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01. Introduction

Manufacturing Readiness Assessment Tool (MRAT)

The MRAT was developed to help structure and efficiently complete a Manufacturing
Readiness Assessment (MRA) to determine the Manufacturing Readiness Level (MRL)
of a chosen product or technology. MRAT helps standardize the process and reporting
of the product’s or processes current MRL (1-10).

Most importantly, the tool drives the interested parties / evaluators to consensus of not
only the current readiness level but also those areas requiring improvement or further
development. Consensus on improvement areas is important to efficiently achieve the
milestones or technology transition target levels.

MRAT produces a report which indicates areas where the program or product falls short
of the target MRL. This report coupled with cost and schedules become the basis for a
final report which includes a comprehensive risk management plan and a meaningful

manufacturing maturation plan.

This learning guide is designed to act as an instructional guide during your training and

a reference resource in your workplace.

Note: The MRAT is designed to be used with Microsoft Excel™ 2003 and 2007
software. Developers of the MRAT make no guarantees with respect to the operation of
this tool if it is used with any other than a licensed version of Microsoft Office software.
(Please refer to the MRAT Software Compatibility Chart, Figure 21.)
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02. Process Flow

The following MRAT flow diagram will provide a process overview of the tool.

MRA Team Team Lead - Team Lead -Assign MRAT creates a folder
Lead - Establish Complete initial Threads/questions containing the
MRA MRAT set-up to Evaluators assessment tool and
Assessment > worksheet »{ (System limit 10 per »] Evaluator sub-folder
team members MRA) which includes
individual workbooks
Team Lead — Evaluators — Evaluators — Return Team Lead —
Disseminate Answer assigned file to Team Lead Save Evaluator
- evaluator R questions | (Do not change file »  Worksheet in
1 workbooks to - name) Evaluator sub
Evaluators folder
Team Lead — Team Lead — MRA Team — Team Lead —
“Import Scores” Compile scores Evaluate answers to | Produce and
> from each — =] questions and | distribute MRA
Evaluator achieve final MRAT Report
Workbook consensus

Page 4




03. File Management
1. Upon receiving the MRA Tool, it is recommended to create a folder under a

directory that is supported by a back-up file system such as “My Documents”,

and save the MRA tool in that directory. The MRA tool will operate from and

create working folders within the “My Documents” directory.

The tool will create folders and sub-folders within the directory
that the tool is operated from, so it is important to save the
Master MRA tool in the “My Documents” directory.

(Refer to Figure 1)

Master MRA tool will
create an MRA folder
within the directory in
which it is saved.

My Computer

& C:\Documents and Settings\McalpiPYiDesktopiSunbelt Inc Sys2009 Battery pack MRA

File Edit View Favorites Tools  Help

Recycle Bin €) _) lﬁ /-_-\J . i Falders .
AN
Address |r:| Ci\Documents and SettingsiMcalpiPyDeskboph sunbelt Inc Sys2009 Battery pack MR'F(, | a fa0
Size | Type Date Modified

File and Folder Tasks : File: Folder 10/28/{2008 4:19 PM

j e 009 Battery ... 1,662 KE Microsoft OFfice Exc... 10/28/2008 4:19 PM
MRA subfolder which
contains individual
evaluator’s worksheets

MRA tool specifically ]

structured for the

product/technology
N

Details

IMentars... Tr".'ai'ni_ru;l 20

Figure 1
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04. Security Warning — Enable Macros

2. From the designated location open the Master MRA Tool Excel ™ file
3. Read and follow the instructions on the Security Warning screen

4. The Security Warning will display on the information line below the tool bar,
indicating that “Some active content has been disabled™
Click the “Options™ button adjacent to the Security Warning
The Security Alert — Macros & ActiveX window will appear
Click the “Enable this content™” button

Click the “OK™ button

Click the “Run’ button

©ooNDO

l:;,! v e AF ManTech MRA Tool 2007 V7 .xlsm - Microsoft Frra! o 5
—/‘ Home Insert Page Layout Formulas Data Review View Developer Livelink @ - -
B ‘*‘ Arial ~lw - [[a]||[F =i Wrap Tex '}EI
Paste |5l | [ e || i= i=|| cid Merge & Center - ||| § -0 e
- 7 = el i Select
Clipboard = Font Alignment ing
@ Security Warning Some active content has been disabled. Optio
| B2 M £ |
H

Public Release Case 4. Security
#28ABW-2008-1157 / Otfoﬂs

Button Location

Air Force Research Laboratory ManTech's
Manufacturing Readiness Assessment Tool

MRA T 200 7 Recommend creating an

"MRA" folder under "My
Documents" to save & copy

WARNING / MRAT and running the copy

Before Starting /r\ from that folder

1. Make sure you have saved the original MRAT file and you are
working with a copy of the Tool
2. Make sure MS Office Service Packs 1,2 ,3, and XP Service
Pack 3 are installed.
3. Make sure Macro Security Option is set to “Disable all macros
with notification” See your IT personnel or:
a) "MS Office Button" upper left of screen
b) "Excel Options” first button bottom right of pop-up screen
c) "Trust Center" leftside of pop-up screen
d) "Trust Center Settings” bottom right of information listing
e) "Macro Settings" left side of pop-up screen
f) Select "Disable all macros with notification"
g) Select "OK", Save, Close & re-open the file
4. Select the "Options..." button: right of the "Security Warning"
below the ribbon bar
5. Select "Enable this content”

6. Click the "Run" Button > m

W 4 b ¥ Matrix | Preface <%0 I — i
Ready | [EEErT ey (F)

Figure 2
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05. MRAT Setup and Work Instructions

10. The screenshot below represents the set-up view for inputting required
assessment information

11. Complete the required fields listed below (Refer to Figure 3)

12.All required fields are marked with an asterisk and highlighted in red.
(Color changes from red to blue when fields are complete)

(1) Input Required* Information (2) Click Start

Company Name: | Sunbe!t

Systom Name: Sys-ZfJ‘H . Acsossment Dates:

Product/Technology: Pmductronﬂafes 14-Jan-09 23-Jan-09
Number of Units: ~ 1,667 / mth Milestone Date:

i Technology Development
s LEES leading to a Milestone B decision.

