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Beginner Level Resource 

Learning focus 

• Understanding the basic role of nozzle heat, bed heat and cooling fans during everyday classroom 

printing. 

• 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. What heating and cooling do in a printer 

3D printing is a controlled heating-and-cooling process. The printer warms filament until it becomes soft enough to 

flow through the nozzle, then the extruded plastic must cool back into a solid shape. This sounds simple, but it is 

one of the most important ideas in printing because every print depends on the material reaching the right 

temperature at the right time and then losing heat in a controlled way. 

In a beginner classroom environment, the main goal is not to change lots of numbers but to understand the job of 

each heated or cooled part. The hotend melts the filament. The heated bed supports the first layer and slows 

sudden cooling. The part cooling fan helps new layers hold their shape. If any one of these is out of balance, the 

print may fail even if the model and slicing settings are otherwise correct. 

Why this matters 

Good printing comes from balance, not from simply using the hottest or coldest settings. A print 

needs enough heat for flow and bonding, but enough cooling for shape control. 

 

2. Hotend temperature and filament flow 

The hotend temperature decides how easily the filament melts and how smoothly it moves through the nozzle. If 

the nozzle is too cool, the filament may resist movement, the extruder may click, and lines may look thin or 

incomplete. If the nozzle is too hot, the plastic can become runny, stringy or untidy, especially on travel moves and 

fine details. 

For beginners, this is why preheating the printer before loading filament is so important. Cold filament cannot move 

properly through a cold nozzle, and forcing it can damage the filament path or grind the filament. Once the correct 

material profile is selected, the printer is usually able to work in a safe window, but students should still learn to 

recognise the basic signs of 'too cold' and 'too hot'. 

Why this matters 

The nozzle does not just melt plastic; it also controls how consistently the printer can deliver material. 

Consistency is the real goal. 
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Figure 2. A simple way to think about the 'too cold / balanced / too hot' relationship. 

3. Bed heat and first-layer grip 

The heated bed helps the first layer stay attached while the print begins. Warmth at the build surface reduces the 

shock of sudden cooling and gives the first layer more time to settle and grip. Without enough bed heat, the first 

layer may lift at the corners, detach part-way through, or start with poor line contact. 

Students often think bed temperature is only about making the print stick down, but it is also about setting up the 

rest of the print for success. If the first layer grips evenly, later layers are built on a stable foundation. If the first 

layer shifts, the entire print can become inaccurate. This is why bed cleaning, levelling and correct bed temperature 

work together rather than as separate tasks. 

Why this matters 

A strong first layer is not only about adhesion. It is about stability, alignment and giving the printer a 

reliable starting surface. 

 

4. Cooling fans and shape control 

After material leaves the nozzle, it must cool enough to hold its form. The part cooling fan helps remove heat from 

fresh layers, especially on small details, bridges and overhangs. For PLA, cooling is usually very important because 

it helps stop edges from slumping and improves detail retention. 

However, cooling is not always used the same way from the very first moment of a print. Many profiles keep fan 

speed low or off for the first layer so that the bed and the fresh plastic stay warm enough to bond well. Then fan 

speed increases later when the print has become stable and detail control matters more. 

Why this matters 

Cooling is helpful when it is timed correctly. Too much cooling too early can weaken adhesion; too 

little cooling later can soften detail and cause sagging. 
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5. Safe everyday operating habits 

Heating and cooling settings should always be treated as part of safe printer operation. The nozzle, heat block and 

bed can all burn skin. Students should learn not to touch heated parts, not to move cable connections while the 

printer is running, and not to place paper, cloth or clutter near hot components or fan intakes. 

It is also good practice to watch the printer during warm-up and the first few layers. This is the stage when poor 

adhesion, blocked extrusion, unusual fan sounds or temperature instability are most likely to be noticed early. 

Catching problems at the start protects the printer, saves material and prevents avoidable failed prints. 

Why this matters 

Simple routines such as preheating correctly, watching the first layer and keeping airflow paths clear 

are part of both safety and print quality. 

 

Practical checklist 

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

Preheat 
Let the nozzle and bed reach the target 

temperature before loading or 

starting. 

Cold starts can lead to poor flow, 

bad adhesion or filament grinding. 

Bed heat 
Use the correct bed temperature for 

the material in use. 
The first layer needs controlled 

warmth to grip and settle. 

Part cooling fan 
Allow the fan to come on as intended 

by the profile. 
Cooling helps the part keep its 

shape after extrusion. 

Observation Watch the first layer closely. 
Early faults are easier to stop and 

correct than mid-print failures. 

 

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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