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Define Phase



Problem Statement

Due to the global pandemic of COVID-19, Lots of people suffered from infection and death. The first
problem is vaccine availability. Most developed countries have completed 2nd dose even booster
shots, while some third world countries didn’t have enough vaccine for first dose.

Second problem is vaccine quality. From different companies, vaccines have different protection rates.
The third problem is the vaccine transportation issue. Right now only a few countries can make
COVID-19 vaccines, how to quickly and safely deliver those vaccines to countries without vaccine
development ability is a vital issue. Due to environmental sensitivity of the vaccine, it can only be
stored in cold temperatures, which means the transportation must have a functional cooling system
within the whole trip of delivery.

Furthermore, the vaccine only has a short time to keep its potency, which means once the vaccine
arrives at its destination, it must be quickly spread to the local health department for vaccination.
Sending too many vaccines in a single time will cause waste if they don't allocate them properly. When
we talk about the allocation of vaccines, the amount of medical personnel is another problem.

If a country doesn't have enough doctors who can properly allocate and inject the COVID-19 vaccine
to the citizens, it may cause more serious problems.

We focused on three areas



Brainstorming
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Flow Chart
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Organization Chart
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COPQ Analysis (Cost of Poor Quality)
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Affinity Diagram
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Fishbone Chart
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Quality Assessment

Issues Diagnosis

Vaccine Distribution and Effectiveness
Public Health Issues
Unclear or Poorly kept Documentation
Miscommunication
Extensive Public Health Codes and Regulations
Issues with Refrigeration Failure

O  Storage and Transportation
Lack or Loss of Resources

o  Transport Vehicles, Medical Staff,

Storage, Funds

Political and Social Issues

Temporary and Permanent
Solutions

Request/Increase budget to acquire more
resources

O  Backup resources such as generators or

extra personnel as well as overtime
ability

A centralized database and headquarters for
keeping accurate records of all organizational
activity
Expedite shipping routes so vaccines stay on the
trucks or planes for less time

O  (Refrigeration)
Ads that direct people where to go and how to
get the vaccine

o  (Political/Social Media)
Create rules and plans for public and personnel
safety in clinics

O  (Health codes)
Invest in better or more refrigerators to mitigate
number of doses wasted
Develop an in depth communication system
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Root Cause Analysis

Workshops, Public Outreach, Social Media Campaigns

Continued Research, Government Policies,

Improved Logistics, More Manufacturing Sites, More Vaccination Centers
Travel Restrictions, Vaccination Mandates

Diplomatic pacts, Better International Relations

Vaccine Mandates

ok owbdrE
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Improvements

Measures to Assess Improvements

e Implementing a better records system will allow the organization to better track who is effectively
receiving the vaccine and which nations or communities need further assessment and change
® Track who gets the virus after the vaccine and what their symptoms are to measure if more research

needs to be done
e Check to make sure that the number of vaccinated people keeps increasing at a sufficient rate

Sustainable Improvements

e According to the assessment above, apply necessary changes to the organization
e Ensure that the areas where vaccination rates are lower get increased analysis or funding so that the

rates go up

13



Measure Phase
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Process Capability

Focus on Vaccine injection time per person.

Avoiding long wait line, decrease possibilities of cross infection

Original Plan: 25- 35 min/person

Including record check, disinfection, injection, post-injection monitoring
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Updated process capability

e With better training for medical personnel, the process time become more stable with
mean time 30 mins and with standard deviation of 2.
Still not good enough

Process Capability Report for Vaccination Time after (min)  Process Capability Sixpack Report for Vaccination Time after (min]
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Final Update

® Leave more time in case of emergency
® Process time slot become 25-40 min/person

Process Capability Report for Vaccination Time after (min)  Process Capability Sixpack Report for Vaccination Time after (min]
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Analysis Phase
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Design Of Experiments

For our vaccine allocation, we want to reach the monthly vaccination rate to 20% for a country, which
means we can set our target response to 20%, with the LSL and USL from 10% to 30%. Right now we
only reach 15.84% per month.

