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ABSTRACT

In the field of mechanical engineering, shaft strength calculations are crucial for creating reliable and efficient
machinery. Traditionally, these calculations are done manually, a process that can be time-consuming and prone
to mistakes, which can lead to design issues. To address these challenges, a practical guide is available to help
engineering students develop a gear calculation macro in Microsoft Excel, transforming a complex and error-
prone task into a streamlined, automated one. The guide begins by providing a solid understanding of
fundamental gear mechanics concepts, ensuring that students are well-versed in the principles before diving into
Excel's technical aspects. The analyzed shaft, manufactured from S45C steel, is a keyed shaft designed to handle
a bending moment of 502.8 N-m and an output torque of 260 N-m, with no thrust load (Fa = 0 N). The shaft has
a diameter of 28 mm and a stepped section with a maximum diameter of 35 mm, including a radial dimension
of 3.5 mm for smooth transition. A keyway of 8 mm width and 4 mm depth is machined to ensure effective
torque transmission. The material’s tensile strength is 686 N/mm?, with a factor of safety (SF) of 1 applied to
the design. The fatigue stress connection factor for the keyway is calculated as 0.7857, reflecting the stress
concentration induced by the keyway geometry. A size factor of 0.9357 accounts for the shaft's dimensions.
Fatigue stress reduction factors for bending (Bm = 1.5909) and torsion (Bt = 1.1863) are computed based on
material properties, surface finish (m = 1), and geometric considerations such as the step radius and shaft
diameter. The equivalent shear stress on the shaft is 211.9 N/mm2, below the allowable stress limit of 300 N/mn,
resulting in a safety factor of 1.42 under fatigue loading. The shaft also satisfies yield criteria, with a safety factor
of 1.18 compared to the material’s yield strength of 250 N/mmz2. This analysis confirms that the shaft is
structurally sound and can reliably withstand the applied bending and torsional loads, ensuring safety and
durability in its application. Its design effectively balances strength, material utilization, and performance
requirements.

Keywords: Excel macro, Steppe shaft, Factor of safety, Equivalent shear stress, Durability

INTRODUCTION

In mechanical engineering, shaft design and analysis are essential, especially in the fields of robotics, automotive
engineering, and machine design. Because shafts are essential for the transmission of torque and rotational
motion, the safety and effective operation of machinery is highly dependent on their strength and longevity. To
make sure a shaft can sustain the supplied loads without failing, shaft strength calculations evaluate the
geometrical configurations and material qualities. Torsional, bending, and axial loads are just a few of the forces
that shafts must withstand while in operation. A shaft failure can have disastrous effects, including broken
machinery, decreased productivity, or even personal damage. Engineers must therefore have a solid
understanding of shaft strength in order to develop components that are dependable and efficient. The main goal
of shaft strength calculation is to estimate the highest loads a shaft can support without compromising its
structural integrity. The approach is based on a novel use of singularity functions to obtain explicit solutions for
stepped shafts under concentrated loads. This approach allows for relatively easy implementation into Excel
without the need for any numerical integration or other forms of approximation. Currently, the tedious
calculations involved in the design of stepped shafts prevent instructors from exploring iterative changes in
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driveshaft design. The Excel tool that we have developed allows instructors and students to focus on iterative
decision-making (Darnal et al., 2022). s. The computing program has been created as a spreadsheet in the
working environment of the Microsoft Office program by the Excel application through defined sequences of
the individual commands. The program serves for design proposal of a chain drive by means of inserted
databases, graphs and tables (Mascenik et al., 2022). The importance of material selection in shaft strength
calculations cannot be emphasized. Mechanical qualities such as yield strength, tensile strength, and fatigue
resistance vary between different materials. To select the best material for a given application, engineers must
take these variables into account when doing their computations. This consideration improves the shaft's
longevity and performance while lowering maintenance costs and raising dependability. Safety issues can also
be incorporated through shaft strength estimates. Safety margins are frequently incorporated into engineering
designs to account for probable defects in the manufacturing process, variations in material qualities, and loading
conditions. These safety considerations are essential to making sure shafts can withstand unforeseen weights or
unfavorable circumstances without breaking, adding an additional degree of security while they're in use.

