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EXECUTIVE SUMMARY

There is a considerable cost—saving potential for the U. S. Navy in

using flash—welded anchor chain as opposed to die—lock—manufactured chain which

has been used for almost 50 years. For example , the cost of 4—3/4—inch die—

lock anchor chain for the Navy ’s new CVN-70 aircraft carrier, currently under

construction , i nearly $800,000, while equivalent flash—welded chain would

cost less than one—half that amount.

The first step of this investigation involved developing guidelines

and procedures for the manufacture of 4—3/4—inch flash—welded alloy steel stud

link anchor chain which would be representative of the best state—of—the—art

practice presently in use and would enable the Navy to procure chain that would

satisfactorily meet its service requirements. These guidelines and procedures ,

along with quality—assurance testing requirements , were summarized in an

Interim Sp ecification.

The present report contains the results of a laboratory evaluation of

four samples of 4—3/4—inch flash—welded anchor chain. Although the manufacturers

of the four chain samples were not required to follow the Interim Specification

guidelines and procedures precisely, since the time and cost involved in retooling

and modif ying their operations would have made this impractical for the very

small amount of chain required , their current practices are in very close accord

with those delineated in the Specification and the samples can be considered

truly representative.

The major program effort involved evaluation of the samples in accor-

dance with the metallurgical , nondestructive , and mechanical testing requirements

as set forth in the Specification. The primary objective was to determine

whether the 4—3/4—inch flash—welded anchor chain currently produced by these manu-

facturers would meet Navy requirements. It was concluded that it would . However ,

it was also determined that the Specification needed some minor modifications ,

e.g., revision of the procedure for obtaining some of the metallurgical specimens

and elindnating the requirement for ultrasonic testing of the flash—weld area of

each chain link. In the case of the ultrasonic testing, it was found that defects

1-1-
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were often indicated where , in fact , none existed , which would result in good

chain being rejected and considerable waste. It was therefore recommended that

the ultrasonic testing requirement be eliminated since several other non-

destructive and metallurgical tests called for in the Specification reveal the

same types of defects for which the ultrasonic tests were intended .

11.1.
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LABORATORY EVALUATION OF 4—3/4-INCH
FLASH—WELDED ALLOY STEEL STUD

LINK ANCh OR CHAIN

by

David C. Doerschuk, Rober t J. Eiber ,
and Thomas P. Groeneveld

INTRODUCTION

The CVN-70 aircraf t carrier , currently under construction for the
Navy , will require 4—3/4—inch anchor chain. Since the Second World War the Navy

has used die—lock— type chain for all anchor—chain app lica tions r equ i r ing  this

size. Recent technological advances have resulted in flash—welded—type chain

which appears to be suitable for naval applications and is considerably less
expensive than die—lock chain. Flash—welded—type chain is presen t ly being used

by a number of fore ign navies and for anchoring mos t offshore oil platforms .
Recent studies at Battelle ’s Columbus Laboratories have indicated that 4—3/4—inch

anchor chain can be flash—weld manufactured to meet U. S. Navy requirements by

using cer tain technical guidelines and procedures developed by Battelle. These

guidelines and procedures are contained in Appendix A , “Inter im Spec if ica tion :
Chain, 4—3/4—Inch (120.5 mm) Stud Link, Anchor , Steel , Flash—Butt—Welded ”.

The guidelines and proced ures represent the present state of the art

for chain manufac tured by flash weld ing. This report contains the results of a

series of laboratory evaluations to determine the material characteristics of

samples of 4—3/4—inch flash—welded anchor chain produced by four manufacturers.
Although the chain samples were not produced strictly in accordance with the

guidelines and procedures es tablished in the Interim Specification , since the
time and cos t involved in re tooling and modif ying their operations would have
been prohibitive for the very small test quantities needed , current prac t ices are

so very nearly identical with those called for by the Specification that the

samp les can be considered truly representative.

Samples consisting of one triplet and two single links were received

from four chain manufac turers. Table 1 shows the size and type chain of each

sample and the letter designation for each manufacturer that will be used through-

out this report. 
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TABLE 1. CHAIN SAMPLE SIZE , QUALITY , AND LETTE R DESIGNATION

Sample
Des ignation Sample Size , mm Sample Quality

A 120 Oil-Rig Quality

B 120.5 Extra High Strength Grade 3

C 132 Extra High Strength Grade 3

D 120 Oil—Rig Quality

OBJECTIVE

The objective of this study was to collect and document data on the

material properties/characteristics of four samples of 4—3/4—inch anchor chain

and to evaluate them in accordance with specific quality—assurance testing

guidelines and procedures in order to determine whether flash—welded chain
presently being manufactured will meet Navy requirements.

APPROACH TO THE PROBLEM

Each chain sample was subjected to the complete series of tests outlined

in the Interim Specification . These included a proof load , breaking load , and
destructive test of the trip lets , using the 5—million—pound testing equipmen t

at Lehigh University; link surface , flash—weld surface , and flash—weld interior

examinations , and physical measurements of one single link; and chemical cot .

position , li nk in t erior , fus ion—zone  micros tructure , t ensile , Charpy impact , and

bend tests of specimens cut from the other single link. In addition , a series
of dynamic tear tests were conducted on specimens cut from the link used for

physical measuremen ts and nondestructive testing .

All testing was performed in accordance with the Interim Specification

or the respective ASTM standard method . The testing procedures are described and

the results are presented in the following section .
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DISCUSSION OF TEST PROCEDURES AND RESULTS

Proof Load, Breaking Load , and Destructive Tests

Each sample trip let was proof loaded to 1,700,000 lb , then loaded to

170,000 lb and inspected for frac tures or tendency to open a t the weld , and

measured for stretch. All samples perft~rmed sa t i s f a c tor i ly  in these tests.

The results are shown in Table 2.

TABLE 2. PROOF LO~~. 8REAK~NG LOAD , AND
DESTRUC1IVE TEST RESULTS

Stretch
at 170 ,000 lb . Breaki~~_ Stren~ th , lb~~Samp le percent Teste d Antic ip a ted

A 0.00 2,5.~O ,OOO 2 ,730 ,000

8 2.01 2,455,000 2,204 ,000

C 0.23 3,110 ,000 2 ,568 ,000

0 0.39 2 ,570,000 2,780.000

Each sample was then pulled to break. All fractures occurred in  link

corners. Table 2 shows the recorded breaking strength for each sample and the

expected breaking strength in accordance with the respective size and quality

chain. Note that samples B and C were stronger and Samples A and D were weaker

than anticipated . Also , it should be noted that the breaking strength of

Sample D was greater than the 2,550 ,000—lb requirement of the Interim . c c octfo~
even though it was 0.5 mm smaller than the 120.5-mm chain called for in the

Interim Specification .

Tensile Tes ts

Figure 1k shows the 0.505—in, round bar tensile specimens after testing .

The spec imens were cut from the unwelded por tion of the chain samples in accordance

*Ai1 figures are presented in Appendix B. 

--,-.
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with the Tnterim Spccification . Table 3 summarizes the mechanical  propert ies

determined by the tensile tests at room temperatures. The 0.2 percent o f f s e t

yield streng ths ranged f rom 61,200 to 70 ,600 psi. The tensile strengths ranged

from 92 ,300 to 102 ,000 psi. The reduc tion in area ranged from 64.6 to 70.0

percent. Samples B and D did not surpass the 99,600—psi ultimate strength

required by the Interim Specification. These samples showed 94,300 and 92,300 psi

ul tima te tensile streng ths , respec tively.

TABLE 3. TEN SILE TE ST RE SULTS

Tensile 0.2 Percent Offset Reduction in
Sample Strength, psi Yield Strength , psi Area , percent

A 100,800 67,700 66.1

B 94,300 69,500 68.8

C 102,000 70,600 64.6

D 92,300 61,200 70.0

Hardn ess Tes ts

Each samp le was g iven two Brinell hard ness tes ts, one at 0.10 in.

below the sample external surface and the other at a point one—half the radial
distance from the center of the uuc~elded area opposite the flash weld . These

data are presented for supplementary information only, sin ce there is no hardness

requirement in the Interim Specification . Table 4 shows the recorded hardness.

TABLE 4. HARDNESS TEST RESULTS

Brincll_ Hardnes~~ jj1N 
-

0.10 In.
Sample Delow Surface At 1/2 r

A 187 199

B 181 192

C 269 201

o 188 185 
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Bend Tests

All of the specimens passed the Interim Specification bend—test

requirement of 120 degrees with no crack. There was some localized yielding

evident in the weld region ; however , no crack extended across the surface of

the specimen. Figure 1 shows the bend specimens after testing .

Chemical Compos ition Analys is

Sample material was taken from the base metal of each chain sample.

The results of a chemical analysis in percent by weight are shown in Table 5.

