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Course Descriptlon

Radiographic and

9227 48 g227,02 Thermal Testing
State Category County Dept. County Course Course Title
Number Number Number

This eourse conslists of X-ray and Gamma Ray Radiographie
Testing and iInfra-.red thermal testing of specimens without
destruction of the specimen, or what is called Nondestructive
Testing (NDT), Theory and principles are covered in detall.
Many known samples are used as standards and considerable
laboratory and fleld use of this equipment 1s conducted,

Clock hours: 135




PREFACE

The following gqulinmester course outline will serve as a
gulde for the high school or adult tralnee in testing,
Inspecting and checklng parts and materlals to insure the
quallty and reliabllity of the finlshed product.

This outline conslists of eight blocks of work or 135
hours of Instruction which are subdlivided into several units
each. These blocks will involve the techniques of X-ray
and gamma ray, radlographlc testing and inlra-red thermal
testing of specimens. These inspection methods of parts and
specimens are known as nondestructive testing or NDT,

Adequate laboratory time and actual experlence on alr.
craft and other equipment will be provided to develop skills
in the student.

The student 1s expected to be proficilent in, not just
famlliar with, the nature and the application of these
t"echnlques.

The student wlll work wilth and recelve substantlal
drill in the actual equlipment used in the NDT fleld.

Motlion plcture films and color slldes willl be used to

bring into the classroom the appllcation of these ftechniques.



Study periods, group discussions; and extenslve use of
textbooks and tralining manual will be used. These are
l1isted along with references and perlodlicals In the Biblio-
graphy.

Thls outline was developed through the cooperative
effortts of the instructional and supervisory personnel, the
Quinmester Advisory Commlttee, and the Vocatlonal Teacher
Educatlon Service, and has been approved by the Dade County

Vocational Curriculum Commlttee.
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GOALS

The aviatlion quality control student must be able to:

1.

2,

Develop ©kills In the use of nondestructive testing
equlipment.

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

Develop the hablts of cleanliness of person and work
area.

Be aware of the responsibllity involved in his
chosen work,

Maintaln the standards required for the fleld,

Control quality of the finished product,



SPECIFIC BLOCK OBJECTIVES

BLOCK I - HOW X-KAYS ARE PRODUCED
The student must be able to:

1. Identify and name at least & parts of the X-ray
tube.

2. Explain, ty dlagramming, what 1s the effective
focal spot. .

3. Explain, in writing, in not less than 25 words, how
X-rays are produced,

L, Name at least four sources of gamma rays,

5. Explailn, wlith the use of a drawling or photograph,
how an isotope camera works.

6. Explain, in writing, the terms X-ray quality and
X-ray quantity. o o

BLOCK II - EQUIPMENT USED IN RADIOGRAPHY
The student must be able to:

1. Physically check out the coolling circult of a 160
KV unit,

2, Explain, by dlagramming, three X-ray beam con-
figuratlions,.

3, Perform a complete "warm up" of a 160KV portable
unit after the unlt has not been used for 30 days.

4, Make up at least two prelimlnary exposure charts
from X-rays of step wedges.

BLOCK III - TECHNIQUES CF MAKING THE RADIOGRAPH
The student must be able to:

1. Make four exposures of step wedges at different KV
settings on cne sheet of 14 x 17 Inch filim.

2, Make a radlograph of at lecast four small speclmens
making the exposure from students prepared exposure
chart.

3, Calculate at least four exposure samples using the
slide rule exposure calculator,

4, Develop at least six full size sheets of exposed
X-ray film by hand,.

vi




5. Name three faults found 1n the exposed X-ray fiilms
and discuss these faults,

6. Name three faults found 1n the exposed X-ray fiim
from processing and explaln these faults.

7. Analyze at least six radlographs using viewar and
specimen,

BILOCK IV - SAFETY AND WORK PRECAUTIONS IN RADIOGRAPHY
The student must be able to:

1. Name and define three measurement terms used in
X-ray safety.

2. Explain the banklng concept and work out a maximum
permlssible dose for a hypothetical X-ray technician.

3. During an actual X-ray exposure, define and mark off
an unrestricted area using a survey meter,

4, Calculate, using the inverse square law, an
unrestricted area for a given exposure.