Capability to produce a prototype system or subsyste
in a production relevant enyg
“Use Calendar” button to
utilize pop-up calendar
and select desired dates.
Evaluators

Manufacturing
{ .y . ]
\: [ Readiness Assessment Tool

Tony Bumbalough

X [ x |

Email:

Address
Materials and Manufacturing Directorate
AFRLRXMT
2977 Hobson Way, bldg 653 Room 215
Wright-Patterson AFB, OH 45433-7739

Questions & Definitions Based on: v7.0 Oct 2008 Threads

Figure 3

NOTE: The folders referred to in the File management section
(Master MRA folder, MRA Tool and Sub-folders of this
document will be created using the information specified on this
set-up screen. The company names, systems name, and
product/Technology specified on this set-up screen.

(Refer to Figure 1)

A. Company Name

B. System Name

C. Product/Technology
D. Number of Units
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E. Target MRL :
i. Enter MRL by clicking on the arrow at the bottom right
hand corner of MRL box
ii. Choose desired MRL from drop down menu.
1. The MRL number and a matching description appears in
the box next to the number as verification

NOTE: Enter dates by either typing in the date or by clicking on

the “Use Calendar™ button to utilize the pop up calendar and
select the desired dates.

F. Assessment Dates:

G. Production Dates:

H. Milestone Date: (if applicable)

. Assessment Team Leader, Phone, Email, and Address

(1) Input Required* Information (2) Click Start

Company Name: Sunbelt
System Name: Assessment Dates: 19-Jan-09
Product/Technology: Bartery Pack Production Dates: 14-Jan-09

Number of Units: 500 ~ 1,667 / mth Milestone Date:

. Technology Development
R leading to a Milestone B decision. E

. Evaluate Threads
Capability to produce a prototype system or subsystem
in a production relevant environment.

“Evaluator Threads”
selection menu.

¥ Design

Select Activies for v Materials
Tony Bumbalough
¥ Process

G
| { eadi vl
Art Temmesfeld . v Cost & Funds
Beth Carter ¥ Quality

Tony Bumbalough
937-904-4594 v Mfg Personnel

Iv Facilities

Materials and Manufacturing Directorate ¥ Mfg Mgmt

AFRLURXMT
2977 Hobson Way, bldg 652 Room 215 Sefect Al

Wright-Patterson AFB, OH 45433-7739

Questions & Definitions Based on: v7.0 Oct 2008 Threads

Figure 4
06. Evaluation Team: Assigning Threads to Evaluators

J. Evaluators
I. Input an Evaluator’s name and press “Enter” on the keyboard
(The user must input at least one evaluator name with assigned
threads for the system to operate properly) (Refer to Figure 4)
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Vi.
Vil.

The Assessment Team Leader should be included as an evaluator
The system is limited to 10 evaluator names

Evaluator names may not contain any slashes, periods, commas, or
colons.

The “Evaluate Threads” screen will display which allows the user
to select activities (assign Threads) for each Evaluator

Click “OK™ when complete

At this point in the process you may change the evaluator and
thread assignment by clicking on the evaluator’s name. An
information box will appear with the option to “Remove
Evaluator” or “Change the Threads”. Select the appropriate
option.

NOTE: The system will allow you to remove the evaluators and
change thread assignments only during the initial assignment process.

The “Start” button will only appear on the screen after the required

fields are completed. After clicking the “Start™ button, the user will
not be able to make any changes to the set-up information. A warning
screen will display to confirm that you want to continue with this
action. (Refer to Figures 5 - 7)

13. Press “START™ button when complete < 1

(1) Input Required* Information (2) Click Start

Company Name: Sunbelt Start Date

System Name: Assessment Dates: 19-Jan-09

Product/Technology: Production Dates: 14-Jan-09
Number of Units: ~ 1,667/ mth Milestone Date:

) Technology Development
LlRb TS EL leading to a Milestone B decision.

Capability to produce a prototype system or subsystem
in a production relevant environment.

Evaluators

XX
Tony Bumbalough
537504 4561

Materials and Manufacturing Directorate

Questions & Definitions Based on: v7.0 Oct 2008 Threads

AFRLRXMT
2977 Hobson Way, bldg 653 Room 215
Wright-Patterson AFB, OH 45433-7739

Figure 5
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07. Creating Additional MRAs
14. An information box will appear and ask to “Set up additional MRAs?”
Note: Additional MRAs could include multiple technologies for a system,
multiple subsystems for a system, or multiple companies producing the same
technology.

Set up Additional MRAs? %]

Figure 6

NOTE: If selecting “YES™, go to step 15a and skip step 15b
If selecting “NQO”, go to step 15b.

15. Select the appropriate answer and click the “OK™ button
a. If you have answered “Yes”, (that you want to set up additional MRAS):
I. A new screen will appear which will ask if you are “Ready to create
MRA folders and assessment files”?

Ii. Read verification and warning information

iii. Click “OK”

iv. The MRAT will begin creating a master file with sub-files and
individual worksheets for evaluators for the first product/technology

(1) Input Required™ Information (2) Click Start
Company Name: Sunbelt Start Date i End Date

Systen‘.- Name: S}"S‘zoff Assessment Dates:

Produ ppady to Create MRA Folders & Assessment Files

I Coritinue with the following actions?

