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Toyota tries to eliminate production inefficiencies

to reduce costs.

Standard operations are aimed at using a

minimum number of workers for production.

There are three goals of standard operations.
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The first goal is to achieve high productivity

through working efficiently without any wasteful

motions.

Standard operations routine is important.

 a standardized order of the various operations to be performed 

by each worker
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The second goal is to achieve line balancing

among all processes in terms of production timing.

The third goal is that only the minimum quantity

of work-in-process will qualify as standard

quantity of work-in-process.

 or the minimum number of units necessary for the standard 

operations to be performed by workers

 with the concept of cycle time
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Standard operations consists of the standard

operations routine, cycle time, and standard

quantity of work-in-process.

Safety precautions and product quality are

subgoals of Toyota’s standard operations.
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The cycle time or takt time is the time span in

which one unit of a product must be produced.

cycle time=
Effective Daily Operating Time

Required Daily Quantity of Output

 The effective daily operating time should not be reduced for 

any allowances due to machine breakdowns, idle time, etc.

 The required daily quantity should not be increased to allow 

for defective output.
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The number of workers in any department at

Toyota’s factory can be decreased if the cycle time

is relatively longer.

Sometimes, the cycle time is determined

erroneously by using the current machine capacity

and labor capacity.

 It does not give the necessary time span needed for 

repositioning the workers.
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The completion time per unit of output has to be

determined at each process and for each part.

This time unit is always written on the part

production capacity sheet.

 filled out for each part
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The manual operation time and the machine

automatic processing time are measured with a

stopwatch.

The manual operation time should not include the

walking time at the process.
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The completion time per unit in the basic column

is the time required for a single unit to be

processed.
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If two units are processed simultaneously, or one

unit in every few units is inspected for quality

control, the completion time per unit will be

written in the reference column.
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The exchange units specify the number of units to

be produced before changing the bite or tool.

The exchange time refers to the setup time.
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The production capacity is computed by the

following formula.

N =
T

or
T−mN

C+m C

 N = production capacity in terms of units of output

 C = completion time per unit

 m = setup time per unit

 T = total operation time

 mN = summation of total setup time
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With the cycle time and the manual operation time

per unit for each operation, the standard

operations routine of each worker must be

determined.

The number of different operations that each

worker should be assigned must be calculated.
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The standard operations routine is the order of

actions that each worker must perform within a

given cycle time.

With the cycle time and the manual operation time

per unit for each operation, the standard operations

routine of each worker must be determined.
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The standard operations routine serves two

purposes.

 It provides the worker with the order or routine to pick up 

work, put it on the machine, and detach it after processing.

 It gives the sequence of operations that the multi-functioned 

worker must perform at various machines within a cycle time.
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1. The cycle time is drawn with a red line
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The approximate range of processes assigned to one

worker should be decided.

2.
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The manual operation and machine processing times

for the first machine are first drawn.

3.



23

4. Decide the next operation of this worker.
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Repeat Steps 3 and 4 until the whole operations

routine can be determined.

5.



25

The route must be completed at the initial operation

of the next cycle.

6.
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If the final wind-up point meets the red line of cycle

time, the routine as an appropriate mix.

If the final operation ends before the line, try to add

some more operations.

7.

The foreman should actually try to perform this

operations routine.

8.
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The layout of processes must be such that each worker

has the same cycle time for production line balancing.
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If the waiting time is too long, a double cycle time can

be set to have simultaneous operations by two or three

workers subject to the same operations routine.



29

In the “Yo-i-don” system, Yo-i-don means ready, set, go.

It is a method for balancing the production timing

(synchronization) among various processes where there

is no conveyor belt.

It can also be used to measure the production capacity

of each process.
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Consider an example in a body welding plant.

 6 underbody processes

 6 side-body processes

 4 main-body processes
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The cycle time for one product is 3 minutes 35 seconds.

Divide the cycle time into 3 equal portions

accumulatively as 1/3, 2/3, and 3/3.
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The worker in each process pushes his button when his

job is finished.

After 3 minutes 35 seconds, the red lamp on andon only

go on automatically at the processes where the job is not

completed.

The whole line stops operation while a red lamp is on

until the delayed processes are finished.
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Machine sequencing is important in complex operation

routines.

The setup problem should be taken into consideration

when different machines are laid out in succession.

