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The newsletter for defense leaders who prefer scalable, repeatable manufacturing solutions over high-cost

prototyping cycles.

The Problem with Prototypes: When R&D Never Becomes Production

In many high-tech manufacturing environments, there is a dangerous gap between a part that "works"
and a part that can be produced reliably at scale. We see this most clearly in the transition from
advanced composites to aircraft components. In the lab, an engineer might produce a stunning prototype
using additive manufacturing (AM) because they have the time to hand-tune every variable. They can
spend three days perfecting one print, adjusting the temperature and feed rate until the geometry is

perfect.
But that isn't production. That is craftsmanship in a vacuum.

We call this The Prototype Trap. It occurs when an organization mistakes a successful R&D
experiment for a viable manufacturing process. In the lab, if a part fails, you just print another one and

try again. On the floor, if a batch of components doesn't meet specification because the machine drifted



by two degrees or the feedstock had a slight moisture variance, that’s a scrap pile, a safety risk, and a

line stoppage.

The challenge in moving composites from the "desk" to the "line" isn't just about making the part; it is
about ensuring the process is robust enough to survive the transition out of the lab. We need to move
past the era where we celebrate a single successful print and start demanding processes that can produce
1,000 identical parts without human intervention. If you cannot prove that your process will hold for
three shifts, five machines, and six months of continuous production, you don't have a manufacturing

solution; you have an expensive experiment.

Why This Gap Exists: The Tooling-Free Myth vs. Reality

The primary reason many organizations fail to scale additive manufacturing for complex components is
a misunderstanding of what "tooling-free" actually means. In the early days of AM, the pitch was that
because we didn't need traditional molds or dies, we could skip the heavy lifting of industrial process

hardening. This created a false sense of security.

The Tooling-Free Myth suggests that removing physical tools removes the need for process controls. It
doesn’t. While you may not be fighting against a worn-out injection mold, you are still fighting against

material variability, environmental factors, and machine drift.

The Comfort_able Rationalization The Operational Reality

"We don't need tools, so the process is A tool-less process requires more rigorous digital controls to manage
'simple".” tolerances.

"The software handles the complexity Software is just a set of instructions; it cannot compensate for poor
for us." material feedstock or uncalibrated hardware.

"We can just iterate on the fly if On-the-fly fixes are signs of an unstable process and will lead to
something goes wrong." inconsistent part quality over time.

When we ignore these realities, we end up with a "process" that only works when the conditions are
perfect—which is never happens on a production floor. To move toward scale, we have to stop treating
AM as a magic wand that replaces traditional manufacturing hurdles and start treating it as a new type

of industrial discipline that requires its own set of rigorous standards and control plans.

What Happens When You Can't Scale?: Cost, Speed, and Reliability Risks

When the gap between R&D success and production capability remains wide, the costs aren't just
hidden; they are compounding. In the defense sector specifically, where "rapid deployment" is a

requirement rather than a goal, failing to scale leads to three specific failures:

First is the Cost of Non-Conformance. When a process isn't hardened for high volume, you see it in the
scrap rate. If your first pass yield (FPY) is low because the machine requires constant manual

intervention or "tweaking" to stay within spec, your cost per part skyrockulates. You aren't just paying



for the material; you are paying for the waste and the labor of troubleshooting a system that isn't robust

enough to run itself.

Second is the Speed Bottleneck. If production requires constant stops to recalibrate or "babysit" the
equipment, your throughput will never meet the demand of a large-scale order. You cannot scale if every

successful unit requires an engineer’s signature and intervention.

Finally, there is the Reliability Risk. In aerospace and defense, consistency is safety. A part that passes
inspection today but has a different internal structure than the one produced next week because of a
slight drift in the additive process is a liability. If you cannot guarantee that every part—from the first to
the thousandth—is identical at the microscopic level, you haven't solved the problem; you’ve just

moved it further down the line toward the end-user.

The Operational Shift: Making Additive Manufacturing a Production Discipline

To bridge the gap, we must stop talking about "printing" and start talking about Industrialized
Deposition. This means moving additive manufacturing out of the R&D bubble and into the same

rigorous framework as traditional CNC machining or injection molding.

