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PREFACE

The followlng gqulnmester course outline will serve as a
guide for the high school or adult tralnee 1in the use and care
of gage blocks and optical flats as preclision measuring tools.

This outllne conslsts of seven blocks of work or 135
hours of lnstruction which are subdivided into several units
each. These blocks will 1nvolve the techniques of precision
measurement wlth gage blocks and opticel flats in the laboratoery
and 1n the shop, Procedures of Iinstrument calibrat.on will
also be covered.

Adequate laboratory tlme and actual experlence with
serviceable parts will be provided to develop skills in the
student,

The student 13 expected to be proficient 1In, not Just
famlliar with the nature and the application of these techniques,

Prerequlsite for this course 1s Course No., §9225.0%

entitled Micrqmgter Instruments.

Motion plcture fllms and color slides willl be used to
brlng into the classroom the applicatlon of these technlques.

Study periods, group dlscussions, and extenaive use of
the textbooks and training manuals wlll be used. These are

l1isted along with references and periodicals in the blbllo-

graphy.



This outlline was developed through the cooperative
efforts of the instructlonal and supervlisory personnel, the
Quinmester Advisory Committee, and the Vocatlonal Teacher
Educetlon Service, and has been approved by the Dade County

Vocatlional Currilculumn Commlttee,

11




TAELE OF CONTENTS
witih Suggested Hourly Breakdown

Page
PREFACE e e e e e e e e e e e e e e 1
GOALS . . e e e e e e e \
SPECIFIC BLOCK OBJECTIVLS e e e e e e e vi
BIBLIOGRAPHY . . . . . « « « « + o« . e . 6
BLOCK
I. HISTORY OF GAGE BLOCKS (5 hours)
Evoiution of Standards . ., . . . . . 1
The Inventlon of the Gage Block . ., . 1
Gage Block Nomenclature e e e e . 1
II. TECHNIQUES OF USING GAGE BLOCKS (70 hours)
Comblning Gage Blocks to Arrive at a
Deslired Diminsion ., . ., . . 1
The Techniques of Wringing Gage Blocks . 2
Procedure for Using the Gage Block
Holders e e e e e e e e e e 2
Technliques of Using Gage Block
Accessories . . . . . . . . . . 2
Techniquas of Attribute Gaglng wlth Gage
Blocks . . . « e e 2
Use of Gage Blocks 1n the Interchanre
Method of Measurement by Comparlison ., . 2
Use of Gage Blocks for Direct
Measurement . . . e e e . 2
Effect of Temperature on Gage Blobks When
Used 1n Precision Measurement . . . . 2
Work Precautlons to Observe when Dolng
Preclsion Measurement with Gage Blocks 2
III. CARE OF GAGE BLOCKS (10 hours)
Keeplng Gage Blocks iIn a Desirable
Environment . , e e e e e e 3
Avolding Excesslve Handling e e . 3
Handling with Insulated Tweezers Fhamois
or Tissues e e e e e e e e e 3

Q L1t




Page

Laying Blocks on Thelr S1ldes on

Clean Tissues . 3
Keepling Box Ll1d Closnd at All Times . 3
Cleaning and Lubricating After Each Use 3
Cleaning A1l Blocks and Thelr Cases
Periodically . . . .+ .+« .+ .+ . . 3
IV. THEOFY OF LI DT WAVES (10 hours)
Definttlon and Explanation of the Energy
Wave Form , . . . 3
Definitlion and Exnlanation of the Term
Fraguency . . . 3
Define anrd Fxp]ain tbe Hollowing Terns
as Feferrad to Light . ., . . . . . 3
V. EQUIPMENT USED FOR MpARURING WITH LIGHT WAVES
(5 hours)
The Optical Flat Ce e e e 4
Light Sources Used W1th Ovticai Flats 4
VI, TECHNIQUES I"OR MEASUREMENT WITH LIGHT WAVES
{22 hours)
Positioning Part and Light Source 4
Proper Selectlon of Optical Flat . . 4
Importance of Cleanliness . . . . . . 4
Finding the Reference Point . . . . . 4
Determining Degree of Surface Flatness ., . L
Measuring Micro-Dimlnslons DBetween a
Known and an Unknown Part e e e 4
VII. CARE AND FANDLING OF OPTICAL FLATS AND RELATED
EQUIPMENT (5 hours)
Cleaning and Storing Optical Ilats 5
Cleaning and Minor Malntenance of
Iilght Source Equlpment e e e e 5
VIII. QUINMESTrR POST TEST
APPENDI¥: OUINMESTEE POST TEST SAMPLE . . . . . 8

iv




GOALS

The aviatlon quallty control student must be able to:

1.

