CHAIN
2. Reduce Variation PROFIT MANAGEMENT
3. Improve Processes /

4. Deliver sustainable savings f m

PROCUREMENT DISTRIBUTION

LOGISTICS

SCM o=

TIMETO
MARKET




Detine Phase

|dentify Potential Project:
Nominating Screening and
Selecting Projects.

Problems and Mission Statement
for Project: Identifies the visible

deficiency in a planned outcome.

Selection of Initial Projects: Form
of evidence to the project team
members that the improvement
process does lead to useful
results.

Select and Launch the Project:
Selection of team members who
will meet project goals.



[del

YW Employee feedback & analysis

Equipment data

w I

,E Receive feedback from customers

l!d Analyze material supplier

A Take stock of material & stored specific amount
0=  of raw materials

B Understand transportation options




Measure Phase

We measure the process Benefits of measure phase:. Validate results to overcome
performance in its current state Understanding the degree of resistance to accepting and
in order to understand the different causes adding to the implementing a change with

problem problem with the help of data results



Measure Phase

Document the Process:

N i | f R
« To begin with measurements, ‘@ . E@ . = ; ; B

|tIS V|ta | to un d e rsta N d t h e 'H ow Raw Material Supplier Manufacturing Distributor in : ‘ Distributor in

Assembly Country-1 i ‘[ Country-2 Packaging

of the process

\ 4

: Transportation : i i]

Transportation

* This step records the
activities under study and the
sequence of events

undertaken in the entire ’él':'}

supply chain. Retailer

4

« A useful tool to undertake the A
E ) @E - Eoggj

desired task is a process flow

Order Customer

Customer Transportation
Management Feedback P

Re-order/

diagram Purchase order




Measure Phase

e Using a fishbone diagram, we have been
able to identify the major cause for adding
up the lead time in the manufacturing process.

e We included all segments of the supply
chain to have a holistic view of the targeted
problem.

e Furthermore, we did a different test to
identify the root cause and the possibility of
success.

Other Suppliers Logisti
Waste pp ogistics

Governmental
\"-.,‘_ ‘\.‘_‘\ . ‘17 L.
«— Rework  Part Carrier Policies

Skiled Shortage  hilto \
Labor Process *‘Tcomplv [ S Labor
Poor N SN [
Process Downtime Trucks Cranes
) Lead Time ——»_ Improved
Customer Delivery

Too many
Reschedules A Lack of
! Carrier

Order Backlogs _, Revised lead time ’*—
not updated —’

Over , Too small lot Laborﬂ/"
Allocated 0 |ssued_./,,' size A——— labelon
_'_,,./ I ate _,""d / wrong box

Sales Purchasing Packilng e?nd
 Distribution



Measure Phase

We are facing huge problems in the post-
pandemic world to fulfill the high customer
demands resulting in loss of opportunity and

even loss of loyal customer base

By using the Pareto chart, we mapped the process

lead-time involved in manufacturing

After further investigation by professionals, we
have found the supplier lead time is a
major source of delay

Pareto Chart
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Measure
Phase

/We identified the total length of duration associated with the all the
processes; it was observed that the lead time was 110 days with a

problems like inventory and even in some cases missing the stated
promise date.
\

standard deviation of 9 days. This was very large and had intangible

~

9

-

So, we undertook a market study to shift the supply chain to a
closer geometric region like Mexico which can significantly
reduce the lead time-saving cost of warehousing as well as can help

to take advantage of Just In Time inventory

A

N

4
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Interpret the Data Analyze Data Test Theories
e-Surveys, blogs, focus groups, etc. Pareto Diagrams, Statistics, Control Flow Diagrams, Process
Charts, Histograms, Process Capability Analysis, Process

Capability Dissection, Time-to-Time Analysis




Delivery Lead Time
111.824

106.149

86.982

103.013
109.324
Nalyze d5€
114.546
110.659
118.649
103.183
123.573
116.456
105.881
88.846
117.752
111.470
121.924
109.408

In this phase we begin to 100.633

114.385

analyze the problem 106.963

through statistical methods. So, we decide to analyze the ]3;;322

ﬂ The families of variation I'EE data we collected and try to 120236
would be reviewed and the find the root cause of 11::2;
conclusion about which are variation in the process. 101678
the significant contributors 108.617
to the final output. Llskzes
118.611

113.934

118.955

111.604

93.073

98.171

120.824

106.451

102.226

113.075

113.141




Analyze Phase

« Test for Normality:

« Descriptive Statistics is as shown below We find P-value of our set of data is 0.160,
which is >0.05

Therefore, we conclude that data follows normal
distribution.

