Why Precision & Machining Matter in
Design

* Design engineers must consider machining
precision, surface finish, and material
behavior to ensure fatigue safety, reliability,
and cost efficiency.

Influences on component
fatigue Strength

|

Effect of Surface Finish on Fatigue

* Rough surfaces act as stress concentrators.

* Surface factor modifies endurance limit:

Micro Cracks and Stress Concentration

+ Stress concentration factor:

* Micro-cracks increase local stresses and
accelerate crack initiation.

Function Determines Precision

* Critical rotating parts require fine finish.

e Structural frames allow rougher tolerances.

* Non-loaded parts prioritize cost over precision.

Examples in Mechanical Systems
* Shafts: high surface finish, fatigue-resistant steel

* Gears: case-hardened, ground flanks

* Frames: welded steel, lower surface quality
acceptable
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Manufacturing Processes: Precision, Cost, and Design Trade-offs

Manufacturing
Process

Grinding

Honing /
Lapping

CNC Milling

CNC Turning

Drilling

Casting

Forging

Additive
Manufacturing

Typical
Precision

Very High
(*1-5 pm)

Ultra High
(sub-
micron)

High (£10-
50 pm)

High (£10-
30 pm)

Medium

Low

Medium

Medium

Surface
Finish

Very smooth

Extremely
smooth

Moderate

Moderate

Rough edges

Rough

Good after
finish

Rough
unless post-
processed

Relative
Cost

High

Very High

Medium

Medium

Low

Low

Medium

High

Fatigue Typical
Impact Applications
/ Notes
Excellent Gears,
fatigue bearing
resistance seats, shafts
Outstanding  Hydraulic
fatigue and cylinders
wear
Moderate Brackets,
fatigue life housings

Good fatigue  Shafts, pins
if finished

Stress

Fastener

concentration holes

risk

Poor fatig
due to
porosity

ue Housings,
frames

Very good Crankshafts

fatigue

Fatigue

Lightweight

sensitive to structures

defects

Conclusion

Surface finish, material, and machining choice directly
affect fatigue life.

Good design selects the right process for the part's
function.

Fatigue-critical parts (shafts, gears, rotors) demand high
precision and smooth surfaces, even at higher cost.

Function determines the process: not all parts need
extreme precision.Surface finish and micro-defects often
matter more than bulk material strength.

Cost increases exponentially with precision; good design
balances safety, lifetime, and manufacturability.

Many parts use a hybrid approach (forging + machining +
grinding).

If you find this interesting, let us connect and share ideas.
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