METHODS

This study, which used descriptive and mixed methods, explained how to create an Excel calculation macro. The
dimensions presented in Figure 2-1 used as a foundational reference for gathering necessary data for the
investigation. These measurements are more than just numbers; they also represent the physical characteristics
of the shaft and the parts that are attached to it, which are essential for guaranteeing efficiency and compatibility.
The study focused on particular independent factors, such as torque, revolutions per minute (rpm), and input
motor power, in order to develop a comprehensive framework for determining shaft performance metrics and
strength. The integration of these variables is particularly significant. The input motor has an specification of
1500W, 260N.m and 50rpm, represents the energy available for transmission, while torque indicates the
rotational force that the motor imparts to the system. Together, these factors play a pivotal role in determining
the operational limits of the shaft. For instance, a higher input motor power generally leads to increased torque,
necessitating a more robust shaft design to withstand the resultant stresses.

Furthermore, the rpm value provides insight into the speed at which the shaft operates. This aspect is critical, as
the interaction between speed and torque can generate varying levels of stress within the shaft material. A shaft
that operates at high speeds may be subject to different failure modes compared to one that operates at lower
speeds. Therefore, the study meticulously considers these parameters to ensure that the resulting calculations
accurately reflect real-world conditions.

Shaft constrain loads

@ SHAFT 01 (INPUT SHAFT)

Pressure angle = 207 Fn

m=2
Vs z=110

Driving | m =2 \ Driven
z=230 /
N -
Fn
Fn 27715 Mormal load
Ft 2604 36 Tangential load
Fr 947 9 Radial load

Figure 2-1. Input shaft loads

As shown on Figure 2-1. the corresponding load reaction load to be handled by the input shaft. It has tangential,
normal, and radial loads. Ft =286.48 / 0.110 = 2604.4 N; Fn = 2604.4 / cos20° = 2771.5 N; Fr = 2604.4 * tan20°
= 947.9 N. Since the start of load transmission is at the chain coupling that is to transmit 260 N.m and the
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coupling pitch circle diameter is equal to (77 + 50) / 2 = 63.5mm, the force can be calculated as equal to F =
(2000 * 260) / 63.5 = 8189 N . This force impacts not only the shaft but also the surrounding components,
including bearings and housing. High radial forces can lead to increased wear, potential misalignment, and even
failure of bearings if not properly accounted for in the design. Thus, engineers must ensure that all components
are adequately rated to handle the maximum expected loads, which can significantly extend the life of the system
and reduce maintenance requirements.

Moreover, these calculations are not conducted in isolation. They must be integrated into a broader analysis that
considers material properties, fatigue limits, and safety factors. For instance, if the materials selected for the
shaft or couplings are not suited for the calculated load conditions, there could be severe implications, including
premature failure. By understanding the implications of these loads, particularly at critical interfaces like the
chain coupling, engineers can optimize the design for performance and longevity. This comprehensive approach
not only enhances reliability but also fosters confidence in the overall mechanical system's capabilities, ensuring
efficient operation under varying conditions.
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Figure 2-1A. Shaft 2D Drawing

As shown in Figure 2-1A, the provided technical drawing represents a stepped shaft commonly used in
mechanical systems for transmitting rotational motion and power. The shaft has a total length of 360 mm, with
well-defined segments of varying diameters and lengths, tailored for specific functional and structural
requirements. It is designed to accommodate components such as bearings, pulleys, or gears, ensuring efficient
operation and durability. Starting from the left, the shaft begins with a segment of 30 mm diameter and 61 mm
length, which is likely intended for coupling or a mounted component. This section transitions to a 35 mm
diameter shoulder, which houses a bearing securely. Bearings are included on both ends of the shaft to provide
rotational support and reduce friction, ensuring smooth operation. The middle section consists of a 42 mm
diameter over a 91 mm length, followed by another 52 mm diameter section measuring 85 mm in length, likely
designed for mounting larger components such as pulleys or gears. These sections ensure the transmission of
torque while maintaining balance. The design transitions back to another 42 mm diameter section with a 91 mm
length, providing symmetry and space for additional components. The shaft terminates with another 35 mm
diameter section to house the second bearing. The stepped transitions between sections are carefully chamfer-ed
or filleted to minimize stress concentration, enhancing the shaft’s fatigue resistance under torsional and bending
loads. Bearings on both ends are critical for stability and alignment. The drawing emphasizes precision, with all
dimensions specified for manufacturing accuracy and compatibility with mating components. This shaft design
is typical in automotive systems, conveyor belts, or industrial machinery where efficient torque transmission and
reliability are vital. The well-thought-out structure ensures long-term performance under dynamic operating
conditions.
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Shaft Shear and Moment Diagram

