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Unit summary

The purpose of measurement control is to ensure that the right measuring equipment is used to measure, within an acceptable range of precision, the conditions in which your products are manufactured and their quality characteristics. This is essential if your products are to meet the required standards.

17.1 Purchase the right measuring equipment.

The first step in making sure that your measurements are correct is to purchase the right measuring equipment. 

17.2 Maintain your measuring equipment
When you have purchased the measuring equipment there are a number of steps that you need to take to make sure that it is properly looked after and used correctly:

17.3 Calibrate your measuring equipment

Calibrate all your measuring equipment at appropriate intervals. You may do this in-house or get an outside agency to do it. 

a. Establish calibration procedures.

b. Mark the calibration expiry dates.

c. Issue calibration certificates.

17.4 Carry out measurement control

Measurement control is not just the concern of the quality assurance department. It should be carried out in all the departments that have anything to do with measuring, and also in your partner companies.

17.5 Review and improve your measuring equipment and methods 
As well as the periodic control checks of individual items of equipment, you need to carry out regular reviews of all your measuring equipment and measuring methods, and to seek ways of improving these.
Learning tools

The RADAR questions

As you read each text you will discuss how it could be applied in your company. The RADAR questions will help you to focus this discussion: 

R- Are these ideas relevant to my company?

A- How would I apply each of them in my company?

D- What difficulties might I meet and how would I overcome them?

A- Are there any additional actions that I might take that are not mentioned in the text?

R- What resources would be needed, what would these cost, and how could they be acquired?

There will of course be some discussion point where not all of these questions will be applicable.

The 6-Point Structure

After you have discussed the ideas in the text, you write an action plan in which you present practical proposals for implementing the conclusions you have reached in your discussion. The 6-Point structure will help you to write your action plan:

1. Problems: Problems you have in your company in the area you have just discussed.

2. Proposals: Your proposals for improvement.

a. Be specific and concretes.

b. Include an implementation plan, with a time schedule and minimum and optimal implementation Targets.

c. Refer to any forms, charts, tables etc. that you would use, and include samples in an appendix.
3. Obstacles: Obstacles to implementation in employee attitudes, company organization and culture etc., and how these could be overcome.

4. Resources:
a. The resources required: funds, equipment, materials, man-hours, expertise etc.

b. The resources available within the company.

c. Any resources that would have to be found outside the company.

d. Alternative that could be used to cover any shortfall in resources

5. Assessment: Ways of assessing the results of implementing these proposals.

6. Benefits: The benefits your proposals would bring.

17.1 Purchase the right measuring equipment 

Introduction
1. The purpose of measurement control is to ensure that the right measuring equipment is used to measure, within an acceptable range of precision, the conditions in which your products are manufactured and their quality characteristics (the specific features of a product that are inspected to evaluate if it is of the right quality). This is essential if your products are to meet the required standards. You must therefore be careful, first of all, to purchase the right equipment. 

2. To make sure that you purchase the right equipment:

a. Read professional books and catalogues.

b. Select equipment that:

i. Is appropriate for your manufacturing conditions and product quality characteristics.

ii. Have the specifications that it is supposed to have.

iii. Has the required precision. 

iv. Measures as easily as possible.

v. Measures with a minimum of error.

vi. Is cost-effective.

c. Get a clear idea of the procedures and tools for using the equipment correctly.

d. Get a clear idea of any special precautions that need to be taken:

i. To avoid damaging the equipment, especially needles and other fine apparatus.
ii. To keep the measuring error within the specified range.

3. After you have purchased the equipment, inspect it, and then register it in master tables, using a standard format. Keep these master tables and use them at regular intervals to check and maintain the precision of the measuring equipment and measuring methods. (See Figure 17.1a)
DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your action plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. What procedures does your company follow when it wants to purchase new measuring equipment? How successful are these? Where do they need to be improved?

b. Parag. 1 presents several actions to take when purchasing new equipment. Apply the RADAR questions to these 
c. Parag. 2: Apply the RADAR questions to these guidelines for inspecting and registering the new equipment.
ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for introducing improvements in your company. Alternatively, you may include these ideas in one action plan after you have discussed several texts. You might like to follow this 6-Point Structure:

Figure 17.1a Registration of measurement equipment 
	L/N
	ITEM
	
	DATA

	1
	1 I.D. No.
	
