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DEPARTMENT OF THE NAVY 
NAVAL AIR DEVELOPMENT CENTER 

JOHNSVILLE 
WARMINSTER, PA. ISB74 

MAEM 
90210 
2 Aug 1967 

i'rom- Commanding Officer, Naval Air Development Center, Johnsville, 
Warminster, Pa. 18974 

lo: Commander, Naval Air Systems Command (AIR 530323) 

Subj: AI RIAS K A34 530 004/200 1/F012 07 02, WU #07 Securing Fasteners 
and Other Assembling Devices; Review and Evaluation of Present 
Practices, Design and Osage Limitations and Engineering Documen¬ 
tation; establishment of 

Iwf: (a) Bl'WEPS itr NWSA/RAAE-333/632 : GDN of 11 Aug 1965 

Enel: (1) Six copies of Report No. MADC-MA-6704 of 26 Jul 1967 

1. By reference (a) the Bureau of Naval Weapons requested an investiga¬ 
tion of devices for and methods of securing fasteners and locking assembli 
be initiated. Devices to be investinated included lock wire, lock washers 
cotter pins, adhesive compounds, and self-locking elements. 

2. This investigation has been completed and the results are included 
in enclosure (1). 

3. This area of the work is completed. The work unit will remain 
open to accomplish other work thereunder. 

E. R. LAMSON 
By direction 

Distribution of this document is unlimited. 
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NAVAL AIR DEVELOPMENT CENTER 

JOHNSVILLE, WARMINSTER, PA. 18974 

DATE 26 JUL 1967 

REPORT NO. NADC-MA-6704 

AIRTASK A34 530 004/200 1/F012 07 02 

WORK UNIT #07 

SECURING FASTENERS AND OTHER ASSEMBLING DEVICES; 

REVIEW AND EVALUATION OF PRESENT PRACTICES, 

DESIGN, USAGE LIMITATIONS, AND ENGINEERING DOCUMENTATION; 

ESTABLISHMENT OF 

A. Ob ject 

To review and evaluate fastener-safety devices and methods and the 

applicable engineering documentation; and to investigate the relative 
reliability of such methods and devices. 

B. Petai1s 

1 • Test and Test Specimens 

(a) The Weidemann Baldwin Universal Fatigue Testing Machine, 
Model SF-10-U, was selected for evaluating the fastener-safety devices 

under investigation. This machine (see Plate l) produces a sinusoidal 

vibratory force, with a constant frequency of 1300 cycles per minute. 

The amplitude applied to the test specimen is variable. The fixture* 

used for testing is shown in Plates 2 and 3. This fixture is designed 

to accommodate bolts of \ inch diameter. Plate 3 shows lockwire 

installed for testing, and the method used to mark nuts and bolt-ends 

so that any displacement of the nut on the bolt would be revealed. 

(b) The fastener-safety devices tested are shown in Plate 4. 
They include the following devices, all of which except for Item 8, 
were obtained from local Navy supply: 

(1) Bolt, self-locking, with non-metallic insert con¬ 
forming to type A of reference (a). (Tested against freely-spinning, 
plain, hexagonal nut, standard height.) 

ENCLOSURE (1) 
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(2) Cotter pins, corrosion-resistant, conforming to 

type C of reference (b) and dash number 158 of reference (c). 

(Tested against freely-spinning, castellated nuts (eres).) 

(3) Nut self-locking, hexagon, non-metallic insert, 

low height. (Tested against plain, cadmium-plated bolts.) 

(4) Nut, self-locking, hexagon, reduced height, short 

beam. (Tested against plain, cadmium-plated bolts.) 

(5) Washers, lock, flat, external tooth, conforming 

to dash number 33 of reference (d). (Tested against freely-spinning, 

plain, hexagonal nut, reduced height.) 

(6) Washers, lock-spring, helical. (Tested against 

freely-spinning, plain, hexagonal nut, reduced height.) 

(7) Washers, lock, flat, internal tooth. (Tested 

against freely-spinning, plain hexagonal nut, reduced height.) 

(8) Washers, lock, flat, internal tooth. (Specimens 

having a uniform tooth angle. Provided for test by manufacturer) 

(9) Wire, lock, GRES, nominal diameter 0.020 inch. 

(Tested against freely-spinning, castellated nuts (eres).) 

