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ABSTRACT a _ )
These instructor Waterials and student study guide
for a secondary/postsecondary level course in‘metal-bonded,repair
comprise one of a number of militarysdeveloped curriculum packages
selected for adaptation to vécationaf instruction and curriculum
developmentisin a--civilian setting. The purpose stated for the course
is to train students in the knowledge and skills necessary to perform
as managers and repair technicians in adhesive bonding shops. '
Designed as an additional specialty for students with experience in
" metals processing, the course can be used as a sub~unit or for
advanced study in "a metals processing course.. The course consists of \\
one block covering 26 hours af instruction. Four lessons cover these
topics: course orientation’and safety, introduction to metal bonded
structures, principles of repair processes, and inspection and |,
evaluation. Instructor materials include a course chart; a plan of
instruction detailing units of instruction, criterion ‘objectives,
lesson duration, and support materials needed; and lessomn-plans: The
study guide contains objectives, text material, references, and )
review exercises. Audiovisuals are suggested for use. but are not,
provided. (YLB) , ' T
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. D'ELITARYCURRICUBLM\M'ERIALS

The military-develdped currmiculum materials in tl'u.s course
_package were selected by the National Center for Research in T\ - -
‘Vocational Eduqatz.on Military Curriculum Project for dissem-
ination to the six jonal Curriculum Coord.mat:.on Centers and
" other instructional ials agencies. . The purpose of -
disseminating these courses was to make 'curr:.culmn materials
developed by the military more accessible to vocational '

rs in the ‘civilian se;g,tlng -

The course materials were acqm.red evaluated by pronect
staff and pragt:.ta.oners in the field, and prepared for »
dissemination. Materials which were specific to the military
werejdeleted, copyrighted materials were either cmitted or appro*
val for their use was obtained. These course packages contain
curriculum rescurce materials which can be adapted t© support.
.vocational tinstruction and curriculum development.
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* Are Available?

What Materials o

an _activity to increase the accessibility of
military-developed curriculum materials to
' vocalional‘and techni(?\al-educators.

This project, furlded by the U.S. Oﬂlce of
Education, includes the identification and.-
acquisition of cumculum materials in pnnt
form from the Coast Guard, Air Force,
Arnvy, Marine Corps and Navy. -

” Access to. military curriculuny materials is -
. provided |hrough a “Joint Memorandum of
Understanding”’
Educaliorl anty the Department of Defense:

- The acquired materidls a;'e reviewed by staff~

and subject matler specialists, and courses
deemned applicable to. vocational and tech-

. . nical educauon are selected for dissemmauon

The National Cemer for Research in
~ V/Gcational Education is the U.S. Office of
Education’s designated representallve o

" acquire the materials. and conduct the project -

“aclivities.

Pro]ect Sta"
Wesley E. Budke Ph D, Dlrector
National Center Clearmghouse

Shirley A. Chase, l‘h D
Pro;ect Director

Ur- | 64;.‘.

between the U. S. Office of _

z
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. Thie 120 courses represent the followin

¥ One huridred twenty courses on microfiche

{thirteen in_paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordmanon Centers and other

’ mstrucuonal materials agencles for dissemi-

nation.

-
-

Course materials include pregrammed
instruction, curriculum ou?lines, instructor

. "guides, student workbooks apd technical

manuals

sixteen vocational subject areas:

! ..
° Agriculture - Food Service
Aviation . Health
N \Building & Heating & Air
Construction -Conditioning
Trades "Machine Shop
Clerical Management & -
Occupations © Supervision
Communications Meteorology &
Dralting _ ~ Navigation
Electronics Photography’

Engine Mechanics  Public Service

- The number of courses and the subject areas -

represented will expand as additional mate-
rials with appllcauon 1o, vocational -and

technical education are |denul|ed and selected

for dissemination.

'How Can These.

-~

Materlats Be Obtalhed’?

“ materials {e.g., availability and cost).

Contact the Curriculum Coordination Center 3
in your reglon *for information on obtammg
They
will respond to your request directly or refer |

you to an mstructlonal matenals agency

closer to you.

CURRICULUM COORDIFATION CENTERS

‘EAST CENTRAL

" Rebecea S. Dpuglass_

Dueclor

100 North First Streel
Springfietd, IL 62777
217/782.0759

MIDWEST
Robert Pauon ¢ 5

* Director

1615 West S.xm Ave.
Stillwater, OK 74704

\405/377-2000
‘.

.

NORTHEAST
Joseph F. Kelly, Ph.D.
Director

225 Wesi State Street .
Trenton, NJ 08685

609/292-6562

NORTHWEST .

k William Daniels -

Director
Building 17

- Airdustrial Park

Olympia; WA 98504,
206/753-0879 '

- SOUTHEAST _

James F. Shili, Ph D~

- Director

Mlsslsslppl State Unlversnv
Drawer DX

Mississippi State, MS 39762

601/325-2510

.H. Zane, PhD.

1776 Umversuy Ave.
Honolulu, Hi 96822
' 808/948-7834
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* Course Desgyiption: . o - .

f N . ) ‘ . » »
This course trains students in the knowiedge aﬁd sk‘ills necessary to perform as managets and repair technicians in adfResive bonding shdps. The scdpe
of training ir.. fudes an introduction to metal bonded structures, principles of repair processes, and inspection and evaluation. Safety is emphasized

throughout the course. This course was designed as an additional specialty for students with experience in metals processing. C
The course consists of one block covering 26 hours of instruction. The block contains four lessons. One lesson discussing rpilit'ary documents and ,
A publicationsfhas been defeted. The remaining lesson topics and hours follow: ) . r .
’ (" eourss Orientation and Safety (2 hours) LN e
‘ Introduction to Metal Bonded Structures% hours) : [ .
. Principles of Repair Processes (15 hours) : ‘ ) .
- Inspaction and Evaluation (1 hour) ! o .
-
o o .

This course contains both teacher and student materials. Printed#nstructor materials include a course chart; a plan of instruction detailing units of -
" instruction, criterion objectives, the duration of the lessgns, and support materials needed; and lesson plans for each lesson. Student materials consist
. . . . . - < » Ty . . P
of a study guide containing objgctives, text material, references, and review exercises. This course can be used as a sub-unit.or advanda study in a metals

processing course™, . ) . . N N

Audiovisdals suggested for use with the course, but fot provided include 168 transparencies and 224 comrerciaily produi:ed slides. . )
. . L4 . . L. . ;

i . ) o -
- s\

* THE ENTER FOR NOCATIONAL EDUCKTION | _ 10
J THE QHIQTSTATE INIVERSITY _ . . .
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Course Orientation and Safety (2 hrs)

| Ty ‘ , .
‘Technical Documents and Publications (2 hrs)

/
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(15 hrs) |
\ »
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3
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\ . .y

L)
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- N . Q‘
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' knowledges,”

. DEPARTMENT OF THE ALR FORCE - N " CTS CH52-3AZR53153-3

Headquarters, Air Training Command ) .  (PDS Code S4D) ‘- -
-Randolph Air Force Base, Texas ' e S 14 April 1975 \-
.\' > ’ e -

o

‘QINTRODUCIION TO METAL BONDED REPAIR

T4

Pu;pose. This course training standard as prescribed in»AICR 52-17:
\

Establishes the tasks, knowledges and proficiency~level of training
to be provided by Course_ 3AZR53153-3, Introduction to Metal Bonded Repair.

. b Provides the basis for the development of more detailed training
materials and objectives and training evaluation instruments for the course.

2. Course Description. The course covered by this standard is designed to
train_gelected Air Force personnel who possess AFSC 53153/73 or equivalent
civiliin experience (as well as management "and quality agsurance personnel)

in the knowledges necessary to -perform as managers and repairmen in depot o
~1lével adhesive bonding-shops. Scope of trainiing includes technical documents * .
- and’ publications, introduction to metal bonded structures, principles of

repair processes, and inspection and evaluation. Safety will be emphasized

in all applicable*subject areas.

Requirements. Attachment 1 contains the list of tasks,
'oficiency levels referenced in paragraph 1. .

3. anlitati;'

b, 'ReCOmmenda'ions. Comments and recommendations are invited concerning
‘quality of ATC training and graduates. Use this CIS as a reference and
address correspondence to AIC/TT Randolph A¥B, Texas 78148 '

;( . &
opFICTAL . < GEORGE H. McKEE, Lt Gep, USAF
' T L Commander o “
'DAVID H. BUSS, Colonel, USAF 1 Attachment ‘
Director: of Administration o Qualitative Requirements - .
This supersedes CTS CH52—3AZR53450—6 3 September l974. : » - _4

- ATC-OPR & Approval ‘Date:  TIMS, 21 Oct 74 o
D‘“:smmunon. (antinued‘ on Page 2) .
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¢ P ROFIGIENCY CODE KEY
AT DEFINITION: The Indlviduol‘ .
» 1 Cen do nhnplo p«n of the tesk. Nesds te be teld or shewn h.w te de mest of the tesk.
w " (EXTREMELY LIMITED)
v -
5 1 7 Ceon de mest perts d the tesk. Needs holp only on hudon perts, Moy net meet lecel demonds lov /
5:'5 w ' speed or sccurecy. (PARTIALLY PROFICFENT) .
- E ] 3 Cen de oll ports of the tesh. Needs only « spet check of completed wovk Meets mimmum locel
§ demends for speed end eccuracy. (COMPETENT) - .
‘ - Con de the eupplon tesk quickly in oeeuuhly Cen tell or show ethers how te do the tesk.
(HIGHLY PROFICIENT) o -
\ . T C-n} neme perts, tesls, end _“m!“ hén ebout the oon'in. (NOMENCpTURE)
” ‘é’,_ “ b | Can determine step by step ivocrdwn for deoing the tesk. (PROCEDURES)
| qgu : .
F -
v g ar € Cen explein why end whon the nlk must h done ond why ueh step is nodod
X (OPERATING PRINCIPLES) . .
) d’ Cen predict, nd-m"y, .nd reselve preblems Qbouo the tesk. (COMPLETE THEORY)
A Can idonhly besic hetn ond terms ehout the lubim. (FA_CTS) ’ o . . o
w — - " - - - -
E ug‘ E B Con explein relationship of busic fects end state |mv§| principles ubout the subject. (PRINClPLESi
: v . i : )
a 3o — , - - -
a g -~ c. Cen enelyre fects and principles end drew conclusiens sbeut the subject, (ANALYSIS)
o~ _
‘D = Cen eveluets cenditiens end ﬁoh‘pvnu dochlonl sbout the nub‘peo. {EVALUATION)
, ) B - EXPLANATIONS -
¢ A tesk knowledge scele velve mey h used elens or wuh . nll&'uhmuneo scele velve.te doﬂno o level of Imowlod.-
for o specific task. (Examples: b ‘and 1h) : .
** A subject knewledge acole value'is used elene 1o define o level of knewledge ?nr e subject riet dineoly nlond to eny
specific task, or for @ subject cammen te severel tesks! : .
= This merk is used clons instesd of & scele valus te shew thet no prollel-ney treining is pvovldod in the ceurse, or thot
ne proficiency is required ot this skil! lovel, .~
X This mark is used elens in courss e.lmm te th.w thet treining is-net given due te lcminﬂom in ressurces.

DISTRIBUTION (Contmued from Page 1) AFLC/DPMTT 2; ATC/DPATJ - 1;

AFLC/MAUT - 2; ATC/TTMS - 1; Chanute: XRP - 13 TTE - 13 TT0C - 1; TTOXW, - '1";

TNS - 25,
) A
/
Attac_hmentl PR ., o R - 14
\
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k. " | C - Task, Knohledge and Proficiency Level ,
1. SAFETY IN WORK AREA -
. a. Safety precautions during job performahce ’ c N
’ b, Saféty precautions while handling repair materials'Ft c |
2. - TECHNICAL nocum:mrs A PUBLICATIONS SR B . "
3. _ METAL B_ONDED SANDWICH CONSTRUCTI_ON | '
d.o Adhesive j’oints ) :, | o o ., B o
‘ : , ,
b. Bonded sandwich construction - ' - | | B
"' e Chemistry of adhesion and polymerization - A
L~ : .
d. Repair Materials . _ A . s c
4\ REPAIR"I:ROCESSES S L,
'a..pAssessment of deﬁagei : o o ‘ ' B
b. vfreparationtfor'repair - ' ‘A. L €
c. Fabrication and.prefit : el | . 4 ' ‘ C
. ‘ - d.» Cleaning | _ - , : | c
e. Lay-up end aesembly . S _ ’ D , - C
£ opring o : ‘ -‘» | . C
. é- InSPection - L : o f B
h. Trimming and final finish 4 o e
3. USAF GRAnﬁATE EVALUATION PROGRAH o , ' . N ¢
3  Attachment 1 | .
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DEPARTMENT OF THE AIR FORCE RV ‘PLAN OF INSTRUCTION 3AZR53450-6
_ USAF School of Applied Aerospace Sciences (ATC) (PDS Code 54D)
Chanute Alr Force Bas%; Illinois 61868 ) 2~ July 1975

B
LY

FOREWORD

l. + PURPOSE. This plan-of instruction prescribes the qualitative requirements
for Céurse Number 3AZR53450-6, Introduction to Metal Bonded Repair, in terms

of criterion objectives presented by units/modules of instruction, and shows
duribtlon, correlation with the training standard, support materidls, and
instructional guidance. - It was developed under the provisions of ATCR 52-33;
Instructional System Development and ATCR 2-7, Plans of Imstruction. .

—4992;. COURSE DESCRIPTION, Training consists of technical training.and related
‘ training. In technical training, the course’ trains selected Air Force personnel
who possess AFSC.53450/70 or equivalent civiliap, experience (as well as’ manage~
ment agg quality assurance personnel) in the knowledges necessary to perform
as managers’ and repairmen in depot level .adhesive bonding ghops. Training _
includes safety precautidhs, technical documents and publications, igtroduction
to metal bonded structures, principles of repair processes, and inspéction *°
and evaluation. Related ﬁra}ning éovers‘CPmmander'sAcalls{briefings; etc.