	

	2
	2 Name

	
	

	3
	3 Type. 
	
	

	4
	Class
	
	

	5
	Grade

	
	

	6
	Manufacturer
	
	

	7
	Model.
	
	

	8
	Mfg Serial No.
	
	

	9
	Date (Manufacture)
	
	

	10
	Date (purchase)
	
	

	11
	Unit(s)
	
	

	12
	Precision
	
	

	13
	Measurement item(s)

	
	

	14
	Range of measurement
	
	

	15
	Calibration interval.
	
	

	16
	Calibration due date
	
	

	17
	Calibration by
	
	(In-plant or at an outside lab.)

	18
	Procedure, Calibration
Cali9ration
	
	(Document I.D. No.)

	19
	Procedure, Measurement
Measurement
	
	(Document I.D. No.)

	20
	Location code of asset
	
	

	21
	Asset No.

	
	

	22
	Used at
	
	(Location code)

	23
	Stored at
	
	(Location code)


17.2 Maintain your measuring equipment
Introduction
1. When you have purchased the measuring equipment you have to make sure that it is properly looked after and used correctly:

a. Establish procedures for calibrating, maintaining precision, storing and using the measuring equipment.

b. Record the implementation of control procedures.

c. Clarify responsibility and authority for measurement control.

d. Establish procedures for changing the specifications of equipment.

e. Establish master file.

f. Give special Establish attention to critical measuring equipment.

g. Train operators to use the equipment.

Establish procedures for calibrating, maintaining precision, storing, and using measuring equipment:
2. To establish these procedures:
a. Decide on the calibration methods, and how to record the measurement results. (See Text 17 3)
b. Decide how to store the equipment in a way that will maintain its precision:

i. Make sure that it is protected from dust, humidity, rust, and other harmful factors.

ii. Make sure that it is wrapped up and stored carefully, even when used daily. 

c. Indicate the equipment’s expiry date, using Arabic numerals.

d. Prepare labels to attach to the equipment – labels will differ depending on the system of measuring.

e. Set procedures for maintaining the precision and functioning of the equipment, and for inspecting and repairing it.

f. Establish procedures for dealing quickly with problems.

g. Prepare manuals which will provide specifications for the purchase, installation, repair, maintenance, and disposal of measuring equipment.

h. Make sure that everyone follows the rules and procedures for using the equipment, and is alert for errors that may emerge either in the measuring equipment or in the measurements.

Figure 17.2a Errors in measurement
Errors due to parallax
When the sleeve scale and thimble scale of micrometers are not on the same plane, or when the main scale and vernier scale of vernier callipers are not on the same plane, if the scale lines are not read from the front, a reading error due to parallax occurs. (Parallax is where an object seems to be in different positions if viewed from different positions.)

Errors due to elastic deformation

When an object receives some force from a measuring device, it deforms elastically at the point of contact. Usually this is negligible, but sometimes one needs to keep this possibility in mind.

Errors due to thermal expansion
An object may receive thermal effects in two ways. One is heat generated by machining. The other is the temperature of the environment. The rise in temperature of the object being measured caused by machining affects the precision of machining. When a dimension is measured, the object should be conditioned at room temperature before the measurement is carried out.

Other errors
In addition to these types of errors, you should also  take into account humidity, dust, atmospheric pressure, vibration {including vibration of the floor) light, and noise to ensure precise measurements.

Figure 17.2b Identification labels

	Classification


	Control  method
	Control department
	Label

	Measuring equipment maintained or calibrated by specialized department.
	To be inspected and calibrated following a periodic inspection plan table.
	Measuring equipment: department which uses it. 

Precision: specialised department.
	ID No:

Expiry date:

Year, month, day.