(1) Create a "Company”™ "Systam” "Product” "WMRA" Folder & MRA Tool
{(2) Create a "Froduct Evals” Foldar within the MR A Folder
(3) Place separate avaiuator files within the "FProduct Evais” Foldar

(<) Save the Assessmeant Tool in the Croated MR A Folder

WARNING
By Continuing: The Company, System, Product/Technology,
the Evaluators, and the Assigned Threads
CANNOT be Changed!
If the setup information is correct then click "OK".
Otherwise click the "X to cancel and change the setup.

-] If you Continue with an Undeasirabia Setup
""" (A) Lat MRAT finishiff

(B) Delete the assessment folder MRAT created.

(C) Re-open MRAT and start over.

F5433-7739

Figure 7
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The MRAT will begin creating files, sub-files and individual worksheets
(refer to Figure 1) for each evaluator of the first product/technology.

This process takes approximately 3-5 min. Excel™ will close and you
will need to locate the Master MRA Tool within the directory where the
MRA Tool originated (i.e. “My Documents™).

v. Locate the MRA Tool within the “My Document™ directory
vi. Click on the MRA Tool to re-open
vii. A second Setup screen will appear and will have only two required
fields highlighted:
1. Product/Technology
2. Assessment Dates
viii. Input any required changes, making sure to fill in the required fields
and click “Start”

ix. If there are additional MRAs that you would like to set up at this
time, repeat step 15a as many times as necessary to set up additional
MRAs. It will continue making folders that are labeled with the
company name, the system name, and the product you want to
evaluate.

b. If you have answered “No”, (that you do not want to set up additional
MRAS): (Refer to Figures 6 & 7)
I. A screen will appear which will ask if you are “Ready to create
MRA folders and assessment files?”

1. Read verification and warning information

iii. Click “OK”

iv. The MRAT will begin creating a master file with sub-files and
individual worksheets for evaluators for the second
product/technology

The MRAT will begin creating files, sub-files and individual worksheets
(refer to Figure 1) for each evaluator of the first product/technology.
This process takes approximately 3-5 min. Excel™ will close and you
will need to locate the Master folder created within the directory where

the MRA Tool originated (i.e. “My Documents”). The master folder will
contain the original tool and a subfolder with individual evaluator
worksheets.
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08. Assessment Team Leader Evaluation MRA Tool

16. Open the folder with the company name, system name, and product/technology
name

17. Open the Product/Technology MRA Tool (Excel™ file)

18. Refer to steps 3-9 to enable macros

19. The MRAT Setup screen will appear with the information as entered

(Refer to Figure 8).

20. In addition to the set-up sheet, the workbook also contains the evaluators’

worksheets and a consensus sheet

(1) Input Required* Information (2) Clici: Start

Company Name:
System Name: | Assessment Dates: 20-Jan-09
Product/Technology: Banery Pack " Production Dates: :
Number of Units: ~ 1,667/ mth Milestone Date:

i Technology Development
MRL Target: EL leading to a Milestone B decision.

Capability to produce a prototype system or subsystem
in a production relevant environmen_.

Air Fo ce Research Loboratory

Tech"
Evaluators ManTech's

Maonufacturing
e ) =

e | Read 1255 sessment Tool
& VRAT
Bernard Wilson

Beth Carter ESES Assess nent Team Leader
Patricia McAlpine - .
Tony Bumbalough

Materials and@danufacturing Directarate
AFRLIRXMT

2977 HobsorgWay, bldg 653 Room 215
Wright-Pattergon AFB, OH 45433-7739

Questions & Definitions Based on: v7.0 Oct 2008 Threads

| L SETUP . Tony_Bumba Patricia_McAlp Beth_Carte Bernard_Wilso Art_Termme .~ CONSEMSUS

Figure 8
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CAUTION: It is highly recommended you access the individual evaluator
worksheets by using one of the options listed in steps 21a, 21b, or 21c. Itis
recommended to complete the individual worksheets contained within the
evaluator sub-folder and save the completed worksheet under the same
original file name. Do not change the name of the file.

If you ignore this caution and use steps 31-39 to complete the worksheet on
this screen, DO NOT use the “Import Scores” button. The “Import Scores”
button will replace the data on the screen with the data contained in the
product/technology Evaluator sub-folder for each evaluator. Any information
entered on this screen will be permanently deleted.

It is recommended to select one of the methods described in step 21a, 21b, or
21c, to complete the individual evaluator’s worksheet.

09. Evaluator Worksheets

21.Evaluators may access the individually assigned worksheets from one of three
options:
a. Common computer
I. Locate the master folder in the directory where the original tool was
saved. The folder will be labeled with the company, system, and
product name
1. Click on the sub-folder labeled with the product/technology “Evals”
iii. Open individual worksheets labeled with the evaluator’s name or
team name
Iv. Refer to steps 22-28 to enable macros (Refer to Figure 9)
v. Follow steps 31-39 to complete MRAT worksheet
vi. Upon completing the worksheet, save your inputs
vii. Do not change the name of the file
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b. Email

Vi.
Vil.
viii.
IX.
X.
XI.

Xii.

Locate the master folder in the directory where the original tool was
saved. The folder will be labeled with the company, system, and
product name

. Click on the sub-folder labeled with the product/technology “Evals”
i. Attach the worksheet to an email and send to the evaluator

Do not change the name of the file
Upon receiving the email, save the attachment to the desktop
Refer to steps 22-28 to enable macros (Refer to Figure 9)
Follow steps 31- 39 to complete the MRAT worksheet
Upon completing the worksheet, save your inputs
Do not change the name of the file
Email the worksheet back to the Assessment Team Leader
Assessment Team Leader will save document to MRAT evaluation
sub-folder
Do not change the name of the file

c. Thumb Drive/Memory Stick (if unrestricted)

Vi.
Vii.
Viii.

