
Your Post-CNC Machining 
Secondary Operations Playbook

FROM PARTS TO PRODUCT:



Manufacturing parts with CNC machines is a complex, 
multi-step process that requires careful consideration in 
every phase: from design to material selection to 
programming the toolpaths that will cut out your parts. 

And even when you’ve finished CNC 
machining your components, the work is 
far from over. Those raw machined parts 
may have the shape needed to function, 
but they probably don’t have the right 
finishes or material properties needed for 
the end product. 


That’s where post-machining processes 
come into play. 

These secondary operations are critical 
for a range of applications, and this 
ebook introduces and explains these 
processes and discusses their benefits 
and limitations. We'll cover the three 
main categories of secondary 
operations, focusing on the processes 
we know best (because they're all 
available through Fictiv's platform). 
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HEAT TREATMENTS
SECTION 1

In general, heat-treating changes the material properties of metal — usually, this means 
increasing its strength and hardness to make it suitable for more extreme applications. 
However, certain heat treating processes, like annealing, can reduce a metal’s hardness.



Heat treatment is generally the first operation 
to consider after machining. However, there is 
always the option to machine pre-heat treated 
material instead. Why use one method over 
the other? 


The order in which you choose to heat treat 
and machine your metal affects the material 
properties, machining process, and tolerances 
of your part. 


Pre-heat treated

         CONS


Longer machining time


Greater tool wear


Risk of removing 
hardened layer


Work hardening

         PROS


Tighter tolerances


Material easy  
to find


Faster to the finish

Milling heat-treated material takes longer and 
wears down tools faster, which adds to machining 
costs. Machining may also cut away the hardened 
material and defeat the purpose of using pre-
treated metal in the first place!


Additionally, machining may generate enough 
heat to increase the hardness of the workpiece — 
especially if it's a material prone to work 
hardening, like stainless steel.





Post-heat treated

         CONS


Additional production  
steps/increased lead time


Additional cost


Warped/out of  
tolerance parts

         PROS


More control


Consistent  
effect across part 
surface

Pre-heat treated metal has its advantages: 
hardened metal can hold tighter tolerances, is 
readily available, and avoids the time-consuming 
step of heat-treating after machining.


On the other hand, heat-treating after machining 
gives you more control -- so you can select the 
right treatment to get the material properties you 
need. And it ensures you have uniform hardness 
across the surface of your parts. However, it adds 
cost and lead time, and can cause parts to warp 
and deform.




Choosing a Heat Treatment Method
HEAT TREATMENTS
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Case Hardening

Case hardening only affects the outer surface of 
the material, and is often done after machining to 
create a durable outer layer. Case hardening is 
often used to harden the outer layer of 
automotive parts and tools that experience a lot 
of wear.

Hardening

Hardening is used to — you guessed it — make 
metal harder. A higher hardness means that the 
metal is less likely to dent or be marked when 
impacted. Heat treating also increases the tensile 
strength of the metal, which is the force at which 
the material fails and breaks. Higher strength 
makes the material more suitable for certain 
applications, like brackets, axles, and other load-
bearing components. 


To harden a metal, the workpiece is heated to a 
specific temperature above the metal’s critical 
temperature, or the point at which its crystal 
structure and physical properties change. 


The metal is held at that temperature, then cooled 
by quenching it in water, brine, or oil. The 
quenching liquid depends on the specific alloy of 
the metal. Each quenching liquid has a unique 
rate of cooling, so it’s chosen based on how 
quickly you need to cool the metal.


Precipitation Hardening

Precipitation hardening is used on specific metals 
that have certain alloying elements like copper, 
aluminum, phosphorus, or titanium. When the 
material is heated over an extended period of 
time, these alloying elements precipitate or form 
solid particles within the solid metal. 


This affects the grain structure, and increases the 
strength of the material. For example, 
precipitation hardened 17-4 stainless steel is used 
to make turbine blades and helicopter deck 
platforms.