2.

Develop s8klills in the use of gage blocks and optical
flats as preclslion measurlng instruments.

Develop the attitudes of patience and persistence to
galn maximum accuracy.

Develop the habits of cleanliness of person and work
area.

Be aware of the responsibllity involved in hls chosen
work,

Maintaln the standards required for the fleld.

Control quality of the finished product.

v



SPECIFIC BLOCK OBJECTIVES

BLOCK I - HISTORY OF GAGE BLOCKS
The student must be ahle to:

1. Name and describe at least three early standards of
measurement,

2. Describe in writing the lightwave as a standard, 1in
approximately 50 words.

3. List the dlmensional serles used in gage block sets.

L, Explaln the wringing interval.

BLOCK II -~ TECHNIQULS OF USING GAGE BLOCKS

The student must be able to:

1. DMake up a stack of gage blocks to at least three

dlmensions greater than 0,1000 inch,

Make up the necessary stacks of gage blocks to glve

three dimensions less than 00,1000 inch.

. Demonstrate prorer wringing techniques for gage

blocks.

Make a gage block set-up for attribute gaging.

Calibrate a high amplification comparator using

gage blocks.

. Perform one direct measurement on a part using
gage blocks and wear bhlocks,

n

gy UV E oW

BLOCK III - CARE OF GAGE BLOCKS
The student must be able to:

1. Demonstrate proper cleaning procedures of gage blocks
prior to wringing.

2, Completely clean and lubricate one set of gage
blocks and case.

BLOCK IV - THEORY OF LIGHET WAVES
The student must be able to:
1., Write, In approximately 50 words, an explanation of
wave length and frequency.

2. List the new terms he has learned about 1light with
a brief definition,

Q vi




BLOCK V - EQUIPMENT USED FOR MEASURING WITH LIGHT WAVES
The student must be able to:

1. Set up a 1llght source for proper viewlng wlth
optical flats.
2. Identify working surfaces of optical flats.

BLOCK VI - TECHNIQUES FOR MEASUREMENT WITH LIGHT WAVES

The student must 2e able to:

Measure surface flatness on at least three different

specimens,

2., Select the proper optlcal filat and 1light source angle
for number one above,

3. Compare results, from number one above, with standard
charts provided,

4, Measure, using optlcal flats, microlnch difference

between one known and ohe unknown part,

d
.

BLOCK VII - CARE AND HANDLING OF OPTICAL FLATS AND RELATED
EQUIPMENT

The student must be able to:

1. Prepare a setup for measuring surface flatness on
speclnen provided, demonstrating proper cleaning
techniques of the optical flats and work area,

2. Change a lamp on a llght source {Tlxture using proper
safety vprecautions.

BRLOCK VIII - QUINMESTER POST TEST
The student must be able to:

1. Satisfactorlily complete the gquinmester post test,

vil



Course Descriptlon

Using Gage Blocks as

9225 48 9225.03 Measuring Standards
State Category County Dept. County Course Course Title
Number Number Number

Thls course consists of the evolution and history of gage
blocks and optical flats as measuring tools, Theory and
principals are covered in detall. Considerable time 1s
spent in the techniques of using gage blocks and optical
flats in actual measurement set-ups. Included 1s the
callbratlon and care of gage blocks and optical flats.

