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In mechanical engineering, power screws are integral components used to
convert rotational motion into linear motion, enabling the lifting or
lowering of loads efficiently. Among various types of power screws, the
single start square-thread screw stands out due to its simplicity and
effectiveness, especially when lifting substantial loads such as 70
kilonewtons (KN). This article explores the design, mechanics, and
calculations associated with a single start square-thread power screw used to
raise a load of this magnitude, with a particular focus on the importance of
the screw's major diameter.

Understanding Power Screws and Their
Applications

What is a Power Screw?
A power screw is a device that translates rotary motion into linear motion,
often used for lifting, tightening, or applying force. It typically consists
of a screw (also called a threaded shaft) and a nut that moves along the
screw under rotation.

Types of Power Screws
Power screws can be classified based on thread type, start, and thread angle.
Common types include:

Square-thread screws

V-thread screws

Acme-thread screws

Among these, square-thread screws are preferred for high load applications
due to their efficiency.

Applications of Power Screws
Power screws are widely used in:

Jacks and lifts

Vices and clamps



Machine tool feeds

Presses and tensioners

Design Considerations for a Single Start
Square-thread Power Screw

What is a Single Start Thread?
A single start thread means the screw has one continuous helical thread. It
creates a straightforward relationship between rotational movement and linear
displacement.

Square-thread Profile
The square profile provides:

High efficiency (up to 90%) due to minimal friction

Better load-carrying capacity

Durability under heavy loads

Major Diameter of the Screw
The major diameter, often denoted as \(d_m\), is the largest diameter of the
thread measured from crest to crest. It plays a crucial role in:

Determining the strength of the screw

Calculating the load capacity

Designing the nut and support structures

Calculations for Raising a 70 KN Load Using a
Square-thread Power Screw

Given Data

Load, \(P\) = 70 kN = 70,000 N

Type of screw: Single start square-thread



Thread profile: Square

Efficiency, \(\eta\) (assumed): 0.9 (or 90%) for high-quality square
threads

Coefficient of friction, \(\mu\): approx. 0.1 (for steel-on-steel with
lubrication)

Thread angle, \(\alpha\): 90° (for square threads)

Major diameter, \(d_m\): To be selected based on strength requirements

Calculating the Axial Force and Torque
To lift the load, the screw must be capable of transmitting the axial force
with the existing torque. The fundamental relationship is:

\[
T = \frac{P \times d_m}{2} \times \left( \frac{\tan(\lambda + \phi)}{\eta}
\right)
\]

where:
- \(T\) = torque required
- \(P\) = axial load (70,000 N)
- \(d_m\) = major diameter of the screw
- \(\lambda\) = lead angle (for single start screw, lead \(L = p\))
- \(\phi\) = angle of friction, \(\tan \phi = \mu\)
- \(\eta\) = efficiency

Since it's a single start screw with a square thread and high efficiency, the
calculations are simplified.

Determining the Lead and Pitch
For a single start screw:
- Lead, \(L = p\) (pitch of the thread)
- For high load applications, the pitch is selected based on the desired
speed and mechanical constraints.

Suppose the pitch \(p\) is selected as 10 mm (a typical value for large load
screws), then:
\[
L = p = 10\, \text{mm}
\]

The lead angle \(\lambda\) is:

\[
\lambda = \arctan \left( \frac{L}{\pi d_m} \right)
\]



Estimating Major Diameter \(d_m\)
To determine the necessary diameter, the stress in the screw must not exceed
the material's allowable shear or tensile stress.

Assuming the screw is made of steel with a tensile strength of 400 MPa and a
factor of safety of 4:
\[
\sigma_{allow} = \frac{400\, \text{MPa}}{4} = 100\, \text{MPa}
\]

The axial stress:

\[
\sigma = \frac{Force}{Area} = \frac{P}{A}
\]

The cross-sectional area of the screw's core is approximately:

\[
A = \frac{\pi}{4} (d_m^2 - d_{core}^2)
\]

For simplicity, assume the core diameter is about 85% of the major diameter:

\[
d_{core} \approx 0.85 d_m
\]

Then,

\[
A \approx \frac{\pi}{4} \left( d_m^2 - (0.85 d_m)^2 \right) = \frac{\pi}{4}
d_m^2 (1 - 0.7225) = \frac{\pi}{4} d_m^2 \times 0.2775
\]

Rearranged to solve for \(d_m\):

\[
d_m = \sqrt{\frac{4 P}{\pi \times 0.2775 \times \sigma_{allow}}}
\]

Plugging in the numbers:

\[
d_m = \sqrt{\frac{4 \times 70,000}{\pi \times 0.2775 \times 100 \times 10^6}}
\]

Calculating numerator:

\[
4 \times 70,000 = 280,000
\]

Calculating denominator:

\[
\pi \times 0.2775 \times 100 \times 10^6 \approx 3.1416 \times 0.2775 \times
100,000,000 \approx 87,020,000
\]



Thus,

\[
d_m = \sqrt{\frac{280,000}{87,020,000}} \approx \sqrt{0.00322} \approx
0.0568\, \text{m} = 56.8\, \text{mm}
\]

Therefore, a major diameter of approximately 57 mm is required to safely
carry the load.