Types of Heat Treatments
HEAT TREATMENTS
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Types of Heat Treatments
HEAT TREATMENTS

Annealing

Schematic diagram of the continuous annealing process. Source: ResearchGate

Annealing is used to soften metal, as well as 
increase its ductility and relieve stress. This 
process makes the metal significantly more 
machinable. 


To anneal a metal, it’s heated slowly to a specific 
temperature above the material’s critical 
temperature and held there. The material is then 
cooled slowly by burying the metal in an 
insulating material or keeping it in the furnace 
while both the furnace and metal cool.


tempering

Differentially tempered steel. Source: Wikipedia

When tempering a metal, it’s heated to a point 
lower than its critical temperature, then cooled in 
air. Tempering is similar to stress relieving (see #6 
in this list), but uses a lower final temperature. 


Tempering increases the toughness (the amount 
of energy that a material can absorb before 
fracturing) while maintaining most of the 
hardness of a material that may have been added 
through a hardening process. Tempering is used 
with steel to create structural steel or springs.


Stress Relieving

Stress relieving is similar to annealing in that the 
material is heated to a certain temperature and 
cooled slowly — but with stress relieving, that 
temperature is lower than the critical 
temperature, and the metal is air-cooled.


The process relieves stresses from cold working 
or shearing in order to avoid warping or other 
deformation during further machining or use of 
the part. Stress relieving does not significantly 
change the physical properties of the metal.
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SURFACE FINISHING
SECTION 2

While heat treating changes the strength and hardness of your parts, surface finishing changes 
their exterior characteristics and properties. But before we dig into the details of surface 
finishing processes, we need to clearly define two terms that are time and again used 
incorrectly: surface finish and surface finishing.
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Surface Finish vs. Surface Finishing
SURFACE FINISHING

Source: Leica Microsystems — Brief Introduction to Surface Metrology

Surface Finish

Surfaces have characteristics produced by the 
manufacturing process: lay, roughness and 
waviness. Each of these is a “surface finish” and 
basically they quantify how irregular a surface is 
on a micro scale. Depending upon the function of 
your product, you may need to target specific 
values for these characteristics.

Surface Finishing

Surface finishing processes protect and improve 
the appearance of surfaces. Some processes add 
material, some remove material, and some use 
heat, electricity or chemicals to change the 
surface finish of a part.
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Roughness
SURFACE FINISHING

Roughness Value is Critical at 
Points of Contact

Surface finish is a particularly important 
consideration for parts that contact others. The 
wrong surface finish can increase friction, cause 
additional wear and reduce component lifespan — 
even if the parts were fabricated within 
geometrical tolerances. And keep in mind that 
there are different methods to quantify roughness 
that result in different values, so be sure you know 
which one is being used on your project.

Roughness Value is Critical at 
Points of Contact

Surface Roughness Affects 
Corrosion Resistance

You can see the difference between roughness 
values in the image to the right. Besides 
increasing friction, more roughness also increases 
the likelihood of corrosion and cracking. Still, 
higher roughness values can be useful in 
applications requiring adhesion if you choose 
your material and surface finishing wisely.
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Pre-Finish Prep: Masking Holes and Surfaces
SURFACE FINISHING

Speaking of surface masking liquid, it’s a 
protective lacquer applied to surfaces that either 
require a different finish for aesthetic reasons or 
mate with another part and must maintain a 
certain tolerance. 


In order to mask a surface, the lacquer is painted 
onto the part and cured by air for about a day. 
Once cured, the surface finishing process occurs, 
and the parts cure for another day. Then the 
masking liquid is removed to reveal the unfinished 
surfaces and complete the part.


Once you understand the surface finish you need, 
it’s time to consider the prep work that happens 
before surface finishing processes are applied, 
because it will impact your lead time and costs. 


Masking may be required to protect a surface or 
hole during the finishing process because some 
finishes add a layer of material, and that added 
thickness can interfere with tight tolerances, 
threaded holes, and press fits. 