TABLE 5. CHEMICAL coMposrlroN OF SAMPLES

~~~ j~~1C 9~~osit ion of Sample Designated, percent

Silicon 0.21 0.22 0.27 0.31
Manganese 1.72 1.83 1.81 1.59
Phosphorus 0.026 0.008 0.032 0.022
Sulfur 0.019 0.035 0.020 0.031
Carbon (total) 0.34 0.22 0.33 0.24
Nickel 0.04 0.12 0.04 0.13
Chromium 0.04 0.09 0.03 0.17
Molybdenum 0.01 0.01 0.01 0.02
Copper 0.01 0.09 0.03 O.2~
Vanadium 0.006 0.061 0.005 0.091
Aluminum 0.029 0.027 0.021 0.009
Nitrogen 0.008 0.012 0.008 0.004
Niobium <0.01 <0.01 <0.01 <0.01

Charpy Impac t Tes ts

Charpy V—no tch impact tests were conducted on flash—weld and base—

metal specimens from each of the four samples. As called for in the Interim

Specification , all of the specimens were taken at the same radial distance from

the center of the chain link. The V—notches were located along the radius on all

specimens. The flash—weld specimens were first etched to locate the weld and the

notch was then made in the center of the weld. All specimens were machined and

tested in accordance with the procedures outlined in ASTM A370; Type A V—notches

were used .

~
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The six flash—weld specimens from each of the four samples (A, B, C,

and D) were tested over a temperature range from 0 to 120 F with two specimens

from each samp le being tes ted at 32 F to determine the shape of the transition curve .

Eleven base—metal specimens were taken from each of the four samples. Specimens

from Samples B, C , and D were tested at —60 to +60 F; specimens from Samp le A

were tested at from —30 to +90 F; and three specimens from each of the four

samples were tested at 32 F to determine the shape of the impact curve. All

specimens , together with their test temperatures , are shown in Figure 2. Data

for the tests are presented in Table 6. Plots of the transition curves for the

flash—welded specimens are shown in Figure 3 through 6; those for the base—metal

specimens are shown in Figures 7 through 10. For the flash welds the Charpy

impact energies at 32 F averaged 45, 52 , 65 , and 26 ft—lb for the flash—weld

spec imens f rom Samples A, B, C, and D , respec t ively ,  and 53 , 122 , 107 , and 127 ft—lb

for the base—metal specimens from Samp les A , B, C, and D , respec t ively. The

Charpy impact—energy requirement at 32 F given in the Interim Specification is

36 ft—lb for the flash weld and 43 ft—lb for the base metal. Thus, flash—weld

Sample D did not meet the requirement at 32 F.

Dynam ic Tear Tes ts

Dynamic tear tests were conducted on flash—welded and base—metal

samples in an attempt to obtain less variable impact data than are usually obtained

in Charpy— type tests. However , the dynamic tear tes t da ta showed even grea ter

variabili ty. It is believed this was due to a relationship among specimen size ,
no tch radius , and flash—weld size. The flash weld is only a few thousandths of an

inch thick while the notch radii of Charpy and dynamic tear specimens are,

respec tivel y ,  ten and one thousand th inch , theref ore , it is mor e d i f f i c ult for

the testing technician to precisely loca te the dynamic tear no tch at the f lash

weld. In addition , it is difficult to obtain specimens with the flash weld

perfectly perpendicular to the specimen length. This results in a greater

variation of actual flash—weld location from desired location in dynamic tear

specimens as opposed to Charpy specimens , as the dynamic tear specimens are

markedly larger in cross section .

Results of the dynamic tear tests for both the f l a sh—welded  and base—

metal specimens are given in Table 7. The transition curves are shown in
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TABLE 6. CHARPY IMPACT TEST DATA

Test Energy, Shear Area ,
Specimen Temperature ft-lb percent

Flash-Weld Specimens

A 0 39.5 45
+32 46.0 51
+32 44.0 48
+60 63.5 78
+90 72.0 92
+120 85.0 100

B 0 49.0 43
+32 52.5 71
+32 . 50.5 43
+60 58.0 71
+90 78.5 100
+120 139.5 100

C 0 27.5 21
+32 90.5 69
+32 40.0 50
+60 66 .0 73
+90 50.5 87
+120 123 .5 100

0 0 16.0 27
+32 37.0 56
+32 14.5 32
+60 27.0 33
+90 45.0 50
+120 33.5 60

Base-Metal Specimens

A -30 27.5 29
-30 26.5 29

0 41.5 43
0 40.5 37

+32 58.0 49
+32 42.5 33
+32 57.0 52
+60 71.5 76
+60 58.5 56
+90 89.0 92
+90 83.0 87

~
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TABLE 6. (Continued)

Test Energy , Shear Area ,
Specimen Temperature ft-lb percent

Base-Metal Spec imens (Continued )

B -60 95.0 53
-60 34.5 14
-30 107.0 61
-30 44.0 25

0 132 .0 100
0 95.0 66

+32 101.0 70
+32 138.0 100
+32 126.5 100
+60 115 .5 100
+60 111.5 100

C -60 26.0 9
-60 20.5 9
—30 36.0 29
—30 32.5 29
0 90.0 60
0 67.5 50

+32 123.0 100
+32 88.5 69
+32 110.0 73
+60 120.0 100
+60 119.5 100

0 ••60 87.5 52
-60 85,0 46
-30 41.0 29
-30 23.0 25
0 114,0 74
0 99.0 61

+32 137.0 100
+32 128.0 100
+32 116.0 82
+60 133.5 100
+60 124.5 100 
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TABLE 7. DYNAMIC TEAR TEST DATA

Ang le , deg Shear Area

Test
Samp le Temperature , F Release Final Energy ~i. Avera ge

Flash-Weld Specimens
A +32 140 137.2 275 25 27

+60 H 137.0 295 50 51
+90 134 .0 607 100 65
+120 “ 132 .2 802 100 90

B +32 140 138.8 116 22 27
+60 137 .2 275 47 45
+90 ‘I 135.0 501 50 61

+ 120 134.0 606 52 70

C +32 140 137 .0 294 12 15
+60 ‘I 132.0 824 25 37
+90 Ia 136.1 387 35 59

+120 134.0 606 100 100

1) +32 140 139.0 96 12 15
+60 139.2 77 10 12
+90 139.8 19 15 17
+120 1 135.0 501 100 69

Base-Metal Specimens

A 0 140 139.2 77 15 15
+32 138.5 145 15 17
+60 135 .0 501 50 57
+60 137 .0 295 32 37
+90 131 .6 868 100 70
+90 132 .5 769 100 69
4120 130.0 1047 100 100
+120 130.0 1047 100 100

B 0 140 138.9 106 17 17
+32 135.0 501 37 57
+32 II 136.5 345 40 47
+60 133.2 693 50 62
+60 11 135.5 449 25 47
+90 119.0 2390 100 100
+90 h1 125.6 1563 100 77

+120 11 121.5 2070 100 100
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TABLE 7. DYNAMIC TEAR TEST DATA (Continued)

Ang le , deg Shear Area
Test

Sample Temperature , F Rel ease Final Energy Average

Base-Metal Specimens (Continued)

C 0 140 139.0 96 10 12
+32 “ 137 .8 215 32 32
+60 130.0 1048 18 47
+60 “ 131.1 924 18 45
+90 “ 121.8 2032 100 100
+90 129.5 1105 35 62
+120 124 .5 1697 100 100
-30 139.6 38 10 10

D 0 140 133 .0 194 35 37
+32 137.5 244 31 33
+60 137.5 245 33 35
+60 137.8 215 37 33
+90 133 .0 714 50 62
+90 137.5 245 35 27
+120 II 127 .0 1396 100 1 00

—30 1~ 138 .5 145 17 17

I- ~~_ . -- 
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Figures 11 through 14 and 15 through 18 for  the flash—welded and base—metal

specimens , respec tively. Figures 19 and 20 show dynamic tear fracture surfaces

for the f l a sh—welded  and base—metal specimens , respec tively. It can be noted

in Figure 20 that several of the base—metal specimens f rom Samples B and C did

not fracture comp letely at the higher temperatures in the dynamic tear test.

This is an indication of the relatively high toughness of the material and is

also an indication of the tendency of the material to sp lit in the axial direc-

tion of the chain link. (This latter indication is not believed to be of any

significance in terms of the performance of the chain link.)

Based on the point where the energy curve first starts to increase , or

the lower knee of the energy curve from the dynamic tear test , it is estimated

that the nil ductility transition (NDT) temperature of the flash weld is +60 F

for Samples C and D and +32 F for Samples A and B. The transition curves for the

dynamic tear tests indica te that the base metal has a lower transition tempera ture

than the weld metal. The NDT temperatures estimated from the base—metal dynamic

tear tests are 0 F for Samples B and C, +60 F for Samp le D , and +32 F for Sample A.

The sign i f icance  of the resul ts  can be assessed us ing  F igure  21. The

diagram indicates the flaw—size tolerance of a structure as a function of the

applied stress and temperature relative to the NDT temperature. At temperatures

below the NDT, the flaw—size tolerance is constant and at its minimum value for

a given applied s tress level. The h igher  the app lied stress , the  smal ler  the

flaw that can be tolerated by the material. At temperatures above the NDT, the

flaw sizes increase until at temperatures of NDT +60 F the material can tolerate

yield— level stresses even in the presence of large flaws.

The critical region of the link in terms of the fracture assessment

Is the flash—weld region. This region has an NDT temperature that is equal to

or higher than that of the base metal of the link and , also , there is a possibility

that the weld contains flaws that are in a plane perpendicular to the stress field

which is the most critical orientation . Based on the estimated weld NDT, the

temperature above which yield level stresses can be tolerated with reasonable

certainty is 120 F for Samples C and D. Similarly, for Links A and B this

temperature is 90 F. At temperatures down to 60 F below these temperatures the

flaw tolerance of the links will gradually decrease. At temperatures below the

NDT, the diagram indicates that there is no further decrease in the flaw size

tolerance. Since the diagram is basically for dynam ic load application (which

~~~ .1
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shifts the flaw—size curves to a higher temperature by 30 to 60 F) i t  is h i g h l y

probable that the chain will give adequate service performance down to the NDT

temperatures since it is unlikely that the loading rate in service will approach

a dynamic rate.

The information obtained during the dynamic tear tests reinforces the

importance of two Interim Specification requirements: that all chain be proof

tested at a high load and that every flash weld be inspected using conventional

nondestructive techniques. These requirements insure the absence of large flaws

which would reduce the chain ’s impac t—energy absorption capabilities at low

temperatures.

Chain—Link Surface Examina tion and Physical Measurement

One link from each sample set was used for a surface examination and

physical measurements. The surface examination was made for burrs , rough edges,

cracks, dents, cuts, or mill defects. No major surface defects over 1/16 inch

high or deep were found. Sample A had one small dent , Sample B had one small area

of rough edges appearing to be an as—rolled surface , Sample C had two small dents

and several gouges , Sample D showed platen marks near the flash weld .

All physical measurements were as anticipated for the respective sizes

of chain , with the exception of Sample A. The overall length of Sample A was

1/8 in. longer than required by the Interim ~‘pecification .
The visual examination did show one case of poor workmanship. The stud

weld on Sample C had a poor stop and start pattern , weld spatter was qui te evident ,

and the weld fillet was shallow . All of the Sample C links were similar ; however ,

it should be noted that poor stud welds did not seem to affect the overall strength

of Sample C.

