A project usually starts with a requirement that seems simple on paper: "Make it corrosion resistant,” “keep it
light,” “hold up to heat,” “fit the budget,” or “pass the spec.” Then you start looking at components, drawings,
vendor quotes, and suddenly the decision between stainless steel and plastic turns into a set of engineering trade-

offs you have to resolve with your specific environment in mind.

I've seen the stainless option win on reliability and the plastic option win on total cost of ownership, sometimes
both depending on which part of the assembly you're talking about. The trick is not to decide “steel vs plastic” as a
philosophy. You choose materials for functions: what the part touches, what stresses it sees, how it's cleaned, what

chemistry is in the air or fluid, and how long you expect it to last.

The real question is what kind of stress you're designing for

Materials fail in different ways. Stainless steel usually gives you warning through loss of surface condition, pitting,
scaling, or changes in mechanical properties when something is pushed past its limits. Plastics tend to give subtler
clues: swelling, cracking from stress, loss of stiffness, creep under load, discoloration from UV exposure, or brittle

failure after prolonged chemical contact.
The stainless versus plastic choice often comes down to the dominant stress mode:

® corrosive chemical exposure and cleaning agents
® temperature swings and thermal cycling

* mechanical loads, impact, and vibration

* dimensional stability and creep

e UV, humidity, and long-term aging

* manufacturability and assembly constraints

When you map your stress modes to material behavior, the decision becomes much more defensible. You also
avoid a common mistake: selecting the “best material” for one property while ignoring the constraints that matter

more in your specific use.

A practical example from the field

A few years back, we built a set of housings for equipment that lived near washdown areas. The initial instinct was
to specify stainless everywhere because the environment looked harsh. Stainless metalwork lasted well, but the
assembly had a chronic problem: the stainless fasteners and adjacent parts created crevices that trapped cleaner

residue. Over time, those trapped areas developed surface corrosion and made disassembly a chore.

A redesign split responsibilities. Stainless stayed where it truly needed corrosion resistance, but we switched certain
internal spacers and covers to a stable polymer that could handle the cleaning chemistry and didn't trap residue in
the same way. The equipment didn't just last longer, it also got serviced faster because operators weren't fighting
sticky, corroded interfaces.

That's the pattern. Materials are tools, and you're choosing how to use them.

Stainless steel: strengths that show up over years

Stainless steel is usually chosen for corrosion resistance, mechanical strength, and a certain “forgiving” nature

when you don’t have perfect operating conditions. It also performs well when you need predictable tolerances,



thread engagement, and resistance to dents or impacts.

But “stainless” is not one material with one personality. Different grades behave differently, especially in chloride
environments, high temperature conditions, and under crevice exposure. The more your environment resembles
salt spray, brine, or repeated wetting and drying, the more you need to be intentional about grade selection and

surface finish.

Corrosion resistance is not only about chemistry

People often treat corrosion as a straightforward “the fluid is corrosive” problem. In real systems, corrosion
depends on oxygen availability, water behavior, and geometry. Crevices, gasket interfaces, stagnant zones, and

trapped detergent residue can create local conditions that are far more aggressive than the bulk fluid.

Stainless steel is generally strong against many corrosive environments, but it does not eliminate the need for
good design. Smooth surfaces, thoughtful drainage, and avoiding tight crevices help. So does specifying an

appropriate grade and considering post-processing like passivation when relevant.

Mechanical behavior you can rely on

For mechanical loads, stainless tends to be straightforward. It's stiff, it doesn't creep like many plastics, and it
maintains strength across normal operating temperatures. If your component must support threads, handle
repeated tightening, resist vibration fatigue, or take occasional knocks during maintenance, stainless usually makes

that easier.

You also get the benefit of metal joining options. Welding, brazing, threaded fasteners, and many forms of
fabrication are available. Even when the component is not welded, metal surfaces can be bonded or mechanically

fixed with predictable outcomes.

Temperature range and fire behavior

Stainless is comfortable across a broad temperature range. If you have hot air flows, steam exposure, or the

possibility of a malfunction that brings higher temperatures than normal, metal is typically the safer bet.

Plastic can also be rated for certain temperature envelopes, but it often has a tighter margin and a more complex
dependence on grade, additives, and load conditions. For fire safety and smoke considerations, plastics require

careful selection and, in some applications, additional engineering controls.

Plastic components: lighter, quieter, and often cheaper to implement

Plastic's biggest advantages tend to be weight, electrical insulation, corrosion immunity to many aqueous
chemistries, and the ability to create complex shapes through molding or extrusion. For assemblies where you

need damping, noise reduction, or vibration isolation, polymers can be a real win.