Holes less than one inch in diameter are plugged 
with pieces of rubber to prevent the finish from 
interfering with a tightly toleranced diameter or 
threaded hole. Inserting the plugs is a manual and 
time-consuming process, so each hole that needs 
to be masked can add to the cost of the part. 
Holes larger than one inch are either plugged with 
rubber or coated with surface masking liquid on 
the inside of the holes.

Plugs for masking threaded holes, echosupply.com
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Types of Surface Finishing
SURFACE FINISHING

Black Oxide

Black oxide is used on ferrous materials such as 
steel and stainless steel and it creates a layer 
called magnetite (Fe3O4) that provides mild 
corrosion resistance. It’s applied using a high-
temperature chemical bath that contains alkaline 
cleaner, water, caustic soda, and a sealant such as 
oil to provide a smooth, matte finish. 


There are also variations of this process that 
function at cooler temperatures, but they offer 
less abrasion resistance. Masking is not necessary 
with black oxide as its application does not 
significantly affect the dimensions of the part.


Alodine

Alodine, or chem film, is the brand name of 
chromate conversion coating used to passivate 
aluminum. The bath of chemicals used to apply 
the coating is often a proprietary formula, but 
Chromium is always the bath's main component.


Alodine coating is a corrosion inhibitor that 
improves adherence for paint and adhesives — so 
can be used in conjunction with decorative 
finishes. Chem film also preserves aluminum's 
thermal and electrical conductivity, and can be 
clear, gold, yellow or tan, depending upon the 
product used. The coating is prone to scratches 
and superficial damage, but is typically a less 
expensive process.

Electroless Nickel Plating

Electroless nickel plating deposits a nickel-alloy 
coating by chemical reduction without using an 
electric current. Typically, coatings are nickel-
phosphorus -- the higher phosphorus content 
improves a part’s corrosion resistance but 
decreases its hardness. Additionally, 
electroless nickel plating should only be done 
after heat treating to preserve its corrosion-
resistant properties. This method is used on 
aluminum, steel, and stainless steel.
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TYPE I 

TYPE II 

TYPE III 

Chromic acid anodize creates the thinnest anodized 
layer, so it doesn’t change part dimensions. This type 
of anodize appears grayer in color and does not 
absorb other colors well. 


Boric-sulfuric acid anodize is a safer alternative to 
Type I that also has better paint adhesion. So, Type II 
anodized parts come in a wide range of colors, 
including blue, red, gold, clear, and many others 
(suppliers have color charts with all the options). 


Hard sulfuric acid anodize is the most common type 
and has the clearest finish, allowing it to be used with 
the widest variety of colors. However, this finish is 
slightly thicker than Type II (ranging from .001 to .004 
inches). Type III can also be combined with  
PTFE (commonly known as Teflon) to form a dry 
lubricating surface.

Anodizing

Similar to alodine, anodizing is a passivation 
process that creates a protective layer on 
aluminum parts. The protective layer is formed 
using an acid electrolyte bath with a cathode 
passing electric current to the part, which serves 
as an anode (hence the name). 


Anodizing is a controlled way to oxidize a base 
material to improve durability and corrosion 
resistance. This outer layer is fully integrated with 
the substrate, so it does not flake or chip like paint 
and plating can. Due to the coating’s porous 
nature, anodized parts can also be dyed, painted, 
and sealed.


There are different types of anodizing: Type I, 
Type II, and Type III. Each is applied through a 
different process and results in different coating 
thicknesses and properties. All anodizing causes 
aluminum to be electrically non-conductive and 
prevents corrosion.


Types of Surface Finishing
SURFACE FINISHING
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Types of Surface Finishing
SURFACE FINISHING

Powder Coating

Powder coating applies powdered paint 
electrostatically to steel, stainless steel and 
aluminum parts. Once applied, the powder is 
cured either in an oven heated to 325-450 
degrees F or with UV light. Powder coating comes 
in a variety of colors and gloss levels and creates  
a thick, uniform, smooth coating to improve  
part durability.


Powder coating changes part dimensions, so 
tolerance and roughness value control are critical, 
and the coating has low electrical conductivity. 
Holes and mating surfaces must be masked 
before powder coating.