3., . EQUIPMENT ALLOWANCE AND AUTHORIZATION, Nome. ~ . .° .

. . o V-
4. MULTIPLE INSTRUCTOR REQUIREMENTS. Not applicable to this POI.
‘5. REFERENCES. This plan of imstruction is based on COURSE TRAINING STANDARD '
CH52-3AZR53450-6, 3 September 1974, and Course Chérc;3AZR53450-6, 3 September 1974.

\_FOR . THE COMMANDER - o L

- ‘,’/ ,//,:’ T P ., . ) . .‘. J
WItLTAM K. M céﬁ,?f?ofo? 21, USAF - -

Chief, Operations.Division

-
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& 2. 'Téchnical Docﬁnents» and Publications 25 - Colum 1 metetence _ CIS Reference ‘ _
1. - 4 @l.5) | 2a ‘ , : 2 7 L S :
F A ‘& Hithout refetence, identify the basic o T : )
~ | facts and principles -concerning - technical docu~ . Instructional Materials ’ o : o
Iments and publ:lcution- pertaining to the net:al 3AZR53‘50-=6-SG~102 'rechnicel Documents nnd Publicat:ions N 7/_
bonding. process without error. . N -4 HIL—BDBK-ZBA o » ) : e
os , _ o MIL—A-83;J6 R TR S PR
. | MIL-A-83377 © h A : ‘ g B
fad rrun_i&g Methods o e S ]
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. : J Outside Asai;n-ents ( 35 hr) - : T ’
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o F . v ‘-.I : ~
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,oa N ‘to student. in’ t.hese publications. Outside. assighment: acconplieh the
¢ - .study assignmeat in 3AZR53450-6-SG-102.o Anewer,all queatione a: ‘the -
T A -end of the study guide. C \;., L, o
. C o) s ' . L - ’ ‘. . S . :" Co .
" }3+ -Introduction to Metal Bonded Structuren 11 | Column 1 Reference © I8 Reference SR ’ - ,\‘ ,
§ S - (8/3) 3a R 3a - e
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are used iu the ¢ ar.ruction of bonded sandwich |'- - . | MIL-HDBK-23A = _ S T £
: uaeublies without error,' : (3 MIL-A-83376 . . - -_‘ ; . o S ;
' . o 'v‘ ; MIL-A-83377 & PR ' St ¢ s 5
-\{ o o - i . R L . L © . . : :
PLAN OF INSTRUCTION NO._ 3AZR53450-6 L OATE 3 July 1975, - | B3 I Pe3ERz g _
. . : R - : . N N ’ o - : Lo e
ate. :::;‘,. 397A EREYIOus EniTIows caso e, (Finel Copy ~ 84% - 8 X 1052 (P edcion 6 stude v shore v e ' R
Q T o L G
: ¢

°
-«
ae
v
.
«
..
e
.-
s
I )
i,
5
. "'v
®
]
\
o
*
}
.




4

3
L=

i PLAN OF INSTRUCTION

COURSE TITLE
v -

Introduﬁtion to Metal anded Repair

- BLOCK/TITLE .

Introductian to Metal Bonded Repair

-

s

N . . A .
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES

.
L

DURAT(ON
(HOURS)
‘2. .

SUPPORT MATERIALS A'NDIGUIDME .

_a.  Orientation will be conducted TAW
- school regulation 50-18, attachment 3 oapline.

1. Course Orientation and Safety

b. Given job performance situations,
analyze the situations and.identify safety
precautions to be observed during job perfor--

mance without error. ) .
- c.  Eiven ré}§!r méteriai hqndliﬁg situa-
tions, analyze the situations and identify the

—

safety precautions to be observed without error.]:

2.5 |
-(2/.5)

.
.

Column ) Reference

1

CTS Reference

la
1k
lc

Instructional Mate
3AZR53450~6-56-101
© A 127-101, Ipdus
- MIL-HDBK-23A, Stru
MIL-A-83376, Adhes
MIL-A-83377, Guide

Tfiiniug Methods .
Discussion (2 hrs)
OutsideAASsignmént

" Group/Lock Step (

Instructional Environment/Design . Lo AN

-Classroom (2 hrs)

None
}i .
)

rials o
» Course Orientation and Safety

trial safety Accident: Prevention Handbook

ctural Sandwich Composites .

ive Bonded num Hgneycowb Sandwich Structures

lines for Adhesive Bonding for Aerospace Systems.

.
- . . . . 4

] (05 hr) - '

-

HOTE:--Group/Lbck Step 1is appiicable_td“entire course. ) |

=]

-

&y

Instructional Guidance T :
Complete locator cards, tour school facilities. Discuss safety pre-
cautions pertaining to hand and power tools used in metal bonded_tgpair.

Discuss storing an ' Discuss
Amportance of dust

d handling of chemicals and adhesives. v
free enviropment in controlled areas. Conservation

~ of resources’ and materials: ,caution students

not to mark, mutilate,

. or write on any training-litcgpturej it is to be reused- by subsequent

classes. Outaside assignment:  read and study 3AZR53450~6-5G-101.

«

LY

Angwer all questions at the end of s@gdy guide. .

&
1T 1STRUCT ONNO. 3AZR53450-6 ' DATE 2 July 1975 BLOCK NO, 1 | eace wD. 1 4
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IAH technical dlta.

L ge Given & metal’ bonded tepuir lituetion, .
analyze the situation and identify the facts

)

. ‘- PLAN OF INSTRUCTION (Continved) N EE ! e e
UNITS OF NETRUCTION AND CRITERION OBJECTIVES “ 2"?,.“;.},%2“ : ; o SURPORT MATERIALS.AND GLiDANCE
©  .d. Given a bonded repair situation, ° : Ttain _gi_nethods S, S
- analyze the githation and identify tHe types L .Digcussim @5 hrs) R 4
and methods of cleaning metal bonded structures | = - Outs:lde Assigmnents (4 mra) v L. )
- TAW technical data. . <) ,.4 o . .
_ 7|’ Instructional Environmentlnea idgn - . :
" e. Given a ‘bonded t8pl:lt situntion,- 1 Classrom Q@5 h s) L - ) 4 .
snslyze the situation and idéntify facts and: hS _ - - '
principles related to tHe lay-up and assembly o 'Instruct:lonal Guid'ance o Am/ ' '
of. the tepztir materials IAﬁ technical ‘data. ‘(2) 4 Given MIL-HDBK-23A, study ;uide 3 3450—6-86—106 and hendout ] :
' ’ 3AZR53450-6-H0-103, Glossary of Terms; read and discuss xepalr procesqea.
- £ Gi.ven a bonded repair eituaticn; _\ Discuss types of inspections and steps in assessment of: damagé towetal
‘analyze the situation and tdentify facts and bonded structures, Discuss the steps and methods involved in the prepn—
principles pertaining to the cuting ptocell N T retion of metal bonded structures for repair: -Read and discuss the
) ‘steps associated with fabrication and ptefit. Idén:ify types and mechod-

Student will watch film on
"F-15, and thea discuss pringiples related to lay-up and assembly of metal
bomﬁd structureés, Read an dilcuss facts pertainidg to the curing )

,used in cleaning metal bonded structures..

[RIC 23

o Proiaed y G 4

»

and ptinciples concerning tqiming end final. ‘ o process- of metal bonded ‘structures, Discuss facts involved in the. trimmi
f;nish \IAw t'.echnical data. _ ¢S and final finishing stages of wetal borded ‘structures.’ Discuss the nr :
, N A various tools and equipment used in fubricating and bonding panels. ay 3
' outside assigmment: read study, guide 3AZR53450~6~5G-104 and accomplish [
? . us!gu-ent numher 1, Day 4 outside assignment: Tead study gu:lde k
) R 3A2253450~6-SG-101c and eccomplith ulignment: numblr 2. ’
5, InSpect;ion and Evalun:ion -1 Column 1F Reference , CTS Reference .
o a. mthout teference 1dentify the . Ce . i R .
| general pringiples and basic facts.concerhing : Instruct:tonel Mateérials : 4 '
. [ inspection. of metal bonded structural repe:lrl | 3AZR53450-6-SG-105, Inlpect:lon lnd Eveluat:lon ) L ) o .
; 'IAH t:echnical data. - - -] MIL-HDBK-23A B o _ . T ol
 f ' ‘| -MIL-A-83376 . e L B -
i R MIL-A-83377
o o - Training Methoda -fl 5.
o LT \ Discuasion (1 hr) :
R . *
S e 0 L.oan . . . . ¥ -
_PLAN OF NSTRUCTION N2. ‘3AZR53450-6 cATE .. 2 July 1973 \|,émck No, L o Tiiymes. o A
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I3 ' m . . ) 7 h ,
| o 7 ' PLAN OF INSTRUCTION (Centinved -~ - o :
* umits oF INSTRUCTION AND CRITERION OBJECTIVES * '» 203,%1,',:?," ; SUPPQRT A'ausm}Lsmuocumucs - ’
o : . ., P . . i e Co ~ o
. ! : C. . Gived various adheésives, analycze and Trai Methads o : - I 4
: . identify, characteristics of the repair naterials) -] Discusaion (B hrs) - , : Do - -
. . used in the repair of metal bonded structures Y] Outside Assignments (3 hrs) ; . . o " .
%‘ : - sithout error. S K G.5) | v o . o \ J :
: . ' _ : ~ Instructionsl Eavironment /Destgn i : : .
. : d. Without reference, identify the basic ' " Classroom(8 hrs) . - : e B
~ : facts and terms regarding adhesion and o _ _ : <, . S
polymerization of adhesives without error, 1 -(.5) JInstructional Guidance- ' : - -
N o . , : i\:;zen military handbooks. (MIL-HDBK-23A, MIL-A-83376, MIL-A-83377), study 3
- ' ’ i gulde 3AZR53450-6-56-103 » and hlndout‘,SAzRS31050-6-H0-1'03.‘ Glossary of | ..
- , Terms, read and-discuss principles of adhesive joints. Discuss con- 4
3 . . . . | struction and :materials that are associated with depot level ‘bonding -
. o o ‘ i procedures. Have lﬁxdent,l identify materials -used. in metal bonding.
4 - , : . Give studenta. introduction to adhesion and polyserization. . Go over _ . )
. ’ ' | Glossary of Terms. Outside assignuent: accomplish the study-ass{gnment
, Co ‘ | 1o 3AZR53%50-6-5G-103. Ansver all questions at end of study guide.
o 4; Principles of Repair Processes 19 Column 1 Refereace . 'CI$ Referesce '
T o o o |} as/e) | .%a A ha q o
: &, Without reference, identify basic Y b .
- | facts and Principles. concerning the assessment be : 4c
o of damage to metal bonded structures IAW _ - ’ 4 4d )
technical data.’ Ca o o ) be v e o
’ b, " Given a bonded repalr situation, _ ; “4g © . 4h L -~ ’ ) B B
analyze the situation and identify the: steps and o ° ‘ Yo , : DU : D
procedures in the preparation for repair of a L . .| Instructional ;}%ridl o . . RRY ’
bonded panel IAW technical data. v () 3AZR53450-6-SG-104, Principles of Repair Processes
e S : 4 "« MIL-HDBK-23A R - ‘ , y
, @ C.. Given a bonded repair situation, ” | - | ~MIL~A-83376 I 4 o »
: analyze the situation and identify the stepa 1 MIL-A-83377 . : T :
and procedures associated with .the fabrication . . o
. and prefit of repair parts IAW technical data, ‘| = (2) ' Audio Visual Aids o, R : : o ’ {
R e . » R - ’ | Film GF72-'],16m > F-15 Composite Wing Development: - : . o _
‘ . ’ S . ) 4 . - N i . B - : ’
. L : r : . L : . L > ’ . » - e o i B , ©
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_ ¢ "LANOF INSTRUCTION NO.  3AZR53450-6 o ST E 2 July 1375 I BLOCK NoO. 1 l PAGE N3, 3- N
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.. , - S S ST h ' 1nspection and evaluation of metal bonded assenblies. Then have studerits |

b 1nspect and evalunte their panels.
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16.  Related Training (identified 1n course . o . . ,
chart) . & S S e T = o . .
7. Measurement Test and T%si Critique RS NI PR = P B Lo oo oo P
4" 8. course Critique and Graduation -~ 1 S e T U A N

»
’
» - . o 4‘,'

ol emammr . ——— e -a '

¢

ST ELANOF mSIRUCT ONHE. JAZRS3450-6. - woemd 2 July 19750 ] e e oo T°"” o

— T p— . e— m—— B —i— | we———— . — — © L, w—— — . e— — Je— ey —

ATC E “k S33A - - in&;,%éar ;‘;’.‘;L-" A ¢ ’Fln-t’!l CQPY ~ B4% v‘ 8 ,X ]D'rﬂ. e 1 ! ;Ahvlﬂl vl tion o mr.'ul.’.g areq :Ib_mg, FLYRY l_m... )

s : . » S A B .




" LESSON PLAN ( Part I, General) . -

APPROVAL OFFICE AND DATE . | INSTRUCTOR

I ,e -
I9MeV 75 Siam— ; o :
?2&2&3313?25 } COURSE TITLE Introduction to Metal Bended Repair
q]!.ocx NOMBER R '8LOCK TITLE - : '
Introduction to Metal Bonded Repair

| "LESSON TITLE

Course Orientation and Safety

. L £550N DURATION d
CLAssroom /Laboratory w Complementary ‘ TOTAL
D&D 2 hrs/Per. None e -~ .5 hrs "~ 2.5 hrs
v POt REFERENCE
PAGE NUM!;R PAGE DATE: - ) . ] FARAGRAPH“
1 ‘ : 2 Jul 1975 1la,lb,lc, /¢
. . ' . §TS/CTS REFERENCE
-NUMBER‘ - ‘ DATE :
CH52-3AZR53153-3 14 April 1975 o -
, " SUPERVISOR APPROVAL
~ SIGNATURE - DATE .. . SIGNATURE ' : DATE
PRECLASS PREPARATION . . . , _
EQUIPME ’ o8 IEE .
"N LABORATORY FrmoM SUPPLY " CLASSIFIED'MATERIAL UN:LRAAS;:IHF'::ES‘:S;‘:::ML
None None = ¢ ‘ Nome . |3AZRS3153-3-56-101
- - AFR 127-101
| | o MIL~HDBK-23A
. . : - | MIL-A-83376
) " . A MI1-A-83377
Yorr g-sk 757/

11, Course Orientation and Safety

line.