VERTICAL LOADING

8189 N 2604 4N 2604.4 N
85 90.5
upP | A ] B
DOWN ? c D
60.5 ) 90.5
Ra Rb
-
Lt sF=0
-13398+Ra + Rb=0
Ra + Rb—13398 N
Ra = 12656 N
< >sMa=0

197336 - 266 Rb=0MN
Rb = 741.9 N
3 BENDING MOMENT Vertical @ D
67139 N.mm

BENDING MOMENT Vertical @ C
-G91177 N.mm
BENDING MOMENT Vertical @ A
4954345 N.mm

867139 N.mm
0 N.mm 0 N.mm
495434 5 N.mm 91177 N.mm
HORIZONTAL LOADING
947 9 N 947 9N
85 20.5
RIGHT
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Rah = 947 9N
C sMah =0
2562141 .4 - 266 Rbh =

Rbh =947 9 N
G BENDING MOMENT Horizontal @ C
85784.95 N.mm
BENDING MOMENT Horizontal @ D
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85784 .95 N.mm

85784.95 N.mm

/

N

VERTICAL MAXIMUM MOMENT 495434.5

HORIZONTAL MAXIMUM MOMENT 85785.0

EQUIVALENT MOMENT

502.8

Shaft strength Excel calculation macro

Table 2.3 is a thorough mechanical engineering examination of a critical shaft design, most likely found in a
system for power transmission. Assessing the pressures on the shaft and key, figuring out safety factors, and
making sure the design can sustain the applied loads (torque, thrust load, and bending moment) without failing
are the objectives. S45C, a medium-carbon steel that is frequently used for machine parts, is the material that is

specified.
Material S45C
Type of shaft: Key shaft = 1, Spline shaft =2 1
Bending moment: M 502.8 N.m
Thrust load: Fa 0 N
Output torque: T 260 N.m
Shaft diameter: d 30 mm
Max. diameter of step: D 35 mm
Radial dimension fo step: p 3.5 mm
Tensile strength: oB 775 N/mn?
Width of keyway: b 8 mm
Depth of keyway : t 4 mm
Factor of safety: s 1
Surface finish factor: m 1
Fatigue stress connection factor for keyways: r
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r =1-0.2xb/d-1.1xt/d 0.8

Size factor:&

&= 0.9+1/d 0.93333

Fatigue stress reduction factor (Bending):fm

Bm=1+&ml x Em2 x Em3 x Em4 1.65641169
Eml =0.71+0.016 x oB 1.97401
Em2 =1-e”70.1xd 0.95021
Em3 =1-e”-0.07xd/p 0.624469
Em4 =1-e"-5.75x(1- d/p) 0.5601971

Fatigue stress reduction factor (Torsion):[3t

Bt=1+ &1 x &2 x &3 x Et4 1.229618469

&1 =0.63 +0.0227 x oB 2.42332

&2 =1-e7-0.1xd 0.95021
&3=1-e"0.025 xd/p 0.259182

&4 =1-e"-3.4x(1- dlp) 0.3847424

Equivalent shear stress: 12

=16 x s/(m x d3x rxmx &) x (M+d/8 x Fa) x Bm)2+ (TxPt)) 105.44 N/mm
Allowable stress 387.5 N/mm
SF 3.67

