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Abstract:

Free Body Diagram (FBD) is one of the most important concepts in Engineering Mechanics because
it forms the foundation for solving force, equilibrium, friction, truss, and motion problems. However,
many first-year engineering students commit errors while drawing FBDs due to weak conceptual
understanding and lack of practice. This study investigates common mistakes made by first-year
engineering students in drawing Free Body Diagrams. A sample group of students was tested using
mechanics problems involving blocks, beams, ladders, pulleys, and trusses. Errors were categorized and
analyzed statistically. The results indicate that incorrect force direction, missing reaction forces,
unnecessary forces, and poor axis selection are the most frequent mistakes. The paper recommends
improved teaching methods, visual tools, and regular practice to strengthen student understanding.

Keywords — Free Body Diagram, Engineering Mechanics, Student Errors, Technical Education, Force

Analysis, First-Year Engineering.
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I. INTRODUCTION

Engineering Mechanics is a foundation subject for
all engineering branches. Almost every problem in
statics and dynamics begins with a correct Free
Body Diagram.

A Free Body Diagram is a simplified representation
of a body isolated from its surroundings showing all
external forces and moments acting on it.

Applications of FBD:

o Equilibrium of bodies
e Beam reaction analysis
e Friction problems

e Truss analysis

e Motion equations

e Machine design

Despite its importance, first-year students often
struggle to draw correct FBDs because they are
newly introduced to engineering problem-solving.

This study focuses on identifying these errors and
suggesting solutions.

II. LITERATURE REVIEW

Educational studies show that conceptual errors in
mechanics usually begin at the FBD stage. If the
FBD is wrong, all further calculations become
incorrect.

Researchers report common difficulties:

o Confusion between action and reaction
forces
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Missing support reactions

Wrong friction direction

Adding internal forces unnecessarily
Inability to isolate body properly

Modern teaching methods such as animations,
simulation tools, and interactive quizzes improve
understanding.

III.  OBJECTIVES OF THE STUDY
1. To identify common FBD errors among

first-year students.
2. To classify mistakes based on type and

frequency.
3. To study reasons behind incorrect diagrams.
4. To improve mechanics teaching methods.

5. To recommend strategies for better
conceptual learning.

IV. METHODOLOGY
Sample Group
e 100 first-year engineering students
o Different engineering branches
e Basic Engineering Mechanics course
completed
Test Problems Given

Students were asked to draw FBDs for:

1. Block on rough surface

1: N

2. Simply supported beam
3. Ladder against wall

R, W, W,

1 } .

A 1 B

P—a—rh— b —p——

4. Pulley system
5. Truss joint

Evaluation Parameters

https://ijctjournal.org/
e Correct force identification
e Direction of forces
e Reaction components
o Friction representation
e Proper labeling
V. COMMON ERRORS IDENTIFIED
1 Missing Reaction Forces
Students often forgot support reactions at hinges,
rollers, or fixed supports.
2 Wrong Direction of Friction
Many students drew friction in motion direction
instead of opposing motion.
3 Extra Internal Forces
Students added forces that do not act externally on
isolated bodies.
4 Incorrect Weight Location
Weight should act through center of gravity, but
often shown incorrectly.
S Wrong Axis Selection
Poor axis choice complicated equations
unnecessarily.
6 Incomplete Isolation
Students sometimes drew surrounding supports
with the body instead of isolating the body.
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1

VI. SAMPLE CORRECT FBD EQUATIONS

For equilibrium:

> Fx =0,
> Fy=0,
YM=0

For friction:

These equations are valid only when FBD is correct.

VII. RESULTS AND ANALYSIS
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Error Type Pegﬁ‘;ﬁﬁi of
Missing Reactions 68%
Wrong Friction Direction 61%
Extra Forces Added 52%
Incorrect Weight Position 47%
Wrong Axis Selection 43%
Incomplete Isolation 39%

Key Findings

1. Most students knew formulas but failed in
diagram setup.

2. Friction problems had highest error rates.

Beam and ladder problems caused confusion

in reactions.

4. Students improved after guided practice
sessions.

[98)

CAUSES OF ERRORS

e Memorization without understanding
o Limited problem practice

e Weak visualization skills

e Fear of mechanics subject

e Lack of stepwise instruction

IX. SUGGESTED SOLUTIONS

1 CLASSROOM IMPROVEMENTS

e Use animations for force directions
o Demonstrate real objects physically
e Conduct board practice sessions

e Give daily FBD exercises

2 Digital Tools
« MATLAB
e GeoGebra
e PowerPoint
o AutoCAD

3 Student Tips

First isolate the body.
Show only external forces.
Add reactions carefully.
Choose proper axes.
Recheck force directions.
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X. DISCUSSION

The study proves that many students fail in
mechanics not because of mathematics, but because
of incorrect Free Body Diagrams. Since FBD is the
starting point of solution, concept-based teaching is
necessary.

Regular visual practice can greatly improve student
confidence and performance.

XI.  CONCLUSION

Free Body Diagram errors are common among first-
year engineering students and directly affect
mechanics problem-solving ability. Missing

reactions, wrong friction direction, and extra forces
are the most frequent mistakes.

The study recommends activity-based teaching,
visual tools, and repeated practice to strengthen
conceptual understanding.

Correct FBD learning will improve performance in
Engineering Mechanics and later core engineering
subjects.

XII. RECOMMENDATIONS

Conduct weekly FBD practice tests.
Use animations and physical models.
Teach reaction forces separately.
Provide instant feedback on mistakes.

Include FBD-focused bridge courses for
beginners.

Nk W=
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