Surface Inspec tion of Flash Welds

Two methods — dye penetrant and magnetic particle — were emp loyed for

inspecting the surface area near the flash weld of one chain link from each simple.

In the dye—penetrant inspection , the fluorescent post—emulsificati on

method was used . The procedure was as folloT.ds: The surface of each chain link

was cleaned wi th SKC—NF cleaner/remover and Z—L—32 penetrant was app lied . A t t o r

I- -
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a pene tratio n time of 10 minu tes, the links were po~ t—emu1sificd and water washed .

The penetrant was held by surface roughness and produced a very high background

level on all links. In some areas , the background level was so high that possible

crack Indications could have not been distinguished . This inspection method would

produce~ much better results if the tested surface area were smoother. None of the

chain samp les that were received had surfaces smooth enough to allow proper eval—

ua ti~~’ . u sin~’~ this technique.

The magne tic—particle inspection was not affected as much by the

icl at i ve lv rough chzdn surface. Testing was performed using an ARQ—966 Magnaflux

unit with a five—turn coil at 3100 amp (15,500—amp turns). The wet continuous

method was emp loyed using fluorescent particles. Samples A , B, and C showed

minute signs of machining cracks , but otherwise no defects. Samp le D showed no

de fec ts , however , when the stud was cut from the link a deep corrosion pit was

found under the stud location approximately 3/8 In. deep by 3/4 in. long. It

should also be noted that the Samp le D stud had four protuberances at each end .

These protuberances are intended to prevent the studs from moving or falling

out , however , it appeared in this link that the protuberances migh t have ca used

frac tural impressions resulting in crevice corrosion.

Ultrasonic Inspection of Flash Welds

To conduct the ultrasonic inspection a 10—in .—long bar was cut from

one link of each sample at the flash weld. The flash weld was located 5 in.

from either end of the bar and was perpendicular to the longitudinal axis.

Each specimen was inspected using an ultrasonic longitudinal—wave

technique with the beam directed into the end of the specimen . Sample C was

also tested using the ultrasonic shear—wave technique in which the ultrasonic

beam enters the specimen from the side at a 45—degree angle, and a 45—degree

transducer head is required . This technique , with some additional development ,

migh t be used in actual prod uction testing since it does not require the flash

weld to be cu t from the link . The results of the longitudinal—wave and the shear—

wave tests on Sample C correla ted .

In all of the tests , there were ultrasonic indications at the flash—

weld area. In fact , flash—welded chain will almost always show ultrasonic

indica tions In the flash—weld area. Experienced chain metallurgists have cut
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apart numerous links which showed ultrasonic indications in an attemp t to find

their cause. Usually none has been found . Since ultrasonic inspection tech-

niques using present—state—of—the—art technology give false indications of flaws ,

and could result in the rejection of satisfactory chain , it is recommended that

this technique not be an Interim Specification requirement. The results of the

ultrasonic inspection of each sample are given below .

Sample A

A sketch of the inspected area is shown in Figure 22. At Location 1

there were a large number of indications of various amplitudes. Figure 23 shows

the ultrasonic indication obtained at Location 1. Location 2 gave no signals of

over 5 percent amp litude. The size of the area at Location 1 was estimated to

be 1 by 1 in. , which was the largest area giving an ultrasonic indication of any

of the chain samples. The inspected piece was later cut up and subjected to

dynamic tear testing . No defects were found and high impact energies were obtained .

Sample B

The strongest amplitude , about 29 percent of maximum over an area of

approxima tely 3/8 by 1/2 in., was recorded at Location 1 (see Figures 24 and 25).

Locations 2, 3, and 4 gave indications of approximately 5 percen t. The estimated

size of the Location 2 indication was 1/8 by 1/8 in. and the indications at

Locations 3 and 4 were about 1/16 by 1/16 in.

Sample C

Location 1 (Figure 26) showed a large number of indications. Position A

in l c a tion 1 (estimated size about 1/2 by 1/2 in.) was the largest. Figure 27

shows the oscilloscope indication. Location 2 showed indications of 5 to 8 percent

or less.

This specimen was also examined using the ultrasonic shear—wave tech-

nique in which the ultrasonic transducer (search unit) is placed on the chain link

surface at a distance from the weld region. The ultrasonic beam enters the steel

at 45 degrees to the surface , thus permitting examination of the welded region.
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To perform the shear—wave test , a reference flaw was made on the surface . A sawcut

1/8 in. deep was made across the link sample. The ultrasonic indication from the

sawcut is shown in Figure 28. The ultrasonic indication of the suspected flaw

found at Location 1 is shown in Figure 29.

Figure 30 shows a sketch of the inspected area. The strongest indi-

cation was obtained at Position A of Location 1 (estimated size 3/4 by 1/2 in.).

No other indications of over 5 percent amp litude were recorded . Figure 31 shows

the oscilloscope indication .

Metallograph ic Examination

Four chain links , one each from Samples A , B, C, and D were subjec ted

to metallographic examination as specified in Paragraphs 4.5.5 and 4.5.6 of the

Interim Specification . In addi tion, the microstructural variations from the out-

side surface to the cen ter in each link were evaluated to aid in selecting the

location from which to obtain dynamic— tear—test specimens. The results of these

examinations are described below.

Examination of Link Interior

The Interim 2pcc~ a~~ on requiremen ts for this examination are :

4.5.5 Interior Examination of Link. A single link shall be cut
in half on a plane parallel with both the long and short
axes , etched , and examined.

3.7 Link Interior. Links shall be free from harmful defects fl
such as laps , seams , p ipes , cracks, scale , fins , porosity,
hard spots, nonme tallic inclusions , and segregations when
examined in accordance with 4.5.5

Partial sections were taken from a link of each chain sample in

accordance wi th Paragraph 4.5.5. Those were ground , etched in a solu tion of
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50 percent hydrochloric acid (HC1) in water at 150 F, and then examined . Photo—

macrographs of the four sections , from Samples A , B , C , and D, are shown in

Figures 32 through 35, respec tively.

Visual examination of the macroetched sections revealed that those

from links of Samples A , B, and C contained no harmful defects such as those

cited in Paragraph 3.7 on the previous page. Neither were there any nonmetallic

inclusions , and the segregation observed was limi ted to the microstructural banding

normally associated with  wrought  bar s tock.  The sect ion f rom the Samp le D l ink

contained small cracks near the inner end of the f l a sh—weld  fus ion  zone , tha t  is ,

adjacent  to the pressed—in s tud . Those cracks are v is ib le  in Fi gure 33 and are

shown actual size in Figure 36.

All of the l inks showed va r i a t ions  in s t r uc tu r e  across the macroetched

sections examined ; the sect ion f rom Samp le B showed the least va r i a t i on .  The

banding present in the structure of the links results from segregation of alloy ing

elements during freezing of the steel ingot. After hot working to bar or p la te ,

that segregation shows up as bands parallel with the primary work direction. The

degree of band ing observed in the sections from the links examined was not con-

sidered to be detrimental to their performance.

Examination of the Sample C sec tion revealed that the fille t weld

between the stud and the link was of poor quality . As is shown in Figure 37, the

weld beads contained cracks , and regions of lack of fusion . Also , the contour

of the weld bead did not conform to the requiremen ts shown in Figure 1 of the

Interim Specification.

Microstructural Examination of Fusion Zone

The Interim Specification requirements f or the examination of the

fusion—zone microstructure are:

4.5.6 Examina tion of Fusion Zone Microstructure. A sample of
materia l shall be taken from or near the center of the
flash—weld zone and sawed in two at the weld. A half—
inch cube is considered the minimum size for a micro—
structure inspection. The fusion zone shall be located
by acid etching and a microstructural inspection shall
be performed .

_ _  _ _
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3.8 Fusion Zone M i c r ost r u c tu r e .  The fusion zone of the
flash weld area shall have fine grain structure and be
free from Widmanst~ tten structure of any form when
examined in accordance with 4.5.6.

The statement in Paragraph 4.5.6 regarding the location of the section

to be examined is not clear . It could be interpreted that the section should be

cu t in two along the weld line. This paragraph will be revised and clarified.

(See Recommenda tion No. 2 at end of report for suggested revision.)

Sections parallel with the length of the links traversing the flash-

weld fusion zones and extending inward from the outside surface to the center of

the links were taken and prepared for examination.

The fusion zones in links from Sampl3s A and B were judged to be

acceptable based upon the criteria given in Paragraph 3.8 of the Interim

Specification . However , the f u s i o n  zone in the  l ink  f rom Samp le C contained a

significant amount of Widmanst~itten structure , as is shown in Figure 38, and the

struc ture was rela tivel y coarse. The fusion zone in the link from Sample D had

the desired fine ferrite grain size and contained no Widmanst~itten structure.

}lowever , the heat—affected zone adjacent to the weld line had the remnants of a

coarse prior austenitic structure outlined by a dark etching (higher carbon) phas e

as is shown in Figure 39. These dark etching regions generally conta ined clusters

of sulf ide inclusions. The sulfides were agglomerated and in some areas appeared

to outline the coarse prior austenite grain boundaries. The appearance of the

micros tructure and the agglomerated sulfide inclusions in the heat—affected zone

suggests that this material was overheated during welding which resulted in

inc ip ient melting. Subsequent heat treating of the links resulted in the

relatively fine ferrite grain size present in that region. The weld line in the

section from this link also contained some microporosity. The pores , or vo ids ,

were small and isolated .

M i c r o s t r u c t u ra l  V a r i a t i o n s  in the Base Steels

The microstructural variations from the outside surface to the center

of links from each sample were evaluated. The sections examined were about 1 in.

away from the weld fusion zone . The microstructures observed in each lot of steel

are described on the following page.
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Link from Sample A. The micros tructural variations from the outside

surface to the cen ter of the link from Samp le A are illustrated in Figure 40.

Near the outside surface , the microstructure consisted of a mixture of black

ferrite and pearlite with little banding. As the distance from the outside

surface increase , the band ing of the microstructure became more apparent.

Link from Sample B. The variation in microstructure from the outside

surface to the center of the link from Sample B is illustrated in Figure 41.

