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Titus Project

The Titus project focuses on enhancing the assembly
process through the development of standardized work
instructions and improved component data organization.
Our approach integrates Operational Method Sheets (OMS)
supported by 3D visualizations, along with bill of materials
(BOMs) analysis, to improve process clarity, support
assembler training, and increase overall efficiency.




TITUS PROBLEM STATEMENT & OBJECTIVES

Problem Statement

The Titus assembly process currently relies on work instructions and component information that are not fully visual, clear, or easy to follow. This
matters because unclear instructions and BOM information can increase the risk of assembly errors, rework, inefficient part usage, and

unnecessary costs in a manufacturing environment. There is an opportunity to improve the process by developing clearer OMS work instructions

with 3D visuals and by organizing component data through a structured BOM analysis.

p

Objectives:

Standardize work instructions using OMS
with 3D visuals

Improve process clarity and assembler
understanding

Ensure alignment with engineering
specifications

Analyze BOM vs. Actual usage to improve
cost and material efficiency




What is an Operational Method Sheet (OMS)?

An Operational Method Sheet (OMS) is a standardized document that provides step-by-
step instructions for performing a specific task or process on the production floor.

Standardized instructions

Step-by-step process

Ensures consistency
Reduces errors

Improves efficiency
Includes visuals & safety info




Titus Requirements
»

TI-REQ-01  Develop clear OMS work instructions using the approved company template.
TI-REQ-02  Create high-quality 3D models of parts, tools, fixtures, and assemblies.
TI-REQ-03  Build step-by-step visual sequences that show each stage of the process.

TI-REQ-04  Make sure all 3D illustrations match engineering drawings and approved
specifications.

TI-REQ-05 Insert 3D illustrations into the standardized work instruction format.
TI-REQ-06  Review OMS drafts for clarity, accuracy, and ease of use.

TI-REQ-07  Identify all components involved in the Titus structural assembly.
TI-REQ-08  Obtain and review the complete BOM for the structural assembly.
TI-REQ-09  Quantify component usage and compare planned versus actual quantities.
TI-REQ-10  Create tables or charts summarizing component quantities and findings.

TI-REQ-11  Prepare a final BOM analysis document with categorized components and
guantities.
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Titus Past State Process Flow
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Titus FMEA

Failure Mode Recommended Action
New employees
depend on Training bottleneck Test OMS versions with
experienced and production operators and select the
New Hire Training operators delays 7 5 5 175 clearest format
Add clear 3D visuals and
Instructions are Operator confusion simple step-by-step
OMS Instructions unclear and slower training 8 5 4 160 instructions
Standardize numbered
Steps are performed Rework and longer steps and clear visual
Assembly Sequence out of order assembly time 8 4 5 160 sequence
Material Compare BOM to actual
BOM does not match discrepancies and usage and document
BOM vs Actual Usage actual usage possible cost errors 8 4 5 160 discrepancies
Quality checkpoints Defects may continue Add checkpoints at critical
Quality Checks are missing or unclear through the process 8 4 5 160 assembly steps
S Severity 1=Low 10 = High
@) Occurrence 1 =Rare 10 = Frequent
D Detection 1 = Easy to detect 10 = Hard to detect

RPN Risk Priority Number Sx0OxD



Possible Solutions

Standardization Data Alignment Validation

* OMS with 3D visuals
* Consistent assembly
steps

* BOM vs. actual * Develop OMS versions
analysis * Assembler testing and
* Correct discrepancies refinement

Standardized, validated process with improved accuracy and efficiency




Trade Study 1: Possible Solutions

OMS Solutions Selection

Implementation Clarity Weighted
Possible Solution Operator Feedback Effort Improvement Cost Efficiency Risk Reduction Score
Devel M rk 3
. eve OP OMS .WO 4 - Good; improves 3 - Moderate; 5 - Excellent; very 3 - Acceptable; 4 - Good; reduces
instructions with 3D . : . . i 4.00
. . visual understanding requires 3D work clear visuals moderate cost confusion
visual guidance
Standardize step-by- 3 - Acceptable; 4 - Good; practical 4 - Good; organized5 - Excellent; low 3 - Acceptable;
step assembly . . gy 3.60
easier to follow to implement steps cost reduces variation
processes
BOM | . . -M ; 2 - Fair; i : e
Conduct BO . vs actua 2 - Fair; less direct 3 .oderate 3 Alt |mproves 4 - Good; can 4 - Good; identifies
usage analysis to . requires data information 2 2.75
. s . operator impact . reduce waste component issues
identify discrepancies review accuracy