ABC Corp., XYZ factory

	Measuring equipment to monitor operation of machine and equipment.


	To be inspected and maintained according to an equipment maintenance plan.
	User department 
	ID No:

Expiry date:

Year, month, day.

Periodic maintenance, precision inspection.

	Inspected by a user department.
	To be inspected periodically

(once a year).
	User department.
	ID No:

Expiry date:

Year, month, day.

User department:

Precision inspection.

XYZ factory section.

	
	Daily inspection and periodic inspection.
	User department.
	ID No:

Expiry date:

Year, month, day.

User department:

Function inspection.

XYZ factory section


Figure 17.2c Illustration of storage places 
[image: image1.emf]
Record the implementation of control procedures
3. Record and verify the implementation of each of the control procedures, take corrective action when necessary and record this action. Use recording methods which make it difficult to rewrite records.
Figure 17.2d Check sheet for implementing control criteria for measuring equipment

[image: image2.emf]
Clarify responsibility and authority for measurement control
4. To clarify responsibility and authority for measurement control:

a. Clarify the responsibility and authority of the department in charge of measurement control 

b. Document the company's system of measurement control.

c. Appoint someone to be responsible in each department, and clarify the scope of this person’s authority.
d. Require those in charge to control their own work, and train them to be able to do so.

Figure 17.2e Assignment of control task of measuring equipment
[image: image3.emf]
Establish procedures for changing the specifications of measuring equipment
5. You will need to change the specifications of measuring equipment when there are changes in manufacturing conditions, quality characteristics, and the frequency of use of the equipment. To select the right measurement precision after such changes, take account of the purpose, frequency, durability and reliability of the equipment. Then draft and implement the new control procedures.

You can express the evaluation of the required characteristics of the equipment in scores which can then be used to determine the how often the equipment should be inspected. 

Figure 17.2f Required characteristics

[image: image4.emf]
Establish master files
6. Establish master file that document the purchase, calibration, repair and disposal of measuring equipment. These will provide records that make it easy to find the date of calibration and whether the equipment passed the calibration criteria.

7. Each unit of measuring equipment should have its individual file. Make with its identification number, and containing all relevant data including:

a. Catalogue and specifications.

b. Acceptance inspection certificate and calibration certificate.

c. Reports on out-of-order items, repairs etc.
Figure 17.2g Folder for equipment ID

[image: image5.emf]
Give special attention to critical measuring equipment

8. Important measuring equipment that is used as in-house prototypes should be clearly designated and registered:

a. Calibrate it regularly during its period of validity.

b. Ensure that the expiry date and place of storage are clearly marked.
c. Clearly identify it in the master tables (the master records of correct calibration).

d. Control it to maintain a higher level of precision than other equipment.
Train your operators in using the measuring equipment 
9. Measurement operators must understand the measurement objectives and be able to master the measurement skills. To ensure that this:
a. Provide education and training to operators according to the importance and complexity of their jobs.

b. Plan and implement individual training programs.

c. Include practice as well as lectures in the training programs.

d. Use control check data in your training programs. (See 17.4.6.)

e. Keep training records and re-train the operators when necessary.
10. It is a good idea to use the results of the analysis of the measurement data from the daily and periodic checks to improve the education and training of your measurement operators. Present it as problems for them to solve. Do follow-up check on the effectiveness of this. It is important to look on this data as providing problems to be solved.
Figure 17.2h Employee training record

[image: image6.emf]
Figure 17.2i Countermeasures report format

[image: image7.emf]
Figure 17.2j Outline of a plan for education in measuring equipment 
[image: image8.emf]
DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: How adequate are your company’s procedures for maintaining its measuring equipment?
i. What are typical errors in using measuring equipment in your company? How serious are they? How do you deal with them? Have you experienced any of the errors described in the examples in Figure 17.2a?
ii. How effective is your system for storing measuring equipment? Where do you feel it may need to be improved?

b. Parag. 2: Apply the RADAR questions to these proposed procedures for calibrating, maintaining, storing and using measuring equipment.