Factor definitions

A. Medical Staff - A lower score in this factor could be due to short staffing, overstaffing
or poor training, while a higher score would suggest an optimized number of workers and better
training
B. Transportation - A higher grade for transportation would denote the largest number of
vaccines reaching the targeted destinations on time and intact
C. Storage - Storage pretrains to the keeping and documentation of the vaccines where a
IM&BFcore coulq_lagvobtam%hy refrlggrlﬁ’fgr malfunction Range Midpoint Val(+ Val(?)
)
Staff 40 100 Personnel per Site 60 70 1 -1
Transportation 400 950 Vehicles 550 675 1 -1

Storage 500,000 4,000,000 Units of Vaccines 3,500,000 2,250,000 1 -1
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Design of Experiments
Factorial Experiments 23 (Three Replications/Treatment) Run Results
C AB AC BC Y1 Y2 Y3
- -2.56 -1.55 -2.59
467 8.66 6.85
554 N 2.23
15.66 19.97 23.27
13.30 14.03 16.21
24.01 2510 29.59
21.92 20.70 18.56
34 .45 37.05 3777
120.98 127.27 131.88

[=-RE R - R S, I - FUEY N I

6967
5704 Pareto Chart of Factors
17.42
14.26
3.16
241
4618
1.908
regression 1.579

SUM VAR -1.099
Var. of Model StdDv
Var. of Effect StdDv
Student T (0.025;DF) = 2473
C.l. Half Width = 1.894

Significant Factors & 95% CI Limits:

B C AB

Yes Yes Yes
716 1521 1.26
1095 19.00 505




Regression Equation

Regression Equation in Uncoded Units

Response = 15840 + 6748 A + 45308 + 8551 C

We want our response close to 20, which is our Target value

We can change the number of medical staff and number of trucks easily
Unit of vaccines are hard to change, limited by storage capacity
A=03,B=03,C=0

Response = 19.9912

Based on our response, we got Cpm = 1.311. Process capable

We can calculate our real value of factors

We need 79 Medical Staff at each vaccination site, 758 Trucks per day and
Storage facilities which capable of storing 2,250,000 vaccines per day

21
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FMEA

Step Description
il verify the order for the vaccination
Failure Mode Causes Effects Occ Det Sev RPN Actions
No order for the vaccine Provider did not order the Patient could be given the =] 2 2 36 check the MCIR, verify the
vaccine wrong vaccine order with the provider
Insurance will not pay for the
vaccination
Patient could go without a
vaccine that is needed
Step Description
= verify the right patient with name and identification
Failure Mode Causes Effects Occ Det Sev RPN Actions
wrong patient failure to check the patient's wvaccine given to wrong =] 1 1l 9 Always check name and
name or identification patient; getting unnecessary identification of the patient
vaccines or omission of a prior to administering the
needed vaccine vaccine
Step Description
i< verify the insurance or no insurance
Failure Mode Causes Effects Occ Det Sev RPN Actions
failure to choose the correct failure to verify the correct patient will end up paying or 7 2 =i 70 Verify with patient about any
vaccine based on insurance insurance selection our office will have to pay the insurance changes prior to
(our stock) or no insurance health department selecting the vaccine from
(health department stock) stock
Step Description
4 verify the right vaccine
Failure Mode Causes Effects Occ Det Sev RPN Actions
choosing the wrong vaccine failure to verify the needed administration of unneeded 9 2 2 36 always double check vaccine
vaccination vaccination with another staff member
failure to double check with failure of administration of
another staff member the proper vaccination
Step Description
5 verifty the right dosage of vaccine
Failure Mode Causes Effects Occ Det Sev RPN Actions
giving the wrong dose of drawing up the wrong dose wrong dose (too little or too 7 10 2 140 always double check with

vaccine not double checking with

another staff member

much) vaccine given to
patient

another staff member prior
to administration
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Improvement
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Lean Manufacturing

=

0 0 N O Uk LD

Developing essential medicines list

Partnering with the national academies

Partnering with the interagency

Advancing manufacturing capabilities

Creating a rating system for quality management maturity (QMM)
Detecting and Managing Supply chain disruptions

Allocating and distributing pharmaceuticals

Stopping unlawful Products

Coordinating Vaccine Supply Chain with industry
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Value Stream Map

® Focusing on three different factors
- Transportation
- Personnel
- Vaccine Allocation.

