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Abstract

A Prime Contractor’s ability to meet the contractual delivery schedule is essential to
ensure the warfighter is properly equipped. What can the Government do when a
contractor has fallen behind schedule and promises of future deliveries are consistently
missing the target? How can a Program leverage existing information to determine what a
more realistic outlook is for future capacity? This visibility would allow both the contractor
and the government to be better informed of what capabilities will be at a given time and
how to properly assess decisions that affect schedule, supply chain, and future contracts.
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Introduction

Due to various factors, including material availability and labor shortages, the Prime
Contractor has fallen behind their contracted delivery schedule by several years. As a
result, the Prime is required to present “Recovery Plans” to the Program and stakeholders,
which detail the strategy for reducing their backlog and ramp up production yield. These
plans are intended to inform the fleet of when they can expect this capability to be
delivered to them. However, these new delivery targets are rarely achieved and prevent the
warfighter from being adequately equipped.

Each month this cycle repeats: a new Recovery Plan is provided, the target is
missed, an excuse is given, and another month goes by with no progress in ramping up
production. This raises a critical question, “What can the Program do when this capability
is proprietary and essential to readiness, yet historical evidence has repeatedly shown that
they cannot rely on the Prime’s ability to deliver consistently or forecast yield?” The
solution lies in leveraging available data and information at the Program’s disposal so that
when claims are made by the Prime Contractor, they can be scrutinized, validated, or
refuted through data-driven insights.

Sounds simple enough, so why hasn’t this already been done? The same data and
information have been available to the Program for years. One of the biggest contributing
factors was becoming a “North Star” Program after being identified as a critical fleet
capability. This designation drives a need to recover the backlogged deliveries quickly and
increase yield beyond the original targets. The demand for production ramp-up means
more visibility on the Program and a necessity for identifying bottlenecks and constraints. It
is no longer sufficient to solely rely on the explanations from the Prime Contractor; the
Program must be actively involved with the factory operations and the decisions made to
the supply chain to ensure measurable progress.
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Initial Data Identification and Product Development

Within large acquisition programs, the Prime Contractor is required to provide
substantial data to the Program to ensure compliance. This data is used by the Program to
build a variety of reports including Earned Value Management (EVM), Contractor
Performance Assessment Report (CPAR), Manufacturing and Quality (M&Q), and many
others. Each of these data sources is a puzzle piece that contributes to the larger story.
However, the pieces are scattered across different teams for different purposes.
Theoretically, these teams could collaborate to aggregate the data, but in practice they are
siloed, focused primarily on using the data given to complete their own tasks. This creates
opportunity for a curious analyst or estimator to add significant value.

The Program’s Statement of Work (SOW) requires access to the raw data captured in
the Prime’s Manufacturing Requirements Planning (MRP) system. Understandably, the
Program isn’t given direct access to this database. Due to the size and complexity of data
stored in a warehouse of this size, the Program needs to be very specific about what data
they are looking for so that they can be incorporated in the reports. This requires a clear
understanding of what information exists in the data lake and how specific elements can
be pieced together to create a cohesive story.

The data provided from the MRP system includes labor (Touch, SEPM, Support),
factory operations, and material purchase order records. However, the data pulled is
extremely complex and not in an immediately usable format. Due to the file sizes, Excel
cannot efficiently parse or manipulate the data. This necessitates someone with a skillset
in a coding language, preferably one commonly used for data science such as Python or R,
that can effectively interact with it. Because this data is being manipulated into a format
not originally intended, it also requires a verification step to ensure that it accurately
represents the factory processes.

Figure 1 shows a condensed version of the operational MRP data once it is aggregated to
the work order level.