Near the outside surface , the microstructure consisted of a mixture of ferrite

and pearlite with little evidence of banding. As the distance from the outside

surface increased , the degree of banding increased . In addi tion, at about the

midradius position and toward the center of the link , there were bands with a

bainitic structure. The presence of the bainitic structure indicates that the

steel in those bands had higher hardenabili ty . presumab ly because of higher

carbon and manganese contents , than tha t of the adjacen t ma ter ia l .

Link from Sample C. The variation in microstructure from the outside

surface to the center of this link is illustrated in Figure 42. Near the outside

su r f a c e , the microst ructure consisted of tempered martensite. As the distance from

the surface increased , the amounts of higher tempera ture transforma tion prod ucts

(ferrite and pearlite) increased because of the lower cooling rates at those

locations. Near the center of the link , the microstructure was banded and con-

sisted of a mixture of ferrite and pearlite .

Since the hardenability of the steel is such that it would not be

expected to air harden in these large sections at the cooling rates normally

expected from a normalizing treatment , the mar tensitic structure observed in the

link from the chain sample indicates that the steel was austenitized , quenched ,

and tempered after welding. Thus , it would not meet the requirement of the

Interim Specification for the steel to he normalized after welding (Paragraph 3.13.5).

Link from Sample D. The microstructural variations from the outside

surface to the center of the link from Sample D are illustrated in Figure 43.

The microstructure near the outside surface was fine grained and consisted of a

mixture of ferrite and pearlite; there was little banding evident in that region .
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As the distance from the outside surface increased , the amount of microstructural

banding increased. The carbides in the microstructure of this steel were partial ly

sphero idized , a condition that indicates that the steel had been tempered after

normalizing .

CONCLUS IONS

On the basis of this investigation , the follow conclusions have been

drawn:

(1) The developed guidelines and procedures for manufacturing
4—3/4—inch flash—welded anchor chain , as ou tlined in the
Interim Specification (see Appendix A), are an accurate
representation of the present state of the art in this
technical area.

(2) Flash—welded 4—3/4-in, anchor chain can be manufactured
by existing commercial interests in accordance with the
Interim Specification , although certain changes (indicated
in the “Recommendations” section which follows) should be
made in the Interim Specification.

(3) At present shear—wave ultrasonic testing techniques are not
an effectiv2 quality—assurance tool for use in testing
chain flash welds , since ultrasonic indications are often
experienced when , in fact, no defects are actually presen t.

(4) It would appear that flash—welded chains manufactured with
studs having end protuberances designed to grip the chain
link are more susceptible to corrosion and cracking in the
link beneath the stud .

RECOMMENDATIONS

The fol lowing recomm endat ions are made on the basis of the above

conclusions :

(1) It is recommended that the Interim Specification be
modified to delete the requirements In Paragraphs
3.6, 4.5.4, and 4.5.4.1 concerning ultrasonic testing
of the flash—weld area.
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It is recommended that Paragraph 4.5.6 of the I~~- cri~(2) Spe ctfication concerning taking the fusion—zone micro—
s truc ture specimen be clar ified to indicate more clearly
the area from which the spec imen should be taken. The
first two sentences of Paragraph 4.5.6 should be changed
to read :

“A sample of material shall be taken parallel with
the length of the link , traversing the flash—weld
fusion zone , and ex tend ing inward from the outside
surface to the center of the link.”

(3) Since the impact—energy testing conducted during this
program indica ted a rela tively high nil duc tili ty
transformation (NDT) temperature for the flash—welded
portion of the chain , it is recommended that tests be
conducted to determine the actual degradation in
performance of flash—welded chain at lower temperatures.

(4) Although both longitudinal— and shear—wave ultrasonic
tes ting techniques resul ted in false indica tions of
defec ts , the latter technique might he developed to
provide effective quality—assurance information during
the manufacture of flash—welded chain . It is recom-
mended that calibra ti on spe cimens , threshold ad j ustmen t ,
and inspection procedures be investigated for making the
shear—wave ul trasonic technique applicable to flash—welded
chain.

(5) Use of 4—3/4— in, flash—welded anchor chain will result in
considerable cost savings to the U. S. Navy . It is
recommended that manufacturing procedures and guidelines be
developed to aid the Navy in the selection and procure-
ment of all sizes and grades of flash—welded anchor chain.
In addi tion , it is recommended that an evaluation program ,
similar to that for the 4—3/4—inch chain , be conduc ted for
all sizes and grades of flash—weld ed anchor chain in order to
assure that the cost—saving results in chain of satisfactory
quality for naval app lications.
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APPENDIX A

INTERIM SPECIFICATTON: CHAIN, 4—3/4—INCH (120.5 MM)
STUD LINK, ANCHOR, STEEL, FLASH-BUTT—WELDED

1. SCOPE

1.1 Scope. This specification covers 4-3/4 in. (120.5 turn) alloy
steel , flash butt welded , stud link anchor chain for use on ships.

1.2 Classification. Chain shall be of the standard classification.

2. APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents form a part of
this specification. Unless otherwise indicated , the issue in effect on
date of invitation for bids shall app ly.

SPECIFICATIONS

MIL’-I—45208 — General Specification for Inspection
Requirements

MIL—P—24380 — Paint, Anchor Chain, Solvent Type,
Gloss Black

STA NDARDS

MIL-STD- 129 - Marking for Shipmen t and Storage
!41L-STD-248 — Qualification Tests for Welders
MIL-STD-27 1 - Non-Destructive Testing Requirements for Metals

(Copies of specifica tions , standards , drawings , and publicat ions
required by contractors in connection with specific procurement functions
should be obtained from the procuring agency or as directed by the
contracting officer.)

2.2 Non-Governmen t Documents. The following documents form a part
of this specification . Unless otherwise indicated , the issue in effect

on date of invitation for bids shall app ly.

STANDARDS

Annual Book of ASTM Standards
Part 1, Steel Piping, Tubing, and Fitt ings 

-- - -~~~~--
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(App lication for cop ies should be addressed to the American
Socie ty for Testing and Materials , 1916 Race Street , Philadel phia ,
Pennsy lvania 19103.)

OTHER PUBLICATIONS

Official Classification Committee
Uniform Freight Classification Rules

(App licat ion for cop ies should be addressed to the Official
Classifica t ion Commi ttee , One Park Avenue at 33rd Street , New York 16,
New York.)

3. REQUIREMENTS

3.1 First Article Inspection. Before actual production work is
undertaken , the contractor shall demonstrate that a uniform and acceptable
produc t can be produced by the manufac turing procedure proposed for use
by (1) conducting and submitting to the agency involved the results of
the First Article Examinations and Tests, as per 4.3 and (2) submitting
to the agency involved a Firs t Ar ticle Engineering Repor t as per 4.3.1.

3.2 Material. All steel used in the manufacture of the chain shall
have fine-grain structure and be special qua lity grade made by either the
open hear th, basic oxygen , or elec tric furnace process. The same material
shall be used in making the links and the studs . Stud s shall be either drop
or press forged . Bar stock used in the manufacture of links shall be
4-3/4 in. (120.5 mm) diameter with a diametra l tolerance of 0 to plus
3/32 inch (3 to plus 2.4 mm).

3.2.1 Material Chemical Composition. The chemical composition of the
steel shall be determined at the steel mill for each heat of steel . A
certified copy of the mill sheet listing the chemical composition for each
heat shall be provided as per 4.1.2(b). The chemical composition of the
stee l used in the manufacture of links for First Article testing shall be
ver i fied by a chemical or spectrograph ic  ana l ys is conduc ted b y the cha in
manufac turer. A certified copy of the results of the analy s i s  listi ng
the chemical composition shall be provided in the First Article Engineering
Repor t 4.3.1.

3.2.2 Ma terial Mechanical Properties. The 4-3/4 in. (120.5 mm) bar
stock used in marifacture of the chain , af ter receiving iden ti cal hea t
treatment as the chain , as per 3.13.5, shall possess the mechanical properties
specified in Table I, when tested as per 4.6.5 and 4.6.6.

—--4
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TA BLE I. BAR STOCK MECHANICAL PROPERTIES

Property Value

Ul timate strength minimum 99,600 psi (7000 kg/cm2) -

Elongation minimum , specimen gage leng th =

4 x specimen diameter 15.5 percent
Reduction in area minimum 40 percent
Impact , average for three specimens at 32 F (0 C), mi nimum 43 ft lb (6 mkg)

3.2.3 Material Certification. The chemical composition shall be
de termined at the steel mill on samp les taken from each ladle of each heat.
A cer t ified copy of the mi ll shee t lis t ing the chemical compos ition of
each hea t shall be prov ided to the governmen t inspec tor.

3.3 Link Dimensions, Link dimensions and tolerances are shown in
F igure 1. Dimensions in Figure 1 shall be checked when obvious dimensiona l
discrepancies occur.

3.4 Link Surface. Burrs and rough edges shall be ground flat. Links
shall be free from mill defec ts , surfac e crack s, den ts , or cut s when examined
in accordance with 4.5.2.

3.5 Flash Weld Surfac e. Link surface at the flash weld shall be free
of cracks or poor welding when examined in accordance with 4.5.3. A maximum
diameter overage of 3/32 inch (2.4 mm) is permitted after the flash weld is
debur red .

3.6 Flash Weld Interior. The flash weld shall be free of defects
causing ul trasonic back reflections equa l to or greater than the
calibra tion standard , as per 4.5.4, when tested in accordance with 4.5.4.

3.7 Link Interior. Links shall be free from harmful defects such
as laps , seams , p ipes , cracks , scale , f ins , porosity, hard spots , non-
metallic inclusions , and segregat ions when examined in accordance with
4.5.5.

3.8 Fusion Zone Microstructure. The fusion zone of the flash weld
area shall have fine grain structure and be free from Widmanstatten
st ructure of any form when examined in accordance with 4.5.6.

3.9 Cha in Length and We i gh t. Unless otherwise specified in the
con t rac t or order , the chain submitted to the government shall be in 90 foot
(27.4 m) shots , wei g h i n g  20 ,500 pounds (9300 kg) p lus or minus 5 percen t.
The overall length of any six consecutive l inks , mea sured from every third
link shall be wi thin the limits specified in Table II. Measurements shall
be made af ter proof tes t ing and w hile 10 percen t of the proof load remains.
Al ternate measuring methods may be approved by th e agency concerned .