Create Multiple OMS 5 - Excellent; based 3 - Moderate; 4 - Good; selected 4 - Good; prevents 5 - Excellent;
Versions and Test with on real operator requires testing  design improves choosing weak validates usability 4.35
Operators feedback time clarity format before final use

Weight -> 30% 15% 25% 10% 20% Total
Rating Scale: 1 = Poor | 2 = Fair | 3 = Acceptable | 4 = Good | 5 = Excellent 100%



Titus OMS Past State

Build C-Phase
Place Stab 9257C71G03 for Bottom Riser in the top of the U-Bar
location as shown for a RIGHT SIDE STANDARD Riser. For a
LEFT SIDE NON-STANDARD Riser, the Stab would spin 180°

NOTE: When building Risers for the RIGHT SIDE of the structure
(per the Front View), the stabs will be in the STANDARD
direction
When building Risers for the LEFT SIDE of the structure, the

Bottom Riser Stab stabs will be in the NON-STANDARD direction

9257C71G03

Build C-Phase
Place two 4-Hole Nutplates 2A97833G20 on the inside of the U-
¥ Bar at the Stab. The flat side of the nutplate should be against the
Stab.

Build C-Phase
Place two 6-Hole Nutplates 2A97833G01 on the inside of the U-
Bar at the last set of 3 holes at the bottom of the U-Bar. The flat
side of the nutplate should be to the outside of the U-Bar.

i
Build up the required bolt assemblies for C-Phase. You will need:

qty: 21 70100EG07J 1-1/4" long Bolts
qty: 1 70100EG07G 1" long Bolt
qty: 22 414A409H11 Flat Washers

qty: 22 4A36841H01 Belleville Washers

Build C-Phase
Using the cordl screwdriver, | ly start four 70100EG07J 1-
1/4” long Bolt assemblies through the Stab and into the 4-Hole
Nutplate on both sides of the fixture

Build C-Phase
Place the Tap Plates 9251C04H01 into position as shown and,
using the cordless screwdriver, loosely start three 70100EG07J 1-
1/4" long Bolt assemblies through the Tap Plate holes and into
the 6-Hole Nutplate on both sides of the fixture.




- ETN E:T(-N
E- ASSEMBLY METHOD SHEET ELP.LVA.01 - b ASSEMBLY METHOD SHEET ELP.LVA.02
Powenng Business Woridwide Powenng Business Woridwide
Department: Reptors Title: BusC phase I Date: | 2/13/2025 | Oepartment: Raptors Title: BusC phase l Date: | 2/13/2025
Work Center: Falcon -1 — Work Center: Falcon —
(Part 1 Ligt base) (Part 1 Ligt base Continuos)
Part List ¢ Part List
) ® ® Jo ‘ il °® A
) ® v
‘ a ® g ° y
X @ @ @ Flat Washer Flat Washer
Bent Plate L Bent Plate R Pre-insulated Rod Flat Connector Plate HHCSMI0:30  Plat Washer M10 (SST) Flat Washer M10 (Steel) ® mogsn @ wossieen

Place the bottom section of U-Bus
251512208P07 onto the table.

Align parts 50 that the end slotted bar
copper contacts touch and rest on the last
flat copper, toward the bottom,

al te fet:
o Quantity

uild Phase

Place the 251512208910 in the folgnden order using 3 the bult-uin holes 5 shown
20 uting HHCS MIGICE bolts 10 pre-Suikd the ight base subcomponents, from
one end 1o the other

NOTE: When buskding Phase from the BCAD SI0€ of the stracture (a5 per the Carter
View), you must refer 10 the STANDARD procedere.