Plastic can also reduce thermal conductivity when you want to separate hot and cold zones. And if you need to
build a part with internal channels, integrated features, or low-cost shapes that would be expensive in metal,

plastics often deliver faster and cheaper.

The failure modes are different, and that matters

Where stainless might corrode, plastic might deform, crack, or slowly lose properties. The most common issues I've

encountered are:



® creep and relaxation under constant load

e stress cracking from chemicals, detergents, or cleaning solvents

* embrittlement after UV exposure or long-term heat aging

e dimensional drift due to moisture absorption or temperature cycling

® |oss of mechanical strength due to poor grade selection or additive limitations

If your component is under constant force, even relatively modest ice machine troubleshooting loads, plastic
creep can become a functional problem. It's not always visible right away, but the system'’s alignment, sealing

force, or fit can change over time.

If your part is exposed to cleaners, oils, or solvents, the “it seems fine” phase can mask long-term stress cracking.

Some polymers look intact for months and then fail after a maintenance schedule that includes a specific chemical.

Chemical compatibility is real, but it's not the whole story

Chemical compatibility charts can help, but they are not always enough for engineering decisions. Compatibility
depends on concentration, contact time, temperature, mechanical stress at the same time as chemical exposure,

and the presence of detergents or blends rather than a single chemical.

A polymer that tolerates a chemical in a static test might crack under the combined stress of clamping force and

repeated wetting. This is why the same plastic grade can succeed in one product line and struggle in another.

Molded accuracy and assembly economics

Plastic often wins in production when the geometry is complex or you're building multiple identical parts. Injection
molding can produce fine tolerances at scale, and assembly can become easier because you can integrate bosses,

snap fits, or channels that would require machining.

It's also easier to engineer for manufacturability. With metal parts, you may spend more on tooling or machining
steps. With plastic, you may spend more up front on mold design or on managing shrink and warpage, but the

unit cost can still come out favorable at volume.

The deciding factors most teams forget until late

A lot of decision-making happens too late, when the assembly is already designed around one material. To avoid
that, you want to evaluate the material choice early based on how the part will behave over the product’s life, not

just at commissioning.

Here's the core reasoning | use when helping a team choose between stainless and plastic for a given component.

A quick reality check before you lock a material

* What is the worst-case chemical exposure, including cleaners and solvents used during maintenance?

* What temperatures and thermal cycles will the part experience, including short spikes?

e Will the part be under constant load that could lead to creep, relaxation, or loss of clamping force?

* Are there crevices, trapped residues, or gasket interfaces where localized corrosion could develop in stainless?

* How will the part be installed and serviced, including repeated tightening, impacts, and handling?

If you can answer those in specific terms, the materials become less like a guess and more like an engineering

decision.


https://medium.com/@laicemachinellc/which-ice-machine-would-be-right-for-a-hospital-abf0e8342b38

Where stainless and plastic each tend to shine
There's no universal winner, but certain applications have strong patterns.
Stainless steel often shines when:

® you need long-term mechanical robustness with minimal dimensional drift
* you face aggressive corrosion risk or repeated wetting in harsh environments
® you need heat resistance and stable performance under thermal cycling

* you require reliable threaded features or repeated disassembly
Plastic often shines when:

® corrosion resistance is required but mechanical loads are moderate
* weight and insulation properties matter

® the geometry is complex and would be expensive in metal

* you need vibration damping or noise reduction

® production volume makes molded parts economically attractive

What matters is not just the environment, but the combination of environment and mechanical conditions.

An edge case that changes the outcome: sealing

Seals are a good example. Suppose you have a stainless housing and a plastic cover, and you need a stable seal
over time. Stainless housings are dimensionally stable, but plastic covers might move slightly with temperature

changes or moisture absorption. That movement can reduce compression on a gasket or create microleaks.

If the failure mode is costly, you can still use plastic, but you may need to design for it by choosing a polymer with
lower moisture uptake, adding ribs to reduce flex, or selecting a gasket material that tolerates slight compression

changes.

Conversely, if you use plastic housings in a system with chemical cleaners, you might still be fine if the plastic is
well matched, but fasteners and metal interfaces become the weak link. A stainless fastener can create stress

concentrations around a plastic boss, especially during repeated tightening.

So the choice is often about what surrounds the material, not only the material itself.

Cost is more than the purchase price
Teams frequently compare stainless and plastic using the unit price of the raw part. That's rarely the full story.