_ _ _ _ _ _ _ _  
~~_.14



A-4

3—1/2 in. (87 mm) max. — 3 in. (76 mm) m m .

/
‘

1

- 

1 ~~ ~ 
~~~~

- -

28—1/2 + 3/8 j n . ( 7 2 4  ± 9.5 mm)

1 in. (25 mm) m m .

1/2 in. (13 mm) m m .  ,/
7/16 ifl. (Ii 

~~
)

FIGURE 1. BASIC LINK AND STUD WELDMENT DIMENSIONS
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TABLE II. CHAIN LENGTH AND WEIGHT

Number of Links per
90-Foot (27.4-rn) Weight Plus or Length of Six Consecutive Links —

Shot Minus 5 Percent Minimum Nomina l Maximum

57 20 ,500 lb 121 29/32 in. 122 1/2 in. 124 9/32 in.

9300 kg 3096 mm 3111 mm 3157 mm

3.9.1 Approva l of alternate measuring methods , as per 3.9 , shall be
by the Nava l Ship Engineering Center for chain intended for use aboard
U.S. Navy ships.

3.10 Chain Breaking Load. When tested as per 4.6.3 the chain shall
be capab le of withstanding the breaking load specified in Table III and not

break in the flash weld or flash weld heat affected zone. When tested

as per 4.6.2, the chain shall not break in the f lash weld area or flash
weld heat affected zone.

3.11 Chain Proof Load. When tested as per 4.6.4 at the load

designa ted in Table III, the chain shall withstand the proof load without

frac ture , tendency to open at the weld , or s tretching beyond the tolerance
shown in Table II.

3.12 Chain Mechanical Properties. One tensile specimen taken from
heat—treated chain and tested as per 4.6.5, and six impact specimens taken
from heat-treated chain and tested as per 4.6.6 shall possess the mechanical

properties shown in Table III. In addition , the angle of bend shall be not
less than 120 degrees before fracture for one bend test specimen taken from
heat—treated chain and tested as per 4.6.7.

TABLE III. CHAIN PERFORMANCE

Tes t Value

Chain breaking load 2 ,550 ,000 lb (1 ,156 ,680 kg) m m .
Chain proof load 1,700 ,000 lb (771 ,120 kg) m m .
Specimen ultimate strength 99,600 psi (7000 kg/cm

2) m m .
Spec imen reduction in area 40 percen t m m .
Specimen impac t , unwelded port ion of

link , average for three specimens
at 32 F (0 C) minimum 43 ft lb (6 mkg) m m .

Specimen impact , f lash welded zone of link ,
average for three specimens at 32 F (0 C)
minimum 36 ft lb (S mkg) m m .  

- -- - —- —-------,~~~~~~~~~-
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3.13 Standards of Manufacture. Manufacture of chain shall include
the following processes and equipments :

3.13.1 Heating and Bending . Bars shall be electrically hea ted.
Batch-type furnace heating is not permitted. In order to prevent undue
scaling or f laking due to excessive heat ing, the preheating phase for
bending bar stock shall be controlled . The controller shall be checked
for accuracy and functiona l operation at least once every 24 hours.

3.13.2 Flash Butt Welding . The bent bar shall be electrically flash
welded with a maximum longitudina l bar end mi salignment of 3/32 in . (2.4 mm).
Bar end misalignment shall be frequen tly (no less than once in every 10
links) and sys tematically checked.

3.13.2.1 The following welding parameters shall be controlled
during welding of each link within the limits established in the First
Ar ticle Engineering Report (4.3.1):

(a) Platen motion
(b) Curren t as a function of time
(c) Hydraulic pressure .

All excessive flash weld material shall be removed to a uniform surface
consistency over the entire link.

3.13.3 Stud Placement. After the stud is inserted into the oval
link and pressed , the stud ends shall match the link surface such that
there is an even and minimal gap between the stud and the link. The
stud shall be positioned as shown in Figure 1.

3.13.4 Stud Welding . The stud shall be comp letel y welded circum-
ferentially on the end opposite the flash weld using hydrogen con trolled
electrodes (xxl8) or GMA filler metals. The weld shall be of the size
shown in Figure 1 and have full pene tra t ion w ith no undercutt ing when
examined in accordance wi th 4.5.5. Welders shall be qualified in
accordance with MIL-STD-248.

3.13.5 Heat Treating. Chain shall be normalized above the trans-
formation temperature at a combination of temperature and time to
produce a fine grain structure throughou t the link . Heat treatment shall
be performed after all welding has been comp leted and prior to tes ting
and inspec tion. Chain shall not be run through the normalizing furnace
more than twice. Temperature and chain speed shall be controlled and
recorded .

3.13.6 Marking . The stud of each link shall be permanently marked ,
in raised or indented letters , with the letters “USN”, and wire diameter
of the links on one side , and with the brand name or trade name of the
manufac turer on the other side. The end links of each shot shall be
stamped with serial numbers assigned by the Government inspector . All
markings shall be a minimum of 3/4 in. (19 mm) in height and raised or
inden ted a minimum of 1/8 in (3 mis).

L -—— - - -_ -  ~~~~
- - -
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3.13.7 Finishing. After tumbling or grit blasting to remove scale ,
shots of chain shall be covered with one coat of gloss black anchor chain
pain t conforming to Specification MIL—P—24380. Preheating of the chain to
not more tha.n 250 F to accelerate drying may be used . The finish shall be
applied after it has been found that the chain otherwise comp lies with the
requirements of this specification .

4. QUALITY ASSURANCE PROVISIONS

4.1 Respons ibilit y for Inspection. Unless otherwise specified in the
con t rac t or purchase order , the supp lier is responsible for the performance
of all inspection requirements as specified herein. Except as otherwise
specified in the con tract or order , the supp l i e r  may use h is own or any
other facilities suitable for the performance of the inspection requirements
specified herein , unless  d isapproved  by the Government. The Government
reserves the right to perform any of the inspec t ions se t for th in the
specif ica ti on where such inspe cti on s are deemed necessary to assure supp lies
and serv ices conform to prescribed requirements.

4.1.1 Inspec tion System. The supp lier shall provide and maintain
an inspec tion sys tem accep table to the Governmen t for supp lies and
services covered by this specification. The inspection system shall be
in accordance with MIL—I—45208.

4.1.2 Certification. Certification documentation for each shot of
chain shall be prov ided as follows to the consignee and the procuring
activity, or as o therwise spec ified :

(a) Serial number assigned by the government inspector
(b) Material chemical composition
(c) Resul ts of examinations 4.5.1, 4.5.2, 4.5.3 , and 4.5.4
(d) Resul ts of tests 4.6.2 (as app licable) , 4.6.3, 4.6.4,

4.6.5 (as app licable), 4.6.6 (as app li cable), 4.6.8 and
4.6.9

(e) Statement: “Records are available covering
heat—treating parameters as per 3.13.5.

4.2 Class ification of Inspections. The inspection requirements
specified here in are c lassif ied as fol lows :

(a) First article inspection
(b) Qua l ity con formance inspection.

The agenda of examinations and tests for each classification is given in
Table IV.

Il
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TABLE IV . AGENDA OF EXAMINATION AND TESTS

First Quality
Article Conformance

Rejec t ion  R e j e c t i o n  A pp l icable A pp licable
- 

Examination Criteria Criteria Requirement Method

Chain Length 4.7.1 4.7.1 3.9 4,5.1
Link Surface 4.7.2 4.7.2 3.4 4.5.2
Flash Weld Surface 4.7.3 4.7.3 3.5 4.5.3
Flash Weld Interior 4.7.4 4.7.4 3.6 4.5.4
Link Interior 4.7.2 N .R.* 3.7 4.5.5
Fusion Zone 4.7.2 N.R. 3.8 4.5.6 -
Microstructure

Tes t

Chemical Composition 4.7.5 N.R. 3.2.1 4.6.1
Destructive Test 4.7.6 4.7.6 3.10 4.6.2
Chain Breaking Load 4.7.7 4.7.7 3.10 4.6.3
Chain Proof Load 4.7.8 4.7.8 3.11 4.6.4
Chain Specimen Tensile 4.7.9 4.7.9 3.12 4.6.5
Chain Specimen Impact 4.7.10 4.7.10 3.12 4.6.6
Chain Specimen Bend 4.7.11 N.R. 3.12 4.6.7
Bar Stock Tensile 4.7.9 4.7.9 3.2.2 4.6.8
Bar Stock Impac t 4.7.10 4.7.10 3.2.2 4.6.9

* Not required for Quality Conformance Inspection.

4.3 First Article Inspection. The contractor shall submit to the
agency invo lved resul ts of the First Article Inspection Examinations and
Tests listed in Table IV . These examinations and tests shall be conducted
using the First Article Inspection Samp les lis ted in 4.3.2. In addition ,
the manufacturer shall submit to the agency involved a First Article
Engineering Report, as per 4.3.1, deta iling informat ion concerning
manufacturing capability. In the event that all First Artic le Inspection
Samp les meet the requirements heretofore specified and the First Article
Engineering Report demonstrates to the satisfaction of the agency
concerned that uniform and acceptable chain can be manufactured , permission
to commence ac tual production work may be granted by the agency concerned.

4.3.1 First Article Engineering Report. Prior to manufacture of
the First Article Inspection Samp les the manufacturer shall submit to
the agency concerned an engineering report containing the following

.—.
~~~~~~~~~~ 
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information. It is understood that the information contained in this
report may be cons id ered pr opr ~tary to the manufacturer and will
be treated as such by the agency concerned.

(a) Name and address of the manufacturing p la nt and head
o f f ice

(h) A br ief statement of background indicating whether
the manufacturing p lant is new or long established
with part icular reference to the relevant manu-
f a c t u r i n g  p rocesses

(c) Total prod uction capacity and cha i n-size capability
of the manufacturing p lant

(d) A comp lete descr iption of all relevant manufacturing
procedures and facilities , including each fabrication
and inspection operation.