Passivation

Passivation prevents corrosion in steel and 
stainless steel. The process involves a chemical 
treatment that removes free iron from the surface 
of the material, resulting in a smooth, shiny finish. 
It’s not a coating, so it doesn’t add any thickness 
to the part and doesn’t require masking.
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Zinc Plating

There are two similar, but distinct types of zinc 
plating. Both are called galvanization and both 
protect steel from corrosion by leveraging zinc's 
greater reactivity and propensity to oxidize before 
steel does.

 


Electro-Galvanization


Hot-dip Galvanization


Electro-galvanization applies zinc using an electric 
current and is a cheaper process. It creates parts that 
are easier to weld, but are less wear resistant than hot-
dipped parts.


Hot-dip galvanization submerges parts in molten zinc 
to provide greater corrosion resistance suitable for 
aggressive environments.




Types of Surface Finishing
SURFACE FINISHING

Media Blasting

Media blasting is an abrasive process that can be 
used on most metals to remove debris and affect 
surface roughness. It works by firing a pressurized 
stream of abrasive — usually glass or plastic beads 
or sand — to give parts a matte finish. For this 
reason, media blasting is often combined with 
other finishes for its aesthetic benefits.


Media blasting is faster than sandpaper, provides 
an even finish and finishes corners and fillets well. 
Wet blasting works the same way, but adds water 
to lubricate the surface and trap dust. Wet 
blasting but will corrode the material if used on 
mild steel. 

Electropolishing

Electropolishing can be applied to steel or 
stainless steel and can achieve a super fine or 
mirror finish on those materials. It uses an electric 
current and chemical bath to dissolve a tightly 
controlled layer of the base material. It is cheaper 
and faster than manual polishing.


The electropolishing process involves myriad 
parameters, including base material chemical 
composition, electrolyte chemical composition, 
electrolyte temperature, time of exposure, and 
current density. You can fine-tune those 
parameters to achieve different levels of polish. 


Tumbling

Tumbling, also known as barrel finishing, rotates 
parts in a barrel filled with an abrasive or non 
abrasive medium to remove burrs and sharp 
edges. It also provides a matte finish, but is a 
cheaper, lower fidelity process than media 
blasting. It's also less controlled and can't be 
used on parts smaller than the size of the 
tumbling media. 


Tumbling works on any metal, and is also used 
to correct artifacts and visible defects on 3D 
printed parts. However, it can create uneven 
sides and faces on parts, so check your 
geometrical tolerance requirements before 
selecting this option.
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Combining Multiple Finishes
SURFACE FINISHING
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To give your parts all the right functional and 
aesthetic properties, you may need to use 
multiple finishing processes. 


Since media blasting before applying other 
finishes hides machining marks and gives parts a 
smooth, matte finish, it’s often combined with 
other processes. For example, media blasting and 
anodizing are used to produce the surface finish 
found on Apple’s MacBook laptops.


Combining media blasting and anodizing gives a 
smooth, matte, colorful look to your parts.


Type II anodizing and Alodine are also regularly 
combined, though doing so requires masking 
areas you need to retain the Alodine’s thermal and 
electrical conductivity. Passivation and black 
oxide are also often applied in tandem to steel to 
provide both corrosion resistance and a beautiful 
cosmetic finish.

Red Anodizing + 
Media Blasting
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HARDWARE 
INSTALLATION

SECTION 3

Hardware installation — which comes after heat treating and surface 
finishing to avoid altering the hardware — is the essential, final step that 
enables multiple parts to be joined and assembled into a final product.


Among the most common types of hardware installations are screws, 
bolts and other fasteners. These fasteners go through a clearance hole 
(which is sized to be larger than the fastener) in one part and screw into 
the threads of another part to connect them. These threads can be 
tapped into the part material or installed via a threaded insert. 


Dowel pins are another common fastener and are used for alignment 
purposes or press fits, with the pins varying in size and design 
depending upon the application and fit required.