Design Implications and Material Selection

Material Considerations
Material choice affects the screw's strength, durability, and frictional
properties:

High-strength steels are preferred for heavy loads.

Lubrication reduces friction and wear, increasing efficiency.

Corrosion-resistant materials may be used depending on the environment.

Thread Profile and Manufacturing
The square-thread profile demands precise manufacturing to maintain
efficiency and load capacity:

Hobbing or grinding processes are common.

Ensuring accurate pitch and thread angle is critical.

Nut Design
The nut must be designed to:

Match the thread profile precisely.

Allow smooth movement under load.

Maintain alignment to prevent binding.

Efficiency and Power Transmission
The efficiency of a square-thread screw can reach up to 90%, which means:
- Less torque is required to lift the load.
- The power screw can operate with less energy loss.



- Proper lubrication and manufacturing quality are vital for maintaining high
efficiency.

Conclusion
A single start square-thread power screw is a reliable and efficient
mechanism for lifting heavy loads such as 70 KN. By selecting an appropriate
major diameter—approximately 57 mm in this case—and ensuring quality
manufacturing and material selection, such a screw can perform effectively
under demanding conditions. Proper understanding of the load requirements,
thread profile, and mechanical properties ensures safe and efficient
operation. The design process involves careful calculations and
considerations to balance strength, efficiency, and operational smoothness,
making square-thread power screws indispensable in heavy machinery and
lifting applications.

---

Note: Always verify calculations with detailed

Frequently Asked Questions

What is the main purpose of using a single start
square-thread power screw to raise a load of 70 kN?

The purpose is to efficiently convert rotational motion into linear lifting
force, allowing the screw to raise a heavy load such as 70 kN with minimal
effort.

How does the major diameter of the screw influence
its load-carrying capacity?

A larger major diameter increases the screw's surface area, which enhances
the load-carrying capacity and reduces stress on the threads during lifting.

What are the advantages of using a single start
square-thread screw in lifting applications?

Single start square-thread screws provide a straightforward, high-efficiency
means of lifting with minimal friction, and they are easier to manufacture
and maintain compared to multi-start threads.

How do you calculate the effort required to lift a 70
kN load using this screw?

The effort can be calculated considering the screw's lead, thread efficiency,
and frictional losses, typically using the formula: Effort = Load /
Mechanical advantage, which accounts for the screw's thread geometry and
friction factors.



What considerations should be taken into account when
designing the major diameter of the screw for lifting
70 kN?

Design considerations include ensuring the diameter provides sufficient
strength to withstand the load, minimizes stress concentrations, accommodates
thread engagement, and maintains safety margins based on material properties
and safety standards.

Additional Resources
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Raising heavy loads efficiently and safely is a fundamental challenge in
engineering, construction, and manufacturing sectors. Among various
mechanical solutions, power screws—particularly single start square-thread
screws—stand out for their simplicity, strength, and reliability. When
designed to lift considerable weights, such as a 70 kN load, understanding
the dimensions, mechanics, and operational principles of these screws becomes
essential. This article provides an in-depth exploration of a single start
square-thread power screw used for such applications, with a focus on the
significance of its major diameter, the mechanics of load transfer, and
practical considerations in design and operation.

---

Understanding the Power Screw: Fundamentals and
Applications

What Is a Power Screw?

A power screw is a mechanical device that converts rotary motion into linear
motion, enabling the lifting or lowering of loads. Unlike simple screws used
merely for fastening, power screws are designed to bear significant axial
loads and facilitate controlled motion with minimal effort.

Key features of power screws include:
- Thread Geometry: The shape and pitch of the thread influence load capacity
and efficiency.
- Material and Surface Finish: These affect wear resistance and friction.
- Thread Direction and Starts: The number of starts (beginnings of the
thread) impacts the screw's mechanical advantage.

Common Types of Power Screws:
- Acme threads
- Square threads
- Trapezoidal threads

Among these, square-threaded screws are favored for high load applications
due to their low friction and efficient power transmission.



Applications of Power Screws

Power screws are ubiquitous in applications such as:
- Heavy machinery lifting mechanisms
- Vice and clamp systems
- Jacks and presses
- Elevators and hoists
- Automotive transmissions

Their ability to handle high loads with precision makes them invaluable in
scenarios where safety and accuracy are paramount.

---

Design Features of the Single Start Square-
Thread Power Screw

What is a Single Start Thread?

The term “single start” refers to a screw thread with one continuous helical
ridge wrapping around the core. This configuration results in a single thread
helix, which simplifies the design and manufacturing process.

Advantages of single start threads:
- Simpler manufacturing
- Easier to analyze mathematically
- Larger lead (distance traveled per revolution)
- Easier to assemble and maintain

Limitations:
- Lower mechanical advantage compared to multi-start threads
- Higher potential for backlash or back-driving

Square Thread Profile

The square thread profile is characterized by:
- Flat crests and roots
- A nearly rectangular cross-section
- Minimal thread angle (~0°), which reduces friction

Benefits of square threads include:
- High efficiency in power transmission
- Excellent load-carrying capacity
- Reduced wear due to lower sliding contact

This profile is ideal for applications requiring heavy load bearing and
minimal energy loss, such as hoists and jacks.