Yield stress 287.5 N/mm
SF 2.72

Table 2.3-1 S45C Material Properties

Condition Tensile Strength | Yield Strength | Elongation Hardness Endurance
(oB) (oy) (®) (HB) Limit (ce)

Quenched & Tempered | 700-850 MPa | 500-650 MPa 12-16% 200-250 350-450 MPa

Fatigue and Endurance Properties

» Endurance Limit (oe): 0.4-0.6 x 6B for unnotched specimens, reduced by factors for surface finish, size,
and stress concentration

» Notch Sensitivity: Moderate to high (q = 0.7-0.9), especially with features like keyways.

» Fatigue Strength: Depends on surface condition and loading; machined surfaces reduce ce by ~15-20%.
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Deep Analysis of Data

> Material: S45C (a medium-carbon steel with a tensile strength of approximately 569-689 MPa,
depending on heat treatment).

> Shaft Type: Key shaft (type 1).

> Loads:

Bending moment ((M)): 502.8 N-m.

Thrust load (Fa): 0 N (no axial load).

Output torque ((T)): 260 N-m.

> Shaft Dimensions:

Shaft diameter ((d)): 30 mm.

Max diameter of step ((D)): 35 mm.

Radial dimension of step ((p)): 2.5 mm.

> Material Properties:

Tensile strength (oB): 775 N/mm? (this is on the higher end for S45C, indicating possible heat treatment).
> Key Dimensions:

Width of keyway ((b)): 8 mm.

Depth of keyway ((t)): 4 mm.

> Safety and Surface Factors:

Factor of safety ((s)): 1 (indicating a design at the limit of allowable stress).
Surface finish factor ((m)): 1 (no surface finish penalty, assuming a smooth finish).
> Fatigue and Stress Factors:

Fatigue stress connection factor for keyways ((r)): 0.8.

Size factor (¢g): 0.93.

Fatigue stress reduction factors for bending (Bm): 1.65641169.

Fatigue stress reduction factors for torsion (Bt): 1.229618469.

> Calculated Stresses:

Equivalent shear stress (7): 180.2941934 N/mmz.

Allowable stress: 387.5 N/mmz.

Yield stress: 287.5 N/mm? (based on S45C, typically yield is around 50-60% of tensile strength).

> Safety Factors:
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SF (safety factor based on allowable stress): 2.15.
SF (safety factor based on yield stress): 1.59.
Step 1: Fatigue Stress Connection Factor for Keyways ((r))
The formula for the fatigue stress connection factor for keyways is given as:

r=1-0.2xbld—1.1xtd

b=8mm
d =30mm
t=4mm

b/d = 8/30 = 0.2667.
t/d = 4/30 = 0.1333
Substituting: r =1-0.2 x 0.2667 - 1.1 x 0.1333=10.8

The calculated value of r = 0.8 matches the Table 2.3, confirming that the keyway reduces the fatigue strength
of the shaft by 20% due to stress concentration.

Step 2: Size Factor (&)
€ = 0.9+1/d
¢ = 0.9+1/30 = 0.9+0.033333 = 0.93

This matches the table value of 0.93. A smaller shaft diameter increases the size factor, reducing fatigue strength
slightly.

Step 3: Fatigue Stress Reduction Factor for Bending (fm)
pm=I1+ emlx em2x em3x em4 = 1.65641169
eml = 0.71 + [0.016 x 5B] /9.81
em1=0.71+ [0.016x775] / 9.81 =1.974
em2=1-e"-0.1xd)
em2 =1-e"-0.1 x 30) = 0.95021
em3 =1-e7-0.07 x d/p)
em3 =1-e"(-0.07 x 30/2.5) = 0.624469
emd = 1-e/N- 1.0x[(dlp —1)/dp)])
emd = 1 - e(- 1.0x[(30/2.5 —1)/(2.5x30)]) = 0.5601971
Step 4: Fatigue Stress Reduction Factor for Torsion (5z)