Threaded Inserts vs. Tapped Holes
HARDWARE INSTALLATION

The primary advantage of using a threaded insert 
instead of tapping a hole is that the insert can be 
made of harder, sturdier material to improve 
durability — like using steel threaded inserts in an 
aluminum part. Threaded inserts are generally 
more durable and easy to replace if damaged, 
while damaged threads in a tapped hole mean the 
part is usually ruined. Still, inserts require special 
tooling and may add cost and lead time, 
especially when post-processing has to happen 
before they can be fitted.


On the other hand, tapping holes is more  
cost-effective since it’s done during the CNC 
machining process, so there are no extra 
production steps. Tapping also offers more  
sizes than inserts and doesn’t have a depth 
constraint, whereas threaded inserts are limited  
to certain lengths. 

Threaded Inserts

         CONS


Limited hole depth and 
size options


Special tooling required


Added cost and  
longer lead time

         PROS


More durable


Easy to replace

Tapped Holes

         CONS


Less durable


Damaged thread  
ruins part

         PROS


Cost effective


Shorter lead time


No depth constraints


More size options
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Types of Threaded Inserts
HARDWARE INSTALLATION

Free run vs. locking inserts

FREE RUNNING LOCKING

Source: US Fastener

Free run inserts are the standard helicoil and can 
be tanged or tangless. Locking inserts — also 
available with or without a tang — have a few 
segments of the coil that are polygonal, instead of 
round. These segments flex outward when a bolt 
or screw is installed and exert extra pressure to 
hold the bolt in place. Locking inserts are used for 
assemblies that will experience a lot of vibration 
or repeated impacts. 

Tanged vs. Tangless Helical Inserts

TANGLESS TANGED

Source: Kato Fastening Systems

In the image above, you can see the difference 
between tanged and tangless, or tang-free helical 
inserts. The tang sticks out across the insert so 
that a tool can drive the insert into a threaded 
hole. Once the insert is fitted, the tang is broken 
off to lock the helicoil in place. Tanged inserts are 
less expensive, but are difficult to adjust and 
require more inspection to ensure the removed 
tangs don’t stay in the part or fall into a machine.

Thread Locking Fluid

Thread locking fluid, like Loctite, is an adhesive 
applied to fasteners that must be extra secure or 
protected from corrosion. It's especially useful for 
assemblies that experience lots of vibration. Some 
thread locking fluids are permanent, while others 
can be undone with heat or chemical solvents. 
Protip: double-check which kind you have before 
applying it to your fasteners!

When it comes to threaded inserts, you have multiple options, though one of the most commonly used is a helicoil, or helical insert. With helical inserts, you can 
choose between tanged or tangless and between free run or locking inserts.
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Dowel Pins
HARDWARE INSTALLATION

Dowel pins are another commonly installed type 
of hardware. Dowels, or dowel pins, can be used 
to join two parts using a press fit, and are also 
used to locate features and align parts. Using 
dowel pins also usually requires an additional 
machining step to ream the holes — which are 
much more precisely sized and circular than 
standard drilled holes.


Different types of dowel pins are available for 
different applications. They’re all the same basic 
shape: a cylindrical metal pin. Some have features, 
like threaded holes or grooves, that make them 
suitable for specific use cases. 

Standard Dowel Pins

Source: Madler

Standard dowel pins have chamfers on both ends 
for easy insertion. They’re used to align parts and 
absorb shear forces under load while other 
fasteners, like socket screws, bear the tensile 
loads. Standard dowel pins are made to be 
0.0002” larger than standard hole diameters to fit 
snugly (though not snug enough for a press fit).

Precision Dowel Pins

Source: Boneham Metal Products

Precision dowel pins are the choice for press fits 
because they’re designed to specific, precise 
diameters to provide the interference necessary 
for sturdy assemblies. Making them correctly 
requires calculating the size and tolerance you 
need, so use our tool to get it right! The tolerance 
and amount of interference depend on the 
material and size of the hole. 