Clock hours: 135




Course Outline

AVIATION QUALITY CONTRCL - BASIC - 9225
(ising Gage Blocks as Measuring Standards)

bDepartment 48 - Quin 9225.03

I. HISTORY OF GAGE BLOCKS

A, Evolutlon of Standards
1. Why a standard was needed
2. Discuss some early standards
3, The 1light wave as the modern day standard
a. Light source and wave length used as a
standard
b, How the 1llnear inch and meter 1is derived
fron. the 1light wave

B. The Inventlon of the Gage Block
1. Brief history of the inventor of gage blocks
2. Gage block dimenslions
3., Temperature standards for gage blocks

C. Gage Block Nomenclature
1. GCrade classiflcation for gage block sets
2. Dimensional seriles used 1n gage block sets
3, Gage block discrimination
4, The wrlinglng Interval In gage block stacks
5. Gage block slzes, shapes and accessorles
a. Sqguare and rectanguiar gage block sets
b, Gage block stack holders
¢. BRases, centers, scribers, and end standards
for gage block stacks

II. TECENIQUES OF USING GAGE BLOCKS

A. Comblning Gage Plocks to Arrive at a Deslired Dimenslon
1. Tor a dimenslon greazter than 02,1000 Inch
5 For a dimenslon less than 0.1C00 1inch




II. TECHNIQUES OF USING GAGE BLOCKS (Contd.)

B, The Technlques of Wringling Gage Elocks

1. Importance of cleanliness
a, Cleaning solvents to use
b. Use of camel's hair trushes
c. Lint free tlssues
d. VUsing the chamols

2. Step by step procedure for wringlng two gage
tlocks togetier
a. The cleanlng process
b, Polnt of contact and pressure to use

C. Procedure for Using the Gage Block Holders

D. Techriques of Using Cag: EBlcck Accessorles
1., Use of erd standards
2. The purpose of, and when to use wear blocks
3. Using the centers, scribers, base, and other
related accessorles

E. Technlques of Attrlbute Gaging with Gage Bloecks

F., Use of Gage Blocks in the Interchange Method of
Measurement by Comparison
1. Use of gage blocks wlth dlal Indicatcers
2. Use ol gage blocks with high amplificatlon
comparavors

G. Use of Gage Blocks for Direct Measurement

i, Effect of Temperature on Gage Blccks When Used 1n
Precision Measurement

1. The temperature standard

2. Coefflcient of expansion of various metals

2, Techniqua2s In reading the temperature correctlion
slide rule

4, Using the normalizing plate

I. 4Work Precautions to Observe When Doing Preclslon
Measurement wlith Gage Blocks
1. The effects of vlbration
2. Avold drafts




II. TECHNIQUES OF USING GAGE BLOCKS (Contd.)

3. Watch for temperature changes
a, Body heat
b, Sunlight
¢c. Direct lamplight
d. Alrconditloning
e Your own breath

III. CARE OF GAGE BLOCKS

A, Keeping Gage Blocks 1n a Desirable Environment
1. Dust free flltered alr
2. Dehumldified atmosphere
3. Stabillized temperature

B. Avolding Excessive Handling

C, Handling with Insulated Tweezers

D. Laylng Blocks on Thelr Sides on Clean Tlssues

E. Keeping Box Ll1d Closed at All Tlmes

F, Cleaning and Lubricating After Each Use

G. Cleaning All Blocks and Thelr Cases Perlodically

IV. THEORY OF LIGHT WAVES

A. Definition and Explanation of the Energy Waveform
1, wWave lengths of visible light
2. Wave lengths of invisible light

B. Definition and Explanatlion of the Term Frequency
1. Frequency of visible 1light
2. PFrequency of 1nvisible light

C. Define and Explaln the Following Terms as Referred
to Light
1. Reflection and refractlion




IV.

VI,

THEORY OF LIGHT WAVES (Contd.)

In-phase and out-of-phase in ralatlon to 1light
bands and dark bands

Sine wave, fringe bands, and amplitude 1in
reference to light waves

EQUIPMENT USED FOR MEAZURING WITH LIGHT WAVES

Ao

The Optlcal Flat

1.

2.
3.
L,

How the optical flat 1s made

a. Materlal used

b, Coatings used

Shzpes of the optical flat

Slzes of optical flats

How working surface 1s ldentifled

Light Sources Used with Optlcal Flats

1.
2‘

3.