Descriptive Statistics: Delivery Lead Time

Statistics

Variable N N* Mean SEMean StDev Minimum Q1 Median Q3 Maximum
Delivery Lead Time 100 0 10867 0.830 8.30 86.98 103.13 10843 114.52 127.05

Normal Prob Plot
AD: 1.393, P: 0.160




Analyze Phase

From the capability analysis and capability sixpack
we find that:

e LSL=101,USL=119, Mean=108 (which means
process is more towards the LSL), Cp =0.33
(which is very low, <1), Cpk=0.33, Std
Deviation= 8.30

Ideas to improve process:

* Increase mean, to center the process

* Reducing the standard deviation to improve

Cpk and to fit the project in specification limit

Process Capability Sixpack Report for Delivery Lead Time

UCL=137

-
@
=]

Individual Value
N
=]
2

UCL=33.17

w
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MR=10.15

@
(=]
c
]
o
(=]
£
=
o
=

LCL=0

Observation

Capability Histogram
LSL UsL

Overall

i ' | - == Within

A | P

! ! Specifications

i l LSL 101
‘ usL 119

975 1050 125 1200 1275

Normal Prob Plot
AD: 1.393, P: 0.160

100 120

Capability Plot

Within Overall

StDev 9 StDev 8295

cp
Cpk
PPM

0.33 Pp 0.36
0.33 Ppk 036
317310.51 Within Cpm

PPM  277949.08

At least one estimated historical parameter is used in the calculations.

The actual process spread s represented by 6 sigma.




Impro

© O

BUILD OVERALL BUILD LOCAL BECOME BUILD STRONG DIGITAL
CAPACITY CAPACITY STRATEGICALLY CONNECTIONS TRANSPORTATION
LEAN



Improve Phase

Criterion

Remedy 1

Remedy 2

Remedy 3

Remedy Name

Total Cost

Impact on
Issue

Benefit

Resistance to
Change

Implements
Time

Build overall & local
capacity

Over billion dollars

Increase overall
capacity of products

Reduce the chances of
semi-conductor
shortage

Lack of government's
supports

1 year - 3 years

Build strong
connections

No money limit

Understanding
customers' needs

Reduce the
overproduction

Lack of data analysis
from customer's side

During cooperation

Digital Transporation

Depends on systems

Save more time for
managing the orders

Better management
on capacity and
products

Lack of money and
sources

6 months




Improve
Phase

Build overall &
local capacity

Allocating
manufacturing
capacity to more
regions and
reducing extreme
local
concentrations

Strategically Lean

Reduce
overproduction
issues for the
products.

© O O O

Increasing overall
output capacity.

Hiring more
strong talent and
skills employees.

Reduce the
amount of
production and
postpone the
new products
releasing

Order more
products

when the market
has plenty of
semi-conductors.



Design controls and Validate the Determine the final Implement and monitor
document the improved measurement system process capability the process controls
process




Control Phase

By creating a Process Control
Plan, we were able to define what
needs to be done to ensure the
processes operate effectively and
standardize reactions

By creating SOPs, we can create
standard work allowing us to create
repeatable results

Implementing Change
Management allows us to create a
system to monitor changes and
ensure changes have merit



Quality
Function

Deployment

[ Customer 9
Requirements
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Quality
Characteristics

Priority

o extra costs
Reliable Manufacturing line

Meet demand quantity
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Improving transport

Delivery on time
Order flexibility

Cost

Priority
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Relationships




DOE/Experimental Design

Step 1: Acquire the inputs and outputs being investigated.
» Output: Customer Delivery (in Tons)

» Input: A. Number of containers

B. Number of cranes
C. Number of ships

Step 2: Determine the appropriate measurement for the output.
Collect historical data through a sample survey as a response.

> Annual Customer Delivery time generally varies from 75 to 95 days (cycle starting from
supplier to customer)



DOE/Experimental Design

Step 3: Create a design matrix for the factors being investigated.