When bulding from the BCA2 SI0€ of the structure, the order will Be on the
INVERSIO/OPPOUTE drecton.

Baild Phase

Place the sub-astembly 251512208910 on the Bottom of
the plywood base. Make sure all of the copper contacts are
seated on blocks,

NOTES:

Critical to Safety

Critical

Quantity

EHS:




#0p Tool I Fisture |

| Sxwenar sarc pracices:

*Rot e e dPPE-1.!

| Protective Equipment Rirk Arrerrmant.

| aees Work Searion Rirk Avvoarmont.

| BT e AR Kt e

Phase N
Standard

|Part fumber

Screw value
Phase N stancarc aisembly on future.
e the. andd ph of 23 hown
[Part Number
Screw value
Mace both botton U bars ca the fture in

Place 2 stabs underneath the U bars

Drop al the 12 nut plates on to the bottom U bars,

Part Number

Screw Torque valud
Part Number
Screw Torque valud




OPERATIONAL METHOD SHEET

Phase N Standard

OPERATIONAL METHOD SHEET

Phase N Standard

3/11/2026

Work Center: | Work Center:
10, Tool /Fixture #0p Tool/ Fixture
TiC GENE| SAFE PRACTICES: 13, 3855AD9HOS - NUT PLATE STEEL - (x4) ok

* Refer to area PPE mehfﬂeq.uedPPE - 8.1 Personal
Protective Equipment Risk Assessment.

*Refer to area Risk Identification Poster andior current area
Work Station Risk Assessment.

'Noemploveenspermmdmhﬂwnwna material weighing

more than 20 Ibs. by themsel

Port Lice:
13251C0MET - RISER AG B-TIE 25T X4 BTM - (52)

2 $TCOS2ICHT - RISER AG B-TIE 38T XI2TSTOP - (x2)

2. 325TCTIGND - I ™SWIDW 0.50X2S STAB ASSY AG - (x2)
4, 335TCTIG04 -

5. 2A3783311 - (x10)

6 - 4 POLE NEUT TAP AG - (x1)

T, S2SICITHIS - & POLE NEUT TAP AG - (x1)

5. 3251CTHI - 4P NEUT TAP FLATE SPACER AG - (12)

3, 3251CITHIS - & POLE NEUT TAP AG - (x1)

10, 325ICITHIT - 4 POLE NEUT TAP AG -« (1)

1 JAD DLATE 32004 AG (21

. S25ICITHOS - 4P NEUT RISER LINK SPACER AG (x1)
. 2ZSICITHIS - & POLE NEUT RISTR UNK AG - (v1)
%6, S251CHTHOS - 4 POLE NEUT RISER UNK AG - (1)

17, 3259CITHOT + 4 POLE NEUT RISER UNK AG « (x1)
35, JOTSAORNSI ASSEMELY. ASM - (14)

15, 2A4296M01 - RISER BUS TAP CU AG PLATED - (x2)

* Refer to area PPE Matrix for Required PPE - 811 Personal

Protective Equipment Risk Assessment.

"Refer to area Risk Identification Poster andor current area
Work Station Risk Assessment.

"No employee is permitted to lift arw item or material weighing
more than 20 Ibs. by themsel:

ves

14, 9251C97H09 - 4P NEUT RISER LINK SPACER AG (x1)
15,9251C97HOS - 4 POLE NEUT RISER LINK AG - (x1)
16.9251C97H03 - 4 POLE NEUT RISER LINK AG - (x1)
17. 9251C97H01 - 4 POLE NEUT RISER LINKAG - (x1)
18. 3855A09H0SS_ASSEMBLY_ASM - (x4)

1V Loag Bols SCR STLGRS - (1)
nw NUT PLATE STEEL - (x1)
T Lowg Bo - SCRETLGRS 2+ (1)

Phase N- Non Standard

IProduclion:

4A36841H01

Assemble the Neutral Link and
loosely hand-start four bolts
through the Neutral Plate.