Pr=1+ etlx et2x et3x et4 = 1.229618469
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etl = 0.63 + [0.227 x oB] /9.81
€t1=0.63+ [0.0227x775] / 9.81 = 2.42332314
em2=1-e"-0.1xd)
et2 = 1-e7(-0.1 x 30) = 0.95021
et3 =1 - e7(-0.025 x d/p)
et3 =1-e”(-0.025 x 30/2.5) = 0.259182
etd =1 -en(- 0.81x[(d/p —1)/dp)])
etd =1 - e(- 0.81x[(30/2.5 —1)/(2.5x30)]) = 0.3847424

Step 5: Equivalent Shear Stress (1)

5 1/2

d
16 X s (M+§><Fa)><ﬁm
T XTXmXEeX
TXd ﬁg

= +(TXB,)°
s=1d=30mm r=0.8 m=1¢=0.933
M =502.8N-mFa=0NT =260 N-m
First term:
M + d/8 x Fa =502.8 + 30/8 x 0 = 502.8N.m
((502.8+ 30/8 X 0) X fm))/ ft = 677.14N.m
Second term:
Txpt=260x1.22=319.7N.m
Square root term
[(677.14)2+(319.7)2]1/2=[458518.6+102208.1]1/2 = 748.67
T = (16 x 1/7 *27000)=0.8%0.933333x%(748.67 x 1000) = 105.44 N/mm?
Step 6. Safety Factor
Allowable Stress: 387.5 N/mm?
oB/sxm =775/ 1x1+2 = 387.5 N/mm?
Yield Stress: 287.5 N/mm?2 (consistent with S45C, where yield is ~50% of tensile strength).
Safety Factor (SF) based on allowable stress:
Allowable stress / T = 387.5/105.44 = 3.67

Safety Factor (SF) based on yield stress:
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Yield stress / T = 287.5/105.44 = 2.72

Fatigue Stress Calculation

Bending stress
_32xM

ap =
TXd>

32 x 502.8 x 10°
{}' —
b %303

30% = 27000

m X 27000 ~ 84823

32x502.8x10° 16089600 2
= & ~ 189.7N/mm

% = 84823 ~ T 84823
Shear stress due to torsion
16 xT
I' =
‘ TXd

16 x 260 x 10°
Tf == 3
X 30

 16x260x10° _ 4160000 _ 49.0N /2
= "giga3 saga3  ‘OON/mm

Principal Stresses and state stress

Normal stress ob = ox = 189.7 N/mm?, oy = 0

Shear stress 7xy = tt = 49.0 N/mm?

o, + o Or— Gy )\ 2
x v x ¥
g1 = 5 + ( 5 ) + 1%,

g, + o, 189.7 + 0
X 5 Y — 5 = 94.85N/mm?

2
(J"' JJ') + 12, = (94.85) + (49.0)"

(94.85)% = 8996.5, (49.0)% = 2401
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2
g, — O,
( x > Y ) + 12, = (94.85)% + (49.0)7

(94.85)% — 8996.5, (49.0)% — 2401

8996.5 + 2401 — 11397.5

+/11397.5 =~ 106.75

g1 = 94.85 + 106.75 = 201.6N/1'r11’n2

o3 = 94.85 — 106.75 = — 11.9N/mm?

oz = 0 (for a shaft with no axial load in the z-direction)

Maximum Shear Stress

o1—0; 2016—(—119) 2135

_ ~ 2
Tmax = 5 > > 106.75N/mm

Fatigue Stress Component
Bending stress alternates fully (from tension to compression), while the torque may be steady or alternating,
depending on the load cycle.