Assembly Variant Work Order StartDate Comp Date Runtime Hours Rework Hours Standards
Core Assembly 1 3 1 12/14/2023 1/2/2024 46 2 30
Core Assembly 1 2 2 12/16/2023 1/3/2024 46 22 30
Core Assembly 1 1 3 12/20/2023 1/4/2024 21 9 30
Core Assembly 1 3 4 4/12/2023 1/8/2024 28 11 30
Core Aszsembly 1 1 5 1/3/2024 1/8/2024 44 21 30
Core Assembly 1 1 6 12/20/2023 1/9/2024 51 16 30

Figure 1: MRP Operations Data
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- Assembly: Component built by the Prime where multiple subcomponents are
combined to form a new unique part number. The “Core Assemblies” are ones
identified to be significant milestones in the factory build process.

- Variant: The product delivered comes in the form of several different variants, each
with a unique capability. This adds significant complexity to the factory because the
three variants will have unique parts as well as shared ones.

- Work Order: Identification number given to an assembly process for operators to
charge hours. Within a work order there are lower-level assembly steps called

operations.

- Start Date: Date the work order was opened
- Comp Date: Date the work order was closed
- Runtime Hours: Touch hours associated with the first pass through an operation
- Rework Hours: Touch hours associated with repeated passes through a single

operation

- Standards: The Prime’s expected number of touch hours for a given assembly

With the data cleaned and verified through discussions with the Prime, it is ready to be
ingested into a dashboard. Figure 2 shows a tab of the dashboard which focuses on the
yield and efficiency of a single assembly step.
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Figure 2: Initial Dashboard Development
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Top Left Chart: Highlights the ratio of touch hours and rework hours. Some amount of
rework is expected within a factory, but there is a limit to what is acceptable based on
contractual requirements. This visual gives a quick reference for the percentage of rework
hours broken down by the three variants.

Top Middle Chart: Compares the standards (dotted black line) to the average runtime and
rework hours. In the case of Core Assembly 1, all three variants are overrunning their
expected hours charged.

Top Right Chart: There are two types of rework, in-cycle and out-of-cycle. In-cycle reworks
occur within the scope of a single work order. This could be a failed test or inspection
which requires one of the operations within that work order to be repeated. Out-of-cycle
rework is when an assembly passes its final inspection and has its work order closed, but
has some issue afterwards that requires it to open a new work order for the assembly step
that has been already completed. This can cause significant delays to a delivery depending
on the severity. For this chart, the First Pass Yield (FPY) indicates the percentage of
assemblies built that do not require out-of-cycle rework.

Bottom Chart: Weekly yield for a specific assembly process. For the prime to achieve a
consistent delivery schedule, they should be also showing a consistent flow of
subassemblies being built. Additionally, if they are attempting to ramp up delivery rates,
this chart will indicate increased productivity before the product delivery.

Many of these metrics are already being tracked for program requirements, but
where the value of this product comes in is the automation and frequency of updates.
Previously, if the Program wanted to see efficiency metrics for factory touch hours, they
would have to request the data from the Prime and wait for them to collect and deliver it
before even starting the analysis. This could easily be a several-week turnaround. Now the
Program has a view into the work-in-progress (WIP) in the factory that is updated on a
weekly basis.

Identifying Supplemental Data Sources

While the first iteration dashboard captures valuable high level factory performance
metrics, it does not provide a clear picture of issues preventing the Prime from increasing
yield or how many deliveries the customer can expect within a certain timeframe. From an
analyst’s perspective this product is gold, but to program leadership, it doesn’t provide
clear actionable insight. If the goal is to provide a product tailored to Program leadership’s
needs, supplementary information is needed to highlight what is happening within the
factories.
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The Line of Balance (LoB) is an excel workbook the Prime is required to supply the
Program. It’s a product that is built using their MRP system and is primarily used internally
to track the material demand and availability within the factories. There are two types of
material contained in the LoB, raw parts (material that the Prime receives from
subcontractors) and assemblies, which are a combination of parts that are integrated at
their factory to create a new unique part number.