Step 4: For each input, determine the extreme but realistic high & low levels to investigate.
« Factor A: Number of containers
o Low(-): 80
o High(+): 120
« Factor B: Number of cranes
o Low(-): 8
o High(+): 10
« Factor C: Number of ships
o Low(-): 3
o High(+): 7

* The design was a 273 factorial with 3 different factors



DOE/Experimental Design

_— Factorial Experiments 2*3 (Three Replications/Treatment) _—_—_
un _-________
o a1 da) 138 026 126] 0083 1698
g ap ap o af A A ] 269 27 625 3888] 4176
oo A o A A Al 2316 2045] 2361  22408] 2024
e oA af A o A A oues]  2327) 2ud7) 22032 1215
_______
Snve | 833  7621] 8456 6670 578  s7os| 48kl | 0 | | | |
umy- 11 | %22 2685 4473 5384 5418 28t [ [ [ [
Avgv+ | 2083 1905 211 667 140 w31  was) | | | |
AvgY- ______
Effect | 1380 1025  14d2f 549  o®4 o077 s | | | |
ar+ 3702 13858  1Lu7| 4270  61s6 0791 73 | | | | |

| 134190 3264 6004 12851 10965 6331 e1se) | | | | |
______

__ ___

VarofModel | 8s6 |  saov | 208 | | | | | | |
VarofEffet | 143 [ fstaov | 119 [ [ [ [ |

StudentT(0O0250F)= | | | ews | | | | ]

Clbafwdn= | | [ 2 | | [ [ ]

Significant Factors & 95% Cl Limits:
- [ [ [ | ]
© AC BC Al

A AB I
Signific. _[Yes s Yes  Yes  No  No e | | | | | |
Lwlimit_ | 1085 | 720 | 1147 | 254 | 200 | 219 | 80 | | | | |
UprLimit | 1676 | 1320 | 1738 | 845 [ 38 [ 372 [ 08 | | | | | |

12.00
10.00
8.00
6.00
4.00
2.00
0.00
-2.00
-4.00
-6.00

Pareto Chart of Factors




DOE- Analysis Result

Coded Coefficients Analysis of Variance

Cowant | | 1328 o 23| oo @
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*
» Thus, we can say the A*C & B*C are not significant as the P-value is less than 0.05 =

-Way Interactions

00 B
*C
C

A
C
2
A
A
B
3

7
3
1
1
1
3
1
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DOE- Significant effects that improve
(Increase) product dehvery (In tons)

e

Target: 80




Supply Chain and Lean/VSM

* Value-stream map is a tool used to analyze all steps in a process

This map helped us identify value-added steps and non-value-added steps in the supply
chain process

By comparing the current state VSM & future state VSM we can visually show the
improvements to be made to the process



Supply Chain and Lean/VSM

« Current State: 1 ship, 600 containers, 1 crane, 1 truck = 219.5 hrs/ship

« Future State: 1 ship, 600 containers, 3 crane, 15 truck = 27.5 hrs/ship




Gage R&R Metrology MSA
study

* The measurement will be the time delivery of the containers from suppliers to the customers.
* Have three officer groups to track the containers delivery times

« Sample will be the total time measurement with different operators and factors

Operators Officer Groups 3

Factors Factors for Container Delivering 10

Sample Operators * Factors 30

Number of Trails Trails for each Containers 3




Gage R&R Metrology MSA
study

Gage R&R (ANOVA) Report for Time

» There is a favorable relationship of the Gage R&R

Reported by:
graph & Part to Part graph T, o

Components of Variation Time by Factor

* We do have one outlier in the R Chart by Operator
Graph which may indicate a problem with one factor

» Operator C has lower time than others which should T o s

be looked at i:ﬁti?

Operator

Factor * Operator Interaction

Factor




Gage R&R Metrology MSA

study

Drate of study:
Reported by:
Mame of product:
Misc:

Assessment Agreement

Within Appraisers Appraiser vs Standard

X85 0% Cl
® Parcent

Appraiser Appraiser

Attribute Agreement

0% Cl

® Parcent

Type 1 Gage Study for Time

Reported by
Gage name: Tolerance:
Date of study: Misc

Run Chart of Time

E" £+ 0,10 = Tol
ef

ipf - 010 = Tol

Observation

Basic Statistics Bias Capahility
Reference 0 Bias 0.0 ( 0.06
Mean 0.00 T 0.M3 Cgk 0.06
Stllew 1.031 PValue 0.939
6 = StDev (5V] 6187 {Test Bias = 0] % War{Repeatability)
Talerance (Tal) 2 %War{Repeatability and Bias)

Type 1 Gage Study



Steps in Acceptance Sampling

\ l » Choose the AQL
* Choose the Inspection Level (Special
vs General)

e Determine the Lot Size

* Find the appropriate Sample Size Code

letter from Table I-Sample Size Code Letters

* Determine the appropriate Type of
Sampling Plan (Single, Double, Multiple)

* Check the appropriate table to find the
Acceptance Criteria

Why Acceptance Sampling for global
supply chain?