(c) Test specimens were subjected to the fixed frequency 

of 1800 cycles per minute with an amplitude of 0.450 ± 0.015 inches. 

Testing continued until the nut was observed to have rotated 30 

degrees or more, considered as failing for the purpose of this report, 

or until one million cycles had been completed without failure. This 

procedure is intended a' an accelerated vibration test, comparing 

the relative reliability of fastener-safety devices, and affording 

means of determining approximate life expectancies. Test results are 

presented in Table 1 and Plate 5, with the fastener-safety devices 

arranged in order according to greatest average number of cycles 

to failure . 

2. Reports From Industry 

(a) The Aerospace Industries Association of America, Inc. 

was requested to circularize its membership on the question of current 

ENCLOSURE (1) 
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usage and reliability in the field of fastener-safety devices 

Responses were received from seven airframe manufacturers. Thir- 

theseCmanSfIcturersfaSRenii'Safety deVÍCeS are rePorted in use by manutacturers. Replies are summarized in Table 2. 

(b) Analysis of Table 
series of industrial preferences 
in aircraft. 

2 reveals the following 

in fastener-safety devices used 

_Dev ice_ 

Nuts, self-locking 

(includes non-metallic 
inserts and all-metal 
nuts) 

Bolts, se.^ locking 

Lockwire 

Washers, Lock 

(Toothed, Tab, Split, 
etc. ) 

Adhesive compounds 

Cotter pins 

Rod-end locks 

Clevis pins 

Threaded inserts 

Turnbuckle clip- 

lock assemblies 

Number of Responding 

Manufacturers 
. Using Each Device 

7 

6 

6 

6 

5 

4 

4 

3 

2 

2 

ENCLOSURE (1) 
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Keys, staking, and peening were reported in use by only one 
manufacturer respectively. 

3. Technical Literature 

(a) A survey of the technical literature covering the past five 

years located two relevant reports (references (e) and (f)). Reference (e) 

indicated the need for coloring cotter pins black (if corrosion-resistant), 

and olive-drab (if cadmium-plated) to enhance visibility in night inspec¬ 

tions under red light. Uncolored cotter pins, missing from their installa¬ 

tions, had gone unnoticed, resulting in a number of aircraft accidents. 

Tests indicated that when colored as described above, this objection to the 

use of cotter pins was eliminated. Reference (e) recommends revision of 

the applicable military standards to provide such coloring. It is to be 

noted that, of the nine fastener-safety dévices tested as specified in 

paragraph B.1.c., cotter pins rated highest in average number of cycles to 
failure (see Table 1). 

(b) Reference (f) is concerned with a comparison of fastener tech¬ 

niques and locking devices used on military electronic eqúipment. Six 

basic categories of fasteners and locking devices are compared for effective 

locking action in reference (f). These include lock screws, self-locking 

nuts, sheet metal nuts, non-metallic fasteners (such as nylon screws with 

steel cores and nylon nuts and screws), threaded inserts, and self-tapping 

screws. Specimens of each of the six categories were subjected to tensile, 
torque, shock, and vibration tests. Comparison of the results reported in 

reference (f) for self-locking nuts and threaded inserts (included in 

Table 2 and paragraph B.2.b. herein) indicates no significant difference 
in performance. 

(c) In Section V, Overall Conclusions of reference (f), it is 

stated that any categorized generalization concerning threaded fastener 

capabilities is unrealistic, and that test results indicate that such fac¬ 

tors as size, material, finish, special features and method of application 

can greatly influence the in-use capability of fasteners. Identical 

fasteners, it is stated, when used under different circumstances will dis¬ 
play varying in-use capabilities. 

C. Discussion 

1. Two of the responding airframe manufacturers indicate that they 

have no information cn the reliability of the devices they are using, and 

one manufacturer points out that the relative reliability of these methods 

and devices is dependent on the specific installation and service environ¬ 

ment, and that any generalization of relative reliability is largely mean¬ 

ingless (see "Comments" in Table 2). This is in agreement with the conclu¬ 
sions of reference (f). 
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2. Table 1 and Plate 5 illustrate the superiority of cotter pins over 