c. Parag. 3. How effective is your system for recording the implementation of control procedures? Where does it need to be improved?

d. Parag. 3: Look at Figure 17.2d. How relevant would this check sheet be for your company? What changes would you make to it so that it would be suitable?

e. Parag. 4: Apply the RADAR questions to these recommendations. Could you adapt the table in Figure 17.2e to suit your company?

f. What problems do you experience with measuring equipment when there are changes in the manufacturing conditions? How do you deal with them?

g. Parag. 4: Apply the RADAR questions to these recommendations for changing specifications. 

h. Parag. 5. How do you educate and train your measurement operators? How do you think this could be improved?

i. Parag. 6 and 7: Apply the RADAR questions to these suggestions for maintaining master files.
j. Do you use any equipment as in-house prototypes? How do you maintain this or other critical equipment at a high level of precision?

k. Parag. 8: Apply the RADAR questions to these recommendations for looking after critical measuring equipment.

l. Parag. 9: Apply the RADAR questions to these training guidelines.
m. Parag. 10: Apply the RADAR questions to the idea of using control check data to train operators.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for introducing improvements in your company. You might like to use the 6-Point Structure. Alternatively, you may include these ideas in one action plan after you have discussed several texts.

17.3 Calibrate your measuring equipment 

Introduction

1. Calibrate all your measuring equipment at appropriate intervals. You may do this in-house or get an outside agency to do it.
a. Establish calibration procedures.

b. Mark the calibration expiry dates.

c. Issue calibration certificates.

Establish calibration procedures
2. First decide whether your measuring equipment will be calibrated in-house or by an outside calibration organization. Base this decision on what has to be calibrated, and the time, cost, and personnel needed to do it. When you are carrying out in-house calibration:

a. Draft your calibration plans in advance.

b. Decide on a date to calibrate the equipment, after consulting the related departments.

c. Record the calibration results in calibration certificates and report them to the related departments.
d. Consult the departments about what measures to take if deficiencies are found.
e. Recalibrate the equipment when there are any changes in the procedures for calibrating it.
Figure 17.3a Calibration work instruction

[image: image9.emf]
Figure 17.3b Measuring equipment calibration instruction

[image: image10.emf]
Mark the calibration expiry dates
3. Clearly mark the calibration expiry date on each piece of equipment:

a. Use labels that are easily identifiable by colour and shape, with different sizes for different sizes of equipment

b. Use hallmarking or permanent ink that will not be easily contaminated

c. Write in Arabic numerals

Figure 17.3c Identification labels
[image: image11.emf]
Issue calibration certificates
4. Issue calibration certificates which show that the equipment has been calibrated to in-house, external, national or international standards. Certification should relate to the highest level of reference standards (official standards that other standards are based on). The calibration certificates should show:

a. The calibrating department.

b. The standards used.

c. The calibration date.

d. The person in charge.

e. What is certified.

5. The department in charge of calibration should not allow the calibration schedule to disturb the manufacturing departments. Give them prior notice in writing and carry out the calibration in a planned manner.

Figure 17.3d Traceability chart 

[image: image12.emf]
Figure 17.3e History of calibration and repair
[image: image13.emf]
DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. What calibration procedures does your company follow? Is the calibration done in-house or by an outside organisation? What are the shortcomings, if any, in your calibration procedures?

b. Parag. 2: Apply the RADAR questions to these guidelines for:

i. Deciding whether to calibrate measuring equipment in-house.

ii. Conducting in-house calibration.

Include Figures 17.3a and 17.3b in your discussion and, if you feel it would be useful, draft similar calibration instructions for your calibrating your own equipment.

c. Parag. 3 presents suggestions for marking the expiry date on each piece of equipment. Would these be an improvement on your present system? Decide what kind of system your company should have in future.
d. Parag. 4: Do you already use calibration certificates? What do they show? How would you change them after reading the suggestions in this paragraph? Include Figures 17.3d and 17.3e in your discussion and, if you feel it would be useful, draft similar charts for your own work.

e. Parag. 5: Do the people in your manufacturing departments ever complain that the calibration schedule disturbs their work? What could you do to make sure that you do not disturb them?

f. Does your company maintain master files? If so, what do they show? How useful are they?

