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Automobile manufacturing relies heavily on precision and quality control, especially when it
comes to the parts used in vehicles. A critical aspect of this process is understanding the
likelihood of defects in produced parts, which can significantly impact cost, safety, and
reputation. In this article, we explore a scenario where a machine responsible for
manufacturing automobile parts produces defective parts 16% of the time. Specifically, we
analyze the probabilities and implications when the machine produces a batch of 9 parts.
Through detailed statistical insights, practical applications, and quality control strategies,
we aim to provide a comprehensive understanding of this manufacturing process.

Understanding the Manufacturing Context

The Role of Automated Machines in Automobile Part
Production
Automobile manufacturing has increasingly incorporated automation to enhance efficiency,
consistency, and scalability. Machines used in this context are designed to produce a large
volume of parts with minimal human intervention, but they are not infallible.

High Production Rates: Machines can produce hundreds or thousands of parts
daily.

Quality Variability: Despite precision engineering, some parts are defective due to
machine errors or material flaws.

Impact of Defective Parts: Defective components can lead to safety issues,
increased costs, and delays in assembly lines.

Defect Rate and Its Significance
The defect rate of a manufacturing process quantifies the proportion of defective parts
produced over a given period.



Defect Rate of 16%: Indicates that, on average, 16 out of every 100 parts are
defective.

Implications: Understanding this rate helps in planning quality inspections, rework,
and scrap management.

Statistical Modeling: Probabilities associated with defect counts can be modeled
using binomial or normal distributions depending on the sample size.

Analyzing the Probability of Defective Parts in a
Batch of 9

Basic Probabilistic Concepts
When evaluating the likelihood of defective parts in a production batch, key concepts
include:

Binomial Distribution: Suitable when each part is independent, with the same1.
probability of defect (16%).

Parameters: Number of trials (n=9), probability of defect (p=0.16).2.

Random Variable: X, the number of defective parts in the batch.3.

Calculating Probabilities Using the Binomial Distribution
The probability of exactly k defective parts in a batch of 9 is given by:

P(X = k) = C(n, k) p^k (1 - p)^(n - k)

where:

- C(n, k) = n! / (k! (n - k)!) (combinatorial coefficient)

Example Calculations:

- Probability of exactly 0 defective parts:

P(X=0) = C(9,0) 0.16^0 0.84^9 ≈ 1 1 0.251 = 0.251



- Probability of exactly 1 defective part:

P(X=1) = C(9,1) 0.16^1 0.84^8 ≈ 9 0.16 0.297 ≈ 0.427

- Probability of 2 or more defective parts:

P(X ≥ 2) = 1 - P(0) - P(1) ≈ 1 - 0.251 - 0.427 = 0.322

Expected Number of Defective Parts
The expected value (mean) of defective parts in a batch:

E[X] = n p = 9 0.16 = 1.44

This means, on average, about 1 to 2 defective parts are expected per batch of 9.

Implications for Quality Control and
Manufacturing Strategies

Monitoring and Inspection
Understanding the probability distribution helps in designing effective inspection protocols.

Sampling Plans: Deciding how many parts to inspect based on defect probabilities.

Acceptance Criteria: Setting thresholds for acceptable defect levels (e.g., allow up
to 2 defective parts per batch).

Statistical Process Control (SPC): Using control charts to monitor defect rates over
time and identify trends.

Reducing Defect Rates
Strategies to minimize the defect rate include:

Machine Maintenance: Regular calibration and servicing of equipment.1.



Material Quality: Ensuring raw materials meet strict specifications.2.

Employee Training: Skilled operators can detect issues early and prevent defects.3.

Process Optimization: Refining manufacturing parameters to enhance quality.4.

Impact of Defect Rate on Production Costs
A higher defect rate leads to increased costs due to:

Rework: Fixing defective parts.

Scrap: Discarding unusable parts.

Delayed Delivery: Additional inspections cause delays.

Reputation Damage: Compromised quality affects customer satisfaction.

Calculating Expected Defective Parts in Larger Batches:

- For a batch of 100 parts:

Expected defectives = 100 0.16 = 16

- For 1000 parts:

Expected defectives = 1000 0.16 = 160

This emphasizes the importance of implementing effective quality control measures at
scale.

Using Statistical Tools to Improve Manufacturing
Quality

Applying the Binomial Distribution for Quality
Assurance
Manufacturers can use probability models to:



Predict defect levels in future batches.1.

Set up acceptance sampling plans using concepts like AQL (Acceptable Quality Level).2.

Determine the probability of batch rejection based on defect counts.3.

Implementing Control Charts
Control charts are vital for real-time monitoring.

P-Chart (Proportion Chart): Tracks the proportion of defective parts.

NP-Chart: Monitors the number of defectives in fixed sample sizes.