BLOCK V - THERMAL TESTING

The student must be able to: j
i

1. Explain the Iinfrared spectrum and 1rﬁ&ared energy.

2. Trace heat flow through at least twc 8pecimens.

3. Explain, using a block dlagram or fiow chart, what
takes place 1n the "temp test' machilrne.

BLOCK VI - TECHNIQUES IN OPERATING AND SERVLCiNG EQUIPMENT
USED IN THERMAL TESTING L

The student must be able to:

1. Prepare the "temp test" machine for operation,

2. F111 out a work sheet showlng control settings and
results of test.

3. Run complete tests on at least three specimens with
known cefects.

4, F11l1 out inspectlon reports on above tests,

5. Interpret recorder readouts on the above tests by
comparing with specimen.

6 Show hils abllity to care for equlpment by cleaning
optical parts and replacing a paper roll in facsimlle
recocrder.
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BLOCK VII - ADVANTAGES AND LIMITATIONS OF INFRAREDR
THERMAL TESTING

The student must be able to:
1. Run a successful test on at least one non-metallic
speclmen,
2., Locate, by test, water contamination in a honey-

comb structure,.

BLOCK VIII - SAFETY AND WORK PRECAUTIONS IN INFRARED
THERMAL TESTING

The student must be able to:
1. Demonstrate his abllity to handle 1iquld nitrogen
properly.
2., Show sufficient knowledge of electric elrecultry to
avold shocks and burns.
BLOCK IX - QUINMESTER POST TEST
The student must be able to:

1. Satlsfactorily complete the gquinmester post test,.

viil



Course Qutline

AVIATION QUALITY CONTROL - ADVANCED - 9227
(Radiographic and Thermal Testing)

Department 48 - Ouin 9227.02

I, PRINCIPLES ANv THEORY OF RADIOGRAPHY

A, How X-rays Are Produced
1, The X-ray tube
The envelope
The cathode and anode in the X-ray tube
. The filament and focusling cup
. The vindow and 1ts location
The «ffectlve focal spot
The electron source in the X-ray tube
3. The electron target

(DQ:OO’Q)

N

B. How Gamma Rays Are Produced
1. Natural sources of gamma rays
2. Artificlal sources of gamma rays for radlography
a. Cobalt - 60
b, Iridium - 192
¢. Thulium - 170
d. Cesium - 137
. Radiloisotope half 1ife as a measure of Ilntenslty
Isotope cameras and thelr funation

=W

C. Producing the Radlograph Image
Analogy to photograrphy

Image sharpness

Imapge distortion

X-ray wave length

X-ray quallty

X-ray quantlity

Hard and soft X-rays

Scatter or secondary radiatlon

CON o\ WO

II. EQUIPMENT USED IN RADIOGRAPHY

A. The X-ray Tubehead
1. Gaseous electrical 1lnsulatlon for X-ray tube



II, EQUIPMENT USED IN RADIOGRAPHY (Contd,)

40

Ligquld cooling clrcuits for tubehead
3. X~ray beam conflgurations

a. Hemlspherlcal bteam

b. Annular beam

¢. Lateral beam

B, Baslc High Voltage Circult
1., Transformer types
2. Inverter systems
3. Generator clrcuits

C, Control Panels

. Kilovolt (KV) meter and control
High, low KV swltch

Indicator and warning lights
Milliampere (MA) meter and control
Timers

Cilrcult protective devices

U B o

D. Darkroom Equlpment

. Developing and fixlng ftanks

Rinse water

Safe 1ight, types and filters

Timers for development control
Thermometers used for temperature control
Automatlc equlpment 1its size and cost

AU =W

E. Films Used 1n Radlography

1. Fllms classlifled as to four types
2. Fllm contrast

3. Flim grailn

4, FRelative film speeds

5., Film characteristic curves

6. Film sensitlivity

7. Flim resolutlon

8. Film latitude

9, TFllm denslty charts
10. ilm cassettes and resdy pack

IIT. TECHNIQUES OF MAKING Trnl RADIOGRAPH

A, Speclimen and FMilm Kelatlonshlp




III, TECHNIQUES OF MAKING THE RaDIOGRAPH (Centd.)