Alternating Normal Stress due to bending(oa)

ag 189.7
Oy = DT 94.85N,’mm2
2 2
Adjusted for fatigue factors (g8, (1), €):

O'a,eﬂ'=aaxﬁmx;xg
B, = 1.65641169, r =08, €=0.933333

B 1.65641169 " 1.65641169

¥Xe 08x0933333 0.7466664 v 2.218

Og off = 94.85 x 2.218 =~ 210.3N/mn‘12

Mean normal stress is assumed to be zero for fully reversed loading conditions Alternating mean stress( tm)
since the torque is steady and also equal to zero Equivalent Shear Stress for fatigue

16 x1

207 X 0.8 X 1x0.933333 x 749.39 x 10°
X

T=

16

T X 27000 ~ 84823 ~ 0.0001886

0.8X1x0.933333 ~ 0.7466664

0.0001886 X 0.7466664 X 749.39 x 10° = '105.44-1\1/11‘11112
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Endurance limit

The endurance limit (S,) for S45C steel is typically 0.5 x o5, adjusted for fatigue factors:

S, = 0.5x 775 = 387.5N/mm?

Adjust for factors:

Se=SXeXrxm

S.=3875x0933333x08x1~ 289.33N/mm2

The allowable stress in the table is given as the basis for the safety factor (3.67), so:

T x SF

Allowable stress =
B, %X B,

SF=3.67, t=105.44

105.44 x 3.67 _ 387.0

— 2
165641160 x 1229618460 ~ 2.037 ~ 120-0N/mm

Allowable stress =

Soderberg criterion

Oq, eff + Tm < 1
S g, SF
g e = 210.3N/mm’
o, = 0 (fully reversed bending)

S, = 289.33N/mm?’

210.3

28933 0727
SF L 1.38
0.727

This is lower than 3.67, suggesting the table’s SF is based on shear stress directly. For shear:

~
[1¢]
=

=

Ly
s
9l -

S.. ~0.5X%S, ~ 144.67N/mm?

Tost = 105.44N/mm?

The table’s higher SF (3.67) aligns with the allowable stress approach.
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RESULTS AND DISCUSSION

The fatigue analysis of the S45C steel shaft, subjected to a bending moment of 502.8 N-m and a torque of 260
N-m, reveals a design with substantial resilience under cyclic loading, underpinned by a detailed evaluation of
its mechanical properties and stress conditions. Constructed with a diameter of 30 mm and featuring a keyway
with dimensions of 8 mm width and 4 mm depth, the shaft’s performance was assessed using provided fatigue
factors: a stress connection factor (r = 0.8), size factor ( € = 0.933333), and stress reduction factors (

pm = 1.65641169 for bending and pr = 1.229618469 for torsion). The calculated equivalent shear stress of
105.44 N/mmz2, alongside safety factors of 3.67 (based on allowable stress) and 2.72 (based on yield stress),
forms the basis for understanding its long-term durability. With no axial thrust load (F_a = 0 N) and a smooth
surface finish (m = 1), the design operates at a factor of safety (s = 1), reflecting a baseline assessment of its
limits.

The analysis began by computing the nominal stresses induced by the applied loads. The bending stress,
calculated as =189.7 N/mm? | reflects the shaft’s response to the bending moment. Meanwhile, the shear stress
due to torque, T =49 N/mm2. These stresses were combined to determine the principal stresses, yielding a
maximum principal stress of 201.6 N/mm2 and a minimum of -11.9 N/mm2, suggesting a cyclic stress state
dominated by bending. The equivalent shear stress of 105.44 N/mm?, validated through the provided formula
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incorporating fatigue factors, aligns with the combined effects of bending and torsion, adjusted for the keyway’s
stress concentration and other modifiers. The material properties of S45C, with a tensile strength of 775 N/mm?
and a yield strength of 287.5 N/mm?, underpin the shaft’s strength. The allowable stress, inferred as
approximately 387.5 N/mm? (half the tensile strength, adjusted for fatigue factors), supports the safety factor of
3.67, indicating that the shaft can withstand cyclic loading well below its endurance limit. The yield-based safety
factor of 2.72. The keyway’s impact is a critical factor in this analysis. With a stress concentration factor of 0.8,
it reduces the effective fatigue strength by 20%, posing a potential initiation site for cracks under prolonged
cyclic loading. This is particularly significant given the shaft’s operation in a rotating environment, where stress
concentrations can accelerate fatigue failure. The absence of axial load mitigates some risk, but the low factor
of safety relative to typical fatigue design standards (often 2—3) suggests vulnerability over extended periods,
especially if material defects or load variations are present. The shaft’s performance under an assumed rotational
speed of 50 RPM translates the equivalent shear stress into a practical lifespan. With a safety factor of 3.67, the
design appears robust for high-cycle applications, potentially enduring thousands of hours of operation.
However, the keyway’s influence could reduce this lifespan if not addressed. To enhance durability, increasing
the shaft diameter to 35 mm would reduce stresses by approximately 37%, significantly lowering the risk of
fatigue failure. Modifying the keyway to a rounded profile or employing a spline could mitigate stress
concentration, while upgrading to a higher-strength material like 4140 or applying shot peening to introduce
compressive residual stresses would further bolster resistance to crack initiation. These enhancements would
align the design with more conservative fatigue standards, ensuring reliability in demanding industrial settings
where safety and longevity are critical. S45C shaft exhibits a strong fatigue resistance with an equivalent shear
stress well below its yield and allowable limits, supported by high safety factors. However, the keyway’s stress
concentration and the slight mismatch in yield-based safety factor calculations highlight areas for improvement.
Implementing the recommended modifications would enhance the shaft’s fatigue life, making it suitable for
extended cyclic loading while addressing potential real-world challenges.