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for introducing improvements in your company. You might like to use the 6-Point Structure. Alternatively, you may include these ideas in one action plan after you have discussed several texts.

.
17.4 Carry out measurement control 

Introduction
1. Measurement control is not just the concern of the quality assurance department. It should be carried out in all the departments that have anything to do with measuring, and in your partner factories.

a. Carry out measurement control in all the related departments.

b. Carry out measurement control in your partner factories.

c. Carry out daily and periodic checks.

d. Establish criteria for handling problems.

Carry out measurement control in all the related departments
2. All the departments that are involved in measurement should carry out measurement control, and not just by the quality control department. This will require:

a. Knowing the company-wide status of measurement control.

b. Standardizing the procedures for using and calibrating the equipment in these departments, and training their personnel in these procedures.

c. Controlling the measuring data, and the handling methods and precision control of the equipment.

Example: Figure 17.4a Organisation of task assignment in the control of measuring equipment
[image: image14.emf]
Carry out measurement control in your partner factories
3. Your partner companies should also carry out measurement control. In fact their overall quality assurance system should be of a similar level to yours, since their level of quality often determines the quality of your products. The following steps should be taken:

a. The department in charge of measurement in your company, in cooperation with your related departments, carry out measurement control in your partner companies.

b. This department periodically audits the measurement control system in your partner companies.

c. The related departments in your company provide guidance and assistance on measurement control when deficiencies emerge, or when requested to do so by these companies.
Carry out daily and periodic control checks
4. Use daily and periodic checks to maintain the precision of your measuring equipment and to prevent the use of defective equipment. How often these checks are carried out depends on how often the equipment is used, and the reliability required of it. There are several times for checking: daily, before and after use, monthly or every three months.

a. Periodic check: examine the functions of products or machine, look for deterioration of parts, and restore performance by adjusting the equipment, replacing parts, oiling, or other means.

b. Daily check: examine all the activities that have to be carried out daily.

c. Procedures: Check the functions and the precision. Get a good understanding of the checking method, and the structure and function of the equipment, and read the manual.

d. Records: Use a format for check sheets that is easy to fill in. It is important to record that the check was carried out.

Figure 17.4b Check sheet: Daily check of micrometer

[image: image15.emf]
Establish procedures for handling problems

5. Establish procedures for dealing quickly and efficiently with any measurement problems that arise. Uniform procedures, based on the 5W1H principle (who did what where, when, why and how), will ensure that all operators will handle a problem in the same way. These procedures include:

a. Get all the facts: 

i. The measuring equipment.

ii. Identity number.

iii. Time.

iv. Place. 

v. Name of employee who discovered the problem.

vi. The nature of the problem.

vii. Deficiencies in the measuring equipment etc

b. Confirm who the operators should report to.

c. Label the equipment.

d. Analyse the problem (damage, wear and tear from usage, deterioration).

e. Take countermeasures, temporary and permanent.

Establish standards for replacement procedures in advance to minimize the effects of replacement on measurement work.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Does your company conduct measurement control in all the departments that do inspections? If yes, how effectively does it do so?

b. Parag. 2: Apply the RADAR questions to these suggestions for implementing company-wide measurement control. 

c. Parag. 3: Do you know how well your partner companies conduct measurement control? Do you have any worries about this?

d. Parag. 3: Apply the RADAR questions to these recommendations for ensuring that your partner companies carry out proper measurement control.

e. Parag. 4: Does your company conduct daily and periodic control checks of its measurement equipment? Do you feel that it conduct such checks often enough, and properly?

f. Parag. 4: Apply the RADAR questions to these procedures for conducting daily and periodic control checks. 

g. Parag. 5: What kind of measurement problems arise in your company? Do you have an effective system for dealing with them quickly and effectively? What weaknesses are there in this system?

