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• “Commonality” is the reuse of parts, designs, tools, engineering, and/or manufacturing 
processes between different models or variants.

• Frequently observed in the aircraft industry.

• Design commonality in commercial aircraft is promoted to reduce development costs, shorten 
the design cycle, and create greater market penetration.

• Military aircraft commonality is advanced as a strategy to save development, production and 
sustainment costs. 

• JAST program – the precursor to F-35 -- identified a potential EMD savings of 30-40% in airframe 
design, 40% savings in test, 30-40% savings in manufacturing and 60-70% savings in avionics for a 
common fighter program relative to three unique stand-alone programs.

Introduction
Presented at the ICEAA 2024 Professional Development & Training Workshop - www.iceaaonline.com/min2024



COPYRIGHT 2024 LOCKHEED MARTIN CORPORATION3

• One-seat (combat) and two-seat (trainer) configuration.
• F-16C/D & F/A-18E/F fighters.

• Commercial jetliners with stretched or shortened fuselages.
• Boeing 737 MAX comes in four versions (-7/-8/-9/-10) with same basic aircraft but different fuselage 

lengths and seating (138 to 204 passengers).

• Military aircraft supporting one military service but come in multiple configurations.
• C-130J aircraft comes in standard cargo (J-30), tanker (KC-30), special operations (HC/MC), short 

body (J), weather reconnaissance (WC) or electronic variants (EC).

• Military aircraft supporting more than one military service.
• F-35A/B/C, V-22, JSTARS E-8, JPATS T-6A, A-7, F-4.

Examples of Commonality
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• Learning curve theory assumes the same product 
is built repetitiously over multiple cycles resulting 
in a reduction of hours over time. 

• If the product is not the same, however, we would 
expect that some learning loss from prior builds 
when the alternate configuration is built. 

• Similar to engineering design change where the 
configuration is altered, evidenced by a regression 
on the overall learning curve and higher hours per 
unit. 

• Commonality really asks us, “How much learning 
transfer occurs between variants?”

Commonality & Learning
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• Some suggested approaches:
• Count number of common vs unique engineering drawings. (Garg, 1961)
• Count number of common vs unique parts.
• Sum the empty weight of common vs unique parts.
• Sum the Industrial Engineering standard hours of common vs unique parts.
• Engineering judgment based on the similarity or uniqueness of assembly processes and tooling.

• This is not an exhaustive list…Zhang (2019) lists no less than 7 other methods to assess 
commonality.

What is “Common”?

What about parts that are similar but not common?
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• Parts or assemblies may be highly similar between two or more variants, but not identical. 

• Expect similar parts should show some degree of learning transfer.

• JAST program created following definitions:
• Common: Physically identical and interchangeable.
• Cousin: Same material, function, and interfaces – similar internal geometry, e.g., bulkheads made of 

identical material, same external dimensions, yet different web thickness and number of 
penetrations). Made using common fabrication or assembly tooling.

• Unique: Single variant application.

• For evaluation purposes, JAST treated a “cousin” part as 85% common & 15% unique.

“Cousinality”
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• To illustrate how we might approach this problem but avoid compromising proprietary 
information, a dummy set of data has been constructed. 

• Two variant aircraft program:
• Eight EMD aircraft and 500+ production aircraft are built.
• 80% of aircraft built in an U.S. Air Force (USAF) configuration (Model A).
• 20% of aircraft built in a U.S. Navy (USN) configuration (Model B). 
• Assume 65% of the manufacturing effort is common between the USAF and USN versions, with 

the remaining 35% being unique to each variant.

• Using 5 different approaches, use the first 370 aircraft (EMD and Lots 1-11) to develop 
historical learning curve slopes.

• Apply historical learning curves to forecast the next 144 aircraft (Lots 12-14).

• Compare the forecast to the realized hours for those later aircraft.

Notional Program
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Notional Dataset

Data shows “S” curve shape seen on many historical programs
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• Jones (2019) suggests 4 different approaches to estimating commonality….I have added a 
fifth:

• Ignore Differences (ID) – Assume a common learning curve and ignore any cost impact of multiple 
models.