Part No Description  Next Higher Assembly Demand On-Hand PO

53816-A Core Assembly 1 N/A 70 0] 0]
7362 Subassembly 1 Core Assembly 1 65 5 0
7365 Subassembly 2 Core Assembly 1 65 5 0
7332 Subassembly 3 Core Assembly 1 65 5 0
7352-1 Material 1a Subassembly 1 65 30 35
7352-2 Material 1b Subassembly 1 65 15 50
7352-3 Material 1c Subassembly 1 65 3 62

Figure 3: Line of Balance Data

- Part No: Unique part identifier

- Description: Description of the part

- Next Higher Assembly: The assembly the partis installed into

- Demand: Quantity of a part the Prime needs to fulfil its current contracts
- On-Hand: Quantity of parts available to consume

- PO: Current Purchase Order quantity with a subcontractor

The LoB provides a snapshot of the current material status on the factory floor. For
example, Figure 3 shows that there are no Core Assembly 1’s on hand, meaning that the
factory does not have sufficient flow to supply Core Assembly 2. However, there is
sufficient material to build five Core Assembly 1’s based on the On-Hand quantity of
Subassembly 1, 2, and 3. It also highlights potential material availability issues, notably
material 1c. Currently, only three of those parts are on-hand, meaning that only three more
Subassembly 1’s can be produced before the factory floor runs dry.

However, this file alone is not enough to tell the full story. It does not inform the
Program how many assemblies need to be built in order to fulfill its delivery schedule, nor
does it indicate when those materials on a purchase order will be delivered. These
limitations prevent the Program from fully capturing risk or estimating yield. The LoB does,
however, contain information that the MRP data does not, particularly the pairing of a part
with its next higher assembly.
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Subassembly 6
P/N: 23860
Subaszembly 4 Subassembly 7 Subassembly 9
P/N: 3862 P/N: 23862 P/N: 15667
Subassembly 5 Subassembly B Subassembly 10
Subassembly 1 P/N: 3869 P/N: 23874 P/N: 15772
P/N: 7362
Delivered to
Subassembly 2 Customer
P/N: 7365
Subassembly 3
P/N: 7332

Figure 4: Factory Assembly Flow Map

Figure 4 shows the result of connecting those pairings together to show a complete
assembly build process. The Prime has previously made claims about the amount of time it
takes to fully build and deliver one of these products. Although the Program was skeptical,
it didn’t have a way to validate those claims. This begs the question: “Is there a way this
process map could be used to create a build time?” On their own, the MRP and LoB data do
not have a way to tie one assembly to the next. However, by using a First In, First Out (FIFO)
assumption, these build times can be estimated by creating a timeline by matching
assemblies in succession based on their start and completion dates. In short, the first
completion of Core Assembly 1 would be matched with the first start date of Core
Assembly 2, repeating this process for the full build cycle.
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Figure 5: Estimated Build Timeline
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Figure 5 shows how the build timelines can be approximated to help identify issues
within the factory. The chart highlights a consistency issue, particularly for Core Assembly
1 and 2. While some variance is expected, it should not vary by several magnitudes. The
differences in total build time between Build 3 and 4 highlight how the variance can
compound to significantly delay product delivery. Another issue that the timeline
showcases is the wait time between assembly steps. The regions in gray show the amount
of time a product sits on the factory floor without making progress. This can be caused by a
variety of issues including material shortages, insufficient staffing, or bottlenecks in the
factory. Although this chart does not indicate the case of the issue, it can indicate where
further investigation is needed.

While this visual provides many valuable insights, it has a few limitations. The most
glaring is the fact that these build times are estimates based on the FIFO assumption.
While this is a reasonable assumption to use, there are many reasons why the actual build
times will not perfectly line up. One of these reasons is rework, some assemblies will need
more than one pass through the factory to produce a usable part. In extreme cases,
damaged components may cause backflow through the factory, requiring both teardown of
the assembly and a new work order to build back up. In these cases, there will not be a
linear build processes as assumed by FIFO, some products will go backwards, causing the
others to progress further. Because the MRP data lacks the information to accurately
match assembly work orders together, it isn’t possible to see when or where the rework is
occurring.