CRITERION OBJECTWES AND TEACHING STEPS

a. Qrientation will be conducted IAW sohool regulation 50-18, attachment 3 out-
b. Givenr JOb performance situations, analyze the ‘situations and identify safety
precautions to be observed during ob performance without error. .

c. Given repair material handling situations, analyze the situations and identify'
the safety precautions to be observed without error.

d. To prepare the advanced course ‘students with knowledges of the ‘purpose and
qperation of the Graduate Evaluation Program so that they may effectively use the

- [Kc_

wll Toxt Provided by ERIC

vsystem.
Teaching steps are listed in Part II 2
| | . - . r
ATC :\?:';?r 770 . 7- o : ' - N | N ‘ ﬁcro:unvn-ua/;.s .




INTRODUCTION . TIME: 5 Min®

ATTENTION: Hey man! Aircraft so large you can play a game of football in the °
cargo bays, acres of honeycomb construction, as a real tin benders night mare,
“no not really. Thé real secret to todays modern aircraft maintenance is not

to be humbled by these size, be familiar with the new modern repalr concepts.
In essence, the days of chewing gum and bailing wire are gone. S
REVIEW: I'm sure you have all attended a course of some type since you have
been in the .gervice. The knowledge we hope to give you here will be an '
‘extension of the skill and the knowledge you should -already have.

~ OVERVIEW: This will be a two hour lesson that"will ocver orientation. and
safety. As you have found out I'm sure, all courses in ATC have some ground
safety. : ‘ o

"MOTIVATION: The information‘fbund in this lesson will ﬁamiliarize you .with
some of the new or for some of you not so new concepts of safety as -applied
in the Bonded Honeycomb areas. ‘There are some new .ideas which apply to

your area now and we will try to cover as many as possible.

o

s BODY . _TIME: 1 Hr 50 Min.
Presentation S B Presentation
.1. Orientation - : * ' Discussion v
" a. Course orientation will be ' Conservation of resources Y
' : ‘ g RN . ‘ and materials, caution
conducted IAW SR 50-18, attachment: - students not to mark,
: LT ‘mutilate, or write.on any
3 outline. . o . ° training literature. It . |
: v u _ * . ig to be reused by subsequent
(1) Course policies . classes. o . .
‘a. Duty hours N _ Ref. AFR 127-101
, : | MIL-HDBK -23A
b. Uniform S : ‘MIL-A-83376 .
, ' MIL-A-83377
. c. Parking _— ,

d. Appearance

e. Locator cards




)

v

. . i | &?‘w
BODY (cont) i»';
(2): Classroom respoosibiliries ¢
‘a. ~class leader .
b.- clean uol;
3) brgenizational”sfructureA: S
a. department ‘ B ) ' ‘w
b. brench ° { : w
c."coorse‘sopervisor o f' o ’ :_f
oLl lnsrrucrorlor supervisor » : .w
- e, 'instroctor,:'- R 7" : ! » Tﬁ
. (4), Course Eontené ' E : . E '}
Ca e;_\blocktof'instrocéiong be - ; C w
| b. ‘units of iﬁetruotions‘ . ,'ﬁ‘ : }.w
c. course critique i i “:f | “e
) " (5) dﬂﬁngnity College of the Air Force : ) o
(6) Locat;on of tools and equipment S e : ‘W
- (7) Tour of School Facilitiee . Interim summary . :
2A._ To‘prepare the .advenced course Stufl-em_: _ Us " #_oﬁ-a?éc*' s / -
- with knowledge of the purpose and operation R . ,
-:of,theiéraduare Ereloation'Erograo sovéhat,_ i
they'oayﬂeffectivelynuse the:eystem.'”' ’
| ; e;-'Purpose.,f- | N
‘b. Responsibilitles of supervisor A; ‘
r-(l) Furnish 1nformation N
2. 5 |
-



: . &
L _ ao Geont) -
(2) Establish procedures \ . | | : |
. . (3) ﬁeoommena Changes - B . [ | : o .
(4) Inform highér headquarters '-'@ii‘ | - ’ . .
of dificiencies . o - .
" c. Evaluationiof‘éranuates s - o | L
(1) Field Evaluation Visits U K ‘ | o ,
(2) Direct cérrespondence | -
questionnaires p i
- (3) Job ?erfdrmanceVVValuation : ~
(4) AF Form 1284 |
3. Given job performance situations, analyze.' ,~> . L ‘ i
the situations and identify safety precautions | . . |
to be obgerved during”job_performance without -
error. | ‘-: o ;' | .-_;.~_ - L. o ;}\
a. Identify‘safety hazards in“hendling : .;i
handéand power tools in the oonding,“ | - '.i ! - ‘ .
(1) Hand tools S TN o N
e :kniv'es,r . , ‘ 4
s “ . b. scissors -, o : f' . T | o
i b. Identify personnel safety equipment' j |
o W' goggles , . Z
o '  : (2) gloves | 'vvi'r N f-; ~; . _J% T . . . “vgw;
. : g {3) respirators ':~"'--A f “_ : Interim summary, . _ .
Yo 4..‘G1ven repair mater;ai handling I B o ‘
P s1tuations, analyze the situation- ‘and o S ;f'; , _-1; ‘
.' fidentify‘the safety precautions‘to be - }.’ '-.' o i _"1
S L S T, e b ' ’ ' _
_'observed'nithout error. . i | . i 2
- R S 5

«v :' ) .’." e




it

s

.Handling'adhesiigé

C e

“Handling-cieaners e

.z

LX)

(1) Bfgathing ,

(2) Sanding

(3) Cutting

TIdentify Storége“aﬁeés.-

(1) Quantities;dn hand

(2) Location 6f7cabinét$:';

(3) Ventilation-
Ideﬁtify haZa;ds.of;chemiCals '
(1)“Explqsive:ahd»tpxic fumes

- (2) Bodily'harmgor effects of

- toxic fumes and vapors .

¢ -l
h

Handling fiberglass cloth and films

33

"y BoDY (cong)'~

\



)

K

_Summary and Remotivationm:

~ . - >
T ’ _BODY (cont) ,
Application - . . » Performance
. . - J. .
JNone B None . .
'Evaluation: Evaluation is interspersed
‘ throughout the lesgbn. ,
‘l\r - - v
CONCLUSION " TIME: 5 Min

In this lesson we discussed course policies, course

content and ground safety. We discussed. safety precautions to be observed
while you aré in this school. The hazards in handling hand and power. tbols,
personnel safety equipment, routing Operations, storage areas, protective
clothing. I also demonstrated the.explosimeter. This is information you
need to know to be able to understand what you will be doing while you are

- here and,the safety precautions to be observed - :

Assiggpent and . Closure. The next l

son will be on technical documents and.vé :

publications that pertain to metal

onding areas.

CTT Assignment™

(objective la, b, 1lc) using '3AZR53153-3-5G~101, read and answer questions e

in" the study guide.

s w0

& .

2

%

This is a .5. hour outside assignment.»

.

Rl
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: - B S em e = v e - ° . - - ees X : - " . ) | B
APPRCVAL OFFICE AND DATE - | INsTRUCTOR - : . i b o
TWSTL 72 0 v S en—s o ‘ ‘ , ' I ZZ
COUF{SE NUMBER COIU‘RSE TITLE - g - , X
34&2R53153-3 . v . B Introductnon to Meta\ Bonded Repaic . R
BLOCK NUMBER T OLOSK TITLE . - 4 o
i - Intreduction to, Metal Bonded Repatc
LESSCN TITLE P '
2
Introduction to Metal Bonded: St ructures o T
S . . LESSON DURATION 0. " . . N
5{“55"-005‘. [Laboratory hAbeRALeRYX Complementary .| TorvaL , '
p&D 8 hrs/ Perf. None . : . 3 hes -} 1L hrs
3y . , T POI REFERENCE , - “
TPAGE NUMBER - . PAGE DATE , ' T PARAGRAPH. - ST
2 : , 2 July 1975 . 3a,3b,3c,3d
, ] T ~ STS/CTS REFERENCE ' )
NUMEER : DATE .
CH32- 3AZR53153 3 o ‘ ' , 14 Apfil 1975 : B
o SUPERVISOR APPROVAL S - D
" SIGNATURE * = DATE SIGNATURE __DATE
i + -
] l LI el ».‘v
v‘ \ - . h
_ ! PRECLASS PREFARATION :
- EGQUIPMENT LOCATED [4 L : . o \ :
"IN LABORATORY - 'F:e;m:":t;deﬁr;gv CLASSIFIED MATERIAL un.G..":ZZTQFES'ﬁirAé'S AL
L . - ‘ T [PRSIIS3-S6-103
Loug . hone . isvone ~ g 3 .
S - - | R IL-HDBK=23A
.l | e N T MIL-A-83376 .
R : ' o - MIL-A-83377 -
- , : - . AP A oy J. l'clvl'v
’ ‘ '”‘“l”("‘vwi
Tfunx b A 41 L /ﬂr/-/ ) R
. o . f Pﬂ-» /uuw/u-q’ .
. CRITERION OBJECTIVES AND TEACHING STEPS ’
‘3. Introduction to Metal Bonded Structures ' . o
a.. Without reference, 1dent1fy the principles involved in bonding adhesive ) ).
joints WithoVé(
. : ~ '
b. Witheut reference, identify basic facts and general principles as to how
"a bonded sandwich assembly is constructed and what materials are used in the
construction of bonded snadwich ass‘emblies without error. .
e
] ‘e, Given various adhesives, analyze and identify characteristics of the !
-, | .repair materials used in the _repair of metal bonded structures “without error.
‘lr_ 4 ) . ) . . : . &
« | d. Without reference, identify the basic facts and terms regarding adhesion
- and polymerization of adhesives without error. o * ' ( T
' Teaching steps»are_,l-:i.st'ed in Part II. .
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SRR R . . e - ‘ N . \
. _ - e INTRODUCTION ’ TIME -5 Min ' .o
- Attention: In bonding the proper selection of an adhesive must be made to be ,
~ compatible with the substrate being joingd modern day. technology. No this is from-
" the Bible. Problems in bonding have been around since the begigning of Time 2

v,

. 'Review:_ With two lessons under our belt 1et's get 1nto the meat of qhe
o problem. - E - . o A : - S s

. . _ .
Overview: This is an 8 ‘hour discuasion on Metal Bonded Structures._
Motivation. How you do your job is important in that a proper repair

or rebuilding not only means aircraft safety but ~job repeats.

. ’ . >
It . - .

‘ ' ' BODY © . _TIME: 7 hrs 50 Min,
Presentation — — A - ~Presentation
. .. . S R . . . ‘ N i
> 1. Without reference, identify the _ f o ‘Discussion
principles involved in bonding adhesive T o - Reference: Adhesives in
"~ Modern Manufacture
joints without error. ' ¢ MIL-HDBK-23A e o
\ ' : (v + - MIL-A-83376 ™
a.- History of adhesives ‘ . MIL-A-83377 : T
oL earliest adhesives 'h o *\ S R Lo

Ui, Team  CT 157 €163
2. tWentieth century adhesives T : ’ S ’

3. present day adhesives ; - | o ‘

-
E)ﬂ.' o ; ' b Deéisn considerations, chapter 2 | ' . o .
¢ e 1. 'surface conditions of_the -  ; e .
« adherend. ( ?
Loe . | y \
B . ;v’ 1 , ‘
| |
|
. I
1




7. Formationfand:renoval of-volatile
by'products during cnreQ7 o " .

[y

‘,2. WithOut reference;5identify baeic faets'e ‘7°

a,!

and general principles as’ to how to a bonded 'f e :”-

: sandwich assembly is constructed and what
materials are used in the construction of
bonded sandwich assemblies without error.

3. P&ima reason of sandwich construction B

-

: over convenfion A/C construction. E

<%

A T T e
S | AR
: S \ <A
"2, S:;EEEE tension of adhesiye ll:f P S
U Physical properties of the QT'7T'CI"
.‘_ $ adherends and the cured adheeive 'n} .»,'ﬁ'~ - £§?7r cied
| ' ';i tensile strength DR &
. ‘h.lgwhear strength N
_ c. 'eompreesivezotrength. '
& : : .
| 4.V_Physical characteristie of the adhesivei.\\\ ‘ )
) a, viecosity S ;‘ ’ ’ .
'i_h. homogeneity - —
© e film thickness B o |
:Ssv Chemical compatiblity of the adhesive
1 and the adherend .
| ' 6,. A@plication and Curing the | »‘ 443« z;:;:;;c,uj

Interim Summary

o

*




- ﬁl,_~High strength - to-weight ratio
i,"_._i.'.Fatigua\resistance\ _ }_s - S o ;' o ’/ - :_'_
3 " High rigidity per unit Weight . ‘ f' " I {‘ | .

4, Surface smoothnessf ¥ iE .,4 S ' ;ﬂ_-" o .: . 55"f f/ "'_
5.;.insuiatinn'i’ o ;i}' T ‘f . ’-A.‘E ' o :.:'_ A

'b. Sandwich construction features

T -y .
b

1. Factngs Yie Frms COTAT Cry g
T a. purpose SR o e '..é.Tv e Criw

| _ b. materials o :'E I ‘~;% L ' '

_f o 2. Core .; - ?*f,~;3 o - S R

a.’ pnrpbse"

- - b. materfals  i ;-:'»‘.g»‘ . _ .

3.»iEdge treatmeats (close outs) S o ; '_-4' l - ';‘ K

s b types : "l -v.:rﬁi e | .

