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Intermediate Level Resource 

Learning focus 

• Using controlled tests to tune heat and cooling settings, compare material behaviour and relate 

results to bridges, overhangs, layer bonding and surface finish. 

• This document explains both what to do and why the heating or cooling step matters for reliable 

prints. 

• Use it alongside practical observation of the first layer, bridges, overhangs and surface finish. 

 

Heating & cooling overview 

Heating and cooling sit at the heart of fused-filament 3D printing. Filament must be heated enough to move and 

bond, yet cooled enough to keep the printed shape stable. Many common print faults are really signs that this 

balance has shifted too far toward either retained heat or heat loss. 

Because of that, operators should avoid treating temperatures and fan speeds as isolated numbers. They are part 

of one joined process that affects the nozzle, first layer, bridges, overhangs, dimensional accuracy, surface finish 

and interlayer strength. 

 

Figure 1. Heat enters through the hotend and bed, then leaves through the part and surrounding air. 
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1. Controlled calibration rather than guesswork 

Intermediate users should begin using evidence-based tuning rather than relying only on default profiles or isolated 

advice from the internet. A controlled test changes one variable at a time so that the result can be interpreted 

clearly. This is the reason temperature towers, bridge tests and overhang tests are valuable educational tools. 

When students run structured tests, they begin to see that print quality has multiple dimensions: appearance, 

strength, dimensional consistency and reliability. A setting that produces a glossy surface may not always produce 

the best bridges. A temperature that gives strong bonding may require different fan settings for small details. 

Why this matters 

Calibration objects turn printing into a measurable process instead of a guessing game. 

 

2. Reading a temperature tower 

A temperature tower is useful because it compares several nozzle temperatures within one object. Students can 

examine stringing, bridging, overhang quality, wall consistency and layer definition from one section to the next. 

The best result is usually not the hottest or coolest segment but the one where the main goals of the print are most 

balanced. 

The important lesson is not simply 'pick this number'. The real lesson is to explain why one section performed 

better. For example, one segment may show cleaner edges because the material cooled before sagging, while 

another may bond more strongly but display heavier stringing. Understanding the trade-off is more valuable than 

memorising a single answer. 

Why this matters 

Thermal tuning often means choosing the best compromise for the job rather than chasing perfection 

in only one feature. 

 

 

Figure 2. A simple way to think about the 'too cold / balanced / too hot' relationship.  
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3. Cooling, layer time and small-part behaviour 

Small prints and thin towers create a special challenge because the nozzle returns to the same area before the 

previous layer has cooled enough. Even correct nozzle temperature may behave as though it is too hot because 

heat is accumulating in the part. Intermediate learners should therefore understand minimum layer time settings, 

slower outer walls and fan control. 

This is why a print may look acceptable on a large object but fail on a small one using the same settings. The 

geometry changes the cooling time. Slowing the printer, printing multiple copies at once or increasing part cooling 

can all help by giving each layer more time to settle. 

Why this matters 

Layer time is a hidden but powerful factor in print quality because it changes how much heat remains 

in the part. 

 

4. Material differences: PLA compared with PETG and beyond 

PLA usually responds well to part cooling and is therefore a strong teaching material for demonstrating the effect of 

fan speed. PETG often needs a more restrained cooling strategy because too much fan can weaken bonding and 

reduce surface quality. Flexible or engineering materials may demand even more careful management of heat and 

airflow. 

Students at this level should understand that heating and cooling rules are not identical across materials. The same 

fan behaviour that improves a PLA bridge may harm a PETG wall. The same bed temperature that helps one 

material may cause excessive sticking or distortion with another. 

Why this matters 

Material-specific behaviour is one reason a well-organised profile library is so valuable in schools and 

print farms. 

 

5. Building a repeatable tuning workflow 

Intermediate practice should include a repeatable process: confirm the filament is dry and suitable, load the correct 

material profile, test nozzle temperature, check bed adhesion, assess bridges and overhangs, then document the 

final settings. Recording results matters because it turns successful tuning into a reusable method instead of a one-

time accident. 

This level is also where students should learn to change only one important variable at a time. Raising nozzle 

temperature and fan speed together may improve one print, but it makes it harder to know which change actually 

solved the problem. Controlled iteration protects both time and materials. 

Why this matters 

Documentation is part of calibration. If the result cannot be repeated, the tuning process is 

incomplete. 

 

Practical checklist 

Step / Variable What to check or adjust Why it affects print quality 

Temperature tower Compare multiple nozzle It shows how flow, detail and 
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temperatures in one print. stringing change across a controlled 

range. 

Bridge test 
Print unsupported spans using the 

chosen material profile. 
Bridges quickly reveal whether 

cooling and heat are balanced. 

Layer time Watch small parts for heat build-up. 
Fast revisits can make a correct 

temperature behave too hot. 

Material notes 
Save the winning settings for each 

filament. 
Repeatability improves classroom 

efficiency and consistency. 

 

Key reminder 

The goal is not maximum heat or maximum cooling. The goal is a repeatable thermal balance that suits the 

material, the part geometry, the machine and the environment. 
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