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Developing Level Resource 

Learning focus 

• Explaining how temperature windows, first-layer warmth and controlled airflow work together to 

improve layer bonding and visual quality. 

• 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. Heat transfer inside the printing process 

At a developing level, students should move beyond memorising settings and begin understanding the path heat 

takes through the printer. Energy moves from the heater cartridge into the hotend, through the metal around the 

melt zone, and into the filament itself. Once the filament is deposited, heat then moves out again into the previous 

layer, the surrounding air and sometimes the heated bed. 

This explains why printing is always a balance between input heat and heat loss. A printer can only produce clean, 

repeatable extrusion when the melt zone is stable and when the printed part cools at a useful rate. Every material 

behaves slightly differently, which is why different temperature recommendations exist. 

Why this matters 

Thinking in terms of heat flow helps students understand why settings interact rather than acting 

independently. 

 

2. Nozzle temperature windows 

A material does not have just one magical temperature; it usually has a workable temperature range. Near the 

lower end of the range, flow may be more controlled but layer bonding may weaken if the material is not fully 

melted. Near the upper end, bonding may improve, but stringing, gloss changes and sagging may increase. 

Developing learners should understand that temperature windows depend on more than the filament label. Nozzle 

size, print speed, room temperature and the cooling fan all influence how much heat the part receives in practice. A 

larger nozzle or faster print often needs more thermal energy because more plastic is being asked to move through 

the hotend. 

Why this matters 

The correct nozzle temperature is not chosen in isolation. It depends on how much material is being 

pushed and how quickly the part is losing heat. 

 

 

Figure 2. A simple way to think about the 'too cold / balanced / too hot' relationship.  
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3. Bed heat, ambient conditions and early-layer stability 

The heated bed is most important in the earliest layers because that is when the part is most vulnerable to 

movement and warping. The bed gives the first layers a gentler thermal environment and reduces rapid shrinkage. 

In a classroom, open windows, ceiling fans or air-conditioning drafts can still interfere with this by cooling one side 

of the build too quickly. 

This is why developing users should learn to think about the printer's environment. A bed temperature that works 

well in one room may behave differently in another if the surrounding airflow or ambient temperature changes. 

Stable printing is not only about the machine itself; it is also about the conditions around the machine. 

Why this matters 

Unexpected airflow can cancel out the benefits of correct bed settings by cooling the print unevenly. 

 

4. Cooling strategy for details, overhangs and bridges 

As print geometry becomes more demanding, cooling strategy matters more. Overhangs and bridges are printed 

with less support from the layer below, so the material needs to stiffen quickly enough to hold shape before gravity 

pulls it downward. PLA usually benefits strongly from active part cooling here. 

At the same time, cooling is not a universal maximum setting. If fan speed is too high for the material or situation, 

layers may not bond well and the surface may become inconsistent. Students should understand that fan settings 

are a tool for timing solidification, not just a switch that makes everything better. 

Why this matters 

Cooling is used to manage shape retention. It should be matched to geometry, material and the 

phase of the print. 

 

5. Recognising common heat-related symptoms 

Developing students should be trained to connect visible symptoms to likely thermal causes. Thin or patchy 

extrusion may point to low nozzle temperature, a partial clog or poor filament feed. Stringing can suggest excess 

heat or insufficient retraction support. Soft corners and drooping bridges often suggest the part is staying too warm 

for too long. 

This approach turns troubleshooting into structured observation. Instead of changing many settings at once, 

students should learn to describe the fault first, decide whether it looks like a heating problem, cooling problem or 

mechanical problem, and then test one change at a time. 

Why this matters 

Better diagnosis begins with describing what the print is doing before deciding what to change. 

 

Practical checklist 

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

Temperature range 
Start in the recommended range and 

adjust in small steps. 

Different flow rates and room 

conditions change the useful 

temperature window. 
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Ambient airflow Reduce drafts around the printer. 
Uneven cooling can cause warping, 

adhesion loss and inconsistent 

detail. 

Fan timing 
Use lower cooling on the first layer 

and more later if needed. 
Early layers need grip; later layers 

often need shape control. 

Symptom spotting 
Record what the fault looks like before 

changing settings. 
Clear observation leads to better 

troubleshooting. 

 

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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