4.3.1.1 The report shall demonstrate to the agency involved that the
ma nu fac turer is capable  of producing uniform and acceptable chain. If in
the op inion of the agency c oncerned the fac ili ty is not capable of making
uniform and acceptable chain , the con tract or order may be ca n c e l l ed
withou t penalty to the Government.

4.3.1 .2 Permission to commence actual production work , as per 4.3,
and review and approva l of the First Article Engineering Report , as per
4.3.1 and 4.3.1.1 , sha l l  be by the Naval Ship Engineering Center for
all cha in intended for use aboard U.S. Navy ships.

4.3.2 First i~rtic le Inspection Samp les. In accordan ce with the
proposed manufacturing process the following set of samples shall be
prepared for the First Article Inspection Examinations and Tests listed in
Table IV. Cha in links shall be tumbled or grit blasted.

4.3.2.1 One seven—link section for examination of chain length 4.5.1 ,
link surface examination -~.5.2 . surface examination of flash weld 4.5.3,
interior examination of flash weld 4.5.4, and chain proof load tes t
4.6.4.

4.3.2.2 One sing le link , or two links if required , for verification
of chemical composition 4.6.1, chain specimen tensile test 4.6.5, cha in
specimen impac t test 4.6.6, cha in specimen bend test 4.6.7, link interior
examination 4.5.5, and microstructure examination 4.5.6.

4.3.2.3 One trip let for break ing load test 4.6.3, and des truc tive
test 4.6.2.

4.3.2.4 One 8 to 12 inch (200 to 300 mm) long section of bar stock.
The material shall be selected from bar stock of the same melt of steel

as the chain links used for First Article Inspection . The section of bar
stock shall be used for bar stock mechanical properties tests 4.6.8 and

4.6.9.

_ _ _ _ _ _ _
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4.4 Qua lity Conformance Inspection. After actua l produc tion work
has star ted , bar s tock and cha in shall be selec ted , as per 4.4.1 , and
inspected in accordance with Table IV. In addition , a de tailed inspection
of the chain by the Government inspector shall be performed , following
gr it blas ti ng and proof testing . The chain shall be suspended 3 to 4
feet (0.9 to 1.2 m) above the floor to permit carefu l inspection from
all sides. The chain shall be free of pain t or other coating which would
tend to conceal defects during the testing and inspection.

4.4.1 Samp l ing for Quality Confo rmance .

4.4.1.1 Samp l ing Bar St ock Materia l. For the purpose of samp ling bar
stock material , one 8 to 12 in. (200 to 300 mm) long section shall be
selected from each melt of steel. The section shall be removed from either
end of any bar in the melt . Bar s tock mecha n ica 1 properties tests 4.6.8 and
4.6.9 shall be conducted for each melt of steel.

4.4.1.2 Samp li ng Finished Chain. For the purpose of sampling f inished
chain each shot shall be manufacture d w i t h  four extra links , or 61 links long . 

-

A triplet shall then be removed from each shot for the chain breakin~, load t est
4.6.3. The chain breaking load test 4.6.3 shall be conducted for each shot of
chain . The destructive test 4.6.2 shall then be conducted on one in every
four tri p lets used for t he  chain breaking load test. The fourth link that is
burned to release the trip lets shall be removed in such a manner as to allow
specimens to be taken for chain spec imen tensile test 4.6.5, and chain
specimen impact test 4.6.6. Tests 4.6.5 and 4.6.6 shall be conducted on one
in every four shots from each melt of steel. Exami nation of chain length
4.5.1 and the chain proof load test 4.6.4 shall be conducted on each shot of
chain. The surface examination 4.5.2, surface examination of flash
weld 4.5.3 , and interior examination of flash weld 4.5.4 shall be
conducted on each link of each shot.

4.5 Examination M e t h o d s .

4.5.1 Cha in Length. Chain length measurements shall be made after

proof testing and ~hu1e 10 percent of the proof 
load remains . The overall

length of six lengths shall be measured from every third link of each shot

for compliance with Table II.

4.5.2 Surface Examination of Link. After grit blasting and before
painting, the link shall be visually examined for burrs , rough edges ,
cracks , den ts , and cuts.

4.5.3 Surface Examinat ion of Flash We ld. Magnetic particle or
li quid penetrant inspection means shall be emp loyed to examine the flash-
welded area of each link. Procedures and equi pment in comp liance wi th
MIL-STD-27l shall be used. This examination shall be done after grit

blasting and proof testing.

-
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4.5.4 Interior Examination of Flash Weld. Ultrasonic means shall
be emp loyed to examine the flash-welded area of each link . Procedures
and equipment in comp liance with MIL-STD-271 shall be used . On-site
calibra tion standards for chain configurations shall be approved by the
agency involved .

4.5.4.1 Approval of calibration standards as per 4.5.4 shall be by
the Nava l Ship Engineer ing Cen ter for chain intended for use aboa rd U.S.
Navy ships.

4.5.5 Interior Examination of Link. A single link shall be cut
in half on a plane paralle l with both the long and short axes , e tched ,
and examined.

4.5.6 Examina tion of Fusion Zone Nicrostructure. A samp le of
material shall be taken from or near the center of the flash-weld zone
and sawed in two at the weld. A half-inch cube is considered the minimum
size for a microstructure inspection . The fusion zone shall be located
by acid etching and a microstructural inspection shall be performed.

4.6 Testing Methods.

4.6.1 Chemical Composition. The material samp le shall be selected

as per 4.3.2.2 and be analyzed to determine chemical composition . The
method of analysis shall be noted in the certification documents as per
3.2.1.

4.6.2. Destructive Test. Samples for destructive tests shall be
tes ted by suitably securing them in a testing machine in such a manner
that the chain shall be free from twist , and the holding arrangement
shall be such that all stresses bearing on the end links of the section
under test are the same as those applied to every link tested . The
chain shall be pulled to break and the fracture shall be inspected .

4.6.3 Chain Breaking Load Test. Samples for break tests shall be
tes ted by suitably securing them in a testing machine in such a manner
that the chain shall be free from twist , and the holding arrangement
shall be such that all stresses bearing on the end links of the section
under test are the same as those applied to every link tested . Whenever
it is considered that the test equipment would be endangered by a sudden
break , it will be considered acceptable if the triplet is loaded to the
required breaking strength and maintained at that load for 15 seconds.
In any event the test triplet shall be discarded and not used .

4.6.3.1 The break testing machine shall be calibrated within the
past 12 months previous to the chain breaking load test.
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4.6.4 Chain Proof Load Test. Shots shall be tested by suitably
securing them in a testing machine in such a manner that the chain shall
be free from twis t , and the holding arrangement shall be such that all
stresses bearing on the end links of the section under test are the
same as those applied to every link tested .

4.6.4.1 The proof load testing machine shall be calibrated within
the past 12 months previous to the chain proof load test.

4.6.5 Chain Specimen Tensile Test. The tensile specimen shall be
taken from the link in the side opposite the flash weld . Orientation
of the specimen shall be shown in Figure 2. Tensile tests shall be con-
ducted in accordance with ASTM A370 (Tension Test) procedures using
Standard Specimens machined in accordance with ASTM A370 (Figure 5).

--

/
/

FIGURE 2. ORIENTATION OF TENSILE TEST SPECIMEN

4.6.6 Chain Specimen Impact Test. Six impact test specimens shall
be taken from the link. Three impact test specimens shall be taken across
the weld and three impact test specimens shall be taken across the un-
welded side of the link. Orientation of the specimens shall be as shown
in Figure 3. The notch must be precisely bottomed in the flash weld line
for the three spec imens taken from that side of the link . Impact tests
shall be in accordance with ASTM A370 (Charpy Impact. Testing) using

Charpy V—notch Type A specimens in accordance with ASTM A370 (Figure 11).

•1
_ _ _  

_
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4.6.4 Chain Proof Load Test. Shots shall be tested by suitably
securing them in a testing machine in such a manner that the chain shall
be free from twist , and the holding arrangement shall be such that all
stresses bearing on the end links of the section under test are the
same as those applied to every link tested .

4.6.4.1 The proof load testing machine shall be calibrated within
the past 12 months previous to the chain proof load test.

4.6.5 Chain Specimen Tensile Test. The tensile specimen shall be
taken from the link in the side opposite the flash weld . Orientation
of the specimen shall be shown in Figure 2. Tensile tests shall be con-
ducted in accordance with ASTN A370 (Tension Test) procedures using
Standard Specimens machined in accordance with ASTM A370 (Figure 5).

/
/

FIGURE 2. ORIENTATION OF TENSILE TEST SPECIMEN

4.6.6 Chain Spec imen Impact Test. Six impact test specimens shall
be taken from the link. Three impact test specimens shall be taken across
the weld and three impact test specimens shall be taken across the un-
welded side of the link. Orientation of the specimens shall be as shown
in Figure 3. The notch must be precisely bottomed in the flash weld line
for the three specimens taken from that side of the link . Impact tests
shall be in accordance with ASTM A370 (Charpy Impact Testing) using
Charpy V-notch Type A specimens in accordance with ASTM A370 (Figure 11).
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FIGURE 3. ORIENTATION OF CHARPY V-NOTCH
IMPACT TEST SPECIMENS

4.6.7 Chain Specimen Bend Test. Orientation of the bend test specimen

is shown in Figure 4. The samp le shall be taken from an area of the link
below the stud. The test piece shall be prepared with the maximum area
of orig ina l bar surface retained and with a maximum thickness of 20 mm .
The test  is to be conducted wi th the bar su r face  in tension round a former
of 100-mm diameter. The specimen shall be precisely positioned over the
former such that the weld area is parallel to and in contact with the

former.