Major Diameter Significance

The major diameter of a screw is the largest diameter measured across the
crest of the thread. It is a critical dimension because:
- It determines the overall size and strength of the screw
- It influences the load-carrying capacity
- It affects the thread pitch and the lead
- It impacts the manufacturing process and material selection

In designing a screw to lift a 70 kN load, the major diameter must be
carefully chosen to balance strength, manufacturability, and operational
efficiency.

---

Mechanical Analysis of the Screw Under Load

Load Calculation and Mechanical Advantage

The primary purpose of the screw is to convert rotational energy into linear
lifting force. The load of 70 kN (or 70,000 N) must be supported and lifted
with controlled effort.

Key parameters influencing the screw’s performance include:
- Lead (L): The axial distance moved per revolution, equal to the pitch for a
single start thread.
- Pitch (p): The axial distance between adjacent threads.
- Efficiency (η): Reflects how effectively the screw transmits power,
affected by friction.
- Friction coefficient (μ): Between the screw and nut surfaces.

The ideal mechanical advantage (IMA) of a screw is given by:
\[ IMA = \frac{\text{Lead (L)}}{\text{Circumference of the thread}} \]

However, due to friction, the actual effort (force required to turn the
screw) is higher, calculated as:
\[ F = \frac{W}{\eta} \]
where \( W \) is the load (70 kN).

Note: The efficiency \( \eta \) for square-threaded screws can be as high as
0.6 to 0.8, depending on lubrication and surface finish.

Determining the Major Diameter

To support a load of 70 kN, the screw’s major diameter must provide
sufficient cross-sectional area and strength.

Design considerations include:
- Allowable stress: The material’s yield strength divided by a safety factor.
- Cross-sectional area (A): To resist the axial load, calculated as:
\[ A = \frac{W}{\sigma_{allow}} \]
where \( \sigma_{allow} \) is the permissible stress.



Given the load and material properties (e.g., steel with a yield strength of
250 MPa and safety factor of 3), engineers can determine the minimum cross-
sectional area required, which directly informs the major diameter.

Approximate calculation:
Suppose \( \sigma_{allow} = \frac{250\, \text{MPa}}{3} \approx 83\,
\text{MPa} \),
then:
\[ A = \frac{70,000\, \text{N}}{83\, \text{MPa}} \approx 0.844\, \text{cm}^2
\]

The cross-sectional area of the core (minor diameter \( d_{minor} \)):
\[ A = \frac{\pi}{4}(d_{major}^2 - d_{minor}^2) \]

Assuming a typical ratio of \( d_{minor} \) to \( d_{major} \), the major
diameter can be estimated accordingly.

---

Practical Considerations in Design and
Operation

Material Selection

The choice of material for the screw is pivotal. Common materials include:
- Steel: High strength, durable, and capable of withstanding heavy loads.
- Cast iron: Suitable for moderate loads but less durable.
- Bronze or brass: For corrosion resistance and smoother operation but lower
strength.

Steel is often preferred for high-capacity applications due to its excellent
strength-to-weight ratio.

Lubrication and Friction Management

Friction significantly influences the efficiency and wear of the screw.
Proper lubrication reduces:
- Frictional losses
- Heat generation
- Wear and tear

Lubricants like grease or oil are applied regularly, especially in industrial
settings.

Safety Factors and Reliability

Given the high load of 70 kN, safety factors typically range from 3 to 6,
depending on operational conditions and criticality. The screw design must
include:
- Adequate cross-sectional dimensions



- Redundant safety features
- Regular inspection and maintenance schedules

Failure modes such as thread stripping, buckling, or fatigue must be
considered, and designs should incorporate margins to mitigate these risks.

Manufacturing Precision

The accuracy of thread dimensions, surface finish, and alignment directly
impacts the screw’s performance. High-precision machining ensures:
- Proper engagement of threads
- Reduced friction
- Minimized backlash
- Longer service life

Surface treatments, such as hardening or coating, further enhance durability.

---

Conclusion: Integrating Design and
Functionality

The utilization of a single start square-thread power screw with a well-
calculated major diameter exemplifies engineering ingenuity in handling
substantial loads like 70 kN. The choice of thread profile, dimensions, and
material properties all converge to produce a device capable of safe,
efficient, and reliable operation.

Designing such a screw involves not only understanding the fundamental
mechanics but also addressing practical concerns like manufacturing
precision, lubrication, and safety. The major diameter, in particular, serves
as a cornerstone dimension, influencing the load capacity, material
selection, and overall performance of the screw.

In modern engineering, optimizing these parameters ensures that heavy lifting
mechanisms operate smoothly, with minimal effort and maximal safety. As
technology advances, innovations in materials and manufacturing processes
will continue to enhance the capabilities of power screws, making them even
more vital in heavy industry, construction, and beyond.

In essence, the single start square-thread power screw embodies a blend of
simplicity and sophistication—delivering robust performance through
meticulous design and engineering excellence.
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