Toyota uses a setup approach called one-shot setup.
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Suppose there are 4 kinds of machines in succession

such as a bending machine (W), a punch press (X), a

welding machine (Y), and a boring machine (Z).

One multi-functioned worker handles these machines.

He is now processing part A and he must next process

part B in these machines.
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When switching from producing A to producing B, the

machines should be set up.

If the worker set up the four machines after processing

all of part A at these machines, the lead time is quite

long.

Under the one-shot setup, he begins the setup for part B

while part A is still in process.
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The standard quantity of work-in-process is the

minimum necessary quantity of work-in-process within

the production line.

It does not include the inventory of completed products.

 the work laid out and held between machines

 the work attached to each machine
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The standard quantity varies according to the following

different operations routines.

If the operations routine is in accordance with the order

of process flow, there will be no work held between

machines.
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If the operations routine is in an opposite direction to

the order of process flow, there will be at least one piece

of work held between machines.
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The following points should be considered when

determining the standard quantity.

 the quantity necessary for checking the product quality at 

necessary positions of the process

 the quantity necessary to be held until the temperature of a unit 

from the preceding machine goes down to a certain level
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The standard operations sheet is the final item needed

for standardizing the operations at Toyota.

 cycle time

 operations routine

 standard quantity of work-in-process

 net operating time

 positions to check product quality

 positions to pay attention to worker safety
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The standard operations sheet is displayed so that each

worker of the process can see it.

 It is a guideline for each worker to keep the standardized 

operations routines.

 It helps the foreman check to be sure that each worker is 

following standard operations.
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The foreman must be able to perform the standard

operations perfectly and then instruct his workers to do

so.

The supervisor (foreman) should explain the reasons

why the standards must be kept.
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Two sheets help workers thoroughly understand the

standards.

 Operations key points note describes the important points of 

each operation.

 Operations guidance note explain the details of each operation 

and methods for checking product quality.
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• Capacity calculation for the resource with set-up changes:

•

• Capacity increases with batch size:

Example: Cutting Machine for shirts

20 minute cutting time (irrespective of the number of shirts)

4 minute/unit preparation time

Batch Size

Set-up time + Batch-size*Time per unit
Capacity given Batch Size =

Capacity 1/p
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• Large batch sizes lead to more inventory in the process

• This needs to be balanced with the need for capacity

• Implication: look at where in the process the set-up occurs

If set-up occurs at non-bottleneck => decrease the batch size

If set-up occurs at the bottleneck  => increase the batch size



48

Cutting Section 1 Section 2 Finishing

Set-up time:     20 minutes - - -

Activity time:     4 min/unit 40 min/unit 30 min/unit 3 min/unit

Resources:       1 Cutting machine      8 workers                  5 workers                1 worker

What is the capacity of the cutting machine with a batch size of 15?        ? unit/min

What is the capacity of the overall process?

How would you set the batch size?
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• Equate the capacity of the step with setup with the capacity of the step  from the 

remaining process that has the smallest capacity!

Flow Rate (F) 

F= B/(S+Bp) => B=FS/(1-Fp)

Flow Rate (F) * Setup Time (S)

Recommended Batch Size (B)=

1- Flow Rate (F) *Time per unit (p)

Batch Size (B)

Set-up time (S) + Batch-size (B)*Time per unit (p)
Capacity given Batch Size (C)=
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Capacity (B=12)   Milling: 0.0833unit/min (bottleneck)

Assembly: 0.33unit/min

Capacity (B=300)   Milling: 0.4166unit/min

Assembly: 0.33unit/min (bottleneck)

Recommended Batch Size?

(0.333*120)/(1-0.333*2)=120units!

Milling Machine Assembly process

Setup time Activity time

Milling 120 2

Assembly 0 3
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• Batching is common in low volume / high variety operations

• Capacity calculation changes:

• This reflects economies of scale (similar to fixed cost and variable cost)

• You improve the process by:

Setting the batch size:

(a) If set-up occurs at the bottleneck => Increase the batch size

(b) If set-up occurs at a non-bottleneck => Reduce the batch size

(c) Find the right batch size by solving equation

Reducing set-up times:

(a) SMED method separates between internal and external set-ups

(b) Do external set-ups off-line, i.e., while the process is still running

=> enables mixed model production (Heijunka:平準化) 

Set-up time reduction is also powerful in other settings, such as OR’s or airplanes

Batch Size

Set-up time + Batch-size*Time per unit
Capacity given Batch Size=