Xl.

Xil.

Insert thumb drive into USB port

Locate the master folder in the directory where the original tool was
saved. The folder will be labeled with the company, system and
product name

Click on the sub-folder labeled with the product/technology “Evals
Save the worksheet to the thumb drive/memaory stick

. Open worksheet

Refer to steps 22-28 to enable macros (Refer to Figure 9)
Follow steps 31- 39 to complete MRAT waorksheet

Upon completing the worksheet, save your inputs to the thumb
drive/memory stick

Do not change the name of the file

. Provide to Assessment Team Leader

Assessment Team Leader will save document to MRAT evaluation
sub-folder
Do not change the name of the file
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10. Evaluator Worksheet Security Warning

Security
w Options... o p
’/ Button Location J Microsoft Office Sec urity Options @

Air Force Research Laboratory ManTech's @ Security Alert - Macros & ActiveX

Manufacturing Readiness Assessment Tool
Macros & ActiveX

MRA ’ Eva,ua tor Sh e e t Macros and one or more ActiveX controls have been disabled. This active content might
contain viruses or other security hazards. Do not enable this content unless you trust
the source of this file.

Warning: It is not possible to determine that this content came from a
trustworthy source. You should leave this content disabled unless the
content provides critical functionality and you trust its source.

More information

Select the Securi ty File Path: C:\...-2011 Battery Pack MRA\Battery Pack Evals\030119 Tony_Bumba.xlsm
n H n
Op UOHS. .s Button (O Help protect me from unknown content (recommended)
then :

"Enable This Content"

DO NOT CHANGE Name of Workbook or Sheets Open the Trust Center ok ] [ cone

Figure 9

22. Read and follow the instructions on the Security Warning screen
(Refer to Figure 9)

23. The Security Warning will display on the information line below the tool bar,
indicating that “Some active content has been disabled”

24. Click the “Options™ button adjacent to the Security Warning

25. The Security Alert — Macros & ActiveX window will appear

26. Click the “Enable this content” button

27. Click the “OK™ button

28. Click on the evaluator’s name on the bottom of the screen to begin

The Evaluator workbook contains a reference MRA Tool Matrix
(Refer to Figure 20) and the Evaluator worksheet
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11.

Evaluator Screen Orientation

| ==
Line 2 19-Jan-09 MRA of: Sunbelt Inc/Sys-2011/ Battery Pack
] 500 Units @ a Rate of: ~ 1,667 / mth From Jan-2009 To: Jan-2009 with a Target MRL of 6 By 00-Jan-1900
Line 3 Current Overall
Evaluator: Tony Bumbalough MRL Rating: 0 Not all questions at or below the target are answered!
Line 4 :
MRL(6): Initial mfg approach developed. Majority of manufacturing processes have been defined and characterized, but there are still significant
engineering/design changes. Preliminary design of critical components completed. Producibility assessments of key technologies complete. Prototype
materials, tooling and test equipment, as well as personnel skills have been demanstrated on subsystems/ systems in a production relevant environment.
Line 5 Detailed cost analysis include design trades. Cost targets allocated. Producibility considerations shape system development plans. Long lead and key supply
chain elements identified. Industrial Capabilities Assessment (ICA) for MS B completed.
Te::é? : Design Materials ~ FProcess iﬁ;i‘ Quality Personne! Facilities Mfg Mgmt | § | - All Threads - | Set MRL Clear MRL
] All Threads MRL<=6 Status : 0 of 133 Questions Answered =
Filter 0 Yes, 0No, 0N/A, 132 Un-Answered E E g ,E Comments
Have emerging technologies been assessed to determine if a7 z
1 underlying manufacturing research is required to develop 5 3 2|3
characteristics, specifications, standards, etc.? ; ) ﬁ
Figure 10
29. Figure 10 represents the individual evaluator’s worksheets
Line 1 Hide information button- For a better view of the questions;
Definition drop down menu- Helpful definitions & descriptions
(Refer to Figure 11)
(Double click the pop-up box with the definition to close the box)
Line 2 Assessment start date of MRA, Company name, System name,
Product/Technology name, and Unit name
Line 3 Number of units, Production Dates, Target MRL, and Milestone Date.
Line 4 Evaluator name, Current overall MRL Rating, and a brief description of
the current MRL
Line5 MRL and definition - Commonly used definitions and terms
Hide info p ~| The istical repn ion of Six Sigma describes guantitatively how a process
is performing. To achieve Six Sigma, a process must not produce more than 3.4
" ’ =1 defects per million opportunities.
Evaluator: oy Bevelor i
MRL(8): Ini d3 : P
engineering mponents completed. Producibmty assessments of key technologies complete. Prototype
materials, t kills have been demonstrated on subsystems/ systems in a production relevant environment.
Detailed co ated. Producibility considerations shape system development plans. Long lead and key supply
chain eleme ICA) for MS B completed.
Teth& Facﬂm'es‘ gr 6 All Threads = | Set MRL I Clear MRL I
— . . =
| s ML Sy s oo |28 (5 Comments
Have emerging technologies been assessed to determine if | el = Ha,ve emer%ing Teclh.nologies Peel-n ?SSESSEd t,o .

Figure 11
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19-Jan-09 MRA of: Sunbelt Inc/Sys-2011/ Battery Pack

500 Units (@ a Rate of: ~ 1,667 /mth From Jan-2009 To: Jan-2009 with a Target MRL of 6 By 00-Jan-1900

Current Overall 0

Evaluator: Tony Bumbalough MRL Rating:

Not all guestions at or below the target are answered!