Parag. 5: Apply the RADAR questions to these procedure for handling problems.
ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for introducing improvements in your company. You might like to use the 6-Point Structure. Alternatively, you may include these ideas in one action plan after you have discussed several texts.
17.5 Review and improve your measuring equipment and methods
Introduction

1. As well as the daily and periodic checks of individual items of equipment you need to carry out regular reviews of all your measuring equipment methods, and to seek ways of improving these. Only if you do this can you be sure of achieving your target level of quality and improving cost-effectiveness:
a. Carry out periodic reviews.

b. Develop new in-company methods and equipment.

c. Use statistical techniques to control and improve quality.

Carry reviews of your measuring equipment and methods
2. To review your measuring equipment and method:
a. Review and improve:

i. The measurement precision of drawings and specifications. 

ii. The precision of measuring equipment.
iii. Measurement conditions.

b. When the measurement values are abnormal, check the methods and equipment.

c. Make the necessary improvements after studying other equipment with a higher level of precision and efficiency.

d. Implement improvements to raise the efficiency of set-up and preparatory operations.

3. Your equipment and methods may be unsatisfactory for technical or procedural reasons:

a. Technical:

i. Inappropriate equipment has been selected.

ii. The design or manufacture of the equipment is inappropriate.

iii. The precision of the equipment has deteriorated.

b. Procedural:

i. Operators lack measurement skills.

ii. The measurement operation standards are inappropriate.

Note: Always look for ways of making more fundamental improvements rather than simply taking countermeasures when abnormalities occur.

Figure 17.5a Improvement of detection method

[image: image16.emf]
Figure 17.5b Improvement of the use of a dial gauge

[image: image17.emf]Develop new in-company measuring methods and equipment
4. Look for ways to develop new measuring methods and equipment within the company to deal with: 

a. Problems in the present technology: low precision, high dispersion, high maintenance costs, time- consuming training requirements.

b. Problems in operations: lack of skills, time-consuming set-up, dangerous handling.

Use statistical techniques to control and improve quality
5. Use statistical techniques to control and improve quality. These will give a better grasp of the issues related to measurement and a better understanding of the problems. They will help to show whether a problem in the relationship between measurement precision and dispersion is caused by the equipment or the method. If the problem is with the measuring equipment, replace it; if it is with the measuring method, revise the method and the operation standard for the method.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.
a. How often does your company review its measuring equipment and methods? What does it include in this review? What weaknesses, if any, are there in the way this is done?

b. Parag. 2 and 3: Apply the RADAR questions to these guidelines.
c. Parag. 3: Examine the example given in Figure 17.5b of improving the use of a dial gauge. What can you learn from this that could be applied in your company?

d. Parag. 4: Has your company developed new measuring techniques and equipment? How useful have these been?
e. Parag. 5: Does your company use statistical techniques to control and improve quality? If so, how effective has it been in doing so? How could it do so more effectively in future? What resources would you need in order to do so?

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for introducing improvements in your company. You might like to use the 6-Point Structure. Alternatively, you may include these ideas in one action plan after you have discussed several texts.
Test
Answer these questions using only information given in the text. For each question one, two or all three answers may be correct. Tick the answer or answers you think are correct for each question. Each question carries 3 points – you get one point for each correct answer that you tick, and one point for each wrong answer that you do not tick.

17.1 Purchase the right measuring equipment.
1
The first step when you are going to purchase new right equipment is to: 

a. Select equipment that has the required precision.

b. Read professional books and catalogues.

c. Get a clear idea of the procedures for using the equipment correctly.
2 The first thing to do after purchasing the equipment is to:

a. Register it.

b. Keep precision records.

c. Inspect it.
17.2 Maintain your measuring equipment
3 Procedures for maintaining measuring equipment include: 

a. Determine the calibration methods.

b. Store the equipment where only the person in charge of management control can access it.

c. Make sure that everyone is alert for errors that may occur at the time of measurement.