The shift requires moving from an experimental mindset to a disciplined one. In a production
environment, every variable that can be measured must be controlled. For high-speed AM processes

(like those used for large drone components), this means:

¢ Automated Feedback Loops: Instead of waiting for a post-process inspection to find a
defect, the system should detect and correct deviations in real-time.

¢ Standardized Work Instructions: The "art" of getting a good print must be codified into
repeatable steps that any qualified operator can execute.

¢ Process Hardening: This means deliberately testing the limits of the equipment—running it
for 48 hours straight, switching between different batches of feedstock, and varying ambient

temperatures to see where the process breaks.

We aren't looking for a "cool" way to make parts; we are looking for a repeatable way to manufacture
components that can survive high-stress environments. The goal is to move from a system where
success depends on the skill of an individual operator to one where success is guaranteed by the
integrity of the process.

Three Keys to Industrializing Composites for Defense: Speed, Strength,
Integration

To successfully transition these technologies into your production line, focus on three specific pillars of

industrialization. These are not "goals"; they are operational requirements.

1. Validated Material Throughput



You cannot have a high-volume operation using inconsistent feedstock. You must establish a rigorous
qualification process for every batch of raw material. This includes testing for moisture content, particle
size distribution, and chemical purity before it ever touches the machine. If the input varies, the output
will drift. We need to move toward "closed-loop" supply chains where material is tracked from source to

final part.

2. Hardened Mechanical Properties

In defense applications, a part's aesthetic success is irrelevant if its fatigue life is compromised.
Industrializing composites means ensuring that high-speed manufacturing doesn't sacrifice structural
integrity for speed. This requires standardized "cook cycles," consistent cooling rates, and documented
sintering or curing parameters that are locked into the machine’s control plan. If you have to "tweak" the

heat to get a better finish, you aren't in production; you're still experimenting.

3. Seamless Supply Chain Integration

A part is only useful if it can be integrated into the larger assembly without custom modifications at
every step. This means your tolerances must be tight enough that the component fits perfectly with the
rest of the aircraft or drone frame. We need to move away from "making it fit" and toward
"manufacturing it right." This requires integrating AM output directly into the master production
schedule, ensuring that a part coming off an additive machine is indistinguishable from one produced by

traditional means in terms of dimensions and surface finish.

Tomorrow's Workflow Checklist: What Your Team Needs to Do Next Week

If you are currently managing a transition from prototype-scale AM to full-production capability, your
focus for the next seven days should be on moving from "how do we make it?" to "how do we ensure

we always can make it."
Perform these actions with your engineering and floor leads:

1. Audit the Current Process Variance: Select a sample of ten parts produced over the last
month. Measure critical dimensions and material properties (where applicable). If there is any
variance beyond your tolerance, identify exactly where in the process that drift occurred—was
it a change in feedstock, a temperature spike, or an operator's manual adjustment?

2. Draft a "Control Plan" for AM: Create a document that lists every critical variable in the
printing process (e.g., bed temperature, laser power, powder flow rate). Define the acceptable
range for each and the action required if it falls outside that range. This is your move from
"art" to "discipline."

3. Establish a Material Validation Protocol: Create a checklist for incoming raw materials. No
material should enter the production line without being verified against a baseline standard of

purity and consistency.

4. Identify the "Hard Fail" Points: Walk the floor with your lead technician. Ask them: "If this

machine were to fail or drift today, what is the first thing you would notice?" Build those



specific warnings into your automated monitoring system.

5. Define "Success" by Repeatability: In your next team meeting, change the metric of success
for the R&D team from "successful prototype" to "three consecutive days of production-ready

output with zero manual interventions."

Call to Action

What single industrial bottleneck do you think needs solving right now? Share your thoughts with us or

send an example piece of equipment failure to newsletter@sixsigmakaizen.com.

Newsletter replies: newsletter@sixsigmakaizen.com - X: @kaizen_6sigma

Stay curious, stay improving,

David Rodgers

SixSigmaKaizen.com

References: Carbon-fiber 3D printer targets mass production of drones and aircraft parts (Source)