B, Focal Film Distance (FFD)
1. Effect on exposure of film to speclimen distance
2. The Inverse square law and its effect on exposure
3, Effect on sharpness and distortion

C. Accessory Equlpment
1. Diaphragms, colllimators and cones for radlation
control,.
Filters for radlation control
Screens for 1lntensification
Masking and blocklng to reduce secondary radiation
Penetrameters for determlning sansitlivity
. Step wedges for density control
Positloning devlces
. Identifilcatlor markers

ROV EFw

D. Usilng Exposure Charts and Slide Rules

. How to make an exposure chart

2. Conputing exposure from an exposure chart
3. Computing exposure from an X-ray exposure
4

o

slide rule
. Selecting the proper kllovoltage (KV)

E. Technique of Double F1lm Exposure
1. Purpose of double fllm exposure
2., Selection of fllms to use

F. Darkroom Technigues Manual
3. Developling the X-ray f{fillm .
a., Time and temperature to control development
b. Visual inspection
c. Agltating during development
. Rlnsing the f1lm
Fixing the fi1lm
. Washing the f1lm
. Drying the fllm

U EFw N

G. Automatic Processing
" 1. Temperature control for proper denslty
2. Mixing the chenlcals
3, Techniques In starting and shuting down the
processor
4, Care of the processor




III, TECHNIQUES OF MAKING THE RADIOGRAPH (Contd.)

H, Faults Found in Exposed X-ray Films

1. Unsharpness

2. Too high contrast

3. Improper density

4, The cause of fogglng

5, Artifacts found on fllm from darkroom handling
I, Interpretation of the Radlograph Image

i. Types of vlewers

2. Use of magnifiers with the viewers

3., .Checking denslty agalnst prepared density strips

4, Checking sensitivity by observing the penetrameter

5. Orilentation of the specimen to the radlograph

J. Advantages and Limitatlons of X-ray Testing

. Depth 1limits of subsurface dlscontlnulties

. Crack visibility 1n relation to the X-ray beam
. Permanent record always avallable

. Personal safety as a 1limlting factor

. Portablllty of equipment

Ul e

IV, SAFETY AND WORK PRECAUTIONS IN RADIOGRAPHY
A, Effecte of X-rays on Human Tlssue

B, Terms Used 1n the Measurement of X.rays
1. Roentgen (r)
2. Roentgen eagulvalent nman (REM)
3, Fadlatlion absorbed dose (FAD)

C. Maximum Permissible Dose
1. The bankling concept
2. Allowable workling tlme
3, Worklng distance
4, hadlation levels In unrestricted areas
5, Exposure to minors
A, Personal monltoring
7. Shlelding




VI.

SAFETY AND WORK PRECAUTIONS IN RADIOGRAPHY (Contd.)

D. Safety Egquipment
1. Signs, 1lights, and slgnals
2, Kadliatlon survey equlpment
a. Dosimeters
b. Fillm badges
¢. Gleger counters

THERMAL TESTING

A, Thecry of Infrared Energy

. The infrared spectrum

. Heat flow in materlals

. Infrared sensors

a, Thermal detectors

b. Photo detectors

Optlecs used 1o thermal testing
Resultant slgnal processing
Optical scanning technlques

V™

TGS

B. Princlples of Operatlon of Infrared Thermal Testing
Instruments

TECHNIQUES IN OPERATING AND SERVICING EQUIPMENT USED
IN THERMAL TESTING

A, Cooling Detector to Cryogenlc Temperatures
1. Locatlon of photo-voltalc detector and dewar
2. Handllng o7 ligquld nitrogen

B. Capaclty of Tester

Size of aspecimen tester will handle
Feat source area

Scan width of "temp test" machine

[ORN RO o)

C. Operatlicn of Controls

Senstitlvity meter and control
Heat source lamps

Scan speed rheostat

Carrlage sreed rheoutat

Mode selecticn switceh

Signal levels for recorder

OV o O =
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VI. TECHNIQUES IN OPEFATING AND SERVICING EQUIPMENT USED
IN THERMAL TESTING (Contd.)

D. Interpretation of Readout

E. Care and Servicing Equipment
1. llemovling moisture from llquld nitrogen dewar
2. Cleanlng optlcal parts of tester
3. Servicing facsimlle re:order
a. Replacing paper roles in recorder
b. Cleaning recorder and heilx strip
c. Replacing worn lcop electrode
d. Heplacling worn hellx strip

VII. ADVANTAGES AND LIMITATIONS OF INIFRARED THERMAL TESTING
A, Portabllity of the "temp test'" machine

B. Metalllec and Non-metallic Speclmens

1. Honeycomb structures and laminates
a. Unbonds between skin and core
b. Volds

2. Alrfoll Sectlons
a, Corroslon under skin and lIn Jjolnts
b. Water conftamlnation 1n honeycomb core
¢, Unbonds between skin sections

VIII., SAFETY AND WORK PRECAUTIONS IN INFRARED THERMAL TESTING

A, Safe Methods of Handllng ard Storage of Liquid
Nitrogen

B. Heat Lamps as a 3ource of Burns

IX, QUINMESTER POST TEST
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QJINMESTER POST TEST
(Radiographlic and Thermal Testing)

Name Date Score

e ————————————

Multiple Cholce Test Items

Each questior below 1s followed by four possible answers,
select the best answer and mark your answer sheet accordingly.