- cbnstrnctien'featnres . ,‘ - w:,v" ’ ) 7'-t.' - _:
Demonstration , : . '.At f<.~. ‘_}~ N i; ﬁone : -
- Application ‘,1 . ":'. | N ‘,» Nonev’
irbEvaluationﬁ 1", o '4; B f'ﬂ, V' ,' | ) | l{ o "'f.

1; Evaluation will be interspersed throughout‘
the lesson.

e

e ' o . End of Day Summary . '

"Summary' /Me have had a short discussion-the introduction to metal bonded repair.
- We ‘have also become acquainted with the materials you will“use in the -
Cfleld.

o

-_Restare the objectiveSYOf the lesson‘ V

T

,Ask,ﬂral Questions tOfDetermine Areas to be Retaught-

" ,?Assiﬁnment' Tt Assignment (objectives 3c, .3d) Read 3AZR53153—3—-SG—103
‘ ES3 . Be prepared to answer questions gbout - 4
rization., This is a lk hr Outside assignment.
» 3 - .




.
a
-
»

.
P

2

Review:

Reyiew items of majorvimportaﬂce._‘

ReVview obj

/

State objective? to be covered in this part

-

'-i‘Inttoductioh'tofNew:Days Work. ,»v"f'-*‘f

MotiVation:~ ﬁspﬁse student intgrest: -

Beoew CTT assigmmas 0

ectives of previous day.

1eﬁf£i lesson.

.~3f;

P

‘2nd Day'rv

Presentation #2

1

- 1. Given

I

repair materials used in the repair of S |

4

0

variOus adhesives, analyze

'rand identify characteristics of_the1> o

i metal bonded structures without error.

Selection of. adhesives o

,1.

b. Edge treatments

25

3..

facts and

lnn,"

: ma%erials involved -
application . |
environmentai exposnres B
service'life .

weight considerations

purpose - ' : | .
‘types

materials useda

' 2. Without reference, 1dentify the basic

terms regarding adhesion and

_'polymerization of adhesives,without ‘error.

~ -

A - {Body (ébnt)

Presentation

- Discussion

M
/7\,.. T 7: ~¢ /H

(os+ Trumt CT 27 Ci77

Shoree CT 25 QT8

. Inteérim summary

Tf‘%) C7 )r G/‘/(

-




' a
‘a. Adhesion
o 1, definltion . - |-e &
b. Pslymerizationg | ;”‘;'3‘.ub, »  Interim Summary
o ot o o
usl;‘ definition, A L

CONCLUSION  ~ TIMB: 5 Min

Summary and Remotivation- In this lesson we discussed ideas and information
_ pertaining to your introduction to metal bonded structures. Realistically ,

speaking we have just seratched the surface. I would imagine that even -
- while we were discussing this material something new has come about - 1n this
ever changing field of structural repair. C R _,Af! .

Assignment and Closure*A The next less will be On Principles of Repair
Processes, this will: expose you to the how and whys o pair of Metal-
Bonded Structures, Assignment - Reyiew 3AZR53153-3-5( 103. Answer all -

questions ét the end of study guide. This is a l& hr outside.assignment.__'
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. PNSIT ety ple e : : v , | 2,
COURSE NUMBER - . COURSE TITLE  *  ~ aE ,
e 3. 72133153~3 ' 1 ' Introductiou to WLtal Bonded Repair
~ BLOTK NUMBER ‘BLOCK TITLE _ ’
a1 : s , © Tatroduction to detal bonded Repair ,
"LESSON TITLE o . e o » v T K L
; Principles of kepair Proces 528 '
‘ LESSON DURATION .
Cl.AssRooM /1,.ihboratory | kAeoFaTowy Complementary TOTAL K 3 A
DD 15 hrs/Perf. one- § , 4. hours - .19 hours .
/ : ‘ POl R=F=RENCE . -
PAGE NUMBER ) . . PAGE DATE PARAGRAPH '
3 L 2 July 1975 - | 4a,4b,4c,b4d,be, AE 48 7
— ; ” STS/CTS REFERENCE - '
NUMBER v . J oATE .
(1i52-3AZR53153-3 .. .14 April 1975
, SUFERVISOR APBRGVAL
SIGNATURE s ' DATE , SIGNATURE DATE~-
L - .
_ ) . PRECLASS PREPARATION -
EQUPMENT LOCATED EQUIPMENT | - f GRAPHIC AIDS AND
IN LABGRATORY - FROM SUPPLY, . CLASSIFIED MATERIAL . . UNCLASSIFIED MATERIAL .
a - Nome : , ione o Noune : 3AZR53153-3-SG~104
: - R ' MIL=D2 W =~234A
’ 7 . R MIL-A~-U3376
‘ ' ' ‘ ' MIL~-A-83377
‘Adhesives in lodern
7 ~ , ) ‘ Ylanufacturing, Chap
- ’ o B ' ' 4, Chap 5 _
: . : : ’ : (cont on back)
- . o CRITERICN OBJECTIVES AND TEACHING STEPS
4. Principles of Repair Process - ‘_\\
. a.  Without rufergnce, identify basic facts and principles concerning the
assessment of damage to metal bonded structures IAW techinical data.
b.. Given a bonded repair situation, analyze the situation and identify the
steps and procedures ia the peraration tor rcpalr of a bondbd panel IAW
technical data,
Tl ¢. Given a Honded repair 51Luatlun analyze the situation and identify-the
‘gteps and proccdures assoclated with the fabrication and prefit of rupair parts
IsW technical data. - ‘ ,
L . - M w
d. Given a a(qdpd repalr situstion, analyze the situation and ideutify the
cygLs aﬁd mgthods of L]uoning metal bondgd structures Iaw tectinical data.
. ’
e. ‘Given a bonded vepair situaLion, anaLvoe the- sxtuatjon and identify facts
ATC FosM 770 . ’ - ‘ o S . . - : SAFIU L T4 2w
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v LESSONTLAN(Ponl, Gemersl)  WITINUATION SHEET

CRITSERION OBIECTIVES AND TEACHING sr'e'ps (équ_t’mac&) ' E

- kY —
' . 1 s

-and prlnulples rulatgd to LhL ]aywup and assumbly of the rLDdlf materials. IAU
techaical data. . :

v
» fese

”

E.' Given a bonded rupair situation, analyze the SLtuutLon and identify facts
and principles pertaining to the curlng proceas IAW technlcal data. ‘

. AN W et f YIS, & - PTCTITAIS E VT SACPWCA
. -

g.  Given a metal bonded repair situation, ana]yae the situation and identify

—the faects and principles coacernlng trimming and final flnlqh 1AW t;chnlcal data. -

. . *
PR T G ¥ Y A PV Y EL L

R

. T
© . - ¢

T .
Te auhlng steps are llst;d in Part II
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INTRODUCTION S Min *

Attention: When we get an aircraft part in the shop we. must be able to
' ~ recognize what dalngel and what repairs need to be made.
Along with this goes the knowledge and principles of what :
make a good tepeir. o ‘ ) o
Review: This lesson\will ptepate you ﬂot our next lesson.-
. _ . Review CIT assigmment
-Overview: This is als hour lesaon.

.Motivationj How you accomplish your repair, and doing the propet repair

will be most helpful to you and the. Alr Force,

- ) 9'
¢ . . : .

BODY TIME: 14 Hrs 50 Min.

7 facte and pticiples concerning the - ~" . © MIL-A-83376 - t:»
aSSeGSment of damage to metll bonded
struc tutes IAN Tech Data.

©a. Damage Claseification of Metal Bonded

Sttuctures

o

-1,

b. Fractures

; Pteeentation ) T RN ' S Presentation ‘
1. Without tefetence, identify basic | Discussion

Reference: MIL-HDBK-23A

., MIL-A-83377 .
Adhesivee in Modern Manufacture
! Sllde presentation 0S75-C74 thru
1 C875-C153 interspersed throughp
-out leeson

iduse trans GT75-0174 thru CT75-0178

Class 1 Repairs cvle _ . a. Not to exceed k Lo
T gt iach in all dimensions.
a. Dents )

b, Scars
c. Ftactutes'u
Class 1I kepaits o ‘ » -+ b. One facing and pattial

_ _ . core damage.
a. Punctures .




2."Given a bonded repair situation, analyze .
the situation and'identify the steps and S -
'procedurgs in the preparation for repair of

a bonded panei IAW Tech Data, ¢ Y

a. Routers and Routing
b. Deburring Holes

c. Clean'up of the_cavity

zgnd of Day Summary

Smary: ,

Restate the obgectives of the'lesspn:_ ' S

Ask Oral'QuestionS"to Determine;'Are”as:to"be‘Reta ught: o

. As EEEE“t GTT Asaignment (Objective 4a and Ah)

Read and ‘answer question in 3AZR53153-3-SG—104 Principles-of Repair Processes.
This is a 2 hr CIT aasignment

L

<
N °

Introduction to Neﬁ'Dayevwork '
Motivation: | |
Arouse srudent‘interest.
Review: '§eview CTT assignmeht
Revieo 1teﬁs‘of major.importance.
' Review objectives of previous day A . - ) K N

State objectives to be covered in this particular 1esoon. -

e

v ~ Body (cont) . '  2nd Day

: Presenbation #2

v

o 1. Given a bonded repair situation, analyzeqr. ,

' the situati;n and 1dentify the steps and .




’Ask Oral Questibus to Determine Areas to be Retaqgﬁg:'

nt: - CTT a531gnment (“baeé%lve 40)

-.Assignme

- Read Adhesives in Modern Manufacturing Chap 4 Chap 5.
asaignment e

g

This is a 2 hr. CIT .

':.»:bfo;edureﬁ-asaociaced‘ﬁith.tha-fabricatibn .
‘and’ prefit of repair partc IAW chhnical Datl; . %
a. d:;lacement COre . ?
1. replacement material : , -
2. -ribbon direction . ‘ T
3. density 5
'b.b Core FillﬁMhtetiéls. .
L otypes
2. use :
3. fahricabibﬁ ﬁro@edures:".': A
c;’;Facing Pgéches E » | .
1 types o
_2; ?ﬁatérials )
3. faﬁtic;tioh prdce_urﬁs | | - .
d. Prefit and Fabrication Togls 11 o ) .
) 1. core cutters - |
é;j'arboii;aws_ ;i c
3. core élicgré#y~l | g
NI - '
; _;: " End of'DayISunnary
Summary : | e L ' ' .
RestétéAthe'objéctiv;s of the leaioh- - °




. "

: Inttoduetioh'to'ﬂew'bayl,Rork v
Motivation: - R
" frouse student's interest: R S '

_Review: Rev1ew CIT assmgnment ' S C -
Review items ofgg_iggﬁimportance.v P - e . | ' i ' ///

Review objectiﬁes of<previous day.

State ob1¥p€§ve\\to ‘be covered in ‘this pertieulat.Ieseoﬁ. . oo

P N

: S -Bedy (COnt) . 3%d Day
Presentationﬁiﬁi ' N o

1, Given a bonded repair situation, analyze e
the situation and identify the types and » _ ‘
methods of cleaning.metalebonded'itructurea RN o y/////

'IAw Technical Data.,

- . . { .
a. Surface Preperation fet'HEeelsf

L' chemteal ) " ]

. 2. -mechenical v

?. e ' b; ASurface Pfgparation for Nonmetallic
Materials ’_ | i
'1. Abrasive cleaning e " o . | ',} - ~
} e. Chemical Preparation for Adherends o ‘hse trans‘CT75f0179~t§ru CT75‘b182-.

]__A negreaaing | : | S E ; ‘. o a . ,

2. Alkaline cleanfng - o
3 -ﬁtching‘ | -
. Co ‘:? | .




-

P ~ BODY (comt.)

v

. 2. Given a bopded repair situation,

~-re1a.ted to the lay—-up a.nd

4. Su:r:face prepa.ra.t:.on for aluminum
o e.. ’ Su.rface prepara.tlon for staa.nless steel
f£. M,lscella.neous clea.m.ng me'bhod.s
‘. lf Soaps a.nd d.e*l:_e_rgents
2. H‘and"to‘o:ls,. |

3. Pneumatic tools

situa.tion and identify facts principles

- materials IAW Techmcal Data.

a. Manual Adhes.we Appl:‘:cat:.on Methods

1. . Brushes
' 2. Spatula
3. Rollexs” i

b Machine Application Methods
1 Méchanical Rollers
2. Spray Appllca.tors
c. Cold Settn.ng and Hot Sett:.ng .ldhes.wes
: 1. Cold-Settlng Adhes:.ves .
a 2. Hot Sett.mg Adhesives - |
"_ d. -Class:.fy:n.ng Adhesives by Im.tJ.al Bond
1. Preesure-sens:.t;ve
2., Cohtactw-
" 3. Chemical Setting (
‘h. Heat-setting
o 5. Liquid - release.

~ Drying Process

embly of the repair

o




_BODY (con'b ) )
3. Given a bonded repa.:.r 'situation, ‘analyze [ L
R the situation. a.nd J.denta.fy factg and . e .. -
| pfinciples perte.z.nlng to the curing prrocess}v-‘_ S \{ e ' _
IAW technical§'data. S : R N B o
a. Useofhea:b ' B »
1. 'l'ypes of’ hea.tlng dquJ.ces R o .0 ‘ o
* 2. Tses | | | :
b, TUse of pressure R | use trans "“1'75—0168 thru :
- L i SR '0T75-0173and0T75-0183
- 1. Types of pressure ) T thru CT75-0184.
| /‘“ﬁses | . - N '
e C'ons_ideratiehs \for cm:ing of

parts . ! ' v _. .. .
4. Given a V_m'e_ta’ﬂe bonded :r.epa.:.rs:.tuatlon, | | | | |
 analyze the situation andt'videntiify the
fa.ots and 'principlee ’concenﬁng‘tn'.mmin‘g |
and final finish IAW technical data.
"a.. Tm.m of pa.nel to spec:.f:.ca.t:.oﬁs |
b. Check pa.nel for dmens;ons - SN R

-

Ce Appl:.ca.t;on of sealant

N

v ' CONCLUSION . TIMB:r 5 Min.