F RO M  PA R T S  TO  P RO D U C T:  YO U R  P O S T- C N C  M AC H I N I N G  S ECO N DA RY  O P E R AT I O N S  P L AY B O O K 20



Dowel Pins
HARDWARE INSTALLATION

Oversized Dowel Pins

Source: Madler

+ 0.001”

Oversized dowel pins are useful for holes that have 
been damaged. They’re made to be 0.001” larger 
than standard hole sizes so that a damaged hole 
can be bored out to fit an oversized pin. They’re 
also used for holes that aren’t perfectly round and 
in parts made of softer materials because the 
softer material is deformed more easily. 

Grooved Dowel Pins

Source: DRIV-LOK

Grooved dowel pins are grooved axially along the 
length of a dowel, or in a helical pattern around 
the dowel. The axial grooves on a pin close when 
the dowel is pressed into a hole, effectively 
increasing the diameter of the pin. This locks the 
pin in more tightly and helps it fit in a wider range of 
holes, including holes that aren’t perfectly circular. 


That means that grooved pins can be used in 
standard drilled holes, which saves time (no 
reaming required). Pins with grooves also hold 
adhesives, which provides better bonding between 
the pin and the enclosing hole. 

Pull-Out Dowel Pins

Source: Boneham Metal Products

Pull-out, or pull dowel pins have a threaded hole 
in the center that allows a screw to be inserted to 
help remove the pin from the hole. Pull-out pins 
are often used for blind holes that don’t go all the 
way through the material.

F RO M  PA R T S  TO  P RO D U C T:  YO U R  P O S T- C N C  M AC H I N I N G  S ECO N DA RY  O P E R AT I O N S  P L AY B O O K 21



KEY TAKEAWAYS
SECTION 04

Hopefully, this ebook has helped you to understand the post-processing 
options for your CNC-machined metal parts. What follows are the key 
issues to keep in mind when choosing which secondary operations are 
right for you.



Key Takeaways
FROM PARTS TO PRODUCT: YOUR POST-CNC MACHINING SECONDARY OPERATIONS PLAYBOOK

To figure out which finishing 
options will deliver the right 
protection and aesthetics:

EVALUATE

THINK

CONSIDER

 the aesthetic and performance surface 
finish characteristics you want in your finished 
part, and consider the lay, roughness and 
waviness values needed for your application


 about where your part will contact other 
components, and the effects increased friction 
will have on the life of the part


 the operational environment and how 
much corrosion and wear resistance is needed

To figure out what heat 
treatments will deliver the 
right material characteristics:

CALCULATE

FACTOR

 the hardness and tensile strength 
needed for your application, and whether stress 
relieving the material is necessary to hold your 
design tolerances


 in your tolerance and lead time 
requirements, material availability, and machining 
costs when deciding whether to heat treat your 
material before or after machining


To figure out the right 
hardware to fasten the parts 
of your assembly together:

CONSIDER

DETERMINE

 how likely your threaded holes will be 
damaged, the durability required for your 
application, and whether thread locking inserts or 
fluid are needed for a secure fit


 where press fits and alignment pins 
are needed, and factor in lead time and cost 
constraints when choosing between standard, 
precision or grooved dowel pins
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Secondary Operations with Fictiv
GET STARTED

Carefully evaluating your post-processing requirements and options is a great place to start, and Fictiv is the best way to finish your project.

Finish

Alodine


Anodizing Type 2


Anodizing Type 3


Anodizing Type 3 + PTFE

1 Upload

It's easy. Just create an account, select CNC Machining, and drag and drop your CAD file to upload your design.

2 Configure

Then select your material and one or more secondary operations. Our platform provides instant feedback on how 
each post-process changes your cost and lead time. 

3 Checkout and Track

From there, you checkout and your parts are machined and finished, fast. And you get updates every step of the 
way as your parts are produced — giving you time back to focus on design instead of sourcing components.
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B U I L D  T H E  F U T U R E

fictiv.com

https://www.fictiv.com/?utm_source=fictiv_guide_pdf&utm_medium=referral&utm_campaign=secondary_operations_playbook