MRL({6): Initial mfg approach developed. Majority of manufacturing processes have been defined and characterized, but there are still significant
engineering/design changes. Preliminary design of critical components completed. Producibility assessments of key technologies complete. Prototype
materials, tooling and test equipment, as well as personnel skills have been demonstrated on subsystems/ systems in a production relevant environment.
Detailed cost analysis include design trades. Cost targets allocated. Producibility considerations shape system development plans. Long lead and key supply
chain elements identified. Industrial Capabilities Assessment (ICA) for MS B completed.

Techh = Design Materials Process 23;;? Quality Personnel Facilities Mg Mamt | § - All Threads Clear MRL I
- O —
" =
L| ne 6 y All Threads MRL<=6 Status : 0 of 133 Questions Answered g |w
Filter 0 Yes, 0No, 0MN/A, 133 Un-Answered E FE E Comments
=
L|ne 7 Have emerging technologies been assessed to determine if 7 =
. . . . a1 ow
1 underlying manufacturing research is required to develop - |2 3|3
S o =
characteristics, specifications, standards, etc.? 5 =
a . -
Llne 8 Have pertinent Manufacturing Science & Advanced Manufacturing 2 |log
2 T |a 2| 4
Technology requirements been identified? = T
m =2
Figure 12

The colors of this line change according to the responses to the
questions as each question relates to the selected MRL

a. Yellow — Not all questions have been answered
b. Green — At or greater than the selected MRL
c. Red - Below the selected MRL

Line 6 Status for each MRL thread (Refer to Figure 12)

1. MRL Box (Defaults to the set target level);

2. “All Threads” drop down list — displays the status of the
questions answered for the number displayed in the MRL box

3. “Set MRL” will preset default “Yes” answers for number
displayed in the MRL box and the “All Threads” or the selected
thread

Use “Set MRL” default only when the product or technology MRL

has been pre-assessed at a certain level

4. “Clear MRL- will clear all answered questions for the selected
thread in the drop down list
Line7 Identifies tool function options and information status
1. “Filter” button-filter the questions/answers for easier viewing
2. Follow steps 33-37
Line 8 MRA questions (281 total questions for MRL 10) based on the
threads selected during the initial setup for the evaluator
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12. Completing Evaluator Assessments

19-Jan-09 MRA of: Sunbelt Inc/ Sys-201~
500 Units (@ a Rate of: ~ 1,667 /mth From Jan-2009 To: Jan-2009

Hide info

The threads and associated
—  questions were assigned by
Notall quesiio. the Team Leader during the

MRL(6): Initial mfg approach developed. Majority of manufacturing processes have been de Set'up phase-

engineering/design changes. Preliminary design of critical components completed. Producibil.,

materials, tooling and test equipment, as well as personnel skills have been demaonstrated on su roriment.
Detailed cost analysis include design trades. Cost targets allocated. Producibility consider=". m development plans. Long lead and key supply
chain elements identified. Industrial Capabilities Assessment (ICA) for M5 B oo~

Current Overall 0

Evaluator: Tony Bumbalough MRL Rating;

Tech & Cost & _ |
0 Fu:ns Quality Personnel Facilities Mfg Mgmt = All Threads - Set MRL Clear MRL

Design Msterials  Process
All Threads MRL<=6 Status : 0 of 133 Questions Answered 5 g . E C
0Yes, 0No, 0N/A, 133 Un-Answered A ERERE omments
S
Have emerging technologies been assessed to determine if & of
underlying manufacturing research is required to develop i 223
S . . S
characteristics, specifications, standards, etc.? = a
. . . ) 4. =
Have pertinent Manufacturing Science & Advanced Manufacturing =T
. . . T |z 3 4
Technology requirements been identified? ®|Ta
m I
. . . . 4. =
Are the required manufacturing science and manufacturing 8 (23| 5
technology development efforts initiated? w |® g
m =3
. 7| =
Are the necessary manufacturing technology development efforts 528
continuing? = |73
& E
Are the required manufacturing science and technology 7 of
development solutions being demonstrated in a production relevant 2 236
. B
environment? 51 g
Are the required manufacturing science and manufacturing o o=
technology development salutions demonstrated in a production 5la3|7
ranracantativa amiranmant? S b

Figure 13
30. The evaluator’s assigned questions are displayed

31. Begin answering questions by selecting “Yes”, “No” or “N/A” from the drop

down menu in the “Ans” column

32. The questions may be filtered by text, answer, thread, sub-thread, MRL, and
comments for better clarity (Refer to Figure 14)

Page 18



13. Filtering
33. To view questions by text, answer, thread, sub-thread, MRL, and comments:
a. Click on the “Filter” button (Refer to Figure 13)

2] 020119 Tony_Bumba.xlsm

19-Jan-09 MRA of: Sunbelt Inc/Sys2009/ Battery pack
500 Units @ a Rate of: ~ 3,750/ mth From Jan-2009 To: Jan-2009 with a Target MRL of 7 By 00-Jan-1900

Hide info

Current Overall 0
MRL Rating:

Evaluator: Tony Bumbalough Not all questions at or below the target are answered!