-

 ASSIGNMENT AND c:.osm

SUMMARY AND REMO'I'IVATION'

Now that ‘we have had our da.scuss:.on about repairs, lﬁrocedures, techm.ques, and
. 'methods, we should be able to understand the importance of good sound nepa.lrs '
_mad.e on bonded .honeycomb pa:aels and A/C assembl:.es.

" .

The next lesson will be oh inspect:.on and. eva:il.uat:.on procedures. It is d.es:.gned
to give you a little insight as to aust ‘'what the J.nspectors look for and- how d;hey
f:md things out about a panel. '

'OUTSIBE ASSIGNPENT Rea.d the follow:l.ng Gha.pter 6 Inspect:.on a.nd Q-ual:.'ﬁy Control
_Adhesives in Modem Manui‘actunng.

‘ ’.(H

.
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T 3AZR53153-3 Introduction to ifetal Bonded Repair L
., BLQCK NUMBER ‘ f TITLE » o
1 v v Introduction to oral Bopded Repaiy
LESSON TITLE ' _ > ‘ e
4 ‘ s . . «
Inspection and Evaluation v ‘
‘ LESSON DURATION ~*~% %)
GLASSROOM /Laboratory RAROMATEEY  Complementary - TOTAL
. D& 1 hr/Perf. NOne ‘None . 1 .
. ‘ : POI REFERENCE (.
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None None o None - I MIL-A-83376
X ‘ © | MIL-A-83377 ]
y * ‘ v_ "9:‘ povsahm ~MW
. 4 30 ) .
, © CRITERION OBJECTIVES AND TEACHING STEPS
5. Inspection and Evaluation : - :
. \
: : 4 :
a. “Without réference, 1dcnt1fy the general prlnc.Lples ‘and basic facts
concerning 1nspectlon of metal bonded structural repairs IAW technical data.
“ ~ 1.0. . I} - |
Teaching steps are listed in Part II
N ,
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. hE \K
PR . J ‘,}‘ ' | V‘ | . .
R ’ '..Qmmnucnon TIME: 5 Min,
Attention: Have you ever wondered why. 80me. guy in a white hat can just
o come up to you and say you made a boo boo, - Have you ever been

4 in the situation where you thought what you did was right only
: - 'to have an 1nspector tell. you you were wrong. This my friends
— is- called g.C. ' ‘ : , Q .
Review: . In your last’ lesson and previcus lessons you learned what this
7 thing called bonding is all about. Now comes the kicker the
testing of your part to see if it will meet the standards.

Overview: This next lesson is on inspection and evalu&tion approx’{ hr._

’ ) °

 Motivation: The strange reasoning behind Q.C. is sometimes ﬁﬁzzling but -

) ; ___once you know how_they operate it is easier to live with.

s 50
Presentation o 1 ‘ . : ' B Presentatiqp~
. 1. Inspection and Evalutation R ~ ' Discussion
' S ~ . Referemce: ~MIL-HDBK-23A
"~ a, Without reference, identify th ER -
L out. reference, identify the % MIL-A-83376
- , general principles and basic facts : o : . MIL-8-83377

ﬁzersln 2-36-/05
conerning inspection of metal bonded

'structura# repairs IAW Tech Data. ' | ‘»:‘v N ) : _ -‘i
o 'kl) Process Control,. - - s
| | _a.; container condition |
b. .pce.fit
c. surface preparacicn' ‘

d. adhesive application '.V’ﬁ-an-t rar-crez M_f" (Tor-caos

° Y

e. assembly o L
£. curing | | .
EN
.
I : '
ﬁ ]_ ;




(2) Bond Inspection and Testing, :
~_.' a. Nan destrucriwe testing
1. appearlnca S C ‘ S v
2. tap test o I i e :.
. 3. ultrasonic'tests o
" 4. - radicgraphy
b, 'Destructivé Testing of the Bond

f-. | --i' 1. Tenaileuteats _;: - "_A N o 1

2;_ Shear ‘and lap shear tests

'  ‘3. ?gel~tests A  ‘ﬂ,;' ‘ 

T

TR — chc‘Luszor — OTME: G Min,
_.Summary and Remotivatien‘ I S .A"‘ RS

r

,Now we should be able to ‘handle it when the inspector puts his mark ony‘
your job for betxer or for worse. . _ > ;

| ~ Assigoment and Closure: No Assignment. The tést;-critiQueddnq graduation
i will follow. ' T , _ . RS
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Metals Technology Branch ‘ . 3AZR53153-3-8G-101
Chanute AFB, Illinois . o

COURSE ORTENTATION AND SAFETY

.

OBJECTIVES
1. Given job performance situations, analyze the situations

and identify safety precéutions‘ to be observed durihg Job performance.

2. Given repair .material handling situations, analyze the situ-
ations and identify the safety prechutions to be observed., .

INTRODUCTION

The introduction to metal bonded repair course; is absupplemental
training courgse designed to familiarize you with the principles and

structures. This study guide together with the classroom instruction
will brief you on the organization and policies related to this course.
It will also provide information on the safety practices'which you
must follow if accidents and injuries are to be avoided.

INFORMATION
| ORGANIZATION AND POLICIES

o

This course is conducted by the airframe branch which is part
of the 3340th Technical Training Group at Chanute Technical Training
Center. As a student attending the course, you must observe certain
established school policies. You will be briefed on' these ‘policies.
which include conduct, school duty hours, break-periods, clean-up,
remedial instruction, classroom,locations and\gther facilities.

‘chanizatidnal‘Stfdbture
' fou will be givec the names‘of the followipg'perscnnelz
1. Brcnch Chief;' - ‘
é,‘ Instructor Supervisor.
3.~4'In9tructor or instructorc of the couiée.‘
i - 8

Course Content

' This course consists of one block, having 40 academic hours.

techniques used in the repair and rebuilding of metal bonded aircraft =
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'Location of Tools and Equipment

You will be given avtodr of the facilities and shown the tools
and. equipment used in the repair of metal bonded structures. -

‘Examination and Grading
. i ' ‘ . a .
The examination comsists of written multiple choice questigns.

Your grade will be determined from the score you make on thjfﬁﬁgmination.

v .

‘Student’ Critique

At the end of the course, you will bhe given .an opportunity to

Ves

-’

record your opinion of this cou;gg,;;hgwhaaegfanilitiea,‘andqtheﬁstudewp
_ group. . » ' o ) : ,

.~

, SAFETY

"An ounce of prevention is worth a pound of cure." This old
proverb, when applied to safety, means that 1if accidents are prevented
many lives and wasted man-hours can be saved. Accidents don't just
happen, they are generally caused. Only the individual can make a
safety plan work. This can be done by observing and following good
safety practices, ‘ - - . S '

Handtool Safety

'Misuse of handtools is the biggest cause of handtool accidents',
Remember,‘although;hqgﬁtools may be simple devices, training is neces-
sary for correct usage. Your tools must be kept clean and in good
repair. Cutting tools should be kept sharp; handles should be free
from flaws. Use the tool for the job it was designed to do.

Power Tool Safety

Alr powered handtools, because they are mobile and difficult to
guard, present many hazards to the operator and others in the vicinity.
Since the tools are handled manually, dropping is always a hazard.
Accidental operation of the air valve is the cause of numerous ‘aceci-
dents. Flying chips and parts of broken tools are dangerous when allowed
to strike the body. ' : '

Hose laid across aisles and traveled areas creates a tripping
hazard. < When an air hose is struck by a person or object, it may'
unbalance the tool's operator, causing him to fall or to drop the
tool. If a hose coupling breaks, the air hose may whip about, possibly
causing injury. It is also a misuse of the air equipment to clean
‘out tools or to remove dust from clothing with compressed air.
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Air power tools are sometiﬁes c1amped‘in vises and used as - .
stationary tools. When this is done with little thought given to
- 3ig destign, injuries can result from the tools slipping and falling.

Alr power tools used in buildlngs or on pavemcnt may contact
electrical power lides, causing shock to the operator. Sparks and
hot chips from air power tools may cause a fire or an explosion when
used in a flammable atmosphere.