Critical to Quality
& Safety Step

Critscal to Safety

41 H11
70100EGO7S

Critical to Quality
Step

3

ElEE)3

(away from the Stab) as shown.

~
Be sure the right angle cut-out in the Neutral
Plate sub-assembly on both right & left sides
is directed toward the bottom of the table

EHS:

o
%

Quality:

OPEX:




Trade Study 2: OMS Version Selection

OMS Version Selection

. Ease of . . Part Color Coding/ Component Operator
DR Understanding Rl R Identification Organization  Quantity Info Usability
2 - Fair; text- 2 - Fair; limited 2 - Fair; parts not 1 - Poor; minimal 2 - Faig 2
omMs vl heavy, harderto . . ) quantity info  operator
visual clarity  clearly labeled color coding i
follow not clear friendly

3 - Acceptable; 3 - Acceptable;

3 - Acceptable; 3 - Acceptable; 2 - Fair; limited 3 - Acceptable;

OMS v2 improved layout better images Some paft organization guantlty inro easier than V1
information improved
5 - Excellent: 5 - Excellent; 5 - Excellent; 5 - Excellent; 5 - Excellent; 5 - Excellent;
OoMS V3 . ¢ clean visual labeled part color-coded quantities best for
easiest to follow .
layout numbers references included operators
Weight -> 25% 20% 20% 15% 10% 10%

P

Rating Scale: 1 = Poor | 2 = Fair | 3 = Acceptable | 4 = Good | 5 = Excellent

Weighted
Score

1.85

2.85

5.00

Total
100%

a



OMS implementation reduced overall cycle time by 12% and improved process consistency across operations.

Average Cycle Time

Description of Task | Time
Risers 1:42:15
Rotator 0:37:31
Laydown 1:56:05
Crosshus 9:02:20
Midline Mechanical | 3:17:20
Copper Layout 4:44:12
Closeout 1:27:42

Summary

Avg. Cycle Time 3:11:04
Takt Time 3:35

OMS implementation reduced cycle time and improved process consistency, with the most significant impact

Outcomes

22-minute reduction in
average cycle time

in Crossbus operations.

Average Cycle Time

Description of Task Time
Risers 1:09:56
Rotator 0:36:46
Laydown 1:56:05
Crosshus 7:16:51
Midline Mechanical | 2:29:21
Copper Layout 4:44:12
Closeout 1:27:42
Summary
Avg. Cycle Time 2:48:42
Takt Time 3:35

a«




OMS Process

F R PER LA B1 todesk Fusion (Education License 0
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v L& Document Settings
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B Hybrid Design
> B3 Named Views
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Construction
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OMS Process

OPERATIONAL METHOD SHEET Doct kel OPERATIONA oD Doc#
3 Departrment: : 2
. Copper Layout Date: 412026 Work Certer: i Title: Copper Layout Date: 4/12026
£0p Tool / Fixture #0p Tool / Fixture
A EE At fmz DESHOZ - BRACE GE E ZICES: ;a‘au'r&m BRACKET, END COVER ABBXFMR - (1]
* Rl - - * Refert PPE Matrix g -811P X . - (%)
mom.mmym«mndm -8.MPersonal B v T * Referto area g_f’;ﬂ'“""""m 811Personal L0025 CRSTHO 011 VERT AMZN SOE CABLE SUP - (2)
3. 9256C90H01 - 40004 T RUNBACK -0, X1 TSI -
*Refer touuﬁd:ldo«licm Poster andlor cusrent area Work & LOOGNWZ.UI52H01 - hﬁ.‘ﬁg‘m mu:“m ) “Refer to area Risk Identification Poster andfor current area Work TO2NETHIA 03%‘; rggAr:JTBg.SHss:SCR?} l(':z,)
&MMA”"M 5. LOOGNWZ-UISZH03 - 0.2500¢4 500536 570 AG BUS BAR Station F‘sl: Asmm TOSNCYIOQ- 34816 HELICAL SPRING 2ZPYC LOC - (x96)
bl ROk P ¢ 208-395.01- AWSRTOHS #1 N W any it weigh 705008030H- 0.375 STO FW CS SPC OIM ZPYC - (x16)
7.208-335.02 - AWS RTO HS 42 than 20 bs. by themselves