® By improving these three aspects we hope to improve the
process and increase the vaccination rate in all communities, no
matter how different or remote

® Make a matrix, parallely run tasks.
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FUTURE VSM

Use Takt time; T =Ta/D
Bottlenecks avoided
Reduce queue time

FUTURE PLANS OF US GOVT:

1.

2.

3.

Work with global partners
Expand manufacturing capacity

Leverage Data
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Control Phase
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Acceptance Sampling Plan

OPERATING CHARACTERISTIC (OC) CURVE: -

e AN OPERATING CHARACTERISTIC (OC) CURVE IS A PROBABILITY CURVE FOR A SAMPLING PLAN
THAT SHOWS THE PROBABILITY OF ACCEPTING LOTS WITH VARIOUS LOT QUALITY LEVELS (%
DEFECTIVES).

e WE USED ACCEPTANCE SAMPLING METHOD AS IT ALLOWS US TO DETERMINE THE QUALITY OF A
VACCINE BY SELECTING A SPECIFIED NUMBER FOR TESTING.
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Probability of occurrence in a single trial (p)
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ANSI Table

Table I—Sampie size code letters Table lI-A—Single sampling plans for normal inspection (Master table)
(See 8.2 and 9.3} (See 9.4 and 9.5)
e R ) R Sample Acceptance Quality Limits, 400, in Percent N forming Tiems and N foamities per 100 lems (Mormal Inspection)
Special inspection levels General inspection levels ::‘ Sample 'loms 0040 [ 0.065| 0,10 | 0 | 0.25 | 040 | 065 |.u-| L5 | 2s | 40| 65| W 'I 15 |25 [ 90 [es [ 100 [ 150 [ 2s0 [ 200 [ as0 [1000
I
Lot or batch size Jemee Ac e RelAc Relac el e Relc Reac e nsR:.a.rmmm.-\sm,.-\nncncnra:nmrn:.«m%mm[kklmm 4¢ Rl s Rl ac Rl ac RelAc RelAs Relas R
51 52 -3 S-4 1 n ! A 2 1 L2 l’*_’:z!z:;-lsu:lsmn 14 15[21 22(30 31
B 3 o1 4 12|23 x4l s 8] 7 osfionnfians|2n 22|10 3|44 48
c 5 01| 4 | |0 2]2 3] 3 4] s 8] 7 shionfissfa 22w e s
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16 13 25 A A B B B C D F 0 O 4 || v2fz e s 67 senflasna a4l
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26 to 50 A B B C C D E H 0 L ot 4 | ¥ |1 z223|34 567 slonnsjun
51 to 90 B B c c c E F ] ] IF I IR EE s 6| 7 shioifis sz
9 to 150 B B C D D F G K 125 o 1| A ¥ [0 2l2aa a5 6] 7 slonfieasfn | 4
T b 51 & | ¥ 12|23 a5 6|7 si0n]uesfa a4
151 to 280 B c D E E G H M s 01 |0 2233 85 67 shonfsan
281 to 500 B C D E F H ‘__L_\ N 500 A iﬂ4| : ¥ afza]aas 67 sfonfersfna |
3 00 01 12|23 45 el 7 shoufieisiaz
501 to 1200 c c E F L J K @ | i2s0 o 1| 4 | |0 2[2 3345 6|7 shenfinislia 1 |
TR . - - - T - S o] i s draonfustanl T[] ]_
10001 o 35000 C D F H K M N ’ J
35000 to 150000 D E G J L N P * = U'se the first sampling plan below the ammow. IT sample size equals, or exceads, It size, carry out 100 percent inspecticn.
150001 o 500000 D E G 3 M jd Q 4 = Use the first campling plan sbove the arrom
500001 and over D E H K N Q R Ae = Acceptance nunber.
Re = Rejection number.