With stainless, the costs can include machining time, material grade, heat treatment steps, surface finishing, and
longer lead times for certain grades or custom fabrication. Stainless also tends to be used for hardware and
structural elements, which can reduce the number of part types you need, but sometimes increases labor if

tolerances require more work.

With plastic, the raw part might be cheaper, but you could pay for tooling, molding complexity, and prototype
iterations if the first mold run doesn't meet dimensional targets. There can also be higher risk if chemical

compatibility or mechanical behavior isn't validated early, leading to costly rework.

A cost model that worked for one program might mislead you on another because your assembly labor and

maintenance expectations differ.



Maintenance and longevity tilt the spreadsheet

In many real products, the total cost of ownership comes from maintenance. If stainless corrosion makes parts
hard to disassemble, you may spend money every time a technician struggles with seized fasteners or damaged

threads. If plastic deforms and changes fit, you may see increased replacement frequency.

I've seen projects where plastic components lowered the initial bill of materials, then maintenance schedules drifted
because parts aged faster than expected. The reverse also happens: stainless parts cost more upfront but stay in

service for years with fewer interventions.

A material decision that improves reliability usually reduces the hidden costs.

Validation testing that actually de-risks the choice

Even with good engineering judgment, you can't always predict polymer and corrosion behavior with perfect
accuracy from general references. Validation testing helps you catch the interactions that matter: chemical plus

stress, heat plus load, and environment plus cleaning cycle.
For stainless, you might evaluate:

® exposure conditions that resemble your real environment
¢ surface finish and crevice behavior
® any galvanic couples between dissimilar metals

® impact resistance and wear if it's exposed to abrasion
For plastic, you might evaluate:

¢ dimensional change after temperature and humidity cycling
® creep under realistic loads, including after chemical exposure if relevant

® stress cracking resistance with your actual cleaning agents

UV stability if outdoors or near reflective surfaces

The goal is not to run a generic durability test. It's to test the specific combination your component will experience.

Practical guidance for combining materials in one assembly

In many products, the best solution is mixed materials. The housing might be stainless for strength and heat
resistance, while certain internal parts are plastic to reduce corrosion issues, weight, or residue buildup. Or a

stainless frame might carry plastic covers that protect sensitive components and are easier to replace.

The key is interface design. Mixed-material assemblies can introduce galvanic corrosion between metal and other

materials, and they can concentrate stress where a rigid metal meets a more flexible plastic.
You can mitigate those risks with thoughtful design:

* avoid hard contact where plastic flexing will cause stress over time
* select fasteners and torque targets that account for plastic creep and boss strength
* provide drainage paths and avoid crevice trapping in stainless regions

¢ plan cleaning methods that do not attack plastic or encourage trapped residue

If your assembly is often cleaned, the cleaning process should be part of your material plan, not an afterthought.



A maintenance-oriented checklist to use on the shop floor

* Does the cleaning method include solvents, detergents, or disinfectants that could attack the plastic grade?
e Will technicians over-tighten fasteners, and would that be damaging to plastic bosses or threads?

* Are there crevices where residue accumulates, leading to stainless localized corrosion?

® After servicing, will the part be reassembled with the same alignment and sealing compression?

* |s replacement of the plastic component straightforward, with no special rework needed?

That kind of checklist sounds basic, but it catches the issues that show up in year two, not week one.

The final decision: match the material to the job

The choice between stainless steel and plastic components is rarely about which one is "better.” It's about which
one best fits the specific stresses your component will face, with enough margin for the real world where

conditions drift.

When stainless wins, it's usually because mechanical stability, heat tolerance, and corrosion resistance under harsh
exposure are non-negotiable. When plastic wins, it's usually because weight, corrosion immunity to certain
chemicals, and manufacturing or assembly advantages outweigh the risks of deformation, creep, and stress

cracking.

If you're stuck, don't ask “Can stainless handle this?” and “Can plastic handle this?” Ask a narrower set of

questions:
Will the part be clamped or loaded in a way that makes creep a problem?

Will cleaners or chemicals combine with stress to cause cracking? Will crevices form and create localized corrosion

in stainless? Will dimensional changes break a seal or cause misalignment?

Answer those honestly, then choose the material and the grade that gives you the most reliable outcome for the

component’s life, not just for the pilot run.

If you want, tell me the component’s environment, approximate temperatures, chemicals used for cleaning, and
whether it carries load or mainly acts as a housing. | can help you narrow the likely winners and the main tests

that would de-risk the decision quickly.