Continuous Improvement Strategies
Data-driven insights enable manufacturers to:

Identify process variations causing defects.

Implement targeted interventions.

Reduce defect rates over time.

Conclusion

Manufacturing automobile parts with a defect rate of 16% presents both challenges and
opportunities for quality improvement. By understanding the probabilistic nature of defect
occurrence in batches of various sizes, manufacturers can make informed decisions about
inspection, process control, and process improvements. The analysis of a batch of 9 parts
illustrates how statistical tools like the binomial distribution can predict defect probabilities,
enabling better quality management.

Reducing the defect rate not only minimizes costs associated with rework and scrap but
also enhances product safety and customer satisfaction. Continuous monitoring, process
optimization, and adherence to quality standards are essential for achieving manufacturing
excellence. As the automotive industry continues to evolve with advanced automation and
quality management practices, leveraging statistical insights will remain a cornerstone of
producing reliable, high-quality automobile components.



Key Takeaways:

- The probability of exactly k defective parts in a batch follows a binomial distribution.
- The expected number of defective parts in a batch of 9 is approximately 1.44.
- Quality control strategies are crucial to minimize defect rates and associated costs.
- Statistical tools assist in establishing effective inspection and monitoring processes.
- Ongoing improvements lead to safer vehicles, higher customer satisfaction, and
competitive advantage.

By applying these principles, manufacturers can optimize their processes, ensure consistent
quality, and maintain their reputation in the highly competitive automotive industry.

Frequently Asked Questions

What is the probability that exactly 2 out of 9
automobile parts produced are defective?
Using the binomial probability formula, P(X=2) = C(9,2) (0.16)^2 (0.84)^7 ≈ 0.266.

What is the probability that at most 3 parts are
defective in a batch of 9?
Calculate P(X ≤ 3) by summing probabilities for X=0 to 3: approximately 0.758.

What is the expected number of defective parts in 9
produced parts?
Expected value E = n p = 9 0.16 = 1.44 parts.

What is the probability that no defective parts are
produced in 9?
P(X=0) = C(9,0) (0.16)^0 (0.84)^9 ≈ 0.226.

What is the probability that more than 2 parts are
defective in the batch?
Calculate P(X > 2) = 1 - P(X ≤ 2) ≈ 1 - 0.648 = 0.352.

If the machine produces 9 parts, what is the probability
that exactly 4 are defective?
P(X=4) = C(9,4) (0.16)^4 (0.84)^5 ≈ 0.025.



How can quality control be improved based on the 16%
defect rate?
Implement stricter calibration, regular maintenance, and quality checks to reduce the
defect rate below 16%.

Additional Resources
A machine that manufactures automobile parts produces defective parts 16% of the time. If
9 parts are produced, what is the probability that exactly 2 of these parts are defective?
This question touches on fundamental concepts in probability and statistics, particularly the
binomial distribution. Understanding how to analyze such problems is crucial for quality
control, manufacturing efficiency, and process improvement in the automotive industry. In
this comprehensive guide, we will explore the statistical principles involved, walk through
the calculation process, and discuss practical implications for manufacturing settings.

---

Understanding the Manufacturing Context

Before diving into the calculations, it’s important to contextualize the problem:

- Defect Rate: The machine produces defective parts 16% of the time, which translates to a
probability \( p = 0.16 \) for any given part to be defective.
- Sample Size: We are considering a batch of 9 parts produced in a single run.
- Question of Interest: What is the probability that exactly 2 of these 9 parts are defective?

This scenario is a classic example of a binomial experiment, where each part's
defectiveness is independent of others, and the probability remains constant across trials.

---

The Binomial Distribution: The Foundation

What Is the Binomial Distribution?

The binomial distribution models the number of successes (or failures) in a fixed number of
independent Bernoulli trials, each with the same probability of success \( p \).

In our context:

- Trial: Producing one part.
- Success: A part being defective.
- Number of trials (n): 9.
- Probability of success (defective): \( p = 0.16 \).
- Number of successes (defective parts): \( k \), where in our case, \( k = 2 \).

The Binomial Probability Formula



The probability of observing exactly \( k \) defective parts out of \( n \) is given by:

\[
P(X = k) = \binom{n}{k} p^{k} (1 - p)^{n - k}
\]

Where:

- \( \binom{n}{k} \): Number of ways to choose \( k \) defective parts from \( n \) produced.
- \( p^{k} \): Probability that these \( k \) parts are defective.
- \( (1 - p)^{n - k} \): Probability that the remaining \( n - k \) parts are non-defective.