Gage R&R

® Vaccine Protection Rate Measurement
o Allows us to identify what proportion of the variation for our data is caused by the actual
variation of what is measured and the variation due to the measuring device.
o  Our group uses gage R&R to evaluate the effectiveness of our vaccine protection rate and the
quality of our system measuring that rate.
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Gage R&R (Crossed)

Gage R&R for Measurement ~ Gage R&R (ANOVA) Report for Measurement

v Reported by:  Zhaoning Song
(== . . fm m
Gage name:  Covid Vaccine Factors Gage name: Covid Vaccine Factors Tolerance:
Date of study: 4/12/2022 Date of study:  4/12/2022 Misc:
Reported by:  Zhaoning Seng

Components of Variation Measurement by Part
Tolerance:

0 [ = contribution
Misc: W 5 Study Var
Gage R&R

Variance Components
Gage RER Repeat Reprod Part-to-Part

%Contribution

Source VarComp (of VarComp) R Chart by Operator
Total Gage R&R 9.143 7 B C

Repeatability 3.097

Reproducibility 5.146

b UCL=8.30

T
|
Operator 5.146 :
Part-To-Part 108.645
Total Variation 117.788

R=3.42

- LCL=0
Sl WS DRy L BG4 R ML DY BTy

Sample Range

Gage Evaluation Part B

Study Var %Study Var Xbar Chart by Operator Operator
B

Source StdDev (SD) (6 * SD) (%SV) c . .
Total Gage R&R 30237 181423 2785 Part * Operator Interaction

Repeatability 19993 11.9960 1842
Reproducibility 2.2684 13.6103 20.90
Operator 2.2684 136103 20.90
Part-To-Part 104233 62,5396 96.04
Total Variation 10.8530 X 100.00

bl

Sample Mean

20 - t
A By 290 MLea hhh 4 2R Bhby B

Number of Distinct Categories = 4 Part




Gage R&R (Nested)

Variance Components

Source VarComp

% Contribution
{of VarComp)

4,595
4508
0.0:00
107.999
112.597

Total Gage R&R
Repeatability
Reproducibility

Part-To-Part

Total Variation

Gage Evaluation

405
4.08
0.00
§5.92
100.00

Study Var %e5tudy Var

Source StdDev (SD)

(6 = SD)

(265V)

2.1443
2.1443
0.0000
10.3923
10.6112

Total Gage R&R
Repeatability
Reproducibility

Part-To-Part

Total Variation

20.21
20.21
0.00
97.04
100.00

12.8661
12.8661

0.0000
62.3538
63.6672

Gage R&R (Nested) Report for Measurement

Gage name:
Date of study:

Sample Range

Sample Mean

Reported by:

Tolerance:
Misc:

Compenents of Variation

[ % contribution
. % Study Var

- _N

Gage RER Repeat Part-to-Part

Reprod
Cperator

R Chart by Operatar

-
=
=

UCL=8.30

EN\A L. Y "R342
\.‘V\.\./ LCL=0

R0 b, D M b, B e A, R 4 B e

wn
l

=

Part

Xbar Chart by Operator
B

K" L‘V

A B B4, e Al b e 4, % Sy L B 4, ey

Part

Measurement By Part ( Operator )

Part Sl baba 20 STa k0D B MLy hob 4 %0

L L 1=

Measurement by Operator




Gage R&R- Appraisers

Each Appraiser vs Standard

All Appraisers vs Standard

Assessment Agreement

Appraiser # Inspected # Matched Percent  95% CI Assessment Agreement
1 20 19 95.00 (75.13, 99.87)

20 18  90.00 (68.30, 98.77)

# Inspected # Matched Percent  95% Cl
with the known standard. 20 18 90.00 (68.30, 08,

# Matched: Appraiser’s assessment across trils ag.

Assessment Disagreement # Matched: All appraisers ments agree with the known stan

Appraiser # no / go Percent # go / no Percent # Mixed Percent
1 1 2000 0 0.00 4] 0.00

o 00 0 000 2 1000 Fleiss" Kappa Statistics

Response  Kappa SE Kappa Z Plvs > 0)
go 0.856631 0.111803 7.66194  0.0000
no 0.856631 0111803 7.66194  0.0000

Fleiss' Kappa Statistics

Appraiser Response  Kappa SE Kappa ZPvs > 0)
g0 0856631 0158114 541781  0.0000 Date of stud
y:
o 0856631 0158114 0.0000 Assessment Agreement ———
g0 0856631 0158114 0.0000

Mame of product:
no 0.856631 0. 0.0000 Misc:

Within Appraisers Appraiser vs Standard

Between Appraisers ® 95.0% 1 % 950% 01

# Percent # Percent

Assessment Agreement

# Inspected # Matched Percent  95% CI
20 18 90.00 (68.30, 98.77)

# Matched:

Fleiss’ Kappa Statistics

Response Kappa SE Kappa P(vs = 0)
0.0000
0.0000

Appraiser Appraiser




Control Chart

e An X-bar and R (range) chart used with processes that have a subgroup size of
two or more. The standard chart for variables data, X-bar and R charts can tell if a
process is stable and predictable.