Material and Chemical Safety ' o - -

Fiberglass is made of glass threads. During sawing or sanding
opera!lons avold breathing fiberglass dust, and keep the glass thread
~ from coming in contact with your skin. It may cause irritation and
be harmful to the eyes. Take all necessary precautions to prevent
contact with the fine glass threads and dust.

~~~—AChemieals—are~used~‘"‘ & hly- eoseentrated—selatieﬂs~in*many industrial
. processes and laboratories; “and workers who handle them may be exposed

to the hazard of chemical burns, The severity of such burns can often
" be limited to a considerable extent by prompt application of proper
firat-ald measures. . .

~ Pending medical treatment, Initial first-aid for every chemical

burn 18 to wash off the chemijal by flooding the burned area with copious
amounts of water as quickly as possible. This is the only method of
limiting severity of the burn, and the loss of even a few seconds

can be vital. Soap through its mechanical action will also help to
remove chemicals from the skin. Following complete washing, the burn
should be covered with a clean, dry, sterile cloth or sheet. Contami-
~nated clothing should be removed and disposed of. ‘

Handling of chemicals should be done with extremé caution. Per-
sonal protective equipment must be used. Use the table of ''chemical
hazards" given in AFR 127-101; it gives you an outline definition of
various categories of chemicals and the characteristics of each.

Some of the cleaners and resin mixtures. used in fiberglass repairs
are very toxic and can cause nasal or skin irritation. Be sure the
working area is well ventilated. Avoid prolonged breathing of these
materials. To prevent skin irritation, wash wiith- soap and water at
frequent intervals., -

The-mixing of some resins is dangerous" and could cause. a violent
explosion 1f done improperly. Always mix the promoter with the resin
and then add the catalyst, or first add epon mixer and then a curing
agent.

Ventilation
S b
Have you ever thpught about why you need ventilation in your shop
area? Ventilation is required to protect the health of employees who
‘'work where dust, fumes or mist: created by a manufacturing process is
released jinto the atmosphere.
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Except for the skin diseases, most occupational diseases are

- - acquired by inhalation of material. Certain dusts that reach the
lungs can pass directly into the blood stream and be absorbed over -~
a long period of time. Others may stay in the lungs and set up local
irritation or damaging action. Toxic and irritant dusts can also be
ingested in amounts that may cause trouble. Toxic materials that
are readily soluble in body fluids can be absorbed in the digestive.
system and picked up by the blood. A third way in which toxic and
irritant substances may enter the system is skin absorption. Many
organic compounds such as TNT, cyanide, and most aromatic amines, and
phenols can produce systemic. poisoning by direct contact with the
skin. Contact of toxlic and irritant dusts with the skin may also
result in skin irritation. S :

, There are two types of ventilation, general and mechanical.
‘The general or natural ventilation is the flow of air in an area.
This flow of air could also be helped along by fans. The mechanical
ventilation generally refers to a forced exhaust system set up in a
localized area to remove dust or fumes from a specific arga, It
should also be noted that when a lab or shop uses mechanical ventilation
in one area, general ventilation usually improves throughout the

: I's

shop.’
Jewelry

There are many ways of losing a finger because of a ring being
: worn. When releasing the hold on a plece of equipment being carried,
- : - a ring can easily hang on some projection and put all the weight on
one finger. 1In the next instant, the finger could be torn from the
hand. There have been cases where a finger was lost because of a ring
being worn. In one case a mechanic wearing a ring dropped from an
aircraft bomb bay; the ring caught on a ledge, causing the finger
to be severed. It is easy for a neck chain to catch on a piece of
moving machinery and either choke the individual or cause his face
to be drawn into the machinery. Watchbands can hang-on an object and
cause the hand to be forced into a position where it could be muti-
lated. Play it safe. At the start of the borking day, remove all
Jewelry and put it away until the day's work is finished.

Eye Safety

Nearly all eye injuries can be prevented by the use of properly
o ’ designed goggles. Goggles are classified into different types according
. to the hazards which they guard against. Impact goggles or a face-
*shield should always be worn by all personnel when work may produce
. .~ flying chips or debris. Some of the operations or: duties requiring
' the wearing of goggles are: grinding, sanding, routing, using cutting
tools, and working with acids, alkalines, and paint remover. There
are many others. . ' ' o

Eér Safety

. The Afr Force is very concerned about the haéatd of noise caused
by the operation of certain tools and equipment.
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One effect of noise is fatigue. Human beings have a strong 0
desire to get away from noise. Add excessive noise to the stress "
created by hard work, dangerous situations, and conditions of cold,
heat or other discomforts, and the total stress becomes" tremendous.
As a result the body is fatigued, Yess alert, and. less respondent.
This condition causes mtstakes, even accldents.

A ‘second effect of excessive noise is temporary or permanent
loss of hearing. Just as temporary blindness may be caused by a
very bright light, so temporary deafness may be caused by excessive
noise. In fact, the deafness may become permanent if there is a
severe exposure to noise such as an explosion, or if a temporary loss
of hearing is produced over ‘and over again

A -third factor is pain Pain, in general, is a warning signal
of Injury to body tissue. A noise may not be strong enough to produce

pain but may be strong enough to produce permanent deafnegsg 1if repeated

often enough. Remember, ear plugs may not be- enough*prote stion when
worn alone. To be fully protected you must also wear ear fmuffs in
conjunction with ear plugs.

Accident Reporting

SN If an accident does happen, even a scratch, report it. Why, for
just a scratch? The Air Force desires to protect all personnel from
the chance that an:accident may not be trivial. To illustrate from
an actual case in theMdarch AFB files: A carpenter was using a circle
saw when the blade "exploded."” He received a small cut on the head
and someone placed a band aid over the small opening. He was helping
in the search for a missing piece of the blade when he collapsed.
Though he regained consciousness after reaching the hospital, he later
died. An X-ray revealed that a plece of the blade had embedded deep
in his brain Do not ignore even the smallest cut.

-IMPORTANT SAFETY PRACTICES

The following is a list of some of the ‘important safety practices
which should be adhered to when in and around a bonding shop

1.  The nearest instructor must be informed immediately of
every accident or injury.

2. Think! Look and pay attention to everything you do.

3. DANGER, WARNING, CAUTION., NO SMOKING, FLAMMABLE, and NOTICE
are signs which should be read and heeded.

T4, Horseplay will not be tolerated here during your class periods
\Fnd not at your home base '

5. Keep the area neat. Provide a place for everything and

keep everything 1in place. .
-
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6. Goggles aﬁd protective type clothing (gloves, aprons,
respirators) are provided for'a specific purpose - wear them!

7. Under no circumstances will compressed air be used to clean
dirt or debris from work areas, noy will it be directed at a fellow worker

8. Strains, pulled muscles; and ruptures occur when heavy objects .
are lifted improperly. Injuries of this type are ‘entirely unnecessary.
There are enough men and lifting equipment in the ﬁgr Force to help.

~you hoist the world on your shqulders.

9. Never operate or use- tools, machinery, or equipment unless

P

a demonstration has been given and the safe opevﬁﬁfﬁg procedure is

known.

b

10. Make sure all existing guards are in place on tools,
machinery or equipment. Design new guards if old ones are ‘unsatisfactory,

11. Use-the right tool for the job. Use the tool correctly.

12. Use tools that aré .in good'condition, not cracked or'badly
worn. . b : .

13.  Practice care when drilling, handling sharp edges of metal
or when using shears.,

14 Avoid the possibility of clothing and jewelry becoming
entangled in machines +and’ equipment. .

15. Report any unsafe conditions of tools, equipment and otherh
hazards. ' - : ‘ ;

16. Wear protective equipment when handling chemicals and resins. .

Caution: '"The life you save may be your own." Think twice;
practice safety. Be careful not to lose an eye or finger or break a
bone. Although many of these practices can not be applied here in
class because we won't really get into some of .thesge situations, they

- should be applied in the actual shop area. We will also discuss some -

_of the safety procedures outlined in some of the National Safety Council

data sheets later in the course.
SUMMARY S ' - . nﬁ"

Safety cannot be overstressed due to the many hazards involved
wherever there are machines or personnel. You aré required to know
and observe all safety practices pertaining to the job. It is not only
your duty to observe these practices, but also to help others observe
them. The best way to accomplish a job is the- safe‘way. Think "SAFETY "

B



QUESTIONS

Note: Answer the -following questions on a separate piece of paper,
DO NOT WRITE IN THIS STUDY GUIDE. /f' .

1. What must’ be done immediately if an accldent or injury
occurs? )

2. Lisi: a few good reasons why horsepley is not permitted.

3. What are some of the first steps taken when sustaining a
chemical burn? |

&. What does safety mean to you?

| 5. What are some safecy practices c6~follo when using cools,
machinery and equipﬂent?

173
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" MODIFICATIONS

ﬁﬂ-ﬁ }/"' /Jv - of this publication ‘has (haVe) been cleleted-in

'adapting this material for inclusion in the "Trial Implemen tion of a

ional

B

Model System to Provide Military Curriculum Material., for AJse in \focat

' and Technical Education. D.eleted 'material involves extensive use o)) :
. <

military formsd procedures, systems, etc. -and was not considered appropriate

for use in vocatjional and technical education. -
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S mmouucnon TO METAL BONDED STRUCTURES |

-  OBJECTIVES

- 1. Without reference, identify the principles involved in
Vbonding adhesive joints..

2. Without reference, identify basic facts and general princi—
ples ‘as to how a bonded sandwich assembly is constructed and what:
- materials are used in the construction of bonded sandwich assemblies.

y 3. Given various adhesives, analyze and identify characteristics T
s of the repair materials used in the repair of metal bonded ‘gtructures.

4. Without reference, identify the basic facts and terms
ﬂwmmwwrregardingiadheaion_and“polymerization.of_adhesives.

INTRODUCT ION 0

An ;Bhesive is defined ‘as a substance capable of holding materials’
together by surface attachment. - Currently there) are about 25 basic.
types of synthetic adhesives useful to the desigWyengineer. New

¢ types are appearing at an average rate of one pef wear., Each of
- . these may have from 10 to 20 modifications. When we consider that
° . frequently two or more individual adhesives are combined to provide,
special properties, this leads to a vast array of specific. products -
from which to choose.
. B .

"The advent of lightweight construction in aircramé}design about
25 years ago, with its corresponding use of thin-gage al and honey-
comb construction, necessitated the development of new concepts in
methods of joining and fastening. In England the’challenge was

' accepted and resulted in the development of the first structural
adhesive, REDUX, used for joining load-bearing components in air-
craft. Shortly thereafter the first commercial aircraft adhesive

. was produced in the United States. This adhesive was derived from

:! combination of phenolic resin and neoprene rubber. This type of

_ adhesive is still in use today in modern jet aircraft such as the
KC-135. : . ,

~

In this chapter you will read about some of the most important -

N adhesives and the construction techniques used in metal bonded structures.
! N s ) ) . "




. INFORMATION L

L HISTORY OF ADHESIVES
B f " The use of adhesives is one of the oldest methods for joining

materials. llowever, adhesive technology progressed very slowly until

- the twentieth century. Records show that adhesives were used .over
three thousand years.ago. Adhesives derived from bitumin and. tar
pits were usedﬁinVearly structur¢gs. They are known to have been
used as mortar by the builders of the Tower of Babel. The Egyptians
used glue .formulated from tree resins and eggs. A Biblical example

* of the knowledge of adhesives is‘reco:ded’in the twenty-second chapter’

_ - ~ of Ecclesiastes., It is indicateéd hére that proper selection of an

et adhesive must be made to be compatible with the substrate being joined.

) Engineers are still struggling with problems similar to the one recorded

&
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o —-in-the-Biblical verse "he-that teacheth a fool is like one that glueth
' -potsherd together." "(Potsherd was a fragment or broken piece of

S {) earthenware.) - . ' X
, . : A . : .. .

‘ . There was very little advancement in adhesive technology until

the twentleth century.  Great.strides .were made in metal bonding

due to the military requirements of World War II. ThHe early metal

bonding adhesives combined phenolic resins with neoprene and nitrile

rubber, which produced a tough metal with good peel -and shear strengths.

" . . M . . ‘. .
L .In 1950, experimentation begin in earnest with the epoxy formu-

4 lations, which offefed equal strength properties. In general, they
were preferred due to theilr low solvent content and 100 percent

*reactive ingredients. .
LY . : N

o 7.

The adhesive industry has grown at a rapid -rate since the early
fifties but the major increase has dccurred in .the last few years.

"~ The field of structural adhesives will continue to grow. New.
formulations are in constant demand. There 1is no universal adhesive.
Design engineers are searchliing for the lightest possible design for
Structures consistent with structural integrity. The many types and
classes of adhesives have varying properties., New uses for adhesives

. are being discovered. Since'thgre is no universal adhesive, Epe
. & competition runs high and the rewards are rich for those engafed in
advancing technology. o : :

- DESIGN CONSIDERATIONS = -

®°

e

S 4 - When joining materials with a&hesives; initial*design considerations .

must” include not only the physical and chemical characteristics of

. the adherends and adhesive but also the operational environ?ént that *-

» the bonded parts will encounter,  Maximum bond integrity can only

~ be realized when everything in the joining operation is carefully
examined, particularly those factors related to the surfaces of the
‘materials being bonded. The major chemical and physical phenomena
that must be considered in éstablishiﬁg;aﬂstrong joint are:

-

.o Lol
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o o S T Surface condition of the adherends.

2.‘ Surface tension of adhesiVe and "Weldability" of the materialv
being ‘bonded. o . . ‘ P

~ 3.  Physical properties of the adherends and the cured adhesive,
i.e., tensile strength shear strength, compressive strength ete.’

4, Physical characteristics of the adhesive, i. e., viscosity, °
homogeneity, film thickness. :

5. Chemical compatibility of the. adhesive and adherend.

RO ¢ ' / ’ “

6. Methods of applying and curing the adhesive.

7. Formation and removal of volatile by products during cure.

. The surface condition of adherends themselves is most important
v, in the formation of a strong adhesive.bond From a practical view- .
Co point all solid surfaces are rough and, when viewed under a micro~

scope, appear to consist of hills ‘and valleys and sometimes craters.ph
These surfaces have moisture, gases, and other s\y stances on them .
which are absorbed from their surrounding enviro ments. By displacing
these absorbed substances from the surface of th adherends, a properly
! . rmulated adhesive can usually form a strong ‘t¢nacious bond. Because
of the wide variations in porosity, surface, cor itions, and chemical
characteristics of these surfaces, care must _exercised in the’
selection and application of the adhesives—Particular attention
must be given to surface/g?’paration, for failure of bonded Joints
usually occurs at the interface betWeen adhesive and adherend

o

In the classical adhesive bonded joint thiere are five separate
components that must be considered: first adherend, first inter-
face, adhesive film, second interface and second adherend S

L Y

If a suitable selection of- -adherends and adhesive has been made, 2
i?’the surfaces of the adherends have been cleaned and prépared cor-