• Fixed Factors (FF) – Assume a common underlying curve and adjust for variant differences 
through a fixed factor or relationship between variants.

• Total Separation (TS) – Assume each variant has a unique learning curve and that no learning 
transfer occurs between variants.

• Partial Separation (PS) – Assume each variant has a unique learning curve but allow learning 
transfer between variants.

• Proportional Representation (PR) – Assume a given combination of common or unique work has 
its own peculiar learning curve, but all of them share a common rate of learning.

 

Commonality & Learning Curve - Approaches

Added
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• To develop historical learning, we will use a piecewise regression described in prior papers. 
(Johnstone, 2022)

• …but slightly more complicated (three legs vs two in the 2022 JCAP article).
• Essentially, we will “break” the curve into different segments (EMD / early production / late 

production).
• But we will make different assumptions about rates of learning, counting cumulative learning, 

and how much learning transfer occurs.

Learning Curve Breaks

Where: 
y = Manufacturing hours per unit (HPU) 
α1 = Y-intercept for leg #1, equal to theoretical first unit hours for leg #1 
α2 = Intercept adjustment for leg #2, such that α1 + α2 equals the Y-intercept for leg #2 
β1 = Rate of learning for leg #1, such that 2β equals learning curve slope #1 
β2 = Rate of learning for leg #2, such that 2(β1 - β2) equals learning curve for leg #2 
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Ignore Differences (ID)

• Assume there is no difference between variants.
• Sometimes there may be different models but no 

observable cost difference.
• L-1011 jetliner had multiple models (-1, -100, -200, 

-250, -500) but only -500 shortened model showed 
significant cost delta.

Cumulative units built
for our regression

Log of cum 
units in leg #1

Dummy variable
for leg #2

Log of cum 
units in leg #2

Log of cum 
units in leg #3

Dummy variable
for leg #2
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• Using our historical EMD-Lot 11 curve, 
forecast is within 1.6% of actual Lot 12-
14 hours.

• But data shows a clear cost difference 
between USAF & USN variants.

• Model would not be appropriate except 
for very ‘rough-cut’ estimates.

Ignore Differences (ID)
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Fixed Factors (FF)

• Assume a common underlying curve and adjust 
for variant differences through a fixed factor.

• We have made one change to the data….added a 
dummy variable for the B model.

If B model then equal to 1,
otherwise 0
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• Using our historical EMD-Lot 11 
curve, forecast is within 1.3% of 
actual Lot 12-14 hours.

• More important, our A and B model 
forecasts are much closer to the 
realized actual hours.

• Assumes the relationship between A 
and B models is relatively constant 
over time.

Fixed Factors (FF)
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Total Separation (TS)

• Assume no learning transfer between variants & 
each version experiences a different rate of 
learning.

USAF

USN

Each variant has its own
cumulative build number

(no longer common)

Breakpoints for the legs 
have been modified as 

well

Presented at the ICEAA 2024 Professional Development & Training Workshop - www.iceaaonline.com/min2024



COPYRIGHT 2024 LOCKHEED MARTIN CORPORATION16

• Using our historical EMD-Lot 11 
curve, forecast is within 0.5% of 
actual Lot 12-14 hours.

• However, the forecast errors are 
larger (2-5%) at the individual variant.

• TS approach would be best suited 
where different models are built on 
separate production lines, e.g. 
Eurofighter where final assembly 
occurs in 4 separate countries.

Total Separation (TS)
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Partial Separation (PS)

• Similar to TS that each version experiences a 
different rate of learning, but we assume learning 
transfer exists between variants.

USAF

USN

Returned to a common 
unit count for all variants

Returned to the prior 
curve breakpoints
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• Using our historical EMD-Lot 11 
curve, forecast is within 1.2% of 
actual Lot 12-14 hours.

• Forecast error at individual 
variant is reduced from TS 
method (2%).

• Does it make sense there should 
be different rates of learning?