Explain monochromatic 1light

Conatructlion and operation of 1light source
fixtures

Methods and devices used for countlng fringe
bands

TECHNIQUES FOR MEASUREMENT WITH LIGHT WAVES

A,

Positloning Part and Light Source

Prover Selection of Optical Flat

Importance of Cleanliness

Finding the Reference Polnt

Determining Degree of Surface Flatness

Measuring Micro-dimenslons Between a Known and an
Unknown Part



VII. CARE AND HANDLING OF OPTICAL FLATS AND RELATED
EQUIPMENT

A, Cleaning zand Storing Optlcal Flats
1. Avolding filngerprints
2., Using 1lint free tissues or soft cotton
3. Use only recommended solvents

B. Cleaning and Minor MaintTenance of Light Source
Equipment

VIII. GQUINMESTER POST TEST




BIBLIOGRA PHY
(Using Gage Blocks as Measuring Standards)
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Delmar Publishers, Inc., 1966. The above con-
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A PPENDTIX

guinmester Post Test Sample




QUINMESTER POST TEST
(Using Gage Blocks as Measuring Standards)

Name Date Score

1. Are gage blocks ever used DIRECTLY for measuring?

2. Gage blocks are generally used for what method of
measuramant? (Circle correct answer)
1. Llaear method

2. Dilisplacement mathod
3., Conecentric method
4. Interchange method
3. Gage bYlocks come In four basic slze series, What are
they?
i, #hat zre WEAR BLOCKS how and why are they used?

5. “hat ls the WRINGIMNG IITERVAL®?

6. List at least five polnts pertalning to good gage block
USE and CARE,

. Determine the mlrimum number and slze gage biocks you
wonld reed to give you the Tollowing dimensions, Show
yvour work on the back i this page.

0.,2473"
0.5046"
3.3456"

5. You wish to check a 0.035" feeler gage. Show by gage
block arrangewment and slze how you would do this.
(Work out answer :n tne space velow)

Gawge blocks provide discriminatlion in
mil (or inch) lnerements.

O

10. What 18 meant by attrilhute gaging?

11, F

1

or tre purpose of c¢zllbration, measurements do not
ave to he made at the standard temperature of 58 degrees
F. This statement 1f %true or false. (Underiine one)

Al
1Y
t
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Aruitoxt provided by Eic:

what 1s the most practical standard for cailbrating
measuring instruments?

why ts 1% more difficult to calirrate internal measuring
Instruments?

Name a popular light source used wlth opticail flats.

Light wavas are now usad as the International light
standard., Name the lsotope that emlts this light
star.dard,

The dark bands we se=2 from the optlcal flat are the
result of: (Cirela the correct answer)

1. iIn phase

2. onb of phase, ilght tands

Greater scparatlon vetwaen optlceal flat and surface
seing oosarv=d causas MORK OR LESS fringe bands to form.

[Circia the covrect answer )
Lolatn twoncsenromnatlic 11; HL .

the optlcal fMat. Lxplain now vou determline the
soint of acontact or refersrence llne,

e holent distance Iror bend o band as viewed wlth
tha ontleal flat is alwayrs .

Uzlng the optlcal flat. curvature of the fringe cands
Aecates what condltlina of the surfaca belng observed?

Can height dlfferance Se measured between 2 known and an
nnown part?

i
\O
i



ANSWER KEY TO QUINMESTER POST TEST
(Using Gage Blocks as Measuring Standards)
1. Yes.
2. U4, interchange method,
3. .0ooo1", .001", .050", 1,000",
4, ,050" and ,100" wear blocks are used at ends of gage

nlock stacks to save blocks from damage when blocks are
used for direct measurement.

U

. The space between the wrung gage blocks.

6. 1. stand on sldes
2. keep box closed
3. do not leave hlocks wrung together
L, clean thorougnly befnre wringling
5. handle as little as posslble
7. 0.2473" zi7?
-31003 1003
~
147 1478
TS Tﬁmﬁi"
C.5ou8"
5047
G 1006
1040
ETen 30007
TN THOLn
3.3450 5. 456
3006 1.00€
3.2750
1050 1050
3,1400
1400 1400
3.0000
3.0000 3.0000"

~-10-




10.

11.

12,

20,
21,

22,

Dimension blocks 235 = 105 ¢ 130
Anvil block ,200
.035

.1 mil or .0o001",

Use of snapn or go-no go gages for culling or sorting
into size groups,

True.

Gage blocks,

Most standards have male features,
Helium,

Krypton 86,

2, Out of phase,

More.

Light of one color.

Pressure at point of contact causes no movement of bands,
Pressure at opposite side causes a spread of bands,.

11.6 mike {(mlcroinches)
Curved surface, elther convex or concave,

Yes,

-11-