Process of evaluating a portion of the lot for
the purpose of accepting or rejecting the
entire lot

Why is Acceptance Sampling used?

a) Cost of inspection is high in relation to
the damage cost resulting from passing
a defective product

b) 100% inspection is monotonous and
causes inspection errors or,

Sampling Risks - Greater administrative
costs and less information about the
product than provided by 100% inspection




Acceptance Sampling Plan

Lot size, N (total number of
containers arriving) = 1,000

a probability (producer’s risk) = 0.05

B probability (consumer’s risk) =
0.02

AQL (acceptable quality |eve|) il Table I—Sample size code letters

(See 9.2 and 9.3)

O O 1 Special inspection levels General inspection levels

Lot or batch sizc
5-2 S-3

LTPD (lot tolerance percent
defective) = 0.05
Depending on lot size we must:

* Normal Inspection = General

e Plan: J

ZZIE ARw@m Qmm Unw

A A
A A
A A
A B
B B
B B
B C
B C
C C
C D
C D
C D
D E
D E
D E

00 Tmmm mUU Q0w oee
Rew IO0O mmm UONO Wr>
ZZr R=I OQTm PO0 wE>
LOmZ ZrFR wIQ Tmg Qw>
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Acceptance Sampling Plan

Use Nomograph with the AGLz0o1 -

parameter given to find the
starting point

- OC(AQL) =1-a =0.95

25' n
s % 'H
§ "*,“\\ i ,.@“ "h‘o

+ OC(LTPD) = B =0.1 : i "
$ ol mu;\ “:t. X 03
+ LTPD = 0.05 : .u‘ u ‘W w i
: "m i'\\t ‘“0'{ rﬁ : = §
+ AQL = 0.01 : \ '*W \” s :
N = 1000 ! N‘ ‘ -
li\ \ v
+ n =250 \\\ NI 7 g I
.+ C=5 \M \\\\\ .
w\\\ -




Operating Characteristic Curve

Operating Characteristic (OC) Curve
Average Outgoing Quality (AOQ) Curve

AOQ (Defects Per Hundred)
=3
]

o
L

75
Incoming Lot Defects Per Hundred

Average Total Inspection (ATI) Curve

o
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Average Total Inspection

25 50 75
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25 50 75
Lot Defects Per Hundred




Decision Matrix for Attribute Data

Count may be larger than tha  chart u chart
subgroup size (or could use a u chart)

Count i limited by the subgroup size np chart

for could use a p chart)

The np chart is seldom used.

Confrol Charts
Subgroup Size ()

Variable Data Attribute Data
measurement) [counts)

=1 on=1 Each itam has For each subgroup,
(ima order) {rational subgroups the atiribute or it count is the numbsr

or time order) doesn't. The of cocumances.
numearator is a MNumerator and
subsat of tha denominator meas-
denominator. ure differant things.

m=1 e n constant n mvaries
* A ¢ chart may be used instead of a u chart when denominators are all ﬂ n
equal or as an approdmation if denominators are approdmately equa.

Source:Hart M, Hart R. Statistical Frocess Corfrol for Health Care. Pacific Grove, CA: Duwdburny; 2002,

Why did we use
Charts?

« X (bar) and R charts can be used
for quality characteristics that can
be measured and expressed in
numbers

« X (bar) and R charts can be used
for one measurable quantity at a
time

» Although many times measurement
of variable characteristics is
possible, for reason of economy,
common practice is to classify items
as good or bad (use attribute
charts)



X bar- R Chart

« After the improved process we tried to

UCL=102.50

understand where the increased
number of containers will bring our

5
:
5

uncontrolled process back to the

improved state or not.
LCL=66.86
e We used the X-bar chart to examine

the range of the number of containers
UCL=31.04
and found the revised plan with

P
=

the varying demand will keep our

Sample Range

process under control.

« With this good news, we were curious
to understand the effect of

newly calculated values for cranes too.



P Chart of Number of Crane

UCL=0.1491

P - Chart

« After the improved process we tried to

=
2
=
o
o
o
o
[~

understand where the expected number of
defective cranes due to downtime expected
will result in uncontrolled process.

* We used the P-chart to examine the effect of
containers and found the revised plan with
the varying demand will keep our process

UCL=0.06281

under control.

* Thanks to P Chart we will now be able to cope

with defects too.

Proportion

P=0.0204

Mean (Target) = A; UCL = A + 3VA; and

LCL = A - 33A (if LCL is = 0: otherwise LCL = 0)




Reliability analysis

Reliability is defined as the probability that a product or system will operate in a defined

environment without failure.
« The quantification of reliability in terms of a probability
« A statement defining successful product performance

« A statement defining the environment in which the equipment must be operated

« A statement of the required operating time between failures

Determination of Failure Mode Effects Analysis (FMEA) & Fault Tree Analysis (FTA).