• ~80% of cost improvement 
attributed to factors besides 
operator learning. (Jefferson, 
1981)

• Depends on how personnel, 
tools, supply chain,  
manufacturing methods & 
investment strategies are 
managed across the variants.

Partial Separation (PS)
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• PR method breaks down the different combinations of common versus unique work.

• To demonstrate how complex commonality can get – and how PR might prove advantageous -- let’s 
briefly introduce a C model into the discussion.

• With three variants (A, B and C models), there are seven (7) possible combinations of common and 
unique work.

• ABC Common
• AB Common
• AC Common
• BC Common
• A Unique
• B Unique
• C Unique

• PR method assumes a given combination of common or unique work has its own peculiar learning 
curve, but all of them share a common rate of learning.

Proportional Representation (PR)

Number of combinations 
calculated as 2x -1

The “Seven Flavors of
Commonality”
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Proportional Representation (PR)

• Produces “sawtooth” pattern we would expect 
to see.

• TFU hours are broken by “flavor” and run down 85% 
slope but with different sequence numbers.
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Proportional Representation (PR)

• However, this can get 
computationally difficult … 
and very hard to calculate 
historical learning.

• Fortunately, we can use 
commonality matrix & 
calculate a single 
“effective sequence” 
number that incorporates 
different commonality by 
“flavor.”
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Proportional Representation (PR)
Incorporates the 

sequence calculation 
from prior page

B Model dummy variable
captures difference in 

standard work content (vs 
learning)

• Common rate of learning, but each variant is on a 
different position on the learning curve at any 
given point.

We’ll return back to our two model (A & B model) 
case….
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• Using our historical EMD-Lot 11 
curve, forecast is within 2% of 
actual Lot 12-14 hours.

• Forecast error at individual 
variant is reduced from TS 
method (2-3%).

Proportional Representation (PR)
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Lot 12 & On (#371 & On)
Actual 
Hours

Option 1: 
ID

Option 2: 
FF

Option 3: 
TS

Option 4: 
PS

Option 5: 
PR

Avg. Hours Total 69.6         68.5         68.7         69.3         68.8         68.2         
per Unit (K) A Model Only 67.4         68.5         66.5         65.9         65.9         66.3         

B Model Only 78.7         68.5         77.6         82.6         80.1         76.1         
Variance to Total -1.6% -1.3% -0.5% -1.2% -2.0%
Actuals A Model Only 1.8% -1.3% -2.1% -2.1% -1.6%

B Model Only -12.9% -1.4% 5.0% 1.8% -3.3%

Historical Best Fit Data
R-Square Total 95.9% 98.6% 98.5%

A Model Only 98.7% 98.8%
B Model Only 97.7% 97.9%

Std Error Total 7.6% 4.4% 4.5%
of Estimate A Model Only 3.9% 3.9%

B Model Only 6.3% 6.0%

• Performance of FF is not surprising – the notional data was generated using FF assumptions 
before introducing a random error to provide a realistic spread of values (we loaded the dice!)

• Had we generated the data using different premises, another method would probably produce a 
better forecast.

• Goal is not to prove one method is always superior to the others….The particulars of a program 
and its build circumstances will dictate which method is the preferred estimating approach. 

Comparison of Results
Legend:
ID – Ignore Differences
FF – Fixed Factors
TS – Total Separation
PS – Partial Separation
PR – Proportional Representation
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When Do I Use Which Method?

• There are no hard and fast rules when to apply one methodology over another, but these are some 
guidelines that suggest when one approach might work better than another.
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• Commonality is the reuse of parts & designs to reduce development & production costs.

• From a learning curve perspective, commonality asks: “How much learning transfer will occur 
between models or variants?”

• Built a notional program and applied 5 different approaches to estimating commonality 
costs/benefits.

• Approaches vary regarding assumptions on rates of learning, calculation of cumulative units, 
degrees of learning transfer.

• No one methodology is inherently superior to the others….which method we should use will 
depend on the particular circumstances we are estimating.

Conclusions
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