LraohTÍ’ eig Í falt?ner_Safety deVÍCes when tcsted as specified in para- 
cotter o ñs' In,a ^0n’ Ín accordance with Table 1 of reference (g) 

resisLní steei ^ t?mperatures UP to 800°F when made of corrosion 
resistant stce, whereas devices using non-netallic inserts as self-lockine 
elements are limited to 250°F. It is assumed t-W if -u. , locKin8 

of reference (e) relating to the coloring of cotter pins LrÍn^udÍfírthe 

br'xteñldí11^5' Btand<irdS the US1, of thcSi! fastener-safety devices would 

0* Conclusions 

and 
1. Eased on the investigation conducted, as reporced in 
tables 1 and 2 of this report, it is concluded that: 

Sections B and C 

tive reliability ^Ussif^ati°n of fastener-safety devices based on rela- 
. reliability is unrealistic since these devices are greatly influenced 

y such factors as size, material, finish and special features, and display 

variable m-use capabilities when used under differing circumstances orP X 
service environments. ë bLances or 

devices 
(b) Cotter pins show a significant super 
tested as specified in paragraph B.l.c. 

iority to most of the other 

E’ Recommendations 

It is recommended that: 

1. Reference (g) be revised as follows: Change title to read- 

of"ref^ and L?CÏ W!rin8, Gfneral Practices for" since the present title ^ 

for therselectionSandS nC !ndjCatioa that: il includes general Instructions 
tne selection and application of cotter pins. 

exfeíd t^ese”vVl«0":er:£C0™«e:dplnysr£erenCe <e) be —ln order to 

Prepa^^cj by; a- \ 91ÆJ,. 
A. M. PHILLIPS 

Project Engineer 

Approved by: 

VR.R0LL, Head 

lical Systems Branch 
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250°F, Self-Locking Element for, of 5 December 1961 

(b) Specification FF-P-386b Pins, Cotter (Split) of 21 March 1951 

(c) Military Standard MS24665, Pins, Cotter of 20 April 1961 

(d) Military Standard MS 35335, Washer, Lock, Flat - External Tooth of 

5 December 1963 

(e) Naval Air Engineering Center Report No. NAEC AMI, 2333, Pins, Cotter; 

Coloring of, dated 15 December 1965 

(f) IIT Research Institute Technology Center Report No. 4, Investigation 

of Fasteners and Fastening Techniques, Final Progress Report, 

15 May 1964 to 14 September 1965 

(g) Military Standard MS 33540, Safety Wiring, General Practices for, 

o? 17 March 1959 

PLATES 

1 - Weidemann Baldwin Universal Fatigue Testing Machine, Model SF-10-U 

with test fixture mounted on oscillator. Photo No. 381847 

2 - Test fixture and specimens partly assembled. Photo No.381846 

3 - Test fixture and specimens assembled. Photo No.381848 

4 - Fastener-safety devices tested. Photo No. 383294 

5 - Bar graph. Fastener-safety devices in order according to greatest 
average number of cycles to failure. 

TABLES 

1 - Test Results- Fastener-Safety Devices 

2 - Fastener-Safety Devices Used by Airframe Manufacturers 
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Fastener-Safety Devices Tested

Plate 4
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BAR GRAPH. FASTENER-SAFETY DEVICES IN ORDER ACCORDING TO GREATEST AVERAGE 
NUMBER OF CYCLES TO FAILURE 
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TEST RESULTS - FASTENER SAFETY DEVICES 

DEVICES TESTED £ 
NUMBER NUMBER 
TESTED FAILING 

CYCLES TO FAILURE 

AVERAGE TO EXTREMES 
NEAREST HUNDRED LOW HIGH 

COMPLETED ONE 

MILLION CYCLES 

Cotter Pin, CRES 7 5 

Bolt, self-locking, non- 
rnetallic Insert 

5 4 

Nut, self-locking, hexagon, 
non-metal 1 ¡c insert 

7 4 

, Nut, self-locking, hexagon 12 
reduced height, short beam 

Lockwire, CRES, 0.020 inch dia. 5 

Washer, lack-spring, helical 2/ 12 

Washer,lock, flat, internal 16 
tooth (Provided for test by 
manufacturer.) 