« Failure modes and effects analysis are actions about the risks of failures, for use in
continuous improvement. (FMEA)

 FTA is a graphical tool to explore the causes of system-level failures. It's to identify the
component level failures (basic event) that cause the system level failure (top event) to occur.



FMEA

Packing &
Distrubutions
Part 1

Packing
& Distrubutio
ns
Part 2

Packing
& Distrubutio
ns
Part 3

Multiple
Shortage  shipping for
of one large
Container product
order
Shortage Extra
of loading time
Cranes at port
Longer

waiting and

Shortage Sitforpiimig

. time for
of Ships s

amount of
product

Increase

of Sh.lp None
container
demands
Shortage
of Crane 6 None
operators

Size of Pre-

ship investigation

company

Covid None

280

150

280

120

Pre-order &
back up plan

Hire and train
more crane
operators

Back up

shipping
company

Backup plan
for
uncontrollable
factors






Results in MTTF & Failure Rate

* Using 95% confidence interval of MTTF & Failure Rate

« Mean Time to Failure is a maintenance metric that measures the average amount of time a
non-repairable asset operates before it fails.

« Failure rate refers to how often the supply chain system fail.

95% Cl for MTTR (856.431,2396.374) (584.20, 6807.85) (855.676 ,6880.734)

(0.000417,0.001168) (0.000147,0.001712) (0.000145,0.001169)

95% Cl for FR

95% Cl for reliability at
Wisslion s = 500 deye (0.4165,0.7312) (0.2769,0.8957) (0.4162,0.8967)

For the supply chain system for 500 days of mission time, the reliability for the completed set is

between 41.65% and 73.12%.
The upper bond of reliability will be increased & lower bond will be decreased for incomplete set of

truncated data set.



Conclusions

 From FMEA & FTA analysis we conclude

« For fixed set of number of container, cranes, and shipping company in supply chain, the

reliability was calculated to determine the sense of trust for the supply chain.

« Using mission time to track the reliability of the supply chain system.

« FMEA analysis the causes & effect and potential solution to increase the reliability of the
system.

« FTA gives the failures for each components that lead to failure of delivery the product on

time.



Conclusions

* From DOE analysis we conclude:

» All three factors are significant to the problem. Working on them will help us reach our
target.

» The interactions aren't significant except interaction of AB. However, it doesn’t have much
impact on the project.

> It's important to note that the value of ABC has a negative co-efficient thus we must be
circumspect while increasing the values of the factors.

» To reduce the lead cycle, we should have number of ships, cranes as well as containers



Conclusions

* From SPC charts we conclude

» The Variable and Attribute charts were plotted for the data set until a shift in mean or
an abnormal condition was detected. We observed that the warning limits predict a
trend and can be used to stall a process before it becomes unstable.

» The direct impacts noticed:
= Quality affects every process
» Quality affects profits/market share
= Quality issues are often unnoticed
= Quality assessments uncover them
= Quality methodology solves them
= Quality improvement pays for itself



Juran’s Quality Tr

Six Sigma Implem
Turkey. - ScienceDi

Top 5 benefits of Six Si

2022 State of the Third Party L ry Report (3plcentral.

What Can Lean Six Sigma Do for Your Supply Chain? (sixsigmadaily.com)

https://www.itl.nist.gov/div898/handbook/pmc/section2/pmc21.htm

https://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm

https://www.itl.nist.gov/div898/handbook/pri/section3/pri334.htm

https://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm



https://www.whatissixsigma.net/jurans-quality-trilogy/
https://www.sciencedirect.com/science/article/pii/S1877042815039269
https://www.henryharvin.com/blog/five-benefits-of-six-sigma-in-supply-chain-management/
https://www.3plcentral.com/2022-state-of-the-third-party-logistics-industry-report?kw=supply%20chain%20challenges&cpn=1351948304&utm_term=supply%20chain%20challenges&utm_campaign=SMA+-+SOI+Report&utm_source=adwords&utm_medium=ppc&hsa_acc=2769184333&hsa_cam=1351948304&hsa_grp=98843965811&hsa_ad=575393953398&hsa_src=g&hsa_tgt=kwd-324641940653&hsa_kw=supply%20chain%20challenges&hsa_mt=p&hsa_net=adwords&hsa_ver=3&gclid=Cj0KCQjwpcOTBhCZARIsAEAYLuXrrBSow4Imr9gc2mHd-Py7Su_aLlE0X7UV-7x3AkJHXOQPlFln9KsaAssIEALw_wcB
https://www.sixsigmadaily.com/lean-six-sigma-for-your-supply-chain/
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