® The p-chart is used to monitor the proportion of nonconforming units in a sample,
where the sample proportion nonconforming the ratio of the number of
nonconforming units to the sample size.

® The c-chart is a control chart used to monitor "count"-type data, typically total
number of defects per unit.

® Here, we are considering the control charts of X bar, Percent defective and
No. of defective in the samples, for vaccine delivering trucks, and the
acceptable limits for the vaccines produced itself.
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https://en.wikipedia.org/wiki/Nonconformity_(quality)
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Xbar-R Chart of box of Vaccine per truck

UCL=65 82
. &0
X-Bar Chart Pl— - S
= %=52.92
ar Charts e —
a0 LCL=40.02
1 2 3 4 5 13 7 a L 10
Sample
a0 UCL=7437
Range Chart " a7 /\\
LICL = DR g .____*__(//*\\‘\// — | F=8138
E
CL=FR= 2.5 / “ 20
LCL=034
R, = Max(X,)— Min(X,) o
= 1 2 3 a 5 5 7 3 E 10
LOL=1R —
Average (Xbay) Chart Xbar-R Chart of number of trucks
UCL=60.93

UCL=X+4,R% &0
> %
i=Lk

50.59

Sampke Mean
& &

E=mmber of subgroups a0 LCL=40.26
» =number of samples in a subgroup 1 2 3 4 5 [ 7 8 9 10
Az, D5 and Dy are constants based on » Sample
0 UCL=53.56
g o A /\ -
H H H = = R-33.52
Normal distribution I R - P
BT
LCL=7.48

Sample
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P Charts
LCL=p-34p(l-p)n =

Binomial Distribution
UCL =p+3,/p(l-p)n =

P Chart of Number of Defect truck P Chart of Number of Defect vaccine

mem pmg%}nMMwﬂMﬂm
i 1 e

1 1 21 Eil 41 &1

Sample Sample



\ C Chart

Sample Count

Poisson Distribution

C Chart of Number of Defect truck

Sample

Mean (Target) = A; UCL= A+ 3VA; and
LCL =\ - 3VA (if LCL is > 0; otherwise LCL = 0)

Sample Count

C Chart of Number of Defect vaccine

il
i

Sample



Reliability

® The probability that a device will function according to its specifications
e Based on our project, the refrigerator is the key factor to keep vaccine potency.
® Itis necessary to figure out the reliability of refrigerator

Three Test Methods:

e Complete Sample
e Failure Censored
e Time Censored
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Complete Sample
Sample Size (M)

e Complete 15 sample to test until all of them
failed
® Cost too much time and Money

2
X5 ,.
2n,1-0/2

Confidence Interval for Failure Rate (FR):

FR=1/MTTF

Confidence Bound:

45
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Faillure Censored

® Truncated at 3rd failure
® Not cost much time

e We don't know when the remaining
units fail

Confidence Interval for Reliability: R

R (T) = exp(-T * FR)
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Time Censored

Mission Time

1367.743844

e Bound FR

0.000731131

Limited Time failure test

Never know when units still working
after limited time.

Limited test time: 500 hours
Complete sample test give us highest
reliability.
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Conclusion

In this project, we used different quality engineering methods. By Using Different methods we

Analyze the problems and improve our project.

The Flow Chart visually displays the sequence of activities of vaccine storage and transportation.
The Organization chart let us to know about production of vaccine and distribution of vaccine.

By COPQ and affinity diagram we get to know about the problems in the vaccine transportation
and storage.

Process capabilities indicates the statistical quality control of vaccine.

Design of Experiment helps us in planning , conducting , analyzing and interpreting controlled tests
to evaluate the factors.

The FMEA leads the Vaccination project to the right path.

Value stream map(VSM) helps us to improve the vaccine transportation, vaccine allocation process
and make our allocation faster and more efficient.

By Applying sampling plan we can sort out the factors that we need to improve in Vaccine
transportation.

We also find a way to calculate the reliability of our equipment.

From this project, we can visually see the improvement of our vaccine allocation procedure.
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