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Abstract

This study presents a fine-tuning-free aircraft Text-to-CAD framework using a 9-billion-parameter local large language
model (LLM). Four Qwen3.5-9B agents interpret natural-language requirements, retrieve domain knowledge, plan
geometry, and generate FreeCAD Python code. Grammar-constrained decoding, syntax and application programming
interface checks, and FreeCAD execution reject invalid code and return errors for revision. Retrieval-augmented
generation (RAG) supplies NACA and FreeCAD knowledge, while procedural skills support airfoil calculation,
coordinate transformation, profile closure, and loft construction. The reference implementation was progressively
removed to identify model limitations and was excluded from generation. In a preliminary single-seed experiment, the
framework generated a twisted, tapered NACA 0012 wing that remained a valid closed solid after saving and reopening.
Comparison with a post-run reference yielded 99.83% volumetric intersection-over-union (IoU) and a 0.36 pm mean
chamfer distance. Multi-seed ablation is required to assess component effects and generation reliability.
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Fig. 1 Overall workflow of the proposed aircraft Text-to-
CAD framework
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skills/aircraft-wing-section-placement-planning/. .. /section-placement.md

# Wing section placement semantics
- chord runs along the profile frame's chord axis uj;
- thickness runs along its in-plane thickness axis v;
- span moves from root section to tip section along the
grounded span direction;
sweep offset moves the tip section along the chordwise
direction, not along span or thickness;
twist rotates only the specified section around the
grounded twist axis and pivot.
tip = o + span®*span_direction + sweep*u
+ rise*rise_direction + other grounded offsets

skills/freecad-shape-construction-workflow/SKILL.md

## Selected workflow guidelines

1. Establish global placement, local profile frames,
and every relative placement before topology.

2. Build geometry, then topology:
points/curves -> edges -»> closed Wire
-> face/shell/solid as needed.

3. Apply transforms exactly once, in the declared crder
and around the declared pivot/axis.

4. Verify closure, input compatibility, validity,
expected shape type, and non-null result.

code_skills/naca-section-wire/SKILL.md

For every applicable closed-NACA section, call this
function and assign its returned Wire before transforming
aor lofting that section.

def make_naca_section_wire(...):
upper, lower = sample_nacad(...)
mapped_upper = map_normalized_profile(...)
mapped_lower = map_normalized_profile(...}
return assemble_profile_wire(...)

Fig. 2 Procedural Skill guidelines and a representative
Code Agent function
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Table 1 Experimental configuration for NACA 0012
wing generation

Table 2 Geometric evaluation results of the generated
wing

Item Configuration
Qwen3.5-9B/
Local LLM / CAD FreeCAD 1.1.3
. Google Colab /
Runtime / GPU NVIDIA L4 (24 GB)
Code d ceo ding/ XGrammar / 4-bit NF4
quantization

Context / code-token limit 16,384 / 4,096

Code reasoning / max off / 4 (accepted: 3rd)

attempts

Airfoil / sampling NACA 0012/ 101 points
Root / tip chord 120 / 60 mm

Span / sweep / tip rise 300 /40 /20 mm

Tip twist / axis -3° / quarter-chord
RAG / procedural skill

Seed / tolerance

on/on
100/0.1 mm, 0.1°
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Evaluation metric Result

Generated / reference

205,362 /205,703 mm?
volume

Common / missing / extra
volume

Volumetric IoU

Mean Chamfer distance

205,362 /340 / 0 mm?

99.83%
0.36 um

RMS / Hausdorft distance 2.93/49.61 um
Surface points within 0.1 100%

mm

Total / Code Agent time 15.38/10.28 min
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Fig. 3 Volumetric comparison between the generated and
reference NACA 0012 wings
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