MRL({7): Detailed design is underway. Material specifications are approved. Materials available to meet planr An indication that the fllter iS

processes and procedures demonstrated in a production representative environment. Detailed producibility tre - .
Cost models updated with detailed designs, rolled up to system level and tracked against targets. Unit cost red aCtlvated on the funCtlon key

supplier QA assessed. Long lead procurement plans in place. Production tooling and test equipment design & ¢ |ine iS that the arrows appear

e on the bottom right hand
LB corner of the function keys

Tech & Cost &
E.'CB Design Materials Process FE:as

Quality Personnel Facilities MfgMgmt | T

Tech & IB MRL<=T Status : 0 of 22 Questions Answered E
0 Yes, 0 No, 0N/A, 22 Un-Answered n un

Is the Technology Readiness at TRL 3 or greater?

als sl ﬁa.m

D2 leumEepyuIa)] EMEW U9 | EImEpUDa] | aiep yme ) d’s

Is the Technology Readiness at TRL 4 or greater?

aigyral

Is the Technology Readiness at TRL 5 or greater?

gi'gysal

Is the Technology Readiness at TRL 6 or greater?

digydsal

e |

i+ 4 » v | Reminder - Matrix | Tony_ Bumba %3 f—

Figure 14

It is recommended to filter by sub-thread (“Sub”).

34. To filter questions by sub-thread: (Refer to Figure 14)

a. Click on the “Sub” arrow on the function line
b. A drop down list of sub-threads will appear
Select a sub-thread and click “OK”

o o

. Only the questions relating to the filtered sub-thread will display

@

If you would like to see all the questions again, click “Un-filter”
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35. Begin answering questions by selecting “Yes”, “No” or “N/A” from the drop
down menu in the “Ans” column
a. For each question, click in the “Ans” column and an arrow will appear
b. Click the arrow and a drop-down menu will appear
c. Select “Yes”, “No”, or “N/A” for each question

36. To preset all answers to “Yes” for a certain MRL.:

Use “Set MRL” default only when the product or technology MRL
has been pre-assessed at a certain level

a. Click on the number displayed in the MRL box and select the desired

MRL from the drop down list

(The number in the MRL box defaults to the set target MRL)
b. Click on “All Threads” drop down list
c. Select desired thread
d. Click “Set MRL" to set all answers to “Yes” or

e. Click “Clear MRL" to clear all answers

Caution - Selecting the “Clear MRL™ button will permanently
clear all responses and comments if “All Threads” is selected.
Otherwise, it will clear all responses and comments for the
selected thread.

Colors indicate the status of each thread according to the number
selected in the MRL box. (Refer to Figure 15)

e Yellow — Not all questions have been answered

e Green — At or greater than the selected MRL

e Red - Below the selected MRL

37. All “No” and “N/A” answers should include a specific comment in the

“comments” block
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Hide info

04-Nov-08 MRA of: Sunbeltinc/Sys-2012/ Battery Pack 2
700 Units (@ a Rate of: ~ 5,250/ mth From Jan-2009 To: Jan-2009 with a Target MRL of 7 By 00-Jan-1900

Current Overall 0
MRL Rating:

Evaluator: Tony Bumbalough

MRL(7): Detailed design is underway. Material specifications are approved. Materials available to meet planned pilot line build schedule. Manufacturing
processes and procedures demonstrated in a production representative environment. Detailed producibility trade studies and risk assessments underway.
Cost models updated with detailed designs, rolled up to system level and tracked against targets. Unit cost reduction efforts underway. Supply chain and
supplier QA assessed. Long lead procurement plans in place. Preduction tooling and test equipment design & development initiated.

Cost &

Fungs Quality |Personnel

Design ‘Mﬂl‘nﬂ'&k Process

Facﬂﬂies‘ ﬁr | Quality jl Set MRL I CIeaerILI

Quality MRL<=7 Status : 7 of 7 Questions Answered 5

5 Yes, 2No, 0N/A, 0 Un-Answered o Comments

o’
n&ﬂ!

Does the technology development strategy include a
4 | quality strategy? No; Quality strategy is scheduled for
completion on 06/09.

Does the technology development strategy include a quality
strateqy?

3
AEnD

Is there a refined qualit | =trategy in the System

35 Is there a refined quality strategy in the System Engineering Plan? | No e

ANEND

it i i f i 8] 113 £1] 113 7
* ;:.re Key Ch.aractenstms being identified during technology Yes| & 5 | Default Opinian All “No”” and “N/A
emonstrations? Z
answers should
include a comment in
2
ar Have quality risks and adequate metrics been identified? Yes § 6 | Default Opinion the comment block!

Wy Apenm PGy Apenm by Agens Sy Aens

—
Figure 15

38. Answer each question, then repeat steps 35 -36 until all assigned questions are
answered

39. Answer all questions under the assigned threads
40. Save the worksheet to the MRAT evaluation sub-folder
41. Do not change the file name

42. Open the folder with the company name, system name, and product/technology
name

43. Open the Product/Technology MRA Tool (Excel ™file)
44. Refer to steps 3 — 9 to enable macros

45. The MRAT Setup screen will appear with the information as entered
(Refer to Figure 16)
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(1) Input Required* Information (2) Click Start

Company Name: | Sunbelt Start Date End Date
System Name: Assessment Dates: 19-Jan-09 20-Jan-09

Product/Technology: l Battery Pack Production Dates: 14-Jan-09 23-Jan-09
Number of Units: ~ 1,667/ mth Milestone Date:

i Technology Development
L EL leading to a Milestone B decision.

Capability to produce a prototype system or subsystem
in a production relevant environment.