Washer, lock, flat, external tooth 8 

12 

5 

9 

14 

8 

Washer, lock, flat, Internal tooth 8 8 

686,800 

558,000 

233,000 

111,600 

82,000 

68,800 

62,20C 

15,400 

8,500 

200,000 

200,000 

233,000 

7,000 

28,000 

5,000 

12,000 

5,000 

4,000 

990,000 

893,000 

233,000 

372,000 

134,000 

240,000 

173,000 

44,000 

17,000 

2 

1 

3 

0 

0 

1 

2 

0 

0 

1/ See paragraph B.l.b. and Plate 4. 

2/ Bolts failed on two specimens; one after 122,000 cycles, the other after 240,000 cycles. 

TABLE 1 
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MANUÍ ACTUKER 

A. 

ß. 

C. 

D. 

E. 

F. 

G. 

FASTENER-SAFETY DEVICES USED BY AIRFRAME MANUFACTURERS 

_DEVICES__COMMENT S 

Non-metallic ,'nserEs 
Nuts, Reformed-tFiread 
Lockw i re 
Adhesive compounds 
Threaced inserts 
Keys 
Nuts, non-raetallic inserts 
Clevis pins 
Rod-end locks 

Cotter p i ns 
Bolts, nrn-metall i c inserts 
Nuts, self-locking 
Lockw i re 
Adhesive compounds 
Washers, Lock, Split and Tab 
Washers, Lock 
Washers, Key 
Clevis pins 
Rod-end locks 

Nuts and bolts, self locking (76.Oí) 
Cotter p i ns (9.6Í) 
Lockwire (6.8Í) 
Washers, Lock (5.5Í) 
Adhesives (l.9ï) 

Lockwire 
Washers, Lock 
Washers, Key 
Cotter p i ns 
Adhesi ves 
Nuts, self-locking 
Bolts, self-locking 
Clevis pins 
Rod-end locks 
Turnbuckle, Clip-lock 

Lockwir e 
Washers, Tab 
Nuts and Bolts, self-locking 
turnbuckle. Clip-lock 

Nuts, self-locking, all metal 
Threaded inserts 
Washers, Lock, Split 
Washers, Lock, Toothed 

Nuts and Bolts, self-locking 
Cotter pins 
Lockwire 
Washers, Lock 
Adhesive compounds 
Stak ing 
Peening 
Rod-end locks 

"The space program design group 
prefers deformed thread nuts." 

"We have no reliability infor¬ 
mation for these items." 

"Use of cotter pins is limited 
to ground equipment." 

"We do not have factual information 
regarding relative raliability of 
these fastening means." 

"Relative reliability of these 
devices is somewhat meaningless 
as it is dependent on applicability 
in the particular installation and 
service environment." 

"Only limited use made of adhesives 
. . . tests show they have unpre¬ 
dictable retention capabilities. 

"Do not use adhesive compounds 
as locking device." 

"For general purpose all-metal, 
self-lock ing nuts are preferred." 

"Lockwire and cotter pins are 
generally avoided." 

"Nuts with nylon inserts are 
superior to the all-metal self¬ 
locking nutj however, nylon 
material limits nut application 
to 250°F max." 

TABLE 2 



Unclassified
Security Classification

document control data • R&D
cl...ll/c.„on ol 60*. o/ .6..,.c. ,nJ..lna ^not.llcn mo.. 6. ft. p..^,

I. OaiCINSTIN C ACTIVITY CCoimfolo auISorJ

Aero Materials Department 
Naval Air Development Center 
Johnsville. Warminster^ Pa. 18974

2« REPOHT ^eCUniTv CLASSIFICATION

Unclassified
26 enoup

1. RC^ORT TITLE
Securing Fasteners and Other Assembling Devices; Review and Evaluation of 
Present Practices, Design, Usage Limitations, and Engineering Documentation; 
Establishment of

4. DESCRIPTIVE NOTES of raport and IncfuAlv* ~
Informal

t AUTHORTS; n«ni*. Hrmt nmmm. tnitimj)

Phillips, Alexander M.

* ttiaoirr oati

26 July 1967
• a. CONTSACT Ol

a anojscT no.

c. Work Unit # 07, AIRTASK A34 530 
004/200 1/F012 07 02

7a total no of FAOCA
_ _  15
• a oaiaiNATOA', i^PoAYNuMssats; 

NADC-MA-f>Ti©»- /

»* maf« I 6a AAAlflAd

10 A VA ILABILITY/LIMITATION NOTICES

Distribution of this document is unliraited.