1.

An excellant radlograph 1s obtalned under given conditicns
of exposure with the film located at a distance of 36
Inch2s8 from the target of the X-ray tube. If the film is
now placed only 18 inches from the target, and all exposure
conditions except time are held constant, the new exposure
time wilill be

a. unchanged

b. 1longer by approximately 80 per cent

¢. shorter by approximately 55 per cent

d. only abount 25 per cent as long as the original

exposure tlme

An excellent radlograoh is obtalned under given exposure
conditlions with a tube current of five millllamperes and
an exposure time of twelve minutes. If other conditlions
are not changed, what exposure time would be requlred 1if
the X-ray tube current could be raised to ten milliamperes?

a. 24 minutes

b, 12 minutes

c. 6 minutes

d, 3 minutes

In film radlography, penetrameters are usuvally placed
a, between the intensifying screen and the film
b. on the source side of the test obJect
¢. on the f'ilm slde of the test obJect
d. between the operator and the radiation source

Iead 1s frequently employed in shlelding against radlation
from X-ray and gamma ray sources because of 1ts
a., extremely low cost
b. high absorptlon for a glven thickness and weight
¢. abllity to emlt electrons when lrradlated
d. abillty to diffract alpha parficles



10,

11.

The penetrating abllity of an X-ray beam is governed by

a.

20 o

kllovoltage or wave length
time

mllllamperage
source-~to-{llim distance

Cobalt 60 used in nondestructive testing emit

20 T ®

alrha particles
nevtrons

gamma rays
X~-rays

Three 11iquids which are essential to process and exposed
film properly are

20 0o

stop bath, acetlc acid, and water
developer, stop bath, and HQOQ.
developer, fixer, and water,
acetic acld, fixer, and stop bath

The time required for one half of the atoms 1n a particular
sample of radloactive material to disintegrate 1s called

a.
b.
c.
d.

the lnverse square law
a curile

a half 1life

the exposure time

The abllity to detect a small discontinulty or flaw 1s

called
a,
b.
c.
d.

radiographic contrast
radlographlc sensitivity
radicgraphic density
radiogracvhic resolution

Movement, geometry, and screen contact are three factors

a.
b.
c.
da.

~that affect radlographic

contrast
unsharpness
reticulation
denslity

Upon completing an ¥-ray exposure and turning the equlpment

off
a.

b.

personnel should walt for a few minutes before
entering the exposure area
persornel should wear a lead-lined apron before
entaring the exposure area

~10-~



¢. personnel may enter the exposure area without
fear of radlation exposure

d. personnel should take a readlng with a gelger
counter vefore enterling the exposure area

12. The most wldely used unit of measurement for measurlng the
rate at which the output of a gamma ray source decreases

1s the
a. curle
b, roentgen
¢. half 1life
d, MEV

13. Small amount of exposure to X-rays or gamma rays

a., wlll have cumulative effect whlch must te
considered when monltoring for maximum
permissiitle dose

b. wlll be beneflcial since they bulld up an
Immunity to radlation polsoning

c. w11l have no effect on human belings

~d., wlll have only a short-term effect on human
tisgsues

14, A dose of would Lie dangerous, if not fatal,
1f applled to the entire body in a short period of time.
a, 1.5¢tol5rr
25 to 70 r
200 to 800 r
all of the above doses would most 1likely Dbe
fatal

0 o

15. ‘When radlographlng a part which contalns a large crack,
the crack will appear on the screen as a

dark. Intermittent or contlnuous llne

light 1rregular line

elther a dark or light 1llne

fogged area on radlograph

a0 oo

16, X-ray tube current ls controlled ty

the current passing through the fllament

the distance from the cathode to the anode
the type of material used In the target

the voltage and waveform applled to the X-ray
tube

20 oW
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17. The voltage and waveform applied to the X-ray tube by a
high voltage transformer determines the
a, quantity of radiatlon
b, duration of exposure
¢, quality of radlation
d. X-ray beam dlvergence