CONCLUSIONS

The S45C steel shaft reveals a design that balances strength and durability under cyclic loading, while also
highlighting areas where enhancements could ensure greater reliability for long-term use in demanding
applications. The evaluation demonstrates that the shaft can effectively handle the combined effects of bending
and torsional stresses, with an equivalent shear stress that remains well within the material’s allowable limits.
This is reflected in the robust safety factors, which indicate a significant margin against failure, particularly when
assessed against the allowable stress criterion. The absence of axial loading further simplifies the stress state,
allowing the shaft to focus on resisting bending and torsion, where it performs admirably given its material
properties. A key insight from this analysis is the shaft’s ability to endure high-cycle fatigue, a critical
requirement for rotating components in mechanical systems. The safety margins suggest that the design is not
only capable of withstanding the applied loads but also offers a buffer against unexpected variations in operating
conditions. This makes it suitable for applications where consistent performance over thousands of operational
hours is essential, such as in industrial machinery or power transmission systems. The smooth surface finish of
the shaft contributes to this resilience by minimizing surface-related fatigue initiation sites, ensuring that the
material’s inherent strength is fully utilized.

However, the presence of a keyway introduces a notable vulnerability that cannot be overlooked. The stress
concentration caused by this feature significantly reduces the effective fatigue strength, creating a potential weak
point where cracks could initiate over time. While the design’s safety factors provide confidence in its current
state, the keyway’s impact underscores the importance of addressing stress concentrations in fatigue-critical
components. This is particularly relevant in a rotating environment, where cyclic loading can amplify the effects
of such geometric discontinuities, potentially leading to failure earlier than anticipated if external factors like
material defects or load spikes come into play.

To enhance the shaft’s longevity and reliability, several practical improvements can be implemented. Increasing
the shaft diameter would effectively lower the stress levels, providing a greater margin against fatigue failure.
Redesigning the keyway with a rounded profile or replacing it with a spline would mitigate the stress
concentration, reducing the likelihood of crack initiation. Alternatively, upgrading to a higher-strength material
or_applying a surface treatment like shot peening could introduce compressive residual stresses, further
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bolstering the shaft’s resistance to fatigue. These modifications would align the design with more conservative
fatigue standards, ensuring it can withstand the rigors of prolonged cyclic loading in real-world conditions. The
shaft exhibits a strong foundation for fatigue resistance, with safety margins that affirm its suitability for high-
cycle applications. The keyway’s stress concentration, however, highlights a critical area for improvement to
prevent potential long-term issues. By implementing the suggested enhancements whether through geometric
adjustments, material upgrades, or surface treatments the shaft’s durability can be significantly improved,
making it a reliable component for industrial use where safety and operational longevity are paramount. This
analysis not only validates the current design but also provides a clear path for optimization, ensuring the shaft
meets the demands of its intended service life with confidence.
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