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Compute The Theoretical Flow Time For An Order Of 8 Circuit Boards, 40
Circuit Boards, 120 Circuit Boards, is a crucial step in manufacturing
planning and process optimization. Understanding how long it will take to
produce different quantities of circuit boards allows manufacturers to better
schedule resources, estimate delivery times, and identify potential
bottlenecks in the production process. Theoretical flow time refers to the
minimum possible time required to complete an order if there are no delays,
work-in-progress, or inefficiencies—essentially an idealized calculation
based on process cycle times and the sequence of operations.

In this article, we will explore how to compute the theoretical flow time for
varying order sizes, specifically focusing on 8, 40, and 120 circuit boards.
We will break down the process into understandable steps, discuss key
concepts, and demonstrate how to apply these calculations to real-world
manufacturing scenarios.

Understanding Theoretical Flow Time in
Manufacturing

What is Theoretical Flow Time?

Theoretical flow time is the shortest possible time needed to produce an item
or batch of items in a manufacturing process under ideal conditions. It
assumes:

- No delays or downtime

- No work-in-progress inventory

- Optimal sequencing of operations

- Consistent processing times

This concept provides a baseline for evaluating manufacturing efficiency and
helps in capacity planning.

Components of Flow Time Calculation

To calculate the flow time, you need to understand:
- Processing Time per Operation: How long each step in the process takes
- Sequence of Operations: The order in which tasks are performed



- Setup and Transfer Times: Time taken to set up machines and transfer work
between stations

- Batch Size: The number of units processed simultaneously

The basic formula for theoretical flow time is:

Flow Time = Sum of processing times + Setup times + Transfer times

In many cases, especially in continuous flow processes, the focus is
primarily on the sum of processing cycle times.

Typical Manufacturing Process for Circuit
Boards

Before diving into calculations, it’s essential to understand the typical
steps involved in manufacturing circuit boards:

1. Design and Planning

2. Material Preparation

3. Printing or Etching Conductive Layers

4. Component Placement

5. Soldering

6. Inspection and Testing

7. Final Packaging

Each of these steps has an associated cycle time, which is critical for
calculating the total flow time.

Gathering Data for Calculation

To accurately compute the theoretical flow time, gather the following data:

- Cycle Time per Operation: Time taken for each step per unit



- Number of Operations: Total steps involved
- Setup Time per Batch: Time to prepare machines for a production run
- Batch Processing Details: How many units are processed in each batch

Suppose, for this example, the process times are as follows:

| Operation | Cycle Time (minutes/unit) | Setup Time per Batch (minutes) |
| Material preparation | 2 | 10 |

| Printing/Etting Conductive Layers | 3 | 15 |

| Component Placement | 5 | 20 |

| Soldering | 4 | 25 |

| Inspection and Testing | 2 | 10 |

| Final Packaging | 1 | 5 |

Note: These are hypothetical numbers for illustration purposes.

Calculating Theoretical Flow Time for Different
Order Quantities

Step 1: Determine Batch Size

Manufacturers often process multiple units in a batch to optimize setup
times. For this example, assume a batch size of 10 units per batch.

Step 2: Calculate Total Processing Time for Each Batch

For each operation, total processing time per batch is:

Processing Time per Batch = Cycle Time per Unit x Batch Size

Applying this to each operation:

| Operation | Cycle Time | Batch Size | Total Processing Time per Batch

(minutes) |

| Material preparation | 2 | 10 | 20 |

| Printing/Etting Conductive Layers | 3 | 10 | 30 |
| Component Placement | 5 | 10 | 50 |

| Soldering | 4 | 10 | 40 |

| Inspection and Testing | 2 | 10 | 20 |

| Final Packaging | 1 | 10 | 10 |

Step 3: Calculate Total Setup Time



Setup times are incurred once per batch, regardless of batch size. Total
setup time depends on the number of batches needed:

Number of batches = Total units / Batch size

For example:

- For 8 circuit boards: 1 batch (since 8 < 10)

- For 40 circuit boards: 4 batches

- For 120 circuit boards: 12 batches

Total setup time:

Total Setup Time = Setup Time per Batch x Number of Batches
Applying this:

| Order Quantity | Number of Batches | Total Setup Time (minutes) |
| 8 | 1 | Sum of individual setup times for 1 batch |

| 40 | 4 | Sum of setup times for 4 batches |

| 120 | 12 | Sum of setup times for 12 batches |

Total setup times:

| Operation | Setup Time per Batch | For 1 Batch | For 4 Batches | For 12

Batches |

| Material preparation | 10 | 10 | 40 | 120 |

| Printing/Etting Conductive Layers | 15 | 15 | 60 | 180 |
| Component Placement | 20 | 20 | 80 | 240 |

| Soldering | 25 | 25 | 100 | 300 |

| Inspection and Testing | 10 | 10 | 40 | 120 |

| Final Packaging | 5 | 5 | 20 | 60 |

Sum total setup times for each order size:

- 8 units: Sum of setup times for 1 batch:
10 + 15 + 20 + 25 + 10 + 5 = 85 minutes

- 40 units: Sum of setup times for 4 batches:
40 + 60 + 80 + 100 + 40 + 20 = 340 minutes

- 120 units: Sum of setup times for 12 batches:
120 + 180 + 240 + 300 + 120 + 60 = 1,020 minutes

Step 4: Calculate Processing Time

Total processing time for all units:



Total Processing Time = Sum of per-operation processing times for all units

Alternatively, since processing times are per batch, total processing times
are:

- For 8 units (1 batch): Sum of processing times per batch:
20 + 30 + 50 + 40 + 20 + 10 = 170 minutes

- For 40 units (4 batches): Processing time per batch x number of batches:
170 minutes per batch x 4 = 680 minutes

- For 120 units (12 batches):
170 minutes per batch x 12 = 2,040 minutes

Step 5: Compute Total Flow Time

The total flow time is the sum of total setup times and total processing
times, considering the longest operation path (since some operations can
happen in parallel, but for simplicity, assume sequential processing).

Total Flow Time = Total Setup Time + Total Processing Time
Calculations:

- Order of 8 circuit boards:

- Setup time: 85 minutes

- Processing time: 170 minutes

- Flow Time = 85 + 170 = 255 minutes

- Order of 40 circuit boards:

- Setup time: 340 minutes

- Processing time: 680 minutes

- Flow Time = 340 + 680 = 1,020 minutes

- Order of 120 circuit boards:
- Setup time: 1,020 minutes

- Processing time: 2,040 minutes
- Flow Time = 1,020 + 2,040 = 3,060 minutes

Interpreting the Results

The calculated flow times provide an estimate of the minimum time required to
complete each order under ideal conditions:

| Order Quantity | Theoretical Flow Time (minutes) | Approximate Hours |

| 8 circuit boards | 255 minutes | ~4 hours 15 minutes |



| 40 circuit boards | 1,020 minutes | ~17 hours |
| 120 circuit boards | 3,060 minutes | ~51 hours |

These figures serve as a baseline for planning and highlight how order size
impacts production time. Larger orders increase both setup and processing
times proportionally, emphasizing the importance of batching and process
optimization.

Factors Influencing Actual Flow Time

While the above calculations represent

Frequently Asked Questions

How do I calculate the theoretical flow time for an
order of 8 circuit boards?

To compute the theoretical flow time, divide the total processing time per
circuit board by the number of boards processed simultaneously, then multiply
by the number of boards (assuming a continuous flow). For small batches like
8, sum the processing times of all stages for one board, then consider any
parallel processing to estimate total flow time.

What is the impact of increasing order quantity from
8 to 40 circuit boards on flow time?

Increasing the order quantity from 8 to 40 circuit boards generally increases
the total flow time proportionally, assuming processing times and throughput

rates remain constant. However, batching and queueing effects may cause non-

linear increases, especially if the production system handles larger batches

more efficiently.

How does the flow time change when processing 120
circuit boards compared to smaller batches?

Processing 120 circuit boards typically results in a longer flow time due to
increased queueing and processing durations. The total flow time depends on
system capacity, bottlenecks, and whether processing is done in batches or
continuous flow. Larger orders may also introduce delays if capacity
constraints exist.