Position the horizontal brace, align with

Critical 1o Quatity
& Safety Step

W'::'Q"‘" Production: Quality: EHS: OPEX:

Production: Quality: EHS: OPEX: NOTES:

NOTES: ]




Switch Line Project




Switch Line Project

The Switch Line project focuses on improving assembly efficiency
through the optimization and standardization of tool kits across
production stations. By applying Lean principles and 5S
methodology, the project aims to enhance tool organization,

reduction of unnecessary motion, and support a more streamlined
and consistent workflow.




SWITCH LINE PROBLEM STATEMENT & OBJECTIVES

p

Problem Statement

The current Switch Line operates with non-standardized tool kits, leading to increased search time, unnecessary motion, process variability, and
potential downtime. These inefficiencies reduce productivity and limit overall operational performance, creating a need for tool kit
standardization and optimization.

Objectives:
Standardize tool kits across all assembly Optimize tool organization using Lean and Reduce unnecessary motion and time
stations 5S principles spent searching for tools
— Validate tool requirements with production Improve workflow efficiency and
— operators consistency across the line




Switch Line Requirements

‘ Requirement ID Requirement
SW-REQ-01 Review and analyze the current Switch Line tool list.

SW-REQ-02 Identify the required tools for each production station.

SW-REQ-03 Validate tool requirements with production staff and manufacturing engineers.
SW-REQ-04  Organize the tool kits by workstation and toolbox drawer.

SW-REQ-05 Standardize tool kits across the Switch Line to improve consistency.
SW-REQ-06  Optimize tool placement to reduce tool searching time and improve workflow.
SW-REQ-07 Ensure the tool kit arrangement follows safety and quality standards.

SW-REQ-08 Create clear documentation for implementation and future maintenance.

SW-REQ-09 Present the final optimized tool kit layout for approval and deployment.



Switch Line Past State Process Flow

: No Standard 5
N.ew Production Excess Inventory Work Motion Waste Production Re.d gced
Line Introduced Bottlenecks Efficiency
: A large amount of Inconsistent Extra movement g Cycle ti
A new production unused tools station setups and searching Assembly flow is ee e 4
line is established accumulates occur occur disrupted Increases an
performance drops
7O W ; & &) o
O O O o O O O o o o o AN
N7 N N7 A A N 7 A A A A /
)
/50 088 QQ Q) ()
=l XX
Excessive Tools Unorganized Operators Waiting Time Process
Purchased Tool Kits Search for Tools Delays occur Variability
Too many tools are Tool kits lack a Time is lost between tasks Different methods
bought without standard layout locating tools are used by
operators

prioritization



Switch Line Past State




Possible Solutions

Standardization Organization Optimization

Standardize tool kits Apply 5S principles for Align tools with

per station tool arrangement assembler needs
Consistent tool setup Improve visibility and Reduce search time
across the line accessibility and motion

Standardized and organized tool system to improve efficiency and reduce motion
waste.




Trade Study 1: Possible Solutions

Switch Line Solutions Trade Study

. . Pr Implementation . . ndardization . E f Weigh
Possible Solution OCEess plementatio Cost Efficiency SERCE dIZ.atIO Waste Reduction .ase ° eighted
Impact Effort Benefit Maintenance Score
4 - Good; 5 - Excellent;
consistent 4 - Good: bracticals - Excellent: low stron ’ 4 - Good; reduces 4 - Good; easy to
Standardization  tool kits . P ' .g variation and audit and 4.30
to implement cost approach  consistency : B
across . search time maintain
i across line
stations
5 - Excellent; . 4 - Good; .
imoroves tool 4 - Good; requires4 - Good,; SUDDOrts 5 - Excellent; 4 - Good; easier
Organization . p .- drawer layout moderate PP reduces motion to keep tools in 4.45
visibility and . standard .
e, WoOIK material effort and searching place
accessibility placement
-E . 4 - . -M 5
> . xcellent; 3 - Moderate; joot; 4 - Good; 5 - Excellent; 5= Moderats;
N aligns tools . prevents i . needs updates
Optimization . requires usage improves station reduces search 4.20
with assembly ) unnecessary tool - . as process
analysis layout time and motion
needs setup changes
Weight -> 25% 15% 10% 20% 20% 10% Total
100%