4 Procedures for maintaining measuring equipment also include:

a. Make sure that everyone follows the rules and procedures.

b. Indicate the expiry date in Roman numerals.

c. Establish procedures for dealing quickly with problems.

5 Prepare manuals which will provide specifications for the …. of measuring equipment:

a. Purchase.

b. Disposal. 

c. Exchange. 

6 Store calibrated measuring equipment where:

a. Its precision will be maintained.

b. It will be difficult for anyone to get at it.

c. It will be easy to access.

7 To record the implementation of control procedures use recording methods which:

a. Make it difficult to rewrite records.

b. Make it easy to rewrite records.

c. Make it impossible to rewrite records.

8 To clarify the responsibility and authority of the measurement control department:

a.
Document the company’s system of measurement control.

b. Appoint someone to be responsible in each department.

c.
Ensure that the work of those in charge is carefully controlled by senior managers.

9 Establish procedures for changing the specifications of measuring equipment when there are changes in:

a. Manufacturing conditions.

b. Quality characteristics.

c. The frequency of use of the equipment.

10 The master file for each piece of equipment should include:

a.
The catalogue.

b. The acceptance inspection certificate.

c. The purchase receipt.

11 With measuring equipment that is used as in-house prototypes:

a. Designate it clearly and register it.

b. Calibrate it only at the beginning and end of its period of validity.

c. Clearly identify it in the master tables.

12 To ensure that measurement operators are able to carry out measurements to the specified precision:

a. Provide education and training according to the complexity of their jobs.

b. Have training that is completely practical.

c. Keep training records and retrain the operators when necessary.

13 When the measurement data is analyzed it can be used to:
a. Do follow up on measurement operators.

b. Improve the education and training of measurement operators.

c. Provide them with sample problems to solve.

17.3 Calibrate your measuring equipment
14
When conducting in-house calibration:

a. Draft calibration plans in advance.

b. Decide on the calibration date before consulting the related departments.

c. Instruct the related departments about what measures to take if deficiencies are found.

15 Clearly mark the calibration expiry date on each piece of equipment:

a. In Arabic numerals.

b. In ink that can be easily erased and rewritten.

c. On labels that only those in charge can identify.

16 Calibration certificates should show:

a. The name of the calibrating department.

b. The standards used.

c. The labels used.

13.4 Carry out measurement control.
17
Carrying out measurement control in all the related departments requires:

a. Controlling the measuring data, the handling methods, and the precision control of the equipment.

b. Standardizing the procedures for using and calibrating the equipment in these departments.

c. Knowing the company-wide status of measurement control.

18 To ensure that partner companies carry out a similar level of measurement control to the parent company:

a. The department in charge of measurement in the parent company should carry out measurement control in the partner companies.

b. The department in charge of measurement in the partner company should periodically audit the measurement control system in the partner companies.

c. The related departments in the parent company should provide guidance and assistance on measurement control when deficiencies arise.

19 How often periodic checks are carried out depends on:

a. How old the equipment is.

b. How often the equipment is used.

c. How reliable the equipment is required to be.

20 Procedures for handling problems include:

a. Get all the facts.

b. Decide on the action to be taken against the employee who caused the problem.

c. Confirm who the operators should report to.

13.5 Review and improve your measuring equipment and methods
21
In carrying out reviews of measuring equipment and methods:

a. Make necessary improvements after studying other equipment with the same level of precision and efficiency.

b. Implement improvements to raise the efficiency of set-up and preparatory operations.

c. Review the measurement precision of drawings and specifications.

22 Unsatisfactory measuring methods may be the result of:

a. Selecting inappropriate equipment

b. Deterioration in the precision of the equipment.

c. Using equipment of a higher level of precision.

23 New measuring techniques and equipment may be developed within the company to deal with:

a. Problems caused by operators.

b. Problems in the present technology.

c. Problems in operations.
24 Statistical techniques help to:

a. Give a better grasp of the issues related to measurement.

b. Give a better understanding of the problems.

c. Show whether certain problems are caused by the method or the equipment.
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