18. As the killovoltage applled to the X-ray tube 1s raised

a, X-rays of longer wavelength and more pene-
trating power are produced

b, X-rays of shorter wavelength and more pene-
trating power are produced

c. X-rays of shorter wavelength and less
penetrating power are produced

d. X-rays of longer iavelength and less
penetrating powel are produced

19, In order to increase the intensity of X-radlation
a, the tube current should be increased
b, the tube current should be decreased
¢, the test specimen should be moved further
from the fllim
d., a lower kilovoltage should be applled to the
tube

20, A general rule often employed for determining the
kilovcltage to be used when X-raylng a part 1s

a, the kllovoltage should be as high as other
factors will permit

b. the kllovoltage should be as low as other factors
wlll permlt

¢. the kllovoltage 1s always a fixed value and
cannot te changed

4, the kllovoltage 1s not an Important variable
and c¢an be changad over a wilde range without
affecting the radlograph

21. Materlals which are exposed to gamma radlatlon or to
X-rays below a few mlllion volts

a. shculd not he handled for at least 3 minutes
after exposure has ceased

b, should be stored In a lead-Jilned room

¢c. wlll not be dangerous to hanlle after
exposure to rallatlon has ceased

d. should be monltored vy means of a gelger
countar




22, Excesslve exposure of film to light prior to development
of the film will most llkeliy result in
a, a foggy flim
b, poor deflnition
c. streaks
d. yellow staln N

23, If an erYosure tlme of 60 seconds was necessary using a
4-foot source-to-film distance for a particular exposure,
what time would be necessary i a 2-foot source-to-film
distance is used and all other varlables remain the same? .

a. 120 seconds
jo 30 seconds
C. 15 seconds
d. 240 seconds

24, The duration of an exposure is usually controlled by
a, controlling the mllllamperage
b, a timer
¢c. controllinz the source-to-film distance
d. a choke coil in the fllamant fransformer

25, Kilovoltage, exposure tlme, and source-film distance are
three of the mcst lmportant X-ray exposure factors that
can be controlled, A fourth such exposure factor 1is

focal spot silve

temperature

filament-to~fccal spot dlstance

. mllllamperage

Qoo

26, When the minute silver grains on which the X-ray film
Image 1s formed group together 1n relatlvely large masses,
they produce a visual Impression called

a, alr balls
b, gralniness
¢c. rebtlculatlion
d, frllling

27. For bvest results whan menuzlly processlng fllm, solutions
should be maintalned within a tempersture range of

a. OOF and 7RCF
bh. G50C and 7E0C
c. ?EOP and ﬁ505

d, 78°C and £e°C

-13-




28. The small azrea in the Y-ray tubte from whilch tne radlation
emanates 1s called the

dlaphragm

focal spot

focusling cup

. cathode

QL0 om

29, The most common material used to provide protecticn
agalnst X-rays 1s

a, high density brick

b, an alloy of 70% steel and 3C% copper
c. ftungsten

d. 1lead

30. A phetographic record produced ty the passage of X- or
gamma rays through a speclimen onto a film is called a
a. fluoroscople image
b. radlograph
¢, 1I1sotoplc reproduction
d, none of the acove

31. The "temp test'" facsimile recorder readout provides a
a, 2 to 1 C scan presentation
b, 1 to 1 B scan presentation
¢c. 2 to 1 A scan presentatlon
d. 1 to 1 C scan presentation

32. Scenning in the "temp test" macnine 1s done
a mechanlcally
b. by physlcal means
¢. Uty optlcal means
d, Dby nelther of the abhove

33, What 1tem llsted below could not be successfully tested
vy the "temp test" machine?
a, Crack in a forging
b, Large inclusion In a casting
c. Corroslion
d. Lack of bond 1n honeycomt structure

34, The "temp test" machlne measures heat flow 1n a specimen,
Is this statement corr=ct?
a., Yes
b, No
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35. A typical scan speed for the "temp test'" machine would
be

2 ft. per second

1 iInch per second

2 1inches per secornd

1 ft., per second

o o w




11.

12,

ANSWER KEY TO QUINMESTER POST TEST
(Radiographic and Thermal Testing)

13, a
14, c
i5. a
16, a
17. c
18, b
19. a
20. b
21, c
22. a
23. c
24, b
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