: rectly, and if the adhesive Hias been applied by the recommended pro-
3 . cedures, a high strength joint should result. - Maximum performance
' can ‘only be achieved, however, by properly engineering construction

of the .joint to withstan the various environments and stress to
which it will be subjected . : : '

WitH these concepts in mind it is readily apparent that the
design and bonding of ‘high performance adhesive joints is not a
'simple matter., . .

o _' HONEYCOMB SANDHICH consmucnon

In the aircraft industry honeycomb sandwich construction, i1~
lustrated in figure 1, is used extensively in the manufacture of
 control surfaces, bulkheads, flooring, doors, engine cowlings, hel¥-
copter blades, and wing panels. - The primary reasons for using sand-
wich designs in preference to other types of construction are:

15
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1. High "strength - to Weigh(::‘l}i:;tio. B S
2. Fatiguebresisﬁanée;

J .3, High,.figidity'_ per unit weight. e - o
4, Sﬁrface smoothnesé,f | | | |

5. Insﬁfatiqn.

HONEYCOMB
CORE .

NOTE: PERFORATED cuoéss

_. | ' ARE SOMETIMES USED
| / ~ TO VENT THE GASES PRO-
T Sfhnow  SASERINTE AcNele
1RE ADHESIVES AS TH |
- o~ DIRECTION ¢ iReD. o
¢ f
. v

. L Figuré 1. ‘aneyCUmb~San&bich CbnStiuépion.

. Sandwich structures are produced by ‘adhesively bonding rigid
facings on bxth sides of a honeycomb core. Functionally, the sand-
wich structure can be compared to ‘an I-beam where the facings resist

. tensile and compressive loads as do I~beam flanges; the honeycomb
core simulates the web of the I-beam by carrying the shear stresses.
In addition, however, the core provides continuous support for the
facings, allowing their full strength to be utilized without buckling
" or crimping. It is the function of the adhesive in sandwich structures
to transmit shear loads uniformly from the facings to the honeycomb
core; .good adhesive filleting is necessary in honeycomb bonding.
. ; . For the completed panel to have optimum strength the adhesive must
AP be distributed evenly between the core and the facings to form a
w - T+joint., R o ' o S
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‘The most popular core-to-skin adhesives ‘are based onxepoxy'
resins because of their high strength and'good wetting properties
with only minimal volatileg produced during the bonding operation.c

‘Vinyl—phenolic -and ela§tomer phenolic adhesives also widely used

but are less likely to form dense fillets, Primers are frequently
used with,these latter systems., : .

‘Honeycomb cores can be made from many materials including steel
titanium and aluminum foils, glass reinforced plastics, films, and
papers. The variety of available facing materials gives the engineer
a considerable amount of..flexibility in the design of sandwich
structures. Selection of the propeér core-to-skin adhesive is de-
pendent upon the materials involved, the application, environmental
exposures, service life, and weight considerations. Adhesives can

"be applied to core and facings with a spray gun or roller, but >in

structural applications adhesive films of controlled thickness are
generally used. For many of" these applications lightweight adhesives
in the range of .025 to .080 pound/square foot are used with curing.
cycles of 15 to 60 minutes at 225° to 250°F. Bonding pressures are
usually in the 25 to 50 psi range, but depending upon the .specific
application these pressures can vary from contact to 150 psi. While
the emphasis has been on the lower curing temperatures, many- modified
epoxy and phenolic adhesives are formulated to cure around 350°F.
Postcuring temperatures of 500° to 550°F- are required in the case

of polyimide adhesives.

 Edge Treatments (C]ose-Out) \

-

Although sandwich structures are highly efficient the manner
in which loads are transmitted into and out of the sandwich largely

* governs service performance. Good design practice closes off the
 edges in sandwich panel construction to provide edge reinforcement

for the transfer and distribution of edge attachment loads. Sand-
wich close-out and fastener design objectives are ease of fabrication,
proper transmittal of shear loads and resistance to edge peel. .As
with any adhesive joint, stress concentrations are to be avoided

and sandwich fasteners are so designed as to distribute loads evenly
over a broad area. Prefabricated inserts and edging of wood, metal
and reinforced plastic, epoxy potting compounds, and other materials
can be used to provide the necessary strength and load distribution.
Figure 2 illustrates various close-out techniques for honeyéomb panels.
Modifications of the details are commonly made to meet specific load
and connection objectives., In each case, the criteria of cost,

weight, strength, and ease. of fabrication must be carefully. considerated.l'~

Corner details are easily developed as intersections of these basic

,closeouts. : v . _ )

n
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Glossary of Terms

0

ACGELERATE To speed up a reaction of process. Example:

.drying an. adhesive or sealer faster than normal by increasing the
temperature,

ACCELERATOR. A material added to.an adhesive (generally a liquid
compound) to convert the whole mass into a solid, or speed up its

cure. (Accelerators differ from catalysts in that ‘they lose their
identity in the process.) .

ACTIVATE . To change an adhesive film from a dry or dormant
- stage into a useful, sticky state.

a e .
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e ADHERE Tb'bond;'to cause two surfaces‘to be held;together
by adhesion. o ' A "°; o

i
R

ADHERENDS, ' Materials that are held together by an adhesion.

. ADHESTVE, By one broad and elementary definition, a adhesive
is any substance used in promoting and maintaining a bond'between
_two materials. To function, an adhesive must bond to both mating
surfaces thrbugh specific adhesion (molecular attraction), through
mechanical anchoring (of tendrils in voids of porous surfaceés) or.
through fusion (partial dissolution of both faying surfaces in the
adhesive or its solvent vehicle). Various descriptive adjectives
are used with the terms "adhesive" to indicate different types, such’
as: ‘ S . E .

1. Physical form - liquidvadhesive, film;adhesive, etc.
2. Composition'4‘resin'adhesive, rubber.adhesive, etc. f;

3. End use - metal-to-metal adhesive, plastic adhesive, rubber
adhesives, etc. '

4, Application - sprayable adhesive, hot metal-adhesive, ete.
» .
ADHESION . The State in which two surfaces are held together
by interfacial forces which may consist of interlocking action (mech-
anical means), or valence forces,.or both. Adhesion failure occurs
when no bond 1is' formed between an adheqive\and adherend or when a
very poor bond is formed :

'AbING. The dcterioratioggpr other effect produced by exposure
of an adhesive, coating or sealer to a given set of conditions for
a specific length of time. ‘ : -

AIR DRYING ADHESIVES . Adhesives ‘that can be dried at ordinary .,

room temperatyre without the use of heat. This type of adhesiVe
consists of solid particles dissolved or ddspersed in a liquid.
When the liquid evaporates it leaves the dry adhesive film, Mast
elastomer-based adhesives are of this: type )

AMS, Aeronautical material specifications written by the Society
of Automotive Engineers for use by aircraft and allied industries in
specifying adhesives, coatings and sealers especially adapted to .
aviation use, :

ANGLEPLY LAMINATE . COntaining plies alternately oriented at .
plus and minus -a fixed angle fo the reference direction.

ANISOTRURIC Not isotropic° exhibiting different properties
when tested along axes in different directions

9
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APPLICATION. The act of applying adhesives, For adhesives
and coatings the principal methods of application are: brushing,
spraying, dipping, stenciling, fiowing, s tamp-padding, roll coating,
knife-coating, squeegeeing, spatula and notched trowel, For sealers:
spatula, caulking gun, flow gun pressure extrusion 'units and spray
gun, :

-

AFSFMBLY A 3roup of materials or detail parts, including
adhesives, placed: together for bonding or which has been bound

. together.

AUTUCZAVE A round or cylindrical oven where heat, vacuum.and

| pressure are controlled in the bonding and curing of adhesive in an

~of an assembly in place during bonding. - o

‘assembly.

- AXIAL LOAD. A weight placed to exert pressure or load in the
direction of, along, or on a straight line through the center of an
object. , ]

- BAG BONDING. A method whereby a flexible cover is used in con-
nection with a rigid die or mod in which pressure or the drawing of -
a vacuum is applied to the assembly being bonded.

BALANCED LAMINATE' A composite laminate whose layup is symmetrical

with relation to the mid plane of the laminate.. y
A

o BINDUER. The component in an adhesive which is primar respon-
sible for its cohesive properties. - o

BLEEDER CLOTH - A nonstructural ,layer of material used in manu-
facture of composite parts to allow the escape of excess gas and resin’
during cure.

BLE?TER. A local elevation of the surface, possibly caused by
trapped air, water or-solvent layer area (void) in which there is
a lack of bond .

BLOCKING An undesired adhesion between two surfaces usually

occurring when coated or primed parts ‘are stacked for storage.
N

BOND. To join materials'by means of an adhesive.

BOND LINE. All areas in an assembly containing adhesive bonding
material also known -as glue 1ine.'
N

. ) [; »
BOND STRENGTH fEST. The force per unit aréa or strength necessary
'to rupture a bond. et : S

° BONDING FIXTURE,. A tool or mold used to hold the detail parts -

-
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B - STAGE. . An intermediate stage in the polymerization reaction
‘of certain thermosetting resins; the state in which most prepregs
are stored and shipped. . - <
a. ! - ’
CHTALKST A substance which speeds up the cure of an adhesive
compound without 1its identity being chnnged in the process-also knowu
as a hardener.

CAl/LL. A cover or overlay used to exert uniform pressure at the
”bond 1line when pressure is applied to the bonding fixture.

CAUL PLATE. A smooth metal plate used in contact with the layup
during cure to transmit normal pressure and to provide a smooth sur-
face to the finished laminate.

: . “
COLLIMATED. Rendered parallel, applies to filaments.
. A ' .

COMPOSITE. Composites are combinations of materials differing
in composition or form on a macroscale. The constituents retain their
identities in the .composite. WNormally the components can be physically
identified and there is an interface between them.

) b . . | . N . ) ) ' .

J ’ “CONTACT MOLDING. A process for molding reinforced plastics
in which; reinforcement and resin are placed on a mold, cure is either °
at room temperature or by oven heat, no pressure is applied.

s COKE. The central member of sandwich comstruction (can be honey-
comb material foamed plastic or solid- sheet) to which the faces of
the sandwich are- attached. . s
CORROSION A deterioration of metal by chemical or electro-
chemical attack. Surface corrosion appears as a general roughening, 5
etching or pitting, frequently accompanied by a powdery deposit of
.corrosive products.

\COUPLING AGENT. That part of a sizing or finish which is designed
to provide a bonding link between the reinforcement. and the laminating
resin,

_ CRAZING, A network of minute cracks or fine wrinkles appearing
on or under a surface.

?

' ' CREEP. The dimensional change of an adhesive under load - also
-known as squeeze~out or flash. Creep at room temperature is some-
times called cold flow. | B

] - CROSSPLY LAMINATE. ] C6ntaining.1amina alternately oriented at
0° and :90°. '

£

) CURE. To irreversibly change the properties of a thermosetting

- resin by chemical reaction, i.e., condensation, ring closure, or
addition. Cure-may be accomplished by addition of curing (cross-
li?king) agents with or without heat. A change in the physical

4
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properties of an adhesive by chemical reaction usually accomplished
by the action of heat and catalysts, alone or in combination, with
or without pressure,

! §

\ CURING. AGENT. That part -of a’'two part adjesive which is com~
) bined\with the-resin (binder) to produce a cured adhesive.

CYCLE. 'The total period elapsing between the time the
adhesive bond 1is raised to a predetermined temperature, stabilized
and 18 cooled to a specific temperature,

CYCLE, The complete sequence of operations in a process or
part of a process.

COHESION. The internal strength of an adhesive film rather
than its adhesion to the adherends.

CONSISTENCY. Comparative fluidity or stiffness of an adhesive
coating.

DELAMINATE, To split a laminated material along the plane of
its layers. Sometimes, used to describe cohlesive failure of &n adherend
in bond strength testing. The separation of the layers of material-
in a laminate. C »

DETERIORATTON Undesired change in properties of an adggsg;l,

caused by aging, weathering or exposure of other agents and £onditions. :

DL?TRUCTIVE TEST. Actual destruction of a bonded assembly for
the purpose of evaluating the bqnd properties.

DETAIL., A single plece of material without any attachments. v
DIE. A tool or device for imparting a desired shape to f material.

DOUBLiﬁa - A material used for atrengthening and reinforcement
. 0f localized areas.

DRAPE. The ability of hroadgoods’to conform to<an irre

‘ . gular
shape. ’ o _ ﬁz/// :

. DRUM PEEL TEST. 'A test made on bonded strips of metal by peeling
' the metal strips back 'and recording the adhesive strength ualues.
EDGE MEMBER. The structural member around_the perimeter of a
sdndwich panel used to secure the panel to adjacent structurea.

ELASTICITY. The property of an adhesive which enables it to
resist and recover its original shape and size when deforming Jforces
are removed. The ability to change gize or shape repeatedly without
breaking.

END. An individual yarn, thread, monofilament, or roving.

ENDOTHERMIC ADHESIVE. A chemically curing type of adheaive
which ahsorba heat during cure.

. N




EPOXY ADHESIVES. Adhesives based on resins formed from the
reactions of epichlorhydrin with various bi- or polyhydroxyl compounds
- which offer a combination of high room temperature strength with
good load bearing properties. These adhesives have excellent honey—
comb filleting properties and exceptional adhesion to metal surfacesLg

EPOXY EQUIVALENT.. The weight of resin in grams which contains
‘ene gram equivalen of epoxy. If it is assumed that the resin chains
are linear and that an epoxy group terminates each end, then the
epoxy equivalent is one-half the average molecular weight of diepoxy
resin, one-third the average molecular weight of triepoxy,: etc..

ETCHING. A proceAiJ:f chemically cleaning material surfaces
by immersion in an acid basic solution capable of dissolving the
material being cleaned, allowing a desired amount of surface material
to be removed - a surface treatment, ,
) b ]

EXOTHERMIC ADHESIVE. A chemically curing adhesive that evolves
heat during reaction.

EXTENDER. An‘ingredient, generally having some binding properties,
added to an adhesive to reduce the proportion of primary binder needed.

FAYING SURFACE. The inner mating surfaces of a joint,fcommon‘
area of two surfaces that are bonded togetHer with an adhesive.

FILAMENTARY COMPOSITE. A laminate composed of laminae in which
continuous filaments are in nonwoven, parallel, uniaxial arrays.
Individual uniaxial laminae can be combined into specifically oriented
multiaxial laminateg. '

FILL, Yarn running from selvage to selvage at right angles
to the warp in a woven fabric. .

» FILLER. A relatively inert ingredient of an adhesive compound
used to increase its bulk and improve working properties, permanence,
strength or other qualities, _ v

FILM, ADHESIVE. A dry film in sheet form with or without rein-
forcing fabric which is cured by means of heat and pressure.

FINISH. A mixture of materials for'treating glass fibers. It
contains a coupling agent to improve the bond of resin.

'RIXTUREb Tool for holding component parts of an assembly during
the manufacturing process - also called a jig.

GEL COAT. A quick-setting resin used;in molding processes
to provide an improved surface for composites; it is the fiPst resin
applied to the mold after the mold-release agent. L
L
HAND LAYUP. The -process of placing and working successive
. plies of the reinforcing material or resin impregnated reinforcement
. in position on a mold by hand.
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HEAT CLEANED. Fiberglass reinforcement which has been exposed
to elevated temperatures to remove preliminary sizings and binders
which are not compatible with the resin to be applied.

HEAT CURING ADHESIVES, Adhesives that require a definite period
to time above room temperature to develop full bond strength, Type
can be -of one- or two-part composition. The term is usually applied
to those adhegsives that require 180 F or above to effect a cure.

HEAT REACTIVATE. To soften a dried thermoplastic adhesive film
to a aticky stage by application of heat.

HEAT SEAL. To bond or weld a ﬁaterial to itself or to another.
material by the use of heat. This may be done with or without the
use of adhesive, depending on the nature of the materials.