Alr Force Research Laboratory
Tech"
Evaluators ManTech's

Manufoc i
F ey I e

E e | Reodiness Assessment Tool
Art Temmesfeld ®
Bernard Wilson --
Beth Carter ESESES Assessment Team Leader
Patricia McAlpine 4 Tony Bumbalough

" Phone: [RESJATIREL

' Email:
Anthony Bumbalough@wpafh af mil
" Address
Materials and Manufacturing Directorate
AFRL/EXMT

2977 Hobson Way, bldg 653 Room 215

Wright-Patterson AFB, OH 45433-7739

Questions & Definitions Based on: v7.0 Oct 2008 Threads

| (L L SETUP -~ Tony_Bumba Patricia_McAlp Beth_Carte Bernard_Wilso Art_Temme -~ COMSENSUS %1

Figure 16
46. To display the individual evaluator’s worksheets, click on the tabs labeled with
the evaluator’s name at the bottom of the screen
47. Select an evaluator tab, and the evaluator’s worksheet will be displayed
(Refer to Figure 16)
48. Click the “Import Scores™ button on each evaluator’s worksheet
a. A warning window will display, asking for confirmation to continue
(Refer to Figure 17)
b. Read and confirm; click “OK”
c. All the answers completed on the individual worksheet will be copied to
this worksheet

Continue Importing Evaluator: Tony Bumbalough's finswers & Comments from Tony, Bumba worksheet in the Battery Pac...

] E WARMING: Answers & comments on this sheet will be replaced with content From the Tony_Bumba worksheet in the Battery Pack Evals Folder!
L

(a4 | Cancel ‘

Figure 17
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14. Consensus Worksheet
The purpose of the consensus worksheet is to come to consensus on the responses from
each evaluator.

49. To proceed to the consensus worksheet, click on the “Consensus” tab at the
bottom of the worksheet (Refer t Figure 18)

Hide Status Definitons ProduceReport Compile Scores Enlarge Comments

19-Jan-09 MRA of: Sunbelt Inc/ Sys-2011/ Battery Pack

500 Units @ a Rate of: ~ 1,667 /mth From Jan-2009 To: Jan-2009 Target MRL of 6 By 00-Jan-1900

Current Overall 3
MRL Rating:

Evaluator: Consensus

E—mCONSENSUS ——TARGET

Tony_Bumba
Patricia_McAlp

6 6 6 6 Beth_Carte
5 Bernard_Wilso
4 Art_Temme
3
i o, %, %, % % “&% %
L4 4

6
4,
Sey By e

=R RN =~ 0D

(3

CONSE YSUS 41 6] 3 566666

Tech & IB Design Materials Process i iliti | § J jl Sot MRE I Ciearml_l

Materials MRL<=6 Status : 26 of 27 Questions Answered

26 Yes, 0No, 0N/A, 1 Un-Answered Comments

) ) o o le [ Tony_Bumba ]: Yes! Default Opinion [ Bernard_Wilso
Ha[\;e Fmergmg tichno.lognas beenhgssessgdéo dzterrTme if =R |: Yesl Default Opinion [ Art_Temme ] Yes! Have
! underying man actu.rmg research Is require t,f evelop § E a 3 emerging technologies been assessed to determine if
characteristics, specifications, standards, etc.” = = underlying manufacturing research is required to develop
o |= i | . )
Have pertinent Manufacturing Science & Advanced Manufacturing @ B [_Tony_Elumba I Y.E.S' Default Opinion _[ Bernard_Wilso
2 ) S c |= ol 4 § ] Yes! Default Opinion [ Art_Temme ]: Yes! Default
Technology requirements been identified? ER R Opini
2= pinion
o |= i | . )
Are the required manufacturing science and manufacturing @ B [_TDny_Elumba I Y.e.s' Default Opinion _[ Bernard_Wilso
3 i = =3l 5 )| ] Yes! Default Opinion [ Art_Temme ]: Yes! Default
technology development efforts initiated? ER R L
2= Opinion
o e [ Tony_Bumba ]: Yes! Default Opinion [ Bernard_Wilso
4 Are the necessary manufacturing technology development efforts Non @ ﬁ il & ]: Yes! Default Opinion [ Art_Temme ]: Nol Are the
continuing? § 50| W necessary manufacturing technology development efforts
- ComTN ?
M < » ¥ |~ Tony Bumba - Patricia_McAlp -~ Beth_Carte - Bemard_Wiso -~ Art_Terfme | CONSENSUS -~ fJ [ e |

Figure 18
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15. Compile Scores

50. Click on the “Compile Scores” button at the top of the screen
51. The consensus worksheet will display the following information:

a) A graph comparing the evaluators’ answers
b) A bar chart that highlights the status of the MRL by threads in
comparison to the target MRL
¢) Inconsistent answers between evaluators that are marked with “Non” in
the “ANS” column
d) Areas that need improvement to obtain the target MRL
52. The report will display those questions that require further review in order to
reach consensus
53. To filter the questions, click on the “Filter” key
54. Click on “ANS” key and select “Non” from the drop down menu
55. Evaluate each question that consensus was not met (“Non”) and come to
consensus by answering “Yes”, “No”, or “N/A” agreement
56. In the comment section, explain the consensus decision
57. Make sure comments for all inconsistent answers contain an explanation about

how consensus was met

Select the “Comments” box for a question, and click the “Enlarge
Comments” button. A box will pop up making it easier to read
and enter comments. Click “OK” when finished.

Click the “Hide Status” button to display more questions on the
screen and the consensus status.
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16. MRL Report
58. To proceed to the report worksheet, click on the “Report” tab at the bottom of

the worksheet
59. Click the “Produce Report™ button
60. The final report will highlight areas that are less than the target MRL. These

areas are considered the manufacturing risk areas and should be further reviewed
by the MRA team

19-Jan-09 MRA of: Sunbelt Inc/Sys-2011/ Battery Pack (Current Findings)
500 Units @ a Rate of: ~ 20/ mth From Jan-2009 To: Jan-2009

Consensus MRL Rating | 3 | Questions & Definitions Based on: v6.0 2, Target MRL:

MRL(3). Identification of current manufacturing concepts or producibility needs based on laboratory studies. Materials characterized for
manufacturability. Assume that TRLs are assessed at corresponding MRL Level.