What factors influence the theoretical flow time for
different order sizes in circuit board
manufacturing?

Factors include processing times at each stage, system capacity, batch sizes,
queueing delays, setup times, and whether operations are performed in
parallel or sequentially. Variability in these factors affects the accuracy
of the theoretical flow time calculations.

How can understanding theoretical flow time help
optimize production scheduling for various order
sizes?

Knowing the theoretical flow time allows planners to predict lead times,
identify bottlenecks, and optimize batch sizes and scheduling to reduce total
production time. It aids in balancing workloads, improving throughput, and
meeting delivery deadlines for different order quantities.

Additional Resources

Compute The Theoretical Flow Time for an Order of 8 Circuit Boards, 40
Circuit Boards, 120 Circuit Boards

Understanding the flow time in manufacturing processes is essential for
effective production planning, resource allocation, and customer
satisfaction. When dealing with circuit board assembly, precisely calculating
the theoretical flow time helps in identifying bottlenecks, optimizing
throughput, and ensuring timely deliveries. This comprehensive analysis
focuses on computing the theoretical flow time for varying order
sizes—specifically 8, 40, and 120 circuit boards—by examining the key factors
involved, assumptions made, and detailed calculation methods.

What Is Theoretical Flow Time?

Before diving into calculations, it'’s crucial to clarify what the theoretical
flow time entails.

Definition:

Theoretical flow time is the minimum possible time required to complete an
order through a production process, assuming an ideal scenario with no
delays, idle times, or disruptions. It is a calculated value based solely on
processing times at each stage, ignoring factors like queueing, machine setup
times, or variability.



Importance in Manufacturing:

- Provides a baseline for estimating lead times.

- Aids in capacity planning and scheduling.

- Helps identify the efficiency of the process.

- Serves as a benchmark for evaluating actual process performance.

Key Factors Influencing Flow Time in Circuit
Board Manufacturing

Several variables impact the calculation of flow time in the context of
circuit board production:

1. Process Steps and Sequence
Typical steps include:

- Design & Stencil Preparation

- Component Placement (Pick-and-Place)
- Soldering (Reflow or Wave)

- Inspection & Testing

- Packaging and Shipping

Each step has its own processing time and may involve multiple sub-processes.

2. Processing Time per Board
Average time taken at each stage, which depends on:
- Machine speed

- Operator efficiency
- Complexity of the circuit board design

3. Number of Stations and Parallelization

The ability to process multiple boards simultaneously affects overall flow
time.

4. Batch Size and Setup Times

- Larger batch sizes may reduce per-unit setup time but can introduce longer
gqueue times.

- Setup time is the duration required to prepare equipment for a new batch,
which, in an idealized calculation, is often excluded from the flow time.



5. Resource Availability and Bottlenecks

Any resource constraint can extend the flow time and should be considered.

6. Assumptions in the Calculation

For simplicity, the calculation assumes:

- No machine downtime or failures

- No changeover/setup times

- Continuous, uninterrupted processing
- Uniform processing times across units

Methodology for Calculating Theoretical Flow
Time

To accurately compute the flow time, follow this structured approach:

Step 1: Map the Process Flow

Identify all process stages and their respective processing times per unit.

Step 2: Determine Processing Times

Gather data on:

- Processing time per board at each station (e.g., seconds per board)
- Number of stations involved in the process

Step 3: Calculate the Bottleneck

Identify the stage with the longest processing time or capacity constraint,
which dictates the maximum throughput.

Step 4: Compute Stage Times for the Order Size

Multiply the per-unit processing time by the number of units for each stage,
considering whether processing is serial or parallel.



Step 5: Sum Up the Processing Times

Add the times for all stages, considering the sequence and any overlaps, to
derive the total flow time.

Step 6: Adjust for Parallel Processing and Overlaps

If certain stages occur simultaneously (parallel processing), adjust the
total flow time accordingly, ensuring that overlapping stages are not summed
redundantly.