---

Step-by-Step Calculation for Exactly 2 Defective Parts

Let's apply the formula to compute the probability that exactly 2 parts are defective in a
batch of 9:

1. Identify the parameters:

- \( n = 9 \)
- \( k = 2 \)
- \( p = 0.16 \)

2. Compute the binomial coefficient \( \binom{9}{2} \):

\[
\binom{9}{2} = \frac{9!}{2! \times 7!} = \frac{9 \times 8}{2 \times 1} = 36
\]

3. Calculate \( p^{k} \):

\[
p^{2} = (0.16)^{2} = 0.0256
\]

4. Calculate \( (1 - p)^{n - k} \):

\[
(1 - 0.16)^{7} = (0.84)^{7}
\]

Using a calculator:

\[
(0.84)^{7} \approx 0.319
\]

5. Combine all components:



\[
P(X=2) = 36 \times 0.0256 \times 0.319
\]

Calculating:

\[
36 \times 0.0256 = 0.9216
\]

Then,

\[
0.9216 \times 0.319 \approx 0.294
\]

Result:

\[
\boxed{
\text{Probability exactly 2 parts are defective} \approx 29.4\%
}
\]

This means there is approximately a 29.4% chance that exactly 2 out of 9 parts will be
defective when the machine's defect rate is 16%.

---

Extending the Analysis: Probabilities for Other Outcomes

While the focus might be on exactly 2 defective parts, understanding the probabilities for
other outcomes can provide a fuller picture of manufacturing quality.

1. Probability of no defective parts (k=0):

\[
P(X=0) = \binom{9}{0} (0.16)^0 (0.84)^9 = 1 \times 1 \times (0.84)^9 \approx 0.161
\]

Approximately 16.1% chance that none are defective.

2. Probability of all 9 parts being defective (k=9):

\[
P(X=9) = \binom{9}{9} (0.16)^9 (0.84)^0 = 1 \times (0.16)^9 \times 1 \approx 1.34
\times 10^{-8}
\]

A negligible probability.



3. Probability of at most 2 defective parts:

Sum of probabilities for \( k=0,1,2 \):

\[
P(X \leq 2) = P(0) + P(1) + P(2)
\]

Calculating \( P(1) \):

\[
P(1) = \binom{9}{1} (0.16)^1 (0.84)^8 = 9 \times 0.16 \times (0.84)^8 \approx 9 \times
0.16 \times 0.380 \approx 0.546
\]

Adding all three:

\[
0.161 + 0.546 + 0.294 \approx 1.001
\]

Due to rounding, the total is approximately 1, indicating the sum of probabilities across all
outcomes.

---

Practical Implications and Quality Control

Understanding these probabilities isn't just an academic exercise; it has tangible
implications in manufacturing:

- Setting Acceptance Criteria: Knowing the likelihood of defective batches helps establish
quality thresholds.
- Process Improvement: If the probability of defectives exceeds acceptable limits, process
adjustments or machine maintenance might be necessary.
- Risk Management: Anticipating defect rates allows for better planning for rework, scrap, or
customer satisfaction.

Using Probabilities for Decision-Making

Suppose a manufacturer wants to ensure that the probability of producing more than 3
defective parts in a batch of 9 is less than 5%. Using the binomial distribution, they can
calculate cumulative probabilities and adjust their processes accordingly.

---

Advanced Considerations

Variations in Defect Rate

In real-world scenarios, defect rates might fluctuate due to machine wear, material quality,



or operator error. Statistical process control (SPC) tools can monitor these variations over
time.

Confidence Intervals

Instead of a fixed defect rate, manufacturers might estimate the true defect probability \( p
\) using sample data, constructing confidence intervals to inform decision-making.

Using Software for Calculations

While manual calculations are instructive, software tools like Excel, R, or Python libraries
(e.g., SciPy) streamline the process:

Example in Python:

```python
from scipy.stats import binom

n = 9
p = 0.16
k = 2

probability = binom.pmf(k, n, p)
print(f"Probability of exactly {k} defective parts: {probability:.3f}")
```

This code returns approximately 0.294, confirming manual calculations.

---

Conclusion

The binomial distribution provides a powerful framework for analyzing the probability of
defective parts in manufacturing processes. When a machine produces defective parts 16%
of the time, calculating the likelihood of specific outcomes—such as exactly 2 defective
parts out of 9—helps manufacturers make informed decisions about quality control and
process adjustments.

By mastering these statistical tools, quality engineers and production managers can better
understand variability, optimize processes, and ensure products meet high standards.
Whether for small batch analyses or large-scale quality assurance programs, the principles
outlined here serve as a foundational resource for effective manufacturing analysis.

---

Key Takeaways

- The probability of exactly \( k \) defective parts out of \( n \) is given by the binomial
probability formula.
- Calculations involve understanding binomial coefficients, powers of probabilities, and
practical interpretation.



- Probabilities help in setting quality benchmarks and making process improvements.
- Software tools can simplify calculations and enable real-time analysis.
- Continuous monitoring and statistical analysis are essential for maintaining manufacturing
excellence.

---
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