HOLIDAY. A void in an adhesive, whéether microscopic.or normally
visible. ' : . :

HOMOGENEOUS. Of the same kind, size Knature.‘

" HOT. MELT ADHESIVE. A thermoplastic adhesive compound usually
. solid  at room temperature which is heated to a fluld state for application. -

" HONEYCOMB. Manufactured product consisting of sheet metal,
paper, fibrous glass} etc., which has been formed into hexagonal-

shaped cells, used as core material for sandwich_panelszg
. - AU e

~

INHIBITOR. Any substance that slows or prevents chemical reaction

or corrosion. ' : ‘
. 5.

INTERFACE. The common bondary surface betWeen two substances. _
Sometimes described as two surfaces with no space between them. The
bondary between the individual, physically distinguishable constituents
"of a composite. ‘ .

INTERLAMINAR SHEAR. The shear strength at rupture in which the
plane of fracture 1is located between the layers of reinforcement of
a laminate. ‘ ‘ . A

INTERLOCKING ACTION. Term used to describe the chemical or .
specific basis for adhesion due to the compatibility of the adhesive
with the foundation surface. In theory, the ends of the molecules,
project above the adhesive and foundation faces. Instead of meeting
head-on or repelling each other, they interlock.

INERT. A lack of active properties (adhesive) . .

v ISOTROPIC. Ha#ing uniform properties in all directions. The
measured properties of an isotropic material are independent of the
~...axls of testing.
‘ " JOINT. The location at which two adherends are held together -
. by ag_adhesive.
74




k" FACTOR. Thermal conductivity value usually expressed:

K = BTU's/(hours) (square feet) (°F/feet) or, amount of heat trans-
* ferred (BTUS) 1n a period of time (hours) over a certaln square area
(square feet) per degree of difference of temperature per foot of

thickness of material (°F/feet). .

MAGTIC. ny heavy-bodied adhesive’ of such a consistency that
it must be appl ed by notchedétrowel gob or buttering methods.

METHYL B L KETONE. Known also as MEK. A low-boiling ketone
'gsolvent, used in many nitrile or synthetic resin compounds.

f

MONOLAYER .- The basic laminate unit from which crossplied or
other laminate types are constructek

NATURAL RESINS -The products obtained from the -exudations of
trees and sometimes used as adhesive, coatings or sealer bases.. Com~
mon natural resins are the copals, demar, shellac, accroldes, sandarac,
rosin -and mastic (pale yellow resin from Greece,. also known as "tear
bum" because of its shape) ;

NESTED LAMINATE A laminate in which the plies are placed so
that the yarns of one ply lie in the Valleys betWeen the yarns in S
the adjacent ply : .

" NOMBLOCKING. Pertaining to an applied adhesive gpating fllm:
that will not .adhere po itself and/ox other surfaces under normal
stacked storage conditions. See also BLOCKING.

X

NONVOLATILE. 'The portion of an adhesive, coating that does
not evaporate. aty,ordinary temperatures. This includes the pigment,
drylng salts, gum and resin, oils or plasticizers and the binder
(rubber, asphalt, vinyl, nitrocellulose, etc.) of the adhesive. '

';Lich

NONWOVEN FABRIC. A fabric, usually resin-impregnated, in
the reinforcements are continuous and unidirectional; layers may
be crossplied.,

OPEN TIME. Time interval between applying the adhesive and
completing the bond.

ORANGE PEEL. A surface irregularity resembling an orange skin ()
in texture. ' : :

ORTHOTROPIC. Having three mutually perpendicular planes of %
elastic symmetry. B _( - .

- PARALLEL LAMINATE A laminate of woven fabric in which the
plies are aligned in the same position as originally aligned in the
fabric roll Co - Q .

PARTING AGENT. A lubricant used to coat a ndha cavity to
facilitate removal of an’ assembly from the mold, also knOWn ‘as releasing v
agent. : ' , .
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. PREL PLY. A layer of resin-free material used to protect a
laminate for later secondary bonding.

PIUENOLLC RESIN. Resins made by the interaction of phenols and
aldehydea also known - as phenol-formaldehyde regins.

. PICKLE. A solution or process used to loosen or remove corrosion7
products such as scale and tarnish from a metal.

PINHOLING., A film defect characterlaed by the presence of tiny
-holes on the surface, sometimes extending completely through the
film. .

PLASTICIZER. For epoxy, a lpwer~molecular weight material
added to reduce stiffness and brittleness; it results in a 1ower
glass— transition temperature for the polymer.

PLATENS. Mounting plates of a press used .to apply heat and
pressure during the bond cure cycle of an assembly. _

PLIED YARN. A yarn formed by twisting together two or more
single yarns in one operation. .

_ POLYMERIZATION. A_chemical reaction in which the molecules of
a monomer link together to form large molecules  (polymer) whose
,) molecular weights is a multiple of that of the original material
without releasing any other substance is referred to as polymerization.
When two or more monomers are involved the process is called
"copolymerization" or "heteropolymerization

- POSTCURE . Additlonal elevated temnerature cure, usually with-
out pressure, to improve final ‘properties and/or complete the cure.
In certain resins; complete cure and ultimate mechanital properties
are attained only by exposure of the cured resin to higher temperatures
than those of curing. : , ‘

IR

N POT LIFE., The rating in hours of the time interval -following
‘the addition of accelerator before a chemically curing adhesive or
sealer will become too viscous to pass predetermined viscosity
(consistency) requirements. Closely related to WORKING LIFE.

PRERREG;'PREIMPREGNATED. A cloth or mat having been impregnated
with edtalyzed resin and advanced to a "B" state, ready for molding.

oo : ' ¥
'PRESSURE SENSITIVE ADHESIVE. Type of adhesive that retains its
‘tack or stickiness even after completé re1ease of the solvent.

o o PRIMER Special coating designed to provide new surfaces with
: ' adequate adhesion .for a coating system. .o ,

_ QUASI-ISQTROFPIC LAMINATE. A laminate approximating isotropy
by orienting p1ies in, several directions. ” '

-
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* REACTIVATE. To restore the tackiness of a completely~dried
adhesive at the time of use. - Reactivated bonds are advantageous
in that the adherend may be precoated with adhesivé and the bond .
made when desired with nominal and short term exposure. . Reactivated
bonds have almost immediate set. .
\ HEACTIVATED, HEAT.f To restore the surface tackiness of the
adhésive with heat, and bond under pressure.' '
h\id
RESIN. Any of a class of ‘solid or semisolid organic products
of natural or synthetic origin.
’ - ) ] i.
RbTARDbRu Combinations of 1liquids, solvents and extenders
that are added to -an adhesive coating to slow dorn the drying- rate
of the material. : .

RIBBOﬁ FLOW. Longitudinal direction of the foil in the‘honeycomb.

. 4
ROVING. A multiplicity of single ends of continuous filament
with no applied twist drawn together as parallel strands

SCRIM. A low cost:reinforcing fabric made from.continuous fila-
ment yarn in an open mesh construction. Used in the processing of
tape or other B-stage material to facilitate handling. "

SHEAR TEST. A method of separating two adhesive bonded materials
by forcing (either by compression or tension) the interfaces to slide
over each other., The force exerted is distributed over the ‘entire
bonded area at the same time. Strengths are recorded in pounds per
square inch (PST). ‘ : )

SHELF LIFE, The period of time a packaged adhesive can be stored
under specified temperature conditions and remain suitable for use.

SILICONE-ADHESIVES; Adhesive compounds of this baSe have remark-

able stability through a wide range of temperatures. Very good
dielectric properties. : ’ o .

‘SIZING. On glass fibers, the compounds’ which when applied to
filaments at forming, provide a loose bond between the filaments,
and provide various desired handling and processing properties.

P

- SOLIDS. Nonvolatile ingredients in an adhesive. }”f’;/{

A homogeneous mixture of two or more compounds in
The proportion of the components may be varied within

The chipping or fragmenting of a surface or surface
coating caused, ‘for example, by differential thermal expansion or

. contraction. - . , .

%
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STRAND. A primary bundle of continuous filaments combined in a -
single compact unit without twist. }

STARVED JOINT. A joint ‘that has’ an insufficient ‘amount of
adhesive to produce a satisfactory bond

oUhFﬂCE PRERARATION ' The procedure required to clean or prepare
a bdf% suyrface so an adhesive will stick to it firmly. For example,
if higher bond strength is required, abrading and/or acid etching’
metal surfaces can be a means of improving the adhesion of the bending
material to the mating surfaces. Common methods of surface prepara-
tion are solvent washing, sand\blasting andd/apor degreasing.

SYNTHETIC RESIN " Resins prepared by chemical means

TACK. The sticky quality of an adhesive film, either while wet
or after the film has set. 1echnically it is the pull resistance -
measured in dynes, exerted by a material adhering completely to

ftwo separating surfaces.

TACK BONDED Low pressure applied to an adhesive film which : £
: has a sticky quality enabling it to form a temporary attachment. -

TACK RANGE. The time during which an adhesive film remains / o
tacky.. ‘ : E . : ' L)

. TENSILE STRENGTH. The resistance of a film to distortion or
rupture -when it 1is exposed to forces exerted in opposite direction.’
Measured in PSI.

T[F COAT. One layer of a coating system used to improve the
adhesion of adjacent or succeeding. coats ,

ATOW. A loose; untwisted bundle of- filaments.

TOXICITY & A term referring -to tire physiological effect of absorbing
a poisonous substance into the system, either through the skin, '
mucous membranes or respiratory system.

ébRQUE TEST ‘A twistid}hor turning force applied to inserts - .‘n;

- to test adhesive bond strength.
AN

' TRICHLOROE’THY[ENE’ A solvent. S Lt

- TWIST, The turns about its axis per unit of length observed
in a yarn or other texti]e strand. Twist may be expressed as turns
per inch (TPI). "S" and\"2" refer to direction of twist. :

' UNDER CURE. Degree §f cure less than optimum. May be evidenced
by tackiness. softness, off-color or inferior physical properties
of an adhesive,
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UNIDIRECTIONAL LAMINATE. A laminate with nomwoven reinforce-
ments which are all laid up in the same direction. '

ULTRASON (¢ 'THST, High frequency sound waves emittedlfor void,
detection In bonded structural panels.

.4
CVEILCLE lhv llquld portion of an adhoalVL cumpound-conalatlng

‘of the binder and volatlle thinners.

/v

VISCOCITY .. Comparative fluidity or stiffness of liquid adhesives,
- coatings and sealers.

'VAPOR DEGREASING. A cleaning process that employs hot vapors
of a solvent to.remove oil, grease, waxes, etc.
A S
WARP., The yarn running lengthwise in a woven fabric. ’

WET LAYUP. A reinforced plastic which has liquid réﬂn applie&
as the reinforcement is being laid up.

WETTING. The ability of an adhesive to "wet" or " adhere to a
surface immediately on contact even when the film is reduced to
extreme thinness. _ . : o , . &P
WORKING LIFE. Refers to the time interval after mixing the :
accelerator into .the base compound during which the adhesive or sealer
can be satisfactorily applied with Pressure equipment.

YARN Generic term for strands of fibers or filaments in a
—£6Tm suitable for weaving. :

STUDY ASSIGNMENT&

Read chapter 1 of Adhesives in Modern Manufacturing.

QUESTIONS

‘Note: Answer the following questions on a geparate piece of
papers. DO NOT WRITE IN THE STUDY GUIDE.

¢ 1. How are adhesives of the catalytic plural component ¢
normally provided to the user?

2. An important»advantage in the use of epoxies is:

',3,~ Epogies are particularly useful in joining what type of
materials? : o : e

4, How will the epoxy bond set or cure faster?
5. . What are two potential disadvantages of phenolic adhesives?

6. List two advantages of film~adhesives.

o :‘_'.29 : 79 .




N 7. In some film adhesives what is used to support polymer
“film and carry part of the load? '

8. List four of the seven major chemical and physical Phenomena
v~thét must be considered in establishing a strong adhesive Joint. '

REFERENCES e

- 1. B:uno, E. J., editor. Adhesiveszin,Modern Manufacturing. Society

of Manufacturing Engineers, Dearborn' Michigan, 1970.

2. TO 18- 52 3, Structural Repair Inqtructionq. g

3. MlL—HDBK—23A Structural Sandwich Composites.
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Metals Technology Branch. . -~ | '3AZR53153-3-5G-104
Chanute AFB Illinois S - :

PRINCIPLES OF REPAIR PROCESSES
OBJECTIVES

1. VWitbout reference, identify basic facts and,principles
concerning the assessment of .damage to metal bonded structures.

2. Given a bonded repair situation, analyze the situation -
and identify the steps and proce%rres in the preparation for repair
of a bonded panel. ’ . c .

3. Given a bonded repair situation, analyze the situafion
and identify the steps and. procedures associated with the fabrication ¢
and prefit of repair par’s

4, Given a bonded repair situation, analyze the situation
- and identify the types and methods of cleaning metaljbonded structures.

5. Given. a bonded'repair.situation, analyze the situation
and ‘identify facts.and principles related to the lay—up and assembly
of the repalr materials .

6. Given a bonded tepair situation, analyze the situation
and identify facts and principles’pertaining_to the curing process.

7. Given a metal bonded repair sitnation,.analyze the situation
and identify the facts and principles concerning trimming and final
finish. .

INTRODUCTION

.

When repairing or rebuilding a metal bonded structure, it is
necessary to follow a certain procedure if the repair or rebuilding
process 1s to be successful -

In-the following étudy assignment you will review the guidelines
that must be followed to ensure a good job and minimize repeated repairs
to metal bonded structures

STUDY ASSIGNMENT

Read the followlng.chapters'of Adhesives in Modern Manufacturing:
.Chapters 2, 3 (pages 59-66), and 4 (pages 89-98).

. QUESTIONS

'Note: ‘Answer the following questions on a separate piece of '
paper. DO NOT WRITE IN THIS STUDY GUIDE. ‘

. 1. Name tWo advantages of joining structures with adhesives.

-
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2. Name"two disadvantages qf joining struétufes with adhesives.

3. What are the two general operational parameters that should
beskept in mind when bonding materials with adhesives?

4, ldentify at least four of the six conmon types ofijoints
described in the text. ‘ S '

- 5. From the.infofmation in the text what~}é meaﬁt_by adhesive?

6.  Before choosing a method of appiying the adhesive the user

should con%ider a few things; list at least three things to be considered.

. 7.  Name the five basic methods of chemicai“cleanihg used on
ddherends. - . :

. 8. By what three methods can degreasing of an adhgreqd.be
accomplished? ‘ : . ' ) .

. 9. List the three basic methﬂds o§ adhesive application’to
assemblies. : e ,

REFERENCE -

-~

Bruno, E. J., editor. Adhesives in Moderp'Manufacturing. Society
of Manufacturing Engineers, Deafborn, Michigan, 1970.. ‘ '
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Metals Technology Branch o ' 3AZR53l53-3-SG—10§

Chanute AFB, Illinois o e s D
R . INSPECTION AND EVALUATION R
L OBJECTIVES L | o -

Without reference, identify the 3eneral principles and basic
facts concerning inspeétion of metal bonded structural repairs.

. INTRODUCTION . ¢

. l . . .
v Quality -cofnitrol of a bonded joint involves making sure that a -
v certain’ level of reliabjlity 1is achieved in @ Joint. Quality control
: ~also performs the impottant function of compiling statistics on
defects for the availability 6f all accountable bonding personnel.
, Reliability is achieved by a thorough in-process control from the
& , time the raw materials come in until the last finishing operation
is completed. After completing this chapter you should be familiar ‘
. with the inspection and evaluation of metal bonded structures. :

STUDY ASSTGNMENT o | o

-

Read'chapter 5 of Adhesives in Modern MAnufacturikg.,

-

_— . ». N ’ . R

QUESTIONS
,Note. ‘Answer the following questions on a separate piece of o
‘paper. DO NOT WRITE IN THIS STUDY GUIDE : o . S .

1. List at least one of.the three things to look for when g _ B

v , inspecting the condition of raw material containers.
o Lo, Give a brief description of PREFIT. ‘
. 3. What is the most commonly~used check for proper condition

prior to'drying after surface treatment? o | _ R

. 4. What is the time interval limit for an adhesive coating o 'L
on a pyepared surface of clad aluminum/etched?

P, ', 5. List the five basic types of.nondestructive tests that /)b
t A are performed on bonds. # . . o . .
¢ 6"» List at least four ofathe destructive testing methods used
eo test the bond ' S , , ,

3

7, Pick ‘one of the above methods and give a brief description
of how:it is conducted. y . . o T - oy
REFER'ENCE 5 | s »4 | ‘ - v . “ L 0 . . - A .. .
o) . - = ., 4
Bruno E. J., editor. Adhesives in Modern Manufactufiﬁg Society -
‘of Manufacturing Engineers, Dearborn, Michigan, 1970. A Y ? ‘,ilt'v