20 mm

- 
<

~~~~~~~~~~~\ 25 mm

FIGURE 4. ORIENTATION OF BEND TEST SPECIMEN
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4.6.8 Bar Stock Tensile Test. The specimen shall be taken from
the sample and tested in the manner described in Section 4.6.5.

4,6,9 Bar Stock Impact Test. Three specimens shall be taken
from the sample and tested in the manner described in Section 4 . 6 . 6 .

4.7 R e t e s L  Procedure and Rejection Criteria.

4.7.1 If the length of six consecutive links is short , the chain
may be stretched by loading above the proof test load in Table III, providing
this load does not exceed the proofed load by 10 percent. If the chain
length over six links exceeds the tolerances in Table II , the overlength
chain links shall be cut out and 4.7.2 applies.

4.7.2 If the link fails to comply with the A pp licable Requi rement
it shall be cut out and a connecting link shall be inserted in its place.
A f t e r  the e n t i r e  shot has success fu l ly comp leted all manufacturing and
inspection steps , the connecting link shall be removed and the two
remaining lengths may be used to start new shots of chain. No chain
shall be normalized more than twice.

4.7.3 If a crack, dent, or cut is found it shall be ground down no
more than 1/16 inch (1.6 mm) and streamlined to provide no reentry contours.
The link shall then be rechecked for compliance with 3.4, otherwise 4.7.2
applies.

4.7.4 If a crack or poor weld is found , the area shall be ground no
more than 1/32 inch (0.8 mm) and retested. If the crack is still present
4.7.2 applies.

4.7.5 If the chemical analysis shows the steel composition not to
be as ordered from the steel mill , the material is rejected.

4.7.6 If fracture occurs in the flash weld or flash weld heat
affected zone , the connected shot is rejected. In addition , each Chain
Breaking Load Test trip let representative of the previous three shots

manufactured from the same heat of steel shall be subjected to the
Destruc t ive Test. If any of these trip lets fracture in the flash weld
or flash weld heat affected zone , the connected shot is rejected.

4.7.7 If the chain breaks below the level specified in Table III,
the connected shot is rejected.

4.7.8 If there is sign of fracture during the proof test , 4.7.2
applies.

4.7.9 If the tensile test fails to meet the requirements in Table
III, but are within 2,000 psi (140 kg/cm2) of the required tensile
strength , or within 2 percent of the required elongation , a retest of
another specimen selected from the same samp le is permissible. If the
second test fails to meet the requirements of Table III , the connected
shot or materia l (as app licab le) is rejected.
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4.7.10 The average results of the three tests shall meet or exceed
the minimum requirements listed in Table III. If the average fails to
meet the minimum requirement by an amount not exceeding 15 percent ,
three additiona l specimens from the same samp le may be tested and the
results added to those previously obtainad to form a new average. If
the new average fails to meet the requirements of Table III , the connected
shot or material (as app licable) is rejected.

4.7.11 If there is sign of fracture in the bend specimen l’efore
120 degrees of bend is made , the material is rejected .

5. PREPARATION FOR DELIVERY

5.1 Bundl ing . Shots or lengths of chain shall be bundled or faked
down and secured in such a manner that each unit may be lif ted.

5.2 Loading . Unless otherwise specified in the contract or order ,
chain shall be shipped in gondola cars and so loaded as to conform to
Uniform Freight Classification Rules.

5.3 Marking . See Section 3.13.6.

5.3.1 For Iden tification. Each shot or length of chain shall have
secure ly wired to each end link a corrosion-resistant metal tag p lainly
marked wi th the following information.

SERIAL NUMBER 
________________

SIZE ___________________________

LENGTH ________________________

CONTRACT NUMBER 
_______________

CONTRACTOR 
___________________

5.3.2 For Shipment. Additiona l marking required by the contract or
order shall be in accordance with Standard NIL-STD-129.

6. NOTES

6.1 Ordering Data. Procurement documents should specify the following :

(a) Title , number , and date of this specification. 
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N o t i c e  When Covernment  drawings , s p e c i f i c a tio n s , or o ther  da ta  are
used for  any purpose o ther  t han  i n  c o nn e c t io n  w i t h  a def initely rela ted
Government  pr c~’uremen ~ o p e r a t i o n , the  U n i t e d  S ta t e s  Government  thereb y
incurs no responsi bilit y nor any obligation whatsoever ; and the fact tha t
the Government may have formulated , f u r n i shed , or in any way supp lied the
said  draw ing s , specifications , or other data is not to be regarded by
imp lication ~r o therw i se as in any manner licens ing the holder or any other
person or corporation , or convey ing any rig h ts or permission to manufacture ,
use , or sell any patented inventi on tha t may in any way be rela ted thereto.

6.2 M inimum Order for U.S. Navy Ships. For all U.S. Navy shi ps the -
minimum ordering quantity should be ei ght shots . Orders for a lesser quantity
require approval h~ th e Naval Shi p Engineering Center .

6.3 Contract Data Requirements. When this specification is used in
a procurement invoking the data requirement c lause of the Armed Services
Procurement Regulations (ASPR) paragraph 7-104.9(n) and which incorporates
a DD Form 1’.23 Contract Data Requirements List (CDRL), the data require-
ments identified belov will be developed as specified in the cited Data
Item Description (DID) and delivered in accordance with such CDRL. When
the ASPR provis ions are not invoked , the data specified below shall be
delivered in accordance with the contract requirements.

Spec ification A pp l i cab le
Paragraph Requirements Service DID ~ptions

(a) 4.1.1 Inspe ction Syster SH DI-R-4803
Pr ogra m P l a n

(b) 4.1.2 Certification SH UDI-A-23264
Data /Report

(Copies of DID ’S required by the supp l i er i n con nec t ion wi th spec i f i c
procurement functions should be obtained from the procuring activity or
as direc ted by the contracting officer . Unless otherwise indicated , the
issue in effect on date of invitation for bids or request for proposa l
shal l  app ly . )

6.4 Waiver of First /~rtic1e Inspection. Invitations for bids should
provide tha t the Government reserves the ri ght to waive the r equ i r emen t
for samp les for first article inspection as to those bidders offering a
produc t which has been previously proc ured or tes ted by the Government ,
and that bidders offering such produc ts , who wi sh to rely on such produc ti on
or test , must furnish evidence with the bid tha t prior Government approval
is presentl y appropriate for the pending procurement.

V - V
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FIGURE 1. TENSILE SPECIMENS AFT ER BEND TESTING

The 0.505-in, round bar specimens were cut
from the unwelded portion of the chain
samples in accordance wi th the Inter im
Specification.
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FIGURE 2. CHARPY V-NOTCH IMPACT TEST SPECIMENS

All specimens were taken at the same radial
distance from the center of the chain link
and machin ed and tested in accordance with
the procedures outlined in ASTM A370; Type A
V-notches were used .



I
B— 3

150 —

120 —

.0 -

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  —

-O
-

~~60 ?2~~
______ 

— -—2 0

- 

-4O~~~

30
— 14

—

- 
80~~

0 ~~~~~~~~ t i l t  ~~i i I i  l i i i  ~~~~~~~~~ l i i i  — 100
—100 -50 0 50 100 150 200

V Te8t Temperature, F

FIGURE 3. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE A , FLASH -WELD SPEC IMENS )

V V

~

VV

~

V

~

V V 



~~~r -  w ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~—V -——-

B— 4

_  _  

7

~‘90 
—

30 50~~
- ~~~~~~ -

~~~~~~~~

- 
8O~~

0 t i l l  t i l t  I i t _ J _  ~~~~~~~~~~~~~~~~~~~~ l i i i  — ioo
-100 -50 0 50 100 150 200

V Test Temperature, F

FIGURE 4. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE B, FLASH-WELD SPECIMENS)

L _ _  _ _ _ _ _ _



I
B— 5

- 150 — ___________ ___________ ___________ —

12C 
/
,,
p—. 

—

.0 -

~~9C 
- —_____ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  —

-
Ii

-0

4::.

~~6O 
—

~~~~~~~~~~ —20

\
- \/ -40~~~

_ _ _ _ __

-

~~~~~~~~~~~~~~

30 \.,. — 6 0 ~~~

= 
~~80~~

C l i i i  l i i i  t i L l  1 I l I  ~ t~—.~~~I I  t i l t
—100 -50 0 50 b C  150 200

Test Temperature, F

FIGURE 5. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE C , FLASH-WELD SPECIMENS)

I. 
- 

- - _- --- ----- —- _— ----—- --- -. —----4



~~~ Irr- V_VV ~~~~~~~~~~ - -~~~~~~‘~~~~~~~‘~~~~~~~~~ - — .r_r T. ”rT r_ r: ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
V
~1uU~~~

B— 6

15C —

120 —

.0 -

4J

~‘9O 
—

a

-

-

~,6O 
—20

- ~~~
________o—__ o  -

-40~~~

30 _ _ _ _ _  _ _ _ _ _  
0 

_ _ _ _ _  _ _ _ _ _  
- 6 0~~~

80~~

C l i i i  l i i i  l i i i  t i l l  t i l l  l i i i  — 100
-100 -50 0 50 100 150 200

Test Temperature, F

FIGURE 6. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE D , FLASH—WELD SPECIMENS)

.. . .



B— 7

150 ___________ ___________ ___________ ___________ ____________ ___________ —

120 —

.0 -

F 
j90

=

~~60 
— 20

- 
)‘K~~o ~~° ~.

3~

= E80
~~

0 ~~~~~~~ l i i i  t i l l  t i l l  l i l t  ( l i i  — 1 00
—100 -50 0 50 100 150 200

Test Temperature, F

FIGURE 7. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE A , BASE-METAL SPECIMENS)

- - _ _ - - —-— - - — --— _ ~~~~ - _ -V - - .