== CONSENSUS —— TARGET Assessment Team Assessment Team Leader
1 Art Temmesfeld Name: Tony Bumbalough
Bernard Wilson Phone: 937-904-4594
Beth Carter Email:

=l e TN =S 2

2977 Hobson Way, Rm 215
Wright-Patterson AFB, OH 45433-7739

" . p 5 P 6 Patricia McAlpine anthony.bumbalough@weaftt.af.mil
5 Tony Bumbalough Address
4 3 AFRL/BXMT
L] k2 < e

Areas to Improve for Obtaining w |8 -
Filter £ |8 Comments
MRL of 6 g = |B
Are th IF i hnaol z s
& ] .
4 re the necessary manulaclturlng technology zZ|3 | A Did nat reach consensus.
development efforts continuing? S| = |=a
@ =
4 |
2| =
12 Is the Technology Readiness at TRL & or greater? gz Q:: = | 5 Did not reach consensus.
= |2
@
=
Have th Manufacturing Technol S
49 ave the necessary anuiaciunng fechnology A ERERR Did nat reach consensus.
solutions been developed? =2 - =
“l=
. - =z | Z
o w
134 Have I_ead times have been identified for all z|13 2|4 Did nat reach consensus.
materials? 3|3 | =
R =
Figure 19
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17. Reference: MRA Tool Matrix

e Manufacturing Readiness Level Evaluation Critiria (Refer to Figure 20)
e MRA Matrix based on nine Threads developed to help assess the current MRL
Technology and Industrial Base

Design

Materials

Cost and Funding

Process Capability and Control

Quality Management

Manufacturing Personnel

Facilities

Manufacturing Management

OO0OO0O0O0O0OO0OO0O0O0o

(=) da-o
S e Pagelapout  formulss  Data  Aedew | Wiew | Oweldper  Lnehnk  Gelstimed  Adobat -
= il v Fomuube ) I =) = |-_—h’“‘i 11y - Y
|' = ]l J L‘ J] ¥ Gidines ¥ Headings -< LN a T Sde = —2
Normall Fyge Fagt tresk | Cuton Tna . Zoom 10U% Zoomts | New Amange lfeese Swe  Gwmch | Moo
Lyt Presiew | Views Hr Sriectinn | Win - paness O Uit | workspaee Windews= | =
Winkbask Yew Toum Masrin
| [ . L i
G it Gumta -
A B C. D E E G H
1 Vesioni | wm:zﬁ | | | | |
2 DoD Manufacturing Readiness Levels
3 Acq Phase Pre CR Pre CR Pre CR CR-MSA—p TD MSB —p
. Thread | Sub-Thread MRL 1 MRL 2 MRL 3 MRL 4 MRL 5 MRL &
Producibility Ralevant ial ility & ihiity & il cibidity of tiada Producibil
Program u\-ilui!eciumamda:luabcm assessment of design concepls |assessments of key kay of key i
using expenimental results. complated. Results guide jies and and p trade studies mmﬂ producibility issues have besn
eedection of design concepts  |initiated.  Systems Enginesring v5. producibil resolved and pi
and key [Plan {SEF) requires validstion of |completed. Resuits usedte  |eapability completed risk for LRIP.
jes foe ign choi P shape System D oducibility
Steategy and pians for SO0 o |efiorts (2.9 Design Fer Mig
[Strategy. Requred Test uchnology mserion programs | Assembly] inlialed.
Ebustion Strabegy (TEZ] phi
includes Dvsagn tor Test durng
[production
[peoduction. and influsncs on
(Operations & Support {O85).
L £
;: Design Morwrity i el defined. Bread Tnplevel performance Initial Systeme ing P ification of ingesiti Esau: ystam design [Preduct requirements and
2 identified. geals identified that defined. Trade-cffs |and Test and Evaluation ies and i ﬂeﬁned Al Mnﬂlwm
may drive manufacturing in design options szsessed Sarstegy recognize the need for |complete and includes the
opbions. baged on exp . Product (the of (product Mecycie. Evalization of |ecmm:mrpwzm have W IIIIMW
Heyche and techmcal ranufactunng copabiily and  |desagn Key Charsctensbes (KC) [been tested essential for ]
iyt serninl ol g [idled Procuc dati rquinid for component desgn
ek fr Bhee product lecycle pretatype
Initial Ky Pesfinmanc whased A prediminary i
Parameters (KPPs) identified. parformance as well as focused |been identified and mitigation
logistics specification is in phan ig in place. Detign change
place. Key Characteristics and |traffic may be signficant.
tolarances have been
established
5
Production Cost ot mudel appeuach debned. | Technology cosl modeds Ditanlied process charl cost | Detaied end-to-end valu stiam| Gost model mpulss mohade Cost T m
Krwledge [Cost iraslguid for e process steps |modils dlm-uhykw e st el for enagon desgn requiements, matvnal —(Setaled desagees and features, by detared esign and valdatod
mideling) and matediss based an ¥ i . tolorances, callectod quality data, plant
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Figure 20
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18. Reference: Compatibility Matrices

MRAT Software Compatibility Chart

o0 Users of the MRAT tool must possess or obtain a licensed copy of
Microsoft Excel ™ for the MRAT to function.

Vista | Vista
Excel 2007 SP 1 Yes 7
Excel 2007 SP 2 ? 7

XP XP XP XP
Excel 2007 SP1 Yes Yes Yes
Excel 2007 SP 2 2 7 = 7

XP XP XP XP
Excel 2003 5P 1 Yes Yes Yes ?
Excel 2003 SFP 2  Yes Yes Yes 7

Excel 2003 5P 3 Yes Yes Yes

Figure 21
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