12 SRONSORIN6 MILITARY ACTIVITY

Naval Air Systems Command 
Department of the Navy 
Washington. D. C. 20360

1* ABSTRACT

•To review and evaluate fastener-safety devices and methods and the 
applicable engineering documentation; and to investigate the relative 
reliability of such methods and devices.

DD 1473 Unclassified
Security Clasaificatioii



Une lass if led 

Security Classification 

KEY WORDS 

Fasteners 
Assembling Devices 
Usage Limitations 
Engineering Documental ions 

LINK B LINK C 

INSTRUCTIONS 

1. ORIGINATING ACTIVITY: Enter the name and address 
of the contractor, subcontractor, grantee, Department of Dt^ 
fense activity or other organization {corporate author) issuing 
the report. 

2«. REPORT SECUHTY CLASSIFICATION: Enter the over¬ 
all security classificstion of the report. Indicate whether 
"Restricted Data" is included, Marking is to be in accord¬ 
ance with appropriate security regulations. 

2b. GROUP: Automatic downgrading ir specified in DoD Di¬ 
rective 5200. 10 and Armed Forces Industrial Manual. Enter 
the group number. Also, when applicable, show that optional 
markings have been used for Group ,1 and Group -t us author¬ 
ized. 

3- REPORT TITLE: Enter the complete report title in all 
capital letters. Titles in all cases should be unclassified!. 
If a meaningful title cannot he selected without classifica¬ 
tion, snow title classification in all capitals in parenthesis 
immediately following the title. 

4. DESCRIPTIVE NOTES; If appropriate, enter the type of 
report, e. g., interim, progress, summary, annual, or final. 
Give the inclusive dates when u specific reporting period is 
covered. 

5. ^AUTHOR(S): Enter the name(s) of authors) as shown on 
or in the report. Entei last name, first name, middle initial, 
If military, show rank and branch of set ice. The name of 
tne principal dothor is an absolute minimum requirement. 

6. REPORT DATE: Enter the date of the report as day, 
month, year, or month, year. If more than one date appears 
on the report, use date of publication. 

7a. TOTAL NUMBER OP PAGES: The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information. 

7b. NUMBER OF REFERENCES: Enter the total number of 
references cited in the report. 

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 

8b, 8c, & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi¬ 
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 

9b. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report numbers (either by the originator 
or by the sponsor), also enter this number(s). 

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim¬ 
itations on further dissemination of the report, other than those 

imposed by security classification, using standard statements 
such as: 

(1) "Qualified requesters may obtain copies of this 
repon from DDC " 

(2) "Foreign announcement and dissemination of this 
report by DDC is not authorized.” 

(3) "U. S. Government agencies may obtain copies of 
Ibis report directly frdm DDC. Other qualified DDC 
users shall request through 

(4) U b. military agencies may obtain copies of this 
report directly from DDC Other qualified users 
shall request through 

(5) “All distribution of this report is controlled. Qual¬ 
ified DDC users shall request through 

Use for additional explane- 

If thi report has been furnished to the Office of Technical 
Services. Department of Commerce, for sale to the public, indi¬ 
cate this fact and enter the price, if known. 

1'. SUPPLEMENTARY NOTES: 
lory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the depar!mental project office or laboratory sponsoring {pty 

to0 'he research and development. Include address. 

11 ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
U may also appear elsewhere in the body of the technical re¬ 
pon If additional space is required, a continuation sheet shell 
be attached. 

Il IS highly desirable that the abstract of classified reports 
be unclassified. Each paragraph of the abstract shall end with 
an indication of the military security classification of the in¬ 
formation in the paragraph, represented as (TS), (S). (C). or (V). 

There is no limitation on the length of the abstract. How¬ 
ever, the suggested length is from 150 to 225 words. 

14 KEY WORDS: Key words are technically meaningful tefms 
or short phrases lhat characterize a report and may be used 
index entries for cataloging the report. Key words must be 
selected so that no security classification is required. Identi- | 
fiers, such as equipment model designation, trade name, military! 
project code name, geographic location, may be used as key 1 
words but will be followed by an indication of technical con¬ 
text. Tlie assignment of links, roles, and weights is optional. 

DD P 0RM 
1 JAN « 4 1473 (BACK) 

Unclassified 
Security Classification 