B—8

150 —

H

120 

0 
7

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ________ ________ —

a

00 —

1
0

~.60 0 
— 20~~

‘-I N - U
14

— 1 
o -4O~~~

— a

30 0 — _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

- 
0 -

_  

N

~~~~~~~~~~~~~~ 
__

-

c 1 1 1 1  l i I i L, I l ~~~~~ i “pA~~~i l I  l i i i  1 i l l  — 100
‘-100 -50 0 50 100 150 200

Test Temperature, F

FIGURE 8. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE B , BASE-METAL SPECIMENS)



~~ 4 i... - VV——--V- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. - — ______________________

B- 9

15G

12G _________  _________  
~~ ,er —

.0 -

1.I
a —

a

~. 60 — 2 0 ~~~

=
30 0 /

1 -6 0~~~

:~~ 
:80~~

0 1 1 1 1  i l t i ~~ l i ~~ j~ l ~~~._ J _ I l  l I l t  l i i i  — 100
—100 -50 0 50 bOO 150 200

Test Temperature, F

FIGURE 9. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE C , BASE-METAL SPECIMENS)



- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ‘~~~ •V 
— - V . 

~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~V V V V ~ V V~ — — —

‘UI

B— 10

150 —

120 _ _  _ _-

“4 90 — 
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  —

B
00 -
14

- 0
00 - I
4J 

%.., 
-

~,6O 0

- 40 ~‘
- o 0.

- a
~.1

0
30 — — 6O~~

0 1.

= :~~
°
~~

0 1 1 1 1  l i l t  I l ~~~~~ t ~~~~~i l l  ~~~~~~~~~~~~~~~~~~ l i i i  — ioo
-100 -50 0 50 100 150 200

Test Temperature, F

FIGURE 10. RESULTS OF CHARPY V-NOTCH IMPACT TEST
(SAMPLE 0, BASE-METAL SPECIMENS)

H

_ _ _  ... —-~~~~~~~~~~~~~~~~ V - - . , .- V - - - V , -—



---. -V  

~~~~~~~~~~~~~~~~~~~~~~~~

B—il

1250 —

1000 —

~~~~75O _ _ _ _  _ _ _ _  _ _ _ _  -

500 
/

NJ  . 4 O ~~~~

250 
- 

- 
. 

60 <

:

80 
~

0 l i i i  l i i i  l i i i  l i i i  l i i i  l i i i  _ ioo
-50 0 50 100 150 200 250

Test Temperature , F

FIGURE 11. RESULTS OF DYNAMIC TEAR TEST
(SAMPLE A , FLASH-WELD SPECIMENS)

—4



B- 12

1250 —

1000 —

.0

~e.4 750 V _ - _ _ _ _ _  _ _ _ _ _  —

0

=

~~~ 50 O —  — 2 0

-

250 /4 
~~~~~~~~~~~~~ 

— —
~~~~~~

°

/ 18O ~~
0

• I l l _i I l i l  l i I 1 _ l i i i  l i i i  l i i i  __ 100
—50 0 50 100 150 200 250

Test Temperature , F

FIGURE 12. RESULTS OF DYNAMIC TEAR TEST
( SAMPLE B , FLASH-WELD SPECIMENS)

--~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-_ -  —------ — ----



V - V  
_ 

-_ . — -----
~~~~~

--- _ -- - -- _ - .

I

B— 13

1250 —

1000 —

9~ 750 —

- 

/ =

0

~, 500 
( 

— 2 0

250 _ __

V 

_ _

\ : 8 0 ~~~~~

0 t I l l  t i l l  l i l t  l
’
~ f~~ l l  i i i !  l i i i  _ iOO

-50 0 50 100 150 200 250

Test Temperature , F

FIGURE 13 . RESULTS OF DYNAMIC TEAR TEST
(SAMPLE C , FLASH-WELD SPECIMENS)

L. . .~ .~



I

1250 
- 

B-14 

—

1000 ___________ ___________ ___________ —

.0

“.4 750 —

I.. -

~~~~ 500 NS~ ,JJ — 2 0

K’
250 _ _  _ _

- 8 0  ~-

o i i t i  t i l l  ~~~1 1 q 3  t i l l  l i i i  J i l l  _ 100
—50 0 50 100 150 200 250

Test Temperature , F

FIGURE 14. RESULTS OF DYNAMIC TEAR TEST
(SAMPLE 0, FLASH-WELD SPECIMENS)

_ _ _ _ _  — ---~~~- - - _ ~~~~~~~~~~~~~~~~~~~~~~~ V -- --



B— iS

2500 —

2000 —

.0

1500 
— 

—

14 - 
‘-V

- ‘-7 - 0

1000 1 -20

- 
° 4O~~~~

- 

~t f  -

500 ‘Q.,.,J —~~~~~~~~

-

- 
-,,‘ 0

• 8 O ~~~~~

0 l i i i  l i i i  L i l t  I I t  l i i i  l i i i  100
-50 0 50 100 150 200 250

Test Temperature , F

FIGURE 15 . RESULTS OF DYNAMIC TEAR TEST
(SAMPLE A , BASE-METAL SPECI’~1[NS)

— V~~~~



.~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

B— 16

2500 —

2000 —

“~ 1500 -___________ —

~~~1OOO 

- 

-- 20
- 

\

\ 40 g.

-

500 — — 6 0

• 8 0

0 l l l L  l i i i  ~~~~~~~~~~~~~~~~~~~~~~~ _ i l l l  1 1 1 1  _ iOO
-50 0 50 100 150 200 250

Test Temperature , F

FIGURE 16. RESULTS OF DYNAMIC TEAR TEST
(SAMPLE B, BASE-METAL SPECIMENS )



rr W Y  
V . — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~~~ V_ _V

B- 17

2500 —

2000 

- 

0_ ___________ ___________ ___________ —

.0

~~ 15OO 
- 

—

_ 2 _
~~1OOO 

- 

‘
~‘N\~ ,~

/‘ — — 2 0

- 
- 40

500~~ ~~ 60

- 8 0  ~

0 i EP—r T t i t i l l l~~~___ l i i i  t i t i  _ ioo
—50 0 50 100 150 200 250

Test Temperature , F

FIGURE 17. RESULTS OF DYNAMIC TEAR TEST
( SAMPLE C , BASE-METAL SPECIMENS)

I

_ _ _ _ _ _ _ _ _  -- V - - V  
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r - - . - —----.--V-- -.

B—18

2500 —

2000 —

.0
-4

~ 1500 - ___________ ___________ ___________ ___________

/:~~ - o

I — 2 0  1.~

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

:~~
°
~~~~

500 — 6 0  -~~

I -

~~~~~~~~~~~~~~~~~~

- 
— 0..~~ ~~~~~~~~~~ ci - 80 ~

0 l i i i t i l l l I l t  l_~~~V l 1  i t  i~~ l i i i  _ 100

—50 0 50 100 150 200 250

Test Temperature , F

FIGURE 18. RESULTS OF DYNAMIC TEAR TEST
(SAMPLE 0, BASE-METAL SPECIMENS)

_ _ _ _ _ _  V—V A



V V ~~~~~~~~~ , -.--V-V .--- -- -— .---- 
_ _ _ _

B— 19

C A
WE’ 

B

410 II 4~o~~~~~~~~ -I-’~°—i+1,- +’0

FIGURE 19. DYNAMIC TEAR FRACTURE SURFACES OF FLASH-WELDED SPECIMENS

V -

- 

.~~~~ . . .



-V . . .

B— 20

D A
C e~~

VH~ b B

- 

- I I
F—

FIGURE 20. DYNAMIC TEAR FRACTURE SURFACES OF BASE-METAL SPECIMENS

Note that some specimens from Samples B and C did not
fracture completely at the hig h2r temperatures , indi-
cating the relatively high toughness of the material
and tendency to split in the axial direction of the
l i n k .
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FIGURE 22. ULTRASONIC INSPECTION AREAS , SAMPLE A LINK

Location 1 was estimated to be approximately 1 by
1 in . and was the largest area giving an ultrasonic
ind i cation of any of the chain samp les. Locat i on 2
gave no s igna l s  of more than 5 percent amplitude .
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FiGURE 23. ULTRASONIC INDICATION AT LOCATION 1 , SAMPLE A LINK
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FIGURE 24 . ULTRASONIC INSPECTI ON AREAS , SAMPLE B LINK

The strongest indication (about 29 percent of maximum)
was at Location 1 (estimated area 3/8 by 1/2 in.),
Location 2 (estimated area 1/8 by 1/8 in.) and Locations
3 and 4 (estimated area 1 /16 by 1/16 in.) gave m di-
cations of about S percent of maximum .
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FIGURE 25. ULTRASONIC INDICATION AT LOCATION 1 , SAMPLE B LINK
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FIGURE 26. ULTRASONIC INSPECTION AREAS , SAMPLE C LINK

Location 1 showed a large number of indicat ions.
Position A (estimated size about 1/2 by 1/2 in.)
was the largest. Location 2 showed indications
of 5 to 8 percent of maximum or less. This
link was also examined using the ultrason ic shear-
wave techn ique (see Figures 28 and 29).
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FIGURE 27. ULTRASONIC INDICATION AT LOCATION 1 ,
POSITION A , SAMPLE C LINK
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FIGURE 28. SHEAR-WAVE ULTRASONIC INDICATION OF THE
1/8-IN. -DEEP SAWCUT , SAMPLE C LINK

The sawcut was made across the surface of the
l ink as a reference flaw.

U-- I’

FIGURE 29. SHEAR-WAVE ULTRASONIC INDICATION OF THE SUSPECTED
FLAW AT LOCATION 1 , POSITION A , SAMPLE C LINK
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FIGURE 30. ULTRASONIC INSPECTION AREA , SAMPLE D LINK

Position A (estimated size 3/4 by 1/2 in.) gave
the strongest indicat ion. No other indications
over 5 percent were recorded .
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FIGURE 31. ULTRASONIC INDICATION AT POSITION A , SAMPLE D LINK 
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O.25X 1J914

Macroetched (50 percent HC1 in H2O at 150 F)

FIGURE 32. MACROETCHEU SECTION OF LINK FROM SAMPLE A
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0.2 5X

Macroetched (50 percent HC1 in H20 at 150 F)

FIGURE 33. MACROETCHED SECTION OF LINK FROM SAMPLE B
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0 .25X 1J803

Macroetched (50 percent HC1 in H2O at 150 F)

FIGURE 34. MA CROETCHED SECTION OF L I N K  FR OM SAMPLE C
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0.25X IJ8O1

Macroetched (50 percent HC1 in H2O at 150 F)

FIGURE 35. MACROETCHED SECTION OF LINK FROM SAMPLE 0
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ix 1J802

Macroetched (50 percent HC1 in 1-120 at 150 F)

FIGURE 36. SMALL CRACKS IN FLASH-WELD TRIM REGION ADJACENT
TO PRESSED-IN STUD IN LINK FROM SAMPLE D
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lx 11)804

Macroetched (50 percent HC1 in H20 at 150 F)

FIGURE 37. CRACKS , LACK OF FUSION , AND POOR CONTOUR
OF STUD FILLET WELD IN L I N K  FROM SAMPLE C
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