Similarly to how the LoB adds a layer of context, another data source needs to be
identified which can tie the build configuration to the delivered product number. Luckily,
the Program has a separate tool which

captures every part serial number that Build ID Assembly Serial Number

is installed into a delivered product for | Build 1 Core Assembly 1 165332
quality and compliance purposes. This | Build 1 Core Assembly 2 98732
tool can now be tied together with both ~ Build 1 Core Assembly 3 555002
the MRP and LoB data to accurately Build 1 Core Assembly 4 100562

depict the historical build times and Figure 6: Serial Number Tracking Data

identify where rework is occurring.

In the past, the concerns raised from these types of analyses have been by the
Prime with excuses from “This data isn’t meant to be used this way” or “These are only
estimations”. However, tying together data sets from several different departments has
allowed the Program the opportunity to verify data and model the factory, which could not
be achieved while keeping information siloed. The trends identified are no longer a hunch,
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they are a clear pattern that requires a thorough explanation. Only then can the Prime and
Program begin to address the problems preventing the consistency and increased yield
that is required to keep the fleet prepared.

Future Work

While valuable from a program evaluation standpoint, the tool developed to date is
strictly retrospective in nature. The resource sponsors are still in need of a more realistic
forecast that can be used for mission and capability planning. Additionally, the Program
needs more insight into the long-term problems that may restrict yield, namely material
availability, supplier capacity limitations, and material redesign efforts. Currently, the
Prime and Program are working together to deal with the immediate issues preventing
steady throughput. However, the expectation is that the Prime will double its yield within
the next six months and double it again over the next few years. This comes with a whole
new set of challenges that need to be addressed well in advance of the ramping delivery
schedule.

The MRP data the Program receives contains purchase order details for every piece
of material they acquire for all currently contracted lots. In theory, a forecast of material
availability based on the current quantity on-hand and the planned material delivery
schedule can be built. Next, based on the proposed delivery schedule to the Program, the
factory need-by dates can be estimated utilizing the historical build time data. By pairing
these together, the results will show which parts are most likely to constrain the factory.
Figure 9 below provides an example of a material burndown table. To achieve a consistent
delivery schedule, 10 assemblies need to be built per month, each consuming one Material
1a. If the current delivery schedule only plans for 12 parts every two months, the inventory
is going to slowly deplete until the factory progress is paced by that one part.

2026
On-Hand | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Factory Consumption 10 10 10 10 10 10 10 10 10 10 10 10
Material 1a | Part Deliverias 12 12 12 12 12 12
Balance 401 30 32 22 24 14 16 6 8 -2 0 -10 -8

Figure 7: Material Burndown

Imagine there are hundreds of parts, each with a unique delivery schedule and on-
hand availability. Tracking this by hand would be impossible, but with the data pipelines
already built, this information could be captured in tool or dashboard that informs the
Program of both short and long-term material limitations. Additionally, these constraints
captured could be used to inform the delivery forecast, considering material availability
along with historical performance. This would serve as a reality check to the overly
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optimistic delivery plans the Prime provides and would clearly outline what is preventing
increased yield.

Conclusion

What began as a simple automation task has evolved into a project that has
established data pipelines, developed dashboards, and provided valuable insights to the
Program. While it may not seem like traditional cost estimation work, this tool is regularly
used to inform the Program schedule, risk, affordability drills, and contract negotiations.

Data continues to become more abundant every year and there is a growing need to
find ways of leveraging it to provide actionable insights. Leadership relies on this
information to make effective, data-driven decisions. Curiosity is an analyst’s greatest
strength, sometimes it is necessary to look outside of their immediate scope to provide the
insight that the customer needs. Looking beyond what is requested to fully understand the
customer’s pain points can open the door to finding solutions to problems that may not
have even been identified yet.
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