Rating Scale: 1 = Poor | 2 = Fair | 3 = Acceptable | 4 = Good | 5 = Excellent



Trade Study 2: Material Selection

Switch Line Tool Insert Material Trade Study

Laser Cut
Quality

Material
Option

5 - Excellent; clean

AR R0 e e

Foam .

settings
Polyethylene Tool 3 - Acceptable; may
Foam leave rough edges

3 - Acceptable; can

Neoprene Foam
P cut but may smell or

Rubber

mark
Baltic Birch 5 - Excellent; very
Plywood clean laser cut

5 - Excellent; clean

Acrylic Sheet polished laser edges

Weight -> 25%

Heat / Melting
Resistance

Tool Fit &

D ili
Retention T eIl

4 - Good; low melting
risk with controlled

4 - Good; durable

5 - Excellent; cushions
¢ for repeated tool

and holds tools securely

laser settings e
ir; hi i 4- ; |
2 - Fair; higher melting 5 - Excellent; strong tool Good; dugable
i [ i ; tool-control
risk during laser cutting retention >
material

3 - Acceptable; better
heat resistance than
basic foam

4 - Good; flexible grip for 4 - Good; resists
tools wear

5 - Excellent; no melting
during laser cutting

3 - Acceptable; rigid and 5 - Excellent; very
less forgiving for tools  durable

4 - Good; durable

4 - Good; cuts well but 2 - Fair; rigid and does

’ but brittle if
can mark or crack not grip tools well :
impacted
20% 25% 15%

Rating Scale: 1 = Poor [ 2 = Fair | 3 = Acceptable | 4 = Good | 5 = Excellent

Ease of BRI

Cost Effici
ciency Replacement ed
Score

s 5 - Excellent; easy to

for multiple 4.55
recut and replace

drawers

3 - Acceptable; 4 - Good; replaceable 3.50

moderate cost but settings matter ’

3 - Acceptable; 4 - Good; relatively 3.45

moderate cost easy to replace g

4 - Good; 3 - Acceptable; harder

reasonable material to modify after 4.30

cost cutting

e o e 2 - Fair; less flexible to 3.45
replace

10% 5% Total
100%



VISUAL POKA-YOKE




3 Bus Station




Outcomes

Standardized tool kits across Switch Line stations

Reduced tool search time and unnecessary motion

Improved workplace organization using 5S principles

Implemented visual control through foam tool layouts (visual Poka-Yoke)

Increased process consistency and operator efficiency

Enhanced training and ease of tool identification

Reduced risk of missing or misplaced tools




Proposed Future Work

"‘DRAW|NGS - Tools  Help
7 Open Ctrl+O

/U7 | Open in VR

7 Open in New Window
Recent Documents

Exit
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TITUS

e Standardized OMS with 3D visuals
improved process clarity and consistency

e Reduced operator confusion and training
time

e Improved alignment with engineering
specifications

e BOM analysis identified discrepancies
and improved material accuracy

e Project objectives were successfully
achieved

CONCLUSIONS

SWITCH

e Standardized tool kits across stations
reduced variability

¢ 55 implementation minimized search
time and unnecessary motion

e Visual Poka-Yoke improved tool control
and error detection

e Improved operator efficiency and
workflow consistency

* Provided a scalable standard for future
implementation




LESSONS LEARNED

& o v/

Applied Lean Developed OMS Learned
Manufacturing, using 3D importance of

5S, and visual visualization tools operator
managementin validation and
real environment feedback

x4 e

Strengthened Gained real-world
teamwork and manufacturing
project and process
coordination skills improvement

experience
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