Applying the Methodology to Different Order
Sizes

To illustrate, assume some typical process parameters based on industry
standards:

- Design & Stencil Preparation: 2 hours (fixed, done once per batch)
- Component Placement: 0.5 seconds per board

- Reflow Soldering: 1 second per board

- Inspection & Testing: 0.2 seconds per board

- Packaging: 1 minute per batch

Note: For simplicity, assume that design and stencil preparation are done
once per batch, and packaging is per batch.

Scenario 1: Order of 8 Circuit Boards

Process Calculation:

Component Placement:
0.5 seconds/board x 8 boards = 4 seconds

Reflow Soldering:
second/board x 8 boards = 8 seconds

= o

Inspection & Testing:
.2 seconds/board x 8 boards = 1.6 seconds

(o]

- Packaging:
Fixed at 1 minute (60 seconds), done after all boards are processed.



Total Processing Time:
- Since processes are sequential (except for packaging), total time is:

1. Design & Stencil Preparation: 2 hours (7200 seconds) — assumed completed
beforehand

2. Component Placement + Reflow + Inspection:

Sum of per-board times: 4 + 8 + 1.6 = 13.6 seconds

All boards processed in parallel at each stage

3. Final assembly:

The bottleneck is the longest stage; here, reflow at 8 seconds.
Flow time:

- From start of component placement to last board passing inspection:
- Since stages are sequential:

- Total: 7200 seconds (design/stencil prep, assumed done) + max of (component
placement, reflow, inspection) per batch + packaging

- For the production process itself:

- Component placement: 4 seconds (parallel, so total is 4 seconds)
- Reflow: 8 seconds

- Inspection: 1.6 seconds

- The longest process is reflow (8 seconds), so total process time after
design/stencil is approximately 8 seconds (assuming negligible setup times).

- Packaging adds 60 seconds at the end.
Result:
Theoretical flow time for 8 boards:

Approximately 7200 seconds (design/stencil prep) + 8 seconds (longest process
stage) + 60 seconds (packaging) = 7270 seconds (~2 hours).

Scenario 2: Order of 40 Circuit Boards

Process Calculation:



Component Placement:
.5 seconds/board x 40 = 20 seconds

(o)

Reflow Soldering:
second/board x 40 = 40 seconds

= o

Inspection & Testing:
.2 seconds/board x 40 = 8 seconds

(o)

- Packaging:
Fixed at 1 minute (60 seconds)

Processing Times:

- Similar to the previous scenario, stages are parallelized; thus, the
bottleneck remains the longest stage.

- Reflow soldering at 40 seconds is the longest process.
Flow Time:

- Design/stencil prep: 7200 seconds (assumed done beforehand)
- Processing:

- Component placement: 20 seconds

- Reflow: 40 seconds

- Inspection: 8 seconds

- Final packaging: 60 seconds

- Total process time after design/stencil:

- Max of (20, 40, 8) = 40 seconds

- Total flow time:

- 7200 seconds + 40 seconds + 60 seconds = approximately 7200 + 100 = 7300
seconds (~2.03 hours).

Scenario 3: Order of 120 Circuit Boards

Process Calculation:

- Component Placement:



0.5 seconds x 120 = 60 seconds

- Reflow Soldering:
1 second x 120 = 120 seconds

Inspection & Testing:
0.2 seconds x 120 = 24 seconds

Packaging:
minute (60 seconds)

= o

Processing Times:

- Assuming the process can handle multiple boards simultaneously in batch
mode, and the bottleneck is still reflow soldering at 120 seconds, the total
process time after design/stencil prep remains the same.

Flow Time:

- Total:

- Design/stencil prep: 7200 seconds

- Processing:

- Component placement: 60 seconds

- Reflow: 120 seconds

- Inspection: 24 seconds

- Packaging: 60 seconds

- Sum of process stages (excluding design):

- Maximum process time: 120 seconds

- Final total:

- 7200 + 120 + 60 = 7380 seconds (~2.05 hours).

Interpreting the Results and Practical
Considerations

While these calculations provide a theoretical minimum, real-world flow times
can be significantly longer due to several factors:



- Setup and Changeover Times:
In actual production, setup times for machine changeovers can